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Abstract: Primary chronic pain is a major contributor to disability worldwide, with an estimated
prevalence of 20–33% of the world’s population. The high socio-economic impact of musculoskeletal
pain justifies seeking an appropriate therapeutic strategy. Immersive virtual reality (VR) has been pro-
posed as a first-line intervention for chronic musculoskeletal pain. However, the growing literature
has not been accompanied by substantial progress in understanding how VR exerts its impact on the
pain experience and what neurophysiological mechanisms might be involved in the clinical effective-
ness of virtual reality interventions in chronic pain patients. The aim of this review is: (i) to establish
the state of the art on the effects of VR on patients with chronic pain; (ii) to identify neuroplastic
changes associated with chronic pain that may be targeted by VR intervention; and (iii) to propose
a hypothesis on how immersive virtual reality could modify motor behavioral decision-making
through an interactive experience in patients with chronic pain.

Keywords: virtual reality; body embodiment; motor behavior; chronic pain; decision-making

1. Introduction

Chronic pain has been classically defined as pain that lasts or recurs for longer than
three months [1]. This definition is based on a purely temporal criterion. However, since
the last IASP classification (ICD-11), chronic pain is now considered a condition itself [2].
Chronic primary musculoskeletal pain is defined as CPP located in musculoskeletal areas
that may present with spontaneous or evoked pain in the affected region, accompanied by
allodynia and/or hyperalgesia [3].

The understanding of how people experience pain as well as the strategies to address
this condition is challenging. Some authors have reflected on the need to embrace the
complexity of the chronic pain experience [4], in which the relational dynamics among pain
determinants are a crucial cornerstone for its understanding [5]. Pain can be considered
part of an overall protection system, a body-world defence mechanism. In the presence of
pain, a deviation from potential future actions that may be perceived as self-threatening
may be necessary [6,7].

A first-person perspective is imperative to understand the experience through and
within a body in a particular space and time [8]. Chronic pain can dramatically impact the
interplay between the subject and the world, as it permeates all aspects of a person’s life.
When the pain and suffering become chronic, they become embodied, i.e., part of the self [8].
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Therefore, people in pain often feel alienated from their bodies and their surroundings
simultaneously [9].

Several models have attempted to explain the pain processing and motor behavior
experienced by a person with chronic pain and their relationships with the environment
through sensory information, both from within and outside the body (Table 1). However,
none of these models alone have been able to answer all the questions that have arisen
in our understanding of the experience of chronic pain and its underlying mechanisms.
If it were possible to achieve this, much more needs to be done to get a unified theory of
pain [10].

Table 1. Previous theories about chronic pain and its relationship with their bodies and environment.

Model Contributions

Model of mature organism (MOM)

In 1990, Gifford proposed a complex dynamic view of the patient’s health
experience. In his model of the mature organism (MOM), he introduced

fundamental pathways in the interactions between the body and the
environment through sensory information [10].

The triple network model

The triple network model offers a unified framework to understand the
central neurophysiological mechanisms that occur in the experience of pain.

First, the influence of the sensory network may modulate the salience
network (related to the emotional response to sensory stimuli e.g., suffering).

Second, the interrelationship with the default network shapes body
self-concept through body embodiment. Thirdly, the response at the level of
the executive central network and the sensorimotor network regulates the

response through both action and behavior [11].

Embodied Predictive Processing Theory of Pain

This model based on the Enactive Markov Decision Process (EMDP) attempts
to explain the embedded complex interaction between perception and action

through the sensorimotor system, where motivational factors modulate
behavior based on both positive and negative reinforcement learning

mechanisms [12]. The model aimed to maintain the functional integrity of
the body through the process of prediction error minimization [13].

Enactive-biopsychosocial approach

An enactive-biopsychosocial approach emphasizes that human experiences
are influenced by the interactive relationship between the subject and the

world, with the brain and body being mediators of that relationship [8]. This
framework could help us understand the complexity of the pain experience
that is intrinsically embodied and embedded in an environment [14]. This

model adds the idea that pain experience incorporates action as a response to
the environment, which includes the sensorimotor system. The enactive

model shows that pain cannot be reduced to its neurophysiological
underpinnings [15].

