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Abstract: Pain is the most common reason for medical consultation and use of health care resources.
The high socio-economic burden of pain justifies seeking an appropriate therapeutic strategy. Immer-
sive virtual reality (VR) has emerged as a first-line non-pharmacological option for pain management.
However, the growing literature has not been accompanied by substantial progress in understanding
how VR could reduce the pain experience, with some user experience factors being associated with
the hypoalgesic effects of immersive VR. The aim of this review is (i) to summarize the state of the art
on the effects of VR on adults and children suffering from pain conditions; (ii) to identify and summa-
rize how mechanisms across immersive VR user experience influence hypoalgesic effects in patients
with acute and chronic pain among adults and children. A critical narrative review based on PICOT
criteria (P = Patient or Population and Problem; I = Intervention or Indicator; C = O = Outcome;
T = Type) was conducted that includes experimental studies or systematic reviews involving studies
in experimentally induced pain, acute pain, or chronic pain in adults and children. The results
suggest an association between immersive VR-induced hypoalgesia and user experience such as
distraction, presence, interactivity, gamification, and virtual embodiment. These findings suggest that
hierarchical relationships might exist between user experience-related factors and greater hypoalgesic
effects following an immersive VR intervention. This relationship needs to be considered in the
design and development of VR-based strategies for pain management.

Keywords: immersive virtual reality; pain; user experience

1. Introduction

Pain perception is defined as an unpleasant sensory and emotional experience asso-
ciated with or resembling actual or potential tissue damage according to the Association
for the Study of Pain (IASP) [1,2]. The perception of pain involves a complex, dynamic,
and emergent process in which multiple factors contribute to the outcome and in which
relatively small triggers can evoke powerful responses [3]. Indeed, pain has been identi-
fied as one of the main clinical conditions needing health care routines associated with
a higher total utilization of publicly funded physician visits (58.8%), diagnostic imaging
visits (57.6%), and hospital admissions (54.2%) [4], implying a significant economic impact.
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Specifically, it is estimated that musculoskeletal pain (excluding cancer pain) affects more
than 30% of the world’s population with growth every year [5]. A large percentage of these
people will suffer from a process of chronicity, which is defined as pain that persists or
recurs for more than 3 months [6]. Overall annual direct health care costs for chronic pain
were estimated up to EUR 32 billion in Europe [7], and up to USD 300 billion in the United
States [8]. Innovation is required in pain management [9], both in acute pain due to the
increasing demand and overuse of opioids, and in the multidisciplinary management of
chronic pain where the effect size of standard interventions is often modest [10].

Within non-pharmacological innovative strategies for pain management, extended
reality (XR) has emerged as a tool with promising potential for pain relief [11]. XR is an
umbrella term that encompasses all virtual technologies, including current technologies
such as augmented reality (AR), mixed reality (MR), or virtual reality (VR) [12]. XR refers
to a wide range of hardware and software platforms, from partial sensory inputs to fully
embodied avatars, through which the users can experience the sense of being in another
reality, owning another body, and interacting with virtual characters that do not exist
in the real world [13]. In detail, VR refers to simulated experiences through which it is
possible to manipulate different sensory inputs intentionally presented to the individual,
and integrated by multisensory integration processes [11]. One of the main factors related
to user experience in VR environments that differentiates some types of VR from others
is the level of immersion [12,14]. The level of immersion in VR has been defined as “an
objective property of a system, and greater or lesser immersion as the degree to which a
VR system can withstand natural sensorimotor contingencies for perception” [15]. Hence,
VR environments can be immersive or non-immersive. According to this, depending on
the intensity and quality of the experience generated by the virtual environment, as well
as the type of device used according to the degree of immersion and stimulation of the
sensory systems, the different modalities within the continuum of extended reality can be
differentiated. However, within the different types of VR, it has been shown that immersive
virtual reality might provide the greatest potential on pain management [16].

Immersive Virtual Reality in the Approach to Pain

Although a large amount of the available evidence on VR in pain management has been
reported through studies of experimentally induced pain in healthy subjects, hypoalgesic
effects of VR that have been studied in clinical populations were obtained from clinical
studies in acute and chronic pain in adult and pediatric populations [17-19]. The available
evidence reports that VR appears to be effective in reducing pain intensity in acute pain
and chronic pain populations [20-22] that it has been studied in multiple clinical pictures
of musculoskeletal pain [23]. Indeed, VR has been noted to bring several advantages
over more conventional treatments in pain management [24], such as increased patient
enjoyment and adherence, the safety of the simulated environment, and greater possibilities
for customization [25]. However, some barriers to its implementation have also been
reported, such as adverse effects, lack of knowledge about the technology, limitation in
exposure times, or the hygiene of the device [25,26].

The use of the term “umbrella” of VR has been a real barrier in the comparability of the
results obtained in the research on the hypoalgesic effects of VR, where the heterogeneity
in the type of VR used, the characteristics present in the immersive VR scenario applied,
the dosimetry in the treatment, the outcome measures collected, and factors related to
user experience have shown the need to carry out studies with higher methodological
quality [16,27]. Therefore, better reported studies on these parameters are required to
provide greater strength to the available evidence on the use of immersive VR in people
suffering from pain conditions [11,28].

The decrease in pain reported by most patients suffering from pain after being exposed
to a VR environment is what we refer to as “immersive virtual reality-induced hypoal-
gesia”. It has been suggested that VR-induced hypoalgesia might result from changes in
the activity of the body’s pain modulation system through an emotional and cognitive
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evaluation of nociceptive stimuli [29,30]. However, recent models suggest that the hypoal-
gesic effects of immersive VR may include changes in sensory and motor processing of
the pain experience [11,31]. Hence, the hypoalgesic mechanisms of VR could include the
different dimensions of pain experience: sensory—discriminative, affective-motivational,
evaluative—cognitive, and motor behavior. This is in accordance with the complex nature
of the multidimensional experience of pain, in which there are (i) the somatosensory per-
ception of the characteristics of the threatening event; (ii) the encoding, within emotional
and motivational circuits, of the significance or valence of the nociceptive stimuli, where
they are categorized as positive (positive valence), neutral (neutral valence), or threatening
(negative valence); (iii) an evaluation and modulation of the experience of pain by both
cognitive and executive circuits; and (iv) the protective response to this potential threat to
our homeostasis [32,33].

Likewise, hypoalgesic effects of immersive VR have been associated with two general
categories that are related to the type of experience modality: short-term distraction and
long-term neuroplasticity [17]. The most investigated experience modality in VR is distrac-
tion (78.6%) followed by virtual embodiment (17.1%). However, although distraction is
the mechanism used in 97.8% of acute or experimental pain studies, virtual embodiment
was more commonly used in chronic pain conditions (54.5%) [23]. Indeed, it has been
shown that the short-term hypoalgesic effects of distraction from pain had a lower impact
on pain relief in chronic pain conditions [9]. However, its long-term efficacy, particularly
in chronic pain management, is still an important area for further research [34]. In this
regard, some evidence had shown that the modalities and features in which the immersive
VR experience is induced might have an influence on the magnitude of the outcomes
obtained for a pain decrease, as well as on the responsiveness to the intervention between
different clinical profiles suffering from chronic pain [28]. Indeed, some factors related
to user experience such as presence, interactivity, gamification, and virtual embodiment
have also been highlighted as being significant in the immersive VR experience in people
suffering from pain conditions [35,36] (Table 1).

Table 1. Factors related to user experience in Immersive Virtual Reality for pain management.

Feature Definition
It refers to the redirection of an individual’s attentional resources away from pain, towards other
Distraction stimuli (visual, auditory, tactile, and cognitive), resulting from a competition for the limited
attentional resources shared between the sensory inputs proposed by VR and the incoming
nociceptive signals [37].
Presence It defines the subjective experience of being in one place or environment, even when physically in
another place, allowing the user to easily “forget” that it is a computer-generated simulation [38].
Interactivity It refers to the level of participation allowed by the user in the virtual reality environment [39].
Gamification It refers to the application of game elements in non-game contexts [40].

Virtual Embodiment

It refers to the replacement of a person’s real body with a virtual body representation, allowing the
subject to feel embodied in a virtual body [36].

In the past few years, there has been significant advancement in effectiveness and
hypoalgesic outcomes of VR technology in both acute and chronic pain [41,42]. However,
the growing body of the literature in VR has not been accompanied by substantial advances
in the understanding of how factors related to the user experience in VR impact on the
hypoalgesic and clinical effects of immersive VR (Figure 1). For this purpose, this article
aims to address the state of the art on the relationship between the experience-related
factors embedded in immersive VR scenario and the magnitude of the hypoalgesic effect
following the intervention.
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Figure 1. Factors related to user experience in immersive virtual reality for adults and children
in pain.

Trost et al., 2021, have proposed a heuristic model that distinguishes between VR
shaping technical factors, user experiential factors, and pain targets that contribute to
hypoalgesic effects, to facilitate a common taxonomy of the key elements driving VR’s
hypoalgesic effects on pain experience [11]. Different studies have shown the quality of the
experience delivered with VR, where the level of immersion, presence, and interactivity
directly correlates with the magnitude of the hypoalgesic effect compared to non-immersive
VR [43-46]. Nevertheless, studies conducted to explore the hypoalgesic effects of immersive
VR have given little attention to experience-related factors and have been largely under-
reported [11]. Similarly, few studies have explored the relationship between the magnitude
of hypoalgesia effects, the clinical profile, and user experience factors. As noted, research to
understand the mechanisms behind immersive VR has mostly been conducted with adults
who have been experimentally pain-induced [11]. The transferability of these findings to
clinical scenarios or to people suffering from chronic pain has been required. For instance,
several of these factors have been included under the umbrella term of VR, representing
a real challenge to understand the specific characteristics of the interventions such as
the magnitude of the effect of each of them [27]. Hence, the relationship between user
experience factors and hypoalgesic effects of immersive VR in people suffering from pain
conditions is still unclear [41]. Translating these scenarios to children with acute or chronic
pain can become even more complex. All these components vary significantly more when
the patient is a child. The hardware is often designed for adults, the recreated scenarios
may be overly detailed for young children or insufficiently detailed for adolescents, and
even the generated avatars may not match their appearance, which can sometimes hinder
interaction with the system [47]. The intended hypoalgesic effect may even increase adverse
effects. Considering the potential impact of certain features of the user experience on pain
reduction, the central question arises: which is the impact of user experience factors on
hypoalgesic effects in patients with acute and chronic pain when using immersive VR?

2. Materials and Methods

This is a critical narrative review, which aims to address and understand the above
specified question.

For the search strategy, we searched for experimental studies, both randomized control
trial and non-randomized control trial design, using PubMed, PEDro, Web of Science,
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Cochrane CENTRAL, and CINAHL from inception up to March 2024. We also searched the
reference lists of the included articles related to the scope of our study. Only studies written
in English were included. We developed a search strategy using Medical Subject Heading
(MeSH) terms and keywords: “chronic pain”, “acute pain”, “pain” AND “immersive virtual
reality” AND “Distraction”, “Presence”, “Immersion”, “Interactivity”, “Gamification”,
“embodiment” OR “full body virtual avatar”, OR “Virtual Embodiment”.

With respect to the eligibility criteria, the selection criteria used in this review were
based on PICOT criteria for “population: adults and children, adolescents pain patients”,
“intervention: immersive virtual reality”, and “study design: experimental studies in
experimental induced pain, acute pain or chronic pain in humans”. Exclusion criteria were
studies that do not report information about user experience-related factors, non-immersive
virtual reality, studies using animal pain models, case studies, qualitative studies, book
chapters, non-English language, articles published over 15 years ago, and abstracts with no
full published text.

Two independent reviewers (J.G. and G.C.B.) have conducted the literature search,
composed both by clinical experts on pain and VR. After identifying studies meeting inclu-
sion criteria, we screened potential articles by title and abstract, after removing duplicates
manually, and performed the trial selection.

3. Results

A comprehensive summary of the evidence on the user experience-related factors and
immersive virtual reality-induced hypoalgesia is presented below. Results were extracted
in Table 2 where the articles are characterized with information on country; year; type of
study; type of patient; type of VR user-related factor; main objective; and main results. Fi-
nally, we examined the proposed hierarchical relationship between immersive VR-induced
hypoalgesia and the user experience factor, by evaluating the body of evidence suggesting
that the inclusion of certain user experience factors in immersive VR may enhance the
magnitude of the hypoalgesic effect of the intervention.
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Table 2. Summary of results of studies assessing the hypoalgesic mechanisms associated with factors related to user experience in people in pain.

Study Details
Design Type of VR . - .
Author and Year Country Number () User-Related Factor Main Objective Main Results
Target Population
. . Examine if virtual reality
Randomized control trial . . . S S
desi program decreases acute A virtual reality program did not provide significant reductions in
. esign . . ) ) - ) . .
Araujo-Duran et al. . . Immersive VR passive postoperative pain and average pain (NRS virtual reality group mean = 3.4; NRS reference
United States 106 adults with acute . . L . . S .
(2024) [48] . . . distraction opioid requirements in group mean = 3.5; p = 0.391) scores or opioid consumption compared
postoperative pain after hip . . . . . . . .
patients recovering from hip ~ with 2-dimensional sham video presentations.
arthroplasty
arthroplasty
Findings showed that one session of the immersive VR plus
. . Assess the effectiveness of morphine made a significant reduction in pain (pre—post
Randomized control trial . : . .. . ; .
. . . immersive VR distractionin  intervention means = 7.32-0.33 and p < 0.001, pre-post comparation
Mohammad et al. design Immersive VR passive . . . . . .
) Jordan . . . ; . reducing pain and anxiety means = 7.33-4.84 and p < 0.001) and anxiety (pre-post intervention
(2019) [49] 80 female patients with chronic  distraction . 4 .
ain related to breast cancer among female patients with ~ means = 64.98-37.68 and p < 0.001, pre—post comparation
P breast cancer means = 63.30-50.13 and p < 0.001) self-reported scores, compared
with morphine alone, in breast cancer patients.
Investigate the direct effects
A w1th1n-.subjec.t randomized of an mmersive VR VR effectively modulates pain perception in both patients and
control trial design Immersive VR environment on the controls; specifically, the presence in a VR has an increasing effect on
Tesarz et al. (2023) [45] Germany 28 individuals with chronic perception of experimental 5P Y hep &

pain and 31 pain-free controls
received painful stimuli

distraction and presence

pain in individuals with
chronic pain and pain-free
controls

pain thresholds (F = 22.946, p < 0.001) and reduces pain inhibition
(t=2.777,p = 0.018) in a conditioned pain modulation paradigm.