Among possible options for chronic pain patients; VR systems can be tailored to
individual needs to provide therapeutic interventions within a functional and motivating
context in a manner that alters the subjects’ experiences [16]. As an example of a VR
intervention for patients with chronic shoulder pain, a graded shoulder flexion task can be
proposed using gamified software in a virtual simulation of a real environment (for example,
a kitchen where objects are placed on a shelving unit) or a science fiction simulation (for
example, in space, shooting at alien spaceships) to reduce fear-avoidance behavior in this
movement. This may be key to the appropriate selection of the best individual therapeutic
approach within patient-centered care, which has been identified as fundamental in the
management of people with chronic pain conditions [17].
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An Introductory Review to VR Effects on Chronic Pain

Virtual reality (VR) refers to simulated experiences with multisensory content (visual,
auditory, haptic, etc.), intentionally presented to the individual’s senses [18]. In recent years,
research and clinical application of virtual reality in pain management have substantially
increased [18], in both acute and chronic pain [19]. Although there are different modalities
of virtual reality, features such as presence and immersion associated with immersive virtual
reality [20] can represent an ideal medium for non-pharmacological management of chronic
pain [21,22]. The integration of evidence-based information may serve to build a new and
more comprehensive conceptual framework on the neurophysiological mechanisms of
immersive virtual reality than previous ones [23].

Initially, we intend to establish the state of the art on the effects of VR on chronic
pain. To address this, a literature search was conducted, collecting the results of different
systematic reviews and meta-analyses published in the last five years. Regarding the search
strategy, we searched for systematic reviews using PubMed (from 2017 to 26 November
2022). With respect to the eligibility criteria, the selection criteria used in this review were
based on PICOT-criteria for “population: chronic pain patients”, “intervention: virtual
reality or exergame”, and “study design: systematic review and/or meta-analysis” (Table 2).

Table 2. Eligibility criteria of literature search.

Inclusion Criteria Exclusion Criteria

Systematic review and/or meta-analysis
assessing the efficacy of virtual reality therapy

intervention(s) for chronic pain

Including evaluative, psychological, and/or
non-virtual intervention(s)

Systematic review and/or meta-analysis with
an adequate description of methodology Non full text available

Published in a peer reviewed journal
Published since year 2017

Written in the English language

The search strategy used on the PubMed database was: ((“Virtual Reality/Exergaming
“[Mesh] AND “Chronic pain” [Mesh]) OR ((“Virtual reality” AND “Chronic pain”)) AND
((systematic[sb] OR Meta-Analysis[ptyp]). We included all eligible articles written in
English with full-text available.

The data extracted from each study were as follows: title, search methodology, number
of included studies, patient population, and intervention(s); if applicable, outcome(s)
and/or outcome measure(s); if applicable, follow-up period(s), results, limitations, and
conclusion(s). Regarding the results, Appendix A summarizes all the findings, with eight
reviews included.

The evidence from systematic reviews and meta-analyses suggests that VR reduces pain
intensity and improves function in patients with chronic pain. However, the heterogeneity
in the type of VR and software applied, the dosimetry of the treatment, and the outcome
measures collected show the need to carry out studies with higher methodological quality.

Although the evidence supports the use of VR, some studies reported that prolonged
and continuous exposure to VR could cause a disorder called “Cibersickness”, characterized
by dizziness, headache, nausea, postural pain, or disorientation [24]. The rate of side effects
in VR is still very variable, although generally low, due to the influence of factors related
to both the type of device used and the characteristics of the software [25,26]. Further,
the etiopathogenic mechanisms of these side effects are not yet known; as such, it is
hypothesized that virtual reality might cause a conflict in multisensory integration [26]. No
other significant adverse effects have been reported, showing that VR is a safe intervention.

The hypoalgesic mechanisms underlying VR are multifactorial, being mediated by the
different dimensions of the pain experience: sensory-discriminative, affective-motivational,
evaluative-cognitive, and motor behavior [27,28]. Nevertheless, the growth in scientific
research has not been accompanied by substantial advances in the understanding of how
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VR influences the experience of pain [18] and which mechanisms may be involved in the
clinical effectiveness of these interventions in people with chronic pain. The combination of
current evidence from musculoskeletal research, pain neuroscience, and behavioral sciences
may help to (i) understand and (ii) guide the application of VR to chronic pain patients [29].
The present narrative review proposes a new hypothesis based on how VR could modify the
dynamic relationship between multisensory integration, body embodiment, sensorimotor
performance, and motor reinforcement learning through an interactive experience in people
with chronic pain.

2. Immersive Virtual Reality as a Medium for Altering Sensorimotor Decision-Making
in Chronic Pain Patients: A Neurophysiological Hypothesis

A framework with four different processing levels that pertain to sensorimotor decision-
making to estimate the risks and manage the threats appropriately has been proposed [26,27].
Our proposal is that VR embeds the person in pain into a different environment that may
modulate the individual’s subjective experience of pain and his or her relationship with the
environment by modifying the dynamic interplay between brain networks related to motor
behavior in chronic pain patients (Figure 1) [11]. Such influence can be found in all four
phases of decision-making:

1. New visual and auditory information provided by immersive virtual reality is inte-
grated with other sensory stimuli and reaches the sensory cortex, which is associated
with the first threat evaluation (sensory network) [30]. Activation of the sensory
pathways triggers activation of the amygdala and insula, which are associated with
the valence of the stimulus and the distress experienced by the person (salience
network) [31].