McSherry et al.
(2017) [50]

United States

A within-subject randomized
control trial design

18 adults during painful
wound care procedures

Immersive VR
distraction and
interactivity

Evaluate the effect of
immersive VR

distraction therapy during
painful wound care
procedures in adults on the
amount of

opioid medications required
to manage pain

Pain and anxiety scores were similar for the wound procedures with
and without immersive VR (p > 0.05).

Immersive VR significantly reduced the amount of opioid
medication administered during painful wound care procedures
when IVR was used compared with no IVR (t = —2.7; df = 14;
p=0.02).

Patterson et al.
(2023) [51]

United States

A within-subject
non-randomized trial design
44 adults during painful
wound care procedures

Immersive VR
distraction, presence,
and interactivity

Explore the feasibility of
immersive VR during burn
debridement, and whether
interactive VR would reduce
pain more effectively than
nature stimuli viewed in the
same VR goggles

No significant differences in pain unpleasantness or “presence in VR”
between the two conditions were found (p > 0.05).

Participants reported significantly less worst pain when distracted
with adjunctive computer-generated VR than during standard
wound care without distraction (p < 0.05, SD = 17.38).
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Table 2. Cont.

Author and Year

Country

Study Details
Design
Number (n)
Target Population

Type of VR
User-Related Factor

Main Objective

Main Results

Colloca et al. (2020) [46]

United States

Within-subject
non-randomized trial design
59 healthy adults received heat
thermal painful stimuli

Immersive VR passive
distraction, presence,
and interactivity

Explore how immersive VR
can increase individual
heat-pain tolerance limits

It found a significant main effect of the five conditions (1. immersive
VR Ocean, 2. immersive VR Opera, 3. control (non-immersive)
Ocean, 4. control (non-immersive) Opera, 5. 2-Back Memory Task) on
heat-pain tolerance limit increases (F4,176 = 7.47,
Greenhouse-Geisser-corrected p < 0.001). Bonferroni-corrected post
hoc comparisons indicated that immersion in the VR Ocean
condition led to significantly greater increase in heat-pain tolerance
limits (mean increase: 1.025 £ 0.517 °C, baseline temperature:

46.19 4 2.93 °C; during VR Ocean: 47.09 + 2.05 °C; scale from 32 to
52 °C) than the VR Opera condition (p = 0.001), control Ocean

(p = 0.001), and control Opera (p < 0.001). The VR Ocean condition
led to significantly greater increase in the duration (10.04 + 3.27%) of
heat-pain tolerance limits than the VR Opera condition

(4.47 £ 2.67%; p = 0.001), control Ocean (3 =+ 2.56%; p = 0.001), and
control Opera (1.53 & 1.95%; p < 0.001). The results provided
evidence that the immersive VR Ocean intervention induced a larger
activation of the parasympathetic nervous system compared to the
other four conditions. Immersive VR Ocean condition yielded
significantly higher SDNN compared to immersive VR Opera

(p = 0.017), non-immersive control Ocean (p = 0.022), non-immersive
control Opera (p = 0.023), and 2-Back Memory Task (p = 0.013). The
immersive VR Ocean condition was characterized by a higher level
of SDNN, which was associated with greater gain in the painful
intensities that were tolerated (r = 0.529, p < 0.001).

Guiterrez-Maldonado
etal. (2011) [44]

Spain

Randomized control trial
design

68 healthy adults received cold
thermal painful stimuli

Immersive VR passive
distraction, presence,
and interactivity

Evaluate effects of interactive
versus passive VR distraction
on the sense of presence and
pain intensity

Most of the participants (73.5%) who experienced the interactive VR
distraction reported less pain intensity relative to the no-VR trial
(x2 =7.5, p <0.01). In the passive VR condition, only 5.9% of
participants

showed a decreased level of pain intensity and the change did not
reach statistical significance (x2 = 0.47, p = 0.49). Participants
reported a greater sense of presence during interactive VR
distraction (M = 3.5, SD = 1.0), compared with the passive VR
condition (M =2.7,SD = 1.2, t (66) = 3.0, p < 0.005). The relationship
between presence and pain intensity in VR conditions was assessed
using Pearson product-moment correlation coefficients. The amount
of VR presence reported correlated significantly and negatively with
pain intensity (r (68) = —0.29, p < 0.05).
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Table 2. Cont.

Study Details
Design Type of VR . s .
Author and Year Country Number () User-Related Factor Main Objective Main Results
Target Population
Randomized control trial . . Explores the effect of Comp aljed to the non—mteractlveOVR group, participants in the
design Immersive VR passive interactivity on the interactive VR group showed 75% more reduction in pain
Wender et al. (2009) [52] United States . distraction, presence, . . unpleasantness (p < 0.005) and 74% more reduction in worst pain
21 healthy adults received heat . o hypoalgesic effectiveness of . L o
. . . and interactivity : - (p < 0.005) and in fun (p = 0.10), but not in time spent thinking about
thermal painful stimuli virtual reality .
pain (p = 0.10).
A within-subject randomized . . . Compared to the passive VR condition, during the interactive avatar
Immersive VR passive Evaluate if presence, - o L . .
crossover distraction. presence interactivity, and virtual VR, participants reported statistically significant reductions in worst
Hoffman (2021) [43] United States design study . on, p o VI, . pain (x2 = 31.74, p = 0.000), pain unpleasantness (x2 = 34.87,
. interactivity, and virtual ~ embodiment would increase - : S ) h -
24 adults received heat thermal embodiment VR hvpoaleesia p =0.000), and time thinking about pain (x2 = 31.17, p = 0.000) and
painful stimuli ypoa's increased fun (x2 = 30.61, p = 0.000) during the pain stimulus.
Within-subject randomized
crossover Immersive VR passive Investigated the effect of two  Active VR significantly decreased pain scores (p = 0.005)
Lier et al. (2020) [53] United States design study distraction, presence, VR conditions on reported (NRS =3.17 £ 1.54) but passive VR (NRS = 4.93 + 1.53) and no VR
30 adults received painful and interactivity pain had no analgesic effect (NRS = 5.59 + 1.35).
electrical stimuli
Multlple—basehng single-case Immersive VR presence, Eval'u.ate the effects of e The VR graded activity intervention resulted in a significant
Macntyre et al. experimental design (SCED) e gamified VR graded activity Lo - ;
Norway . gamification, and ¢ . reduction in pain intensity (p = 0.016)
(2023) [54] 10 adults with interactivit intervention Average pain (NRS) decreases (1.0 £ 0.27)
chronic low back pain (CLBP) y in people with CLBP §ep ’ -
Assess the disease-specific
Randomized crossover . gamification through Gamification through immersive VR added to the conservative
desi tud Immersive VR presence, immersive VR on pain treatment has a positive effect on pain (p = 0.000), functionality pain
Ozlu et al. (2024) [55] Turkey esigh study gamification, and pain, b pamn \p= 000, yP
’ 73 patients with knee interactivit ! disability, functionality, and (p = 0.000), and balance pain (p = 0.013)
osteoarthritis (OA) Y balance in knee osteoarthritis ~ Pain (VAS) from 5.57-0.88 to 4.05-0.72.
(0A)
Tactile feedback significantly decreased pain
Randomized crossover Immersive VR passive Evaluate if adding tactile intensity (VR analgesia, p < 0.01), compared to VR with no tactile
Hofman et al. United States design study distraction, presence, feedback increases feedback, and compared to no VR

(2023) [56]

48 healthy adults received heat
thermal painful stimuli

interactivity, and virtual
embodiment

virtual embodiment and
hypoalgesic effects

(baseline); r = 0.4, medium effect size. Tactile feedback also
significantly increased avatar embodiment.
Worst pain (NRS) from 4.71 £+ 1.25 to 3.08 £ 1.65.
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Table 2. Cont.

Study Details
Design Type of VR . s .
Author and Year Country Number () User-Related Factor Main Objective Main Results
Target Population
. Compare active VR Immersive VR was superior to both a sham placebo comparator and
Three-arm, prospective, . . . . L : . L
. . Immersive VR passive intervention (Digital standard care control in reducing fear of movement and reinjury
double-blind, pilot, . . . . X .
Eccleston et al. . - . distraction, presence, Therapeutics for Pain, DTxP)  (p < 0.04 and p < 0.01) but no differences between groups at any time
Finland randomized, controlled trial . .. . . ) J .
(2022) [57] 42 adults with interactivity, and virtual =~ with a sham placebo point for average pain intensity (p > 0.05).
- . embodiment comparator and a standard Average pain (NRS) from 6.0 (1.4) to 4.1 (1.7) in DTxP intervention
chronic low back pain
care group group.
Within-subject Investigate whether In the distorted virtual arm conditions, the higher the level of
Matamala-Gomez et al. Spain non-randomized trial design Immersive VR presence distorting an embodied ownership of the distorted (rs = 0.226, p < 0.01) and
(2020) [58] P 27 healthy adults received and virtual embodiment  virtual arm in virtual reality reddened-distorted (rs = 0.225, p < 0.01) virtual arm, the higher the
painful stimuli modulated pain perception pain/discomfort perception (VAS).
Explore whether varying
properties of an embodied
Wlthm-sub]e.ct . . . v1rFua1 arm modulatgd pain Increasing transparency decreased pain in CRPS but did the opposite
Matamala-Gomez et al. . non-randomized trial design Immersive VR presence ratings in patients with . . N . : . )
Spain . . . . A in PNI, whereas increasing size slightly increased pain ratings only
(2019) [59] 19 adults with chronic and virtual embodiment  chronic pain due to complex . . . O L g
o . . in CRPS. No correlation was statistically significant (p > 0.05).
neuropathic pain regional pain syndrome
(CRPS) type I or peripheral
nerve injury (PNI)
Non-blinded pilot randomized . Evaluatg whether . In the VR-Play condition, body image scores were improved during
. Immersive VR presence,  embodying superhero-like . .
. . controlled trial . .. . (F (3, 83) = 18.83, p < 0.001) but not immediately after or at one-week
Harvie et al. (2024) [60] Australia . interactivity, and virtual avatars can change . . .. . .
30 adults with . S follow-up. No differences in pain intensity, force production, and
- . embodiment self-perceptions in people
chronic low back pain . . . fear of movement.
with chronic low back pain
Ascertain whether the After comPletmg 15 min YR embodiment intervention, a significant
experience of movement of difference in active abduction range of the affected shoulder was
an embodied virtual arm. in found. The mean improvement was 12.3° (95%CI 4.94-19.57;
N A single-arm pre—post ’ Student’s t-test, p = 0.002, Cohen’s d = 0.76). Also, there was a
Alvarez de la Campa . . . . the absence of actual S ) . : . .
. non-randomized trial design Immersive VR presence . significant difference in active hand behind-the-back range of motion
Crespo et al. Spain physical movement, could

(2023) [61]

21 adults with acute
and chronic shoulder pain

and virtual embodiment

enhance the range of
pain-free motion for patients
suffering from shoulder pain
related to movement

(95%ClI 0.473-0.916; Wilcoxon signed-rank test, p = 0.004; rank
biserial correlation, 0.778). Positive correlations between virtual body
ownership and levels of improvement in both hand-behind-back
movements (Spearman’s p = 0.635, p = 0.004) and flexion movements
(Spearman’s p = 0.646, p = 0.003) were found.
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Table 2. Cont.

Study Details
Design Type of VR . - .
Author and Year Country Number () User-Related Factor Main Objective Main Results
Target Population
Virtual reality distraction significantly relieved pain before
(p = 0.016), during (p = 0.001), and after (p = 0.034) the dressing
A prospective randomized To investigate the effect of change. Anxiety scores during dressing were reduced by 43% as
Hua et al study. Immersive VR virtual reality distractionon  compared to the control group (p < 0.001). VR distraction group had
(2015) [ 62j China Sixty-five children (4 to 16 distraction, interactivity,  alleviating pain during lower pulse rates during dressing change as compared to the control
years) with chronic pain in and virtual embodiment  dressing changes in children  group (106.2 & 11.45 vs. 98.88 &+ 11.57, p < 0.05). Time length of
lower limbs with chronic pain dressing change was significantly reduced in the VR distraction
groups as compared to the control group (27.9 + 6.83 vs.
22.3 +7.85 min, p < 0.01).
Prospective randomized To e\./e?lua.te whether
control trial. ganuﬁcan.on of the .
Seventy children scheduled for =~ Immersive VR E;EOI;Z:?:VEE rtocicsji;‘eléaa Preoperative anxiety (mean = 28.3 [23.3-36.7] vs. mean = 46.7
Ryu et al. (2018) [63] Korea elective surgery under general ~ presence, gamification, . ‘3 mung that p d [31.7-51.7]; p < 0.001) and intraoperative compliance (p = 0.038) were
anesthesia were randomly and virtual embodiment 1.7 TUTETSIVE, an lower in the gamification group than in the control group.
divided into either the control realistic experience—could
or eamification erou reduce preoperative anxiety
& group in children
To document the efficacy of
VR as a mode of distraction
Three-arm randomized during a medical procedure A significant reduction in fear of pain and pain intensity was
controlled trial (needle-related procedures) reported in all three conditions (p < 0.05).
. . . o Immersive VR compared with two A larger and statistically significant reduction in fear of pain was
Dumoulin, et al. (2019) Fifty-nine children (8-17 years . L . ) e hil h X .
[64] Canada old) from an emergency distraction, interactivity, =~ comparison conditions: observed among children who used VR (p < 0.0001) distraction
. gamification watching television (TV, compared with the CL and TV conditions (p = 0.002). The children’s
department were randomized
to the three groups minimal control condition) satisfaction with the VR procedure was significantly higher than for
group and distraction provided by =~ TV and comparable to CL (p < 0.05).
the Child Life (gold standard
control condition) program
Overall reports of presence were high (mean of 28.98; max of 40; SD
of 4.02), suggestive of a high level of immersion. Among those with
Clinical trial Immersive VR Initial implementation of a multisession data (n = 8), reports of pain (p < 0.001), fear (p = 0.003),
. Seventeen children with . L. VR program in pain avoidance (p = 0.004), and functional limitations (p = 0.01)
Griffin, et al. . L interactivity, I S . A L . .
United States chronic pain enrolled from a e rehabilitation intervention to  significantly decreased. Qualitative analysis revealed (1) a positive
(2020) [65] s . T gamification, presence, . . . . - o
pediatric pain rehabilitation body embodiment enhance function in youth experience with VR (e.g., enjoyed VR, would like to utilize the VR

program

with chronic pain

program again, felt VR was a helpful tool); (2) feeling distracted from
pain while engaged in VR; (3) greater perceived mobility; and
(4) fewer clinician-observed pain behaviors during VR.