2. A change in the afferent sensory information can impact the current state evaluation
of the environment and body image (the default mode network) [32]. This could
modulate the bidirectional and inversely related link between the saliency network
and the default mode network, allowing body image to be influenced by full-body
virtual avatars.

3. If the virtual environment is safe enough and does not present cues of threat, goal-
directed motor commands will be activated instead of protective/defensive behaviors
(sensorimotor network) [33]. That is particularly necessary in people with chronic
pain, where altered motor behavior is common.

4. Moving a person in pain in a safe environment can stimulate downward modulation
of pain and promote analgesia [34]. Breaking the negative expectation of pain during
movement can facilitate the extinction of fear memories acquired through contextual
fear conditioning (the central executive network) [35,36]. The maintenance of this non-
threatening environment could replace the fear memory with a new safety memory
related to movement. This framework suggests that VR could be a potential tool to
produce motor relearning in the context of pain [37].

Nevertheless, this process is affected by a great number of uncertainties [38], from
sensorimotor noise to ambiguity about the environment [39,40]. For an overview of the
influence of uncertainty in sensorimotor decision making, see Bach et al. [40].

Next, we discuss the different stages of decision-making for motor behavior within the
experience of chronic pain. How these components create a recursive loop that feeds back
and shapes the individual’s dynamic interplay with their internal and external environ-
ment [41]. In relation to each component, we reflect on the impairments found in chronic
pain patients and the possible effects of VR on them.
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Figure 1. Schematic representation of sensorimotor decision-making and how virtual reality can
impact brain networks related to it. A four-stage model of the dynamic relationship between motor
behavior decision-making in people with chronic pain and immersive virtual reality intervention is
presented. In the first phase, sensory information (visual, auditory, and haptic) provided by VR may
impact both the sensory network and the salience network, modifying the relevance of the stimulus
and the integration of sensory modalities. Subsequently, this new information could influence the
person’s body image and their relationship to the environment associated with the default network.
In this process, VR can modulate different features of body image (ownership and agency) through
the body illusion induced by full-body virtual avatars. The congruence between the movements of
this avatar and those of the patient can generate a new motor learning process associated with the
sensorimotor network, which could modulate pain-associated motor responses and behaviors such
as movement-evoked pain. Finally, the change in valence of the perceived threat of a motor task and
its influence on pain-related executive processes may trigger reinforced motor re-learning processes.
The safe context provided by VR could facilitate the optimization of motor behavior, thus enhancing
the relationship between the individual and the environment and his or her own body, by influencing
these four stages described above, which were created with Biorender.

2.1. Multisensory Integration Alterations in People with Chronic Pain

Gifford’s Model of mature organism (MOM) proposed how our nervous system allows
us to use sensory information to gain knowledge about the state of our body and the world
around us, which affects the way we behave in a perceived threat situation [10]. The concept
of multisensory integration explains the convergent processes of sensory modalities (e.g.,
auditory, visual, tactile, proprioceptive, and nociceptive modalities) required to generate
a unified and coherent perception [42]. Perceptual experiences are made possible by a
dynamic integration of sensory signals (multisensory processing) from different modalities
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that are constantly updated to encode the representation and configuration of the body
and its relationship to the environment [43]. Similarly, sensory information does not only
include exteroception but also interoception [43].

The influence of multisensory integration on nociceptive processing has been pre-
viously described [44]. Many pathological pain conditions are accompanied by reduced
accuracy of sensory inputs and problems with filtering irrelevant information [45]. More
specifically, localized chronic musculoskeletal pain is associated with sensory disturbances
at or near the painful region [46,47], and there is evidence that sensory deficits may pre-
cede pain [48]. Similarly, chronic pain has been commonly associated with reduced tactile
sensitivity [45,46] and with disorganization in the somatosensory cortex [11]. Additionally,
impaired tactile acuity and a greater somatosensory temporal discrimination threshold
compromise the quality of the sensory information available to the nervous system, which
would contribute to sensorimotor conflict [49]. Recently, low somatosensory cortex activity
has been linked as a possible neurophysiological mechanism in the transition from acute
to chronic pain in patients with low back pain [50]. Preliminary evidence in people with
chronic pain has found discordances between motor output and peripheral feedback [51]
and between efferent pathways from the motor cortex with the afferent feedback to the
primary sensory cortex [52].