NRS: Numeral pain score; VAS: Visual Analogic Scale.
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3.1. Distraction

Distraction involves redirecting an individual’s attentional resources to pain by divert-
ing attention from pain to other sensory stimuli or cognitive tasks, activities, or thoughts,
and although it is commonly used and widely acknowledged as a strategy to modulate
the experience of pain control, its effectiveness varies according to different factors [66].
This implies that the nervous system’s processing of sensory signals requires attention
and, due to the individuals’ limited cognitive capacity for attention at any given time, the
ability to manage nociceptive stimuli will be reduced and thus the painful experience will
emerge [67]. Distraction in children will be highly dependent on various factors, from
developmental age and the ability to maintain concentration to the behavioral responses of
parents and clinicians during the treatment [18,19,47]. It will also depend on familiarity
with digital systems and previous negative experiences [21,68-71].

Hence, the factor of distraction has been the most commonly studied and used VR
modality in pain management in adults and children, with positive results on the decrease in
experimental and acute clinical pain conditions [37]. However, the effects beyond the short
term of passive distraction are less conclusive in patients suffering from chronic pain [9];
some studies suggested that the hypoalgesic effects of VR may not be fully attributable to
distraction [72]. It should be noted that the mechanisms underlying acute and chronic pain
are different [33], and therefore this would be an explanation about the different results of
the distraction factor when using immersive VR on pain perception [64-66].

In children, interventions with VR have shown significant effects primarily on pain
intensity and anxiety when used as a distraction-from-pain strategy [18,19,73,74]. It is
difficult to determine whether the distraction is acting mainly on pain intensity or anxiety,
but it seems that the effect on both factors is contributing to the hypoalgesic effects in
these patients. A safe and comfortable environment is a favorable factor for these effects
as it directly impacts affective—emotional processing, generating short-term hypoalgesic
effects [21,71]. On the other hand, the absence of parents near the child during the process,
an excessive duration of the treatment, or a device not adapted to the child’s physical needs
may cause the effect to be non-hypoalgesic or even increase pain and distress [47].

3.2. Presence

The essence of immersive VR hypoalgesia is based on the patient’s perceptual illusion
of being present in a different place, the subjective experience of “feeling present” in the
computer-generated world [75]. The perceptual experiences induced by immersive VR
are enabled by a dynamic integration of sensory signals from different modalities (visual,
tactile, vestibular, and proprioceptive) that is constantly updated to encode the representa-
tion and configuration of the body in space and its relationship to the environment in a
process known as “multisensory integration” [76]. Immersive VR (IVR) aims to eliminate
the sensory flow of information from the real world and replace it with multisensory
perceptual information to induce the illusion that the virtual world is the real world [77].
Technical specifications of IVR hardware, including the head-mounted display, the con-
trollers or haptic devices, and the elements of the software used, can influence the quality
of the experience delivered to the person. It has been observed that the higher the sense of
presence within the virtual environment, the higher the feeling of being immersed into the
immersive VR scenario [43,45]. Hence, higher levels of presence and higher levels of multi-
sensory experience delivered within an immersive VR environment are related to greater
hypoalgesic effects compared to non-immersive VR environments [46,78,79]. Indeed, the
characteristics of presence in children can differ from those in adults due to developmental
and cognitive factors [21,47,71]. Children may experience a heightened sense of presence
in virtual environments due to their typically more vivid imaginations and greater capacity
for immersive play [47]. Their natural propensity for imaginative engagement can enhance
their subjective experience of “being there” in the virtual world [47]. Additionally, the
simplicity of the virtual environment and the presence of familiar elements can signifi-
cantly influence the effectiveness of VR interventions in children. It is crucial to design VR
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experiences that are age-appropriate, visually appealing, and engaging to maximize the
hypoalgesic effects [47,71]. Ensuring that the VR content is easy to understand and interact
with can also enhance the sense of presence and contribute to the overall effectiveness of
the intervention. Additionally, the immersive nature of VR can be particularly beneficial
for children as it may more effectively divert their attention away from pain compared to
traditional methods [68-70].

Nevertheless, it has been highlighted that immersive VR environments may be sus-
ceptible to sensorimotor uncertainty due to conflicts or discrepancies with sensory, bodily,
or spatial representations; multisensory processing; and/or multisensory integration, and
might have various consequences for the efficacy of the immersive VR intervention [80].
These technical and user experience aspects must be considered when designing and de-
veloping VR-induced experiences for patients suffering from pain conditions. According
to this, new haptic devices potentially allow for combining visual, sound, tactile, and
olfactory stimuli that could further enhance the sense of presence [81]. In children, these
potential conflicts or discrepancies with sensory and spatial representations may be more
pronounced due to their developing sensory and cognitive systems [47]. Factors such as
age-appropriate content, user-friendly interfaces, and adequate support from caregivers
or health care providers become even more crucial in ensuring a positive and effective
immersive VR experience for pediatric pain management [47]. Additionally, the introduc-
tion of new haptic devices holds promise in addressing these challenges. These devices
potentially allow for the combination of visual, sound, tactile, and olfactory stimuli, which
could further enhance the sense of presence in virtual environments [82]. By providing a
more immersive and multisensory experience, these advancements in haptic technology
have the potential to improve the effectiveness of VR interventions for pain relief, especially
in pediatric patients where engagement and distraction are key components of successful
pain management strategies [21,71].

3.3. Interactivity

Immersive virtual reality offers more than attention control; it is a technology that is
designed to achieve a controlled dissociation, aimed at reframing and shaping the painful
experience, where one of the strengths comes from the idea that the subject is no longer
a mere external spectator but an actor in a condition of complete sensory immersion [83].
Motion tracking systems such as controllers or hand tracking systems allow the move-
ments of a virtual body (i.e., an avatar) to be controlled by the movements of the user’s
real body, resulting in an interactive experience [84]. A factor related to active participa-
tion/interaction is the amount of body movement while navigating the game. Indeed, the
amount of movement allowed during VR exposure has been found to be associated with
decreased pain [52,85]. Likewise, it has been observed that greater interactivity has been
associated with a greater hypoalgesic effect in comparison to passive modalities [52,84,86].
The interactive mode of VR can be easily adapted, and a higher level of engagement can
produce a greater hypoalgesic effect [87], which has been correlated with neuroimaging
changes in motor and cognitive cortical areas [88]. It has recently been observed that the
interactivity enabled by a hand tracking system within an immersive VR environment
using only natural hand gestures synchronized to the observed virtual hand movement
through the head-mounted display may improve motivation, is well tolerated by motor
rehabilitation patients, and is effective in promoting motor performance [89]. Immersive
VR with motion tracking systems, such as controllers or hand tracking systems, allows
children to control the movements of a virtual character (for example, a pediatric avatar)
synchronized with their own body movements. This ability to interact and move in the
virtual world not only provides an immersive gaming experience but can also enhance
the child’s emotional connection to the virtual environment, thus enhancing therapeutic
effects [47]. The quantity of movement permitted during exposure to VR can also be crucial
for children. It is important that software allows for modifications in this aspect, being able
to adapt to the clinical demands of each child in the treatment phase while also controlling
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for possible compensations, always considering that the child’s active participation in
treatment can enhance its benefits [47,90]. The adaptability of the interactive mode of VR
is another important advantage in the pediatric context. Virtual games and activities can
be specifically designed to address the needs and preferences of the children, increasing
their motivation and engagement with the treatment [91]. This increased participation can
be translated into better therapeutic outcomes and an overall more positive experience for
children facing acute or chronic pain [47].

3.4. Gamification

The concept of gamification is based on the application of “game design elements in a
non-game context” to motivate participation, adherence to system utilization, and overall
sustainability of health behaviors [92]. The growing interest in applying gamification in
this context is due to the lack of adherence to conventional treatments, resulting in an
impact on reported clinical outcomes [93]. It has been noted that the gamification of virtual
reality promotes greater satisfaction with the experience, greater adherence to treatment,
higher attentional resource requirements, and reduced perception of fatigue during physical
activity [94] through the integration of game elements or attributes such as interactivity,
game fiction, challenge, assessment, or cognitive tasks in the design and development of
the software [95,96]. This technology might include gamification features such as music,
cues, rewards, and performance metrics that can provide motivation and enjoyment during
immersive VR exposure.

Gamification strategies in rehabilitation have been studied mainly in the areas of neu-
rorehabilitation and pediatrics [97], where it has been shown that game-based rehabilitation
achieves similar results to conventional rehabilitation with the added effect of increased
adherence and enjoyment during the treatment program [98]. Despite the broad application
of game elements in a variety of areas of pain management, the mechanisms underlying
these effects are not well established. However, within the management of musculoskeletal
pain, it has been observed that the inclusion of gamification elements results in improved
function, both in increasing range of motion and strength, and decreased pain percep-
tion [35,55,99]. Even if hypoalgesic effects have been observed in gamified interventions
in patients suffering from pain conditions, the added value of this user experience factor
in immersive VR environments has not been extensively investigated. Few investigations
suggested that the combined effect of gamification and other VR experience-related factors
such as immersion and presence may contribute to the hypoalgesic and anxiety-reducing
effects observed in pediatric patients [100]. Likewise, immersive VR gamification added to
conservative treatment has been reported to have a positive effect on pain, function, and
balance in patients with knee osteoarthritis (OA) [55]. Positive effects of gamification in
chronic musculoskeletal pain have also been reported in pain-related fear and anxiety [100],
which have been highlighted as relevant psychological factors in the transition from acute
to chronic pain [101].

3.5. Virtual Embodiment

People suffering from pain conditions can experience modulations at a neural level in
the sensorimotor area, affecting different sensorimotor functions such as motor function,
sensory feedback, cognitive representations of the body and its surrounding space, multi-
sensory processing, and sensorimotor performance [102,103]. Moreover, it is known that
in patients suffering from chronic pain conditions, the experience of pain is accompanied
by a variety of body perception disturbances that have been previously highlighted [104].
Indeed, people suffering from pain conditions often exhibit distortions in their perception
of the positions and sizes of the affected body parts [105]. Several studies have shown
that there is a bi-directional link between body perception and pain experience [105]. Ac-
cording to this, some studies have shown that using multisensory interventions for pain
relief may be effective in refining the distorted body image in people suffering from pain
conditions [104-107].
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When a proper multisensory integration manipulation is provided, a perceptual ex-
perience is induced, where both interoceptive (e.g., proprioception) and exteroceptive
(e.g., vision) senses are stimulated by the technology, enabling a modulation in the body-
environment link of the person in pain [31]. In detail, it has been shown that by providing
synchronous visuo-tactile or visuo-motor correlations between the real and the virtual body,
it is possible to generate the sense of embodiment toward a virtual body [108]. As a result
of this process, the sense of being embodied in a virtual body replaces the contents of bodily
self-awareness towards the virtual body through the activation of somatosensory and pre-
motor circuits related to the embodied body parts [109]. In this perspective, experiencing
the sense of embodiment towards a virtual body refers to feeling inside a virtual body, a
body that moves in relation to our intentions, and a body capable of interacting with the
surrounding environment. “Virtual embodiment” is considered to arise from a complex
interaction between bottom-up and top—down signals from our central nervous system [36].
Thus, virtual embodiment can facilitate a greater integration of the bodily experience by
allowing children to explore and manipulate virtual representations of their own body
within a safe environment [18,47,68,90]. In addition, it has been shown that training fine
motor skills and hand-eye coordination by interacting with virtual tools and objects can
improve daily life activities, which are normally impacted by pain conditions [47]. It has
been highlighted that children with chronic pain may be more sensitive to these internal or
interoceptive signals [110], and might experience a greater connection between their mind
and body when interacting with the virtual environment. Thus, VR can amplify interocep-
tive signals by providing a sensorially rich and immersive experience and stimulates the
body’s interoceptive responses, such as heart rate, breathing, and body temperature [68,69].

To maximize the sense of embodiment, immersive VR systems need to induce the four
sub-components of embodiment in order to modulate the users” internal representation
and impact on the individual’s experience [111,112]:

(i) Co-localization: being co-located in the same place, time, and space of the real body.

(ii) Agency: having perceived control of the intentions, movements, and actions of the
virtual body.

(ii) Ownership: having the feeling or perception of owning a certain part of the vir-
tual body.

(iv) Perspective: observing the virtual body from an egocentric or allocentric point of view.

It has been proposed that congruent multisensory integration, together with syn-
chronous visuo-motor feedback between the movements of the virtual avatar and one’s
own body, induces a sense of embodiment within a full-body avatar [113]. In fact, it has
been shown that the sense of agency toward the virtual body movements can enhance
the sense of embodiment [114]. Recently, the relationship between the impact of different
levels of self-representation and body tracking on the feeling of presence and embodiment
in immersive VR has been investigated [107]. In detail, it has been shown that in healthy
subjects, adding hip tracking overhead, hand, and feet tracking (when using a full-body
avatar) allows for a more realistic response to stimuli (agency) and a higher overall feeling
of embodiment (ownership) toward the virtual body [115].

A recent study has shown that inducing virtual body ownership illusions through
the use of virtual avatars may enhance the hypoalgesic effect of immersive VR, compared
to immersive VR exposure without the use of virtual avatars, and may increase the sense
of presence in the generated VR environment [59]. In this regard, several studies have
shown that by manipulating the morphological characteristics of the embodied virtual
body, it is possible to modulate the internal representation of the body, which can have an
impact on the decrease in pain perception in people under pain conditions [59]. Hence,
using immersive VR systems, it is possible to induce the sense of embodiment toward
virtual bodies, showing different morphological characteristics of the painful part of the
body, modulating pain perception in both healthy subjects and in clinical populations with
painful conditions [106].
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In a recent study using full-body virtual-embodied avatars in patients with low back
pain, the patients reported not only hypoalgesic effects, but also increased self-efficacy,
improved mood, increased motivation and confidence, and feeling more able to exercise
when being embodied in the virtual body [60,116]. These results show that the use of
virtual avatars can have an impact not only on sensory processing, but also on the affective—
motivational dimension of patients with musculoskeletal pain [116].

3.6. Hierarchical Relationship of Hypoalgesic Effects and Factors Related to User Experience in
Immersive Virtual Reality

In relation to the influence of the user experience (UX) factors when using immersive
VR systems to induce a hypoalgesic effect, the reviewed evidence in this study suggests that
there may be a link between the magnitude of hypoalgesic effects obtained with immersive
VR exposure and the integration of different user experience-related factors. As previously
noted, even though the main UX factor investigated when using immersive VR systems
for pain relief is the distraction, other factors can enhance or have an overlapping effect,
inducing the hypoalgesia effect, in a clinical population suffering from chronic pain [42].
Indeed, some authors highlighted the need for further research on the mechanisms of
VR hypoalgesia in the different groups of patients suffering from pain conditions when
using immersive VR systems [28,117]. Hence, passive distraction is one of the main
mechanisms of VR-induced hypoalgesia [29]. However, as discussed in this review, there
are other potential mechanisms related to the UX factors, underlying pain relief when using
immersive VR. According to this, some authors suggested that there might be a hierarchical
relationship of hypoalgesic effects and factors related to UX in immersive VR (Figure 2).

Although the hypoalgesic effect of distraction has been widely reported both in VR
intervention and in other modalities, several aspects have been outlined that might modify
this hypoalgesic effect. For example, Bascour-Sandoval et al., 2019 [66], indicate that the
hypoalgesic effect of distraction by visual, auditory, tactile, and mixed distractors shows
positive effects in acute pain; however, it is not effective in healthy children and in adults
with chronic pain. Similarly, other authors suggested that the decrease in pain cannot be
explained by the distraction effect alone, especially when using psychophysical measures
of pain assessment such as conditioned pain modulation [72,118]. However, studies that
have compared the hypoalgesic effect between non-immersive VR and immersive VR have
reported positive results in the reduction in pain in favor of the immersive VR modality [42].
Some authors have suggested that these differences may be due to the sense of presence
in the generated VR environment [79]. Moreover, it has been shown that within the
immersive VR modality, when comparing a passive environment versus an interaction-
enabled environment, the interactive VR modality induced a greater hypoalgesic effect [44].
The difference in the magnitude of pain relief from passive to active modalities has also
been reported in non-immersive VR environments [84].

The role of gamification in pain relief has been outlined in non-immersive VR and other
strategies [119], as well as in some immersive VR studies [55,92]. In this sense, gamification
may have an impact on the affective motivational dimension of pain, and in the pediatric
population [98], as in chronic pain [100], it could represent a significant user experience-
related factor in the magnitude of response to VR intervention. At last, the contribution of
virtual embodiment to the hypoalgesic effects of immersive VR has been studied by several
authors [43,59,120]. The bi-directional relationship between pain and altered body image
paves the way to new possibilities to optimize both sensory and sensorimotor aspects of the
pain experience [104], especially in chronic pain conditions [121]. However, according to
the existing evidence, few studies have combined all the factors related to user experience
for pain relief. In this regard, the study by MacIntyre et al., 2023 [54], can be highlighted, as
it includes different UX factors such as the sense of presence, interactivity, gamification, and
virtual embodiment. In this study, the authors found a significant reduction in pain intensity
in 40% of the participants, achieving >30% pain reduction (minimum important change).
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Figure 2. The hierarchical relationship of hypoalgesic effects and factors related to user experience in
immersive virtual reality. Passive distraction has been used mostly in studies evaluating immersive
VR-induced hypoalgesia. Whether the magnitude of the hypoalgesic effects obtained with the
immersive virtual reality intervention is greater (+) or lesser (—) depends on the inclusion of the
different factors related to the user experience. A funnel-type figure has been proposed; considering
that the magnitude of the effects is summative, the addition of each user experience factor might
enhance the hypoalgesic effect of the intervention, where the use of virtual embodiment, especially
through full-body virtual avatars with motion tracking elements and haptic devices that boost
multisensory integration, maximizes the immersive VR-induced experience.

Based on the available literature, one may postulate that an overlapping or summative
mechanism of UX factors added in the immersive VR applications can have an impact on
the magnitude of hypoalgesic effect response in people suffering from pain conditions.
Further investigations are needed to compare and investigate the different UX factors when
using immersive VR for pain relief.

4. Discussion

The growing interest in the use of immersive VR applications in the treatment of
patients suffering from pain conditions, in both research and clinical settings, calls for a
deeper understanding of the UX factors underlying the effect of immersive VR for pain
relief. The results show that in addition to the distraction effect, interactivity, sense of
presence, and gamification in immersive VR-induced hypoalgesia, but in particular sense
of embodiment, are crucial UX factors to induce when using immersive VR systems for
pain relief. Although the generic term VR has generally been used in both clinical and
research settings, we can consider immersive VR UX factors as active components of a
complex intervention, having a significant impact on the efficacy of pain relief therapy.
Thus, the understanding and embedding of these active components may improve the
optimal patient-treatment relationship, providing a personalized treatment approach [122].
This review contributes with enough evidence to understand the impact of the different
UX factors, when using immersive VR systems, on immersive VR-induced hypoalgesia.

Immersive VR applications can enhance the effectiveness of pain interventions by
inducing pain relief through the immersive virtual environments or by providing virtual
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body ownership illusions through the use of embodied virtual avatars to modulate the
representation of the painful part of the body [122]. Previous evidence has shown that the
inclusion of some UX factors such as full-body virtual avatars, gamification, interactivity,
and the sense of presence has a relevant impact on pain relief, increasing the patients’
self-efficacy, and inducing positive effects on body image [60,116]. However, the potential
impact of UX factors on the hypoalgesic effects of immersive VR has not been widely
reported in many of the clinical studies in acute and chronic pain populations, as well
as the precise parameters for the best dose recommended in each clinical profile [122].
As described in the reviewed studies for this review, there is a significant variability in
the clinical profiles of the patients suffering from pain conditions included in the studies,
as well as in the UX factors included in the immersive VR interventions. These findings
are in accordance with the reported conclusions of other authors. In the study from Lier
et al., 2023 [28], the authors observed modest to no effects for different factors related
to the type of immersive VR intervention applied, including the type of software and
interactivity. However, the authors suggested that the results can be affected by the variety
of conditions in the immersive VR intervention, the small number of studies investigating
chronic pain conditions, and the fact that a large number of studies used video content
displayed through the head-mounted device (HMD) [28]. The studies examined during this
review that provide information on the type of factor related to user experience presented
a high degree of variability in the type of pain present, as well as in the clinical profile
studied, which included healthy subjects with pain induced experimentally (n = 7), acute
pain after pain intervention (n = 3), or individuals with chronic pain of various types (n = 7).
Due to the small sample of the studies, it is difficult to develop generalized conclusions.

Additionally, a large number of studies have been conducted to evaluate hypoalgesic
effects in childhood populations, where positive effects have also been reported [18,68-70,90].
Differences in response to immersive VR treatment between adults and children have also
not been studied, nor have possible differences in UX factors. It has been suggested
that interactivity and gamification may have a significant impact on pain reduction in
children [98]. While immersive VR holds the potential for a hypoalgesic effect, there
are adaptations necessary specifically for adults. The adaptation of software to clinical,
visual, and motor needs is essential when it comes to applications targeted at children [90].
Each child has a unique combination of skills and challenges, so the development of
software specific to this population is crucial to ensure the effectiveness of treatment. This
involves not only considering differences in children’s motor and cognitive abilities but
also considering potential neurodevelopmental conditions, such as autism, attention deficit
hyperactivity disorder, or cerebral palsy, among others. The presence of these conditions
can significantly influence how children interact with the software and their ability to
participate in interventions [47]. For example, a child with autism may have specific
sensory needs that must be addressed in the software design, while a child with cerebral
palsy may require adaptations to access the content effectively [90]. Additionally, the visual
characteristics of the software, such as interface design and color palette, must be carefully
selected to ensure accessibility for all users, regardless of their visual abilities.

On the other hand, addressing the development of hardware used in pediatric inter-
ventions is crucial. Frequently, systems of hardware originally designed for adults are
employed in pediatric settings, a practice that raises a series of significant concerns [47].
This approach can entail risks of adverse effects for children, as the size, ergonomics, and
functionality of these devices may not properly cater to their unique physical and cog-
nitive needs. Furthermore, the use of inadequate hardware can increase the likelihood
of equipment damage, which, in turn, may disrupt the course of interventions and incur
additional costs for repair or replacement [91]. In addition to practical considerations, the
use of hardware designed for adults can have a negative impact on the motivation of both
children and clinicians. Devices that are not tailored to the age and capabilities of children
may be intimidating or discouraging, potentially reducing children’s active participation in
interventions [47]. Similarly, health care professionals may experience frustration when
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attempting to adapt the equipment for use with pediatric patients, which could affect their
commitment and enthusiasm for implementing effective interventions [47]. Therefore, it
is essential to allocate resources and efforts to the development of hardware specifically
designed for use in pediatrics. These devices should be properly sized, ergonomic, and
safe for use in children, which entails considerations not only about their physical design
but also about their functionality and adaptability to the clinical and therapeutic needs of
this unique population.

However, no significant adverse effects have been reported, demonstrating that VR is
a safe intervention. Adverse effects from prolonged and continuous exposure to VR could
cause a disorder called “cybersickness”, characterized by dizziness, headache, nausea,
postural pain, or disorientation [123], and have been highlighted as a major barrier to the
clinical implementation of immersive VR. However, the rate of side effects in VR is still very
variable, with a reported average prevalence of 15.6% [124], due to the influence of factors
related to both the type of device of VR and the characteristics of the software used [125,126].
Since etiopathogenic mechanisms of these side effects are not yet known, it is hypothesized
that virtual reality might cause a conflict in the multisensory integration [125]. It has been
identified that certain user experience factors might be related to the onset of cybersickness,
such as the type of content or virtual environment [126], where it has been reported that a
higher presence of cybersickness correlates inversely with the likelihood of this adverse
effect on users [125].

The ongoing progress in VR technology, along with decreasing equipment costs, has
resulted in the emergence of more user-friendly, useful, and accessible VR systems that
can uniquely address a wide scope of physical, psychological, and cognitive rehabilitation
problems as well as research challenges [127]. Birckhead et al. encourage the development
of VR solutions to consider starting with direct input from end-users, both providers and
patients, to optimize human-centered design [128]. Thus, more interdisciplinary collabora-
tion between technology specialists such as virtual reality experts, game developers, and
engineers, in the design and development of VR software and applications with a health
care purpose, and the clinicians who make use of this technology is needed to optimize the
acceptability, safety, and clinical outcomes of VR in pain management. Recommendations
for the design and application of virtual reality in rehabilitation have been proposed for
patients requiring neurorehabilitation [129]. However, these recommendations have not yet
been proposed for the management of pain patients. These recommendations include end-
user involvement, participatory factors, researcher involvement, rehabilitation principles,
and technological design and development [129,130]. This might be due to the fact that
more advancement and evidence are available on the application of immersive VR in the
neurorehabilitation field compared to pain management. Some of these recommendations
also include aspects related to user experience factors that have been highlighted in this
review such as enriched environments and multisensory information or gamification [130].
Recently, a multimodal and personalized virtual reality-integrated physiotherapy inter-
vention for patients with complex chronic low back pain has been developed using the
Medical Research Council (MRC) framework in collaboration with end-users, including
patients, physiotherapists, and researchers [131]. The development of VR as an appli-
cation for health and pain management requires a broad intersection of theoretical and
technical lenses that refer to interdisciplinary collaboration [95]. It is therefore necessary
to establish collaborative and consensus-based frameworks to define standardized pro-
cesses to support the multidisciplinary team in the design and development of immersive
VR-based interventions for people with pain. Co-design is a consumer-driven approach
that involves consumers in the process of developing meaningful solutions to complex
problems and is increasingly seen as necessary to improve clinical translation [132]. A
non-hierarchical participatory methodology has been proposed for identifying innovative,
consumer-preferred solutions with the potential to overcome the existing gaps between
research and practice [132].
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Certain limitations should be noted when interpreting results in immersive VR stud-
ies in pain management, due to high heterogeneity, especially in terms of study design,
clinical pain profiles, factors related to the user experience, and dosimetry of immersive
VR intervention [28]. More detailed reporting of scientific studies on pain, including the
experience-related factors used, is needed to more adequately explore the hypoalgesic
effects of immersive VR [117]. Hence, it is recommended to carry out studies that better
compare the hypoalgesic effects of immersive VR between different user experience-related
factors with measures that allow us to know the possible differences in the hypoalgesic
mechanisms present in each modality and their response in the different clinical profiles.
Comparative studies including subgroups of patients with both acute and chronic pain
are recommended to determine the magnitude of the hypoalgesic effects obtained after
the inclusion of the different factors related to user experience mentioned in this review.
Likewise, there is a need for research studies in the chronic pain population, both adult
and pediatric, to understand the long-term effects and sustainability of pain relief after VR
intervention. Studies by Maddox et al. [133] in patients with low back pain can serve as a
reference on the medium- and long-term effectiveness of an intervention with VRL

5. Conclusions

Immersive virtual reality offers an innovative non-pharmacological strategy in pain
management, with demonstrated positive effects on pain relief. The present review shows
the contribution of UX factors to the magnitude of the hypoalgesic effect following immer-
sive VR intervention. Moreover, available evidence suggests that hierarchical relationships
might exist between user experience-related factors and greater hypoalgesic effects follow-
ing immersive VR intervention in adults and children. Therefore, it is necessary to consider
these factors in both the design and co-creation of VR-based strategies, as outlined in the
findings of scientific studies in the field of pain, with the main aim to enhance pain relief,
providing new knowledge in immersive VR mechanism-based scenarios, which will pave
the way to a personalized treatment approach in patients suffering from pain conditions.
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