In patients with chronic pain, there are shifts in the excitability and connectivity of
neural networks from areas more related to sensory processing to areas linked to affective–
emotional processing. In addition, salience networks have been observed [31]. The corti-
colimbic system seems to play an important role in the development, maintenance, and
amplification of chronic pain and is associated with affective aspects of pain and regulates
emotional and motivational responses [53]. Increased information transfer between so-
matosensory cortex and salience network regions, particularly the anterior insula, likely
plays an important role in re-allocating attentional focus and affective coding of somatic
nociceptive afference from specific body areas [30]. Within the salience network, the pre-
frontal cortex (PFC) and nucleus accumbens (NAc) have been identified as part of an
“gate-keeping” mechanism that estimates the relevance of a stimulus (valence) and mod-
ulates information flow in the descending inhibitory pain system [54]. Valence refers to
the categorization of a stimulus as pleasant (positive valence) or unpleasant (negative
valence) in the context of affect and emotion [44]. The impact of cognitive-emotional fac-
tors on the onset and/or persistence of chronic musculoskeletal pain has been previously
studied [55,56].

Moreover, there is evidence that thalamo-cortico-basal ganglia loops integrate sensori-
motor, affective, and cognitive information, which may be related to the pain experience [54].
According to the triple network model, this may indicate the dynamic and complex inter-
relationships between different central networks (somatosensory, salience, default mode
network, sensorimotor, and central executive) in the person with chronic pain [11].

How VR Can Improve Multisensory Processing

Through stimulating the visual, auditory, and sensorimotor networks, VR may modu-
late pain perception [57]. The hypoalgesic effects of VR have been attributed to competition
for the limited attentional resources shared between sensory afferents provided by VR and
incoming nociceptive signals [58]. Interestingly, the visual information that a person has
about their body increases the spatial acuity of touch [59,60] and reduces the perceived
intensity of acute pain [61,62]. VR application in pain patients increases activity in areas
associated with pain inhibition [63]. Some authors hypothesize that VR acts through the
periaqueductal gray (PAG), anterior cingulate cortex (ACC), and orbitofrontal cortex to
divert attention from pain, modulate the activity of the descending pain control system,
and influence pain perception [64].

As an example of a virtual reality-induced change in multisensory integration, the
rubber hand illusion (RHI) describes a phenomenon in which participants experience
a rubber hand as being part of their body using the synchronous application of visuo-
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tactile stimulation to the real and the artificial limb [65,66]. Visuo-motor (VM) and visuo-
tactile (VT) synchronous stimulation by RHI is important to induce virtual body illusions
(BOIs) [67]. Hypoalgesic effects through virtual body manipulation have been previously
studied, showing the relationship between multisensory integration, body image, and pain
perception [68].

By modifying sensory processing in immersive VR, we may modulate the relevance of
the stimulus; inducing a positive valence, which will interfere with the functioning of the
salience network as well as the interlinked networks that may be involved in the experience
of pain [11]. The interplay between sensory and cognitive–affective mechanisms opens the
possibility of modifications that target body perception disturbances in people with chronic
pain [52,69].

2.2. Body Perception Disturbance in Chronic Pain Patients

The importance of the somatosensory system for tactile recognition, body perception,
and motor actions has been previously described [70]. Our body image (BI) is continuously
updated based on the stimuli that the person receives [71], and this updating can be seen
as an adaptive strategy of response to the outside world [72]. This sensory process, called
somatoperception and somatorepresentation, involves the activity of both sensory and
self-representation brain networks [70,73]. These somatosensory networks can lead to the
emergence of different properties related to body perception (Table 3) [70].

Table 3. Properties related to body perception and embodiment.

Concept Definition

Body image It refers to implicit cortical maps that encode movement and
position of the body

Body embodiment The experience of our self as the whole set of sensations that
emerges from being in, having and controlling a body

Body ownership It is the feeling that “this body belongs to me”
Body Agency The perception that “I am the one who caused this action”
Co-location being in precise place, in time and space.

Body perception disturbance It refers to an alteration in the size, shape or position of the
experienced physical self

Body embodiment refers to the self being situated in the environment and emerging
inseparably from bodily information [74]. This phenomenon emerges from a complex inter-
action between bottom–up and top–down signals [71] and depends on the integration of
multiple sensory modalities, including vision, hearing, touch, and proprioception [75]. The
sense of embodiment must comply with the three sub-components (co-location, ownership
and agency).

The body’s embodiment may entail activation of the brain’s default mode network
(DMN) [76], which controls self-representational processing. According to the triple net-
work model of pain, this network (DMN) is important in chronic pain [77]. The longer the
pain persists, the stronger are the links between the primary somatosensory cortex and the
default mode network. This connection has been found to be more active in people with
complex regional pain syndrome, chronic low back pain, and osteoarthritis [32]. Yet, this
pathway may occur in both directions, with a change in one area influencing the other [78].

Chronic pain is accompanied by a variety of body perception disturbances [79]. Indeed,
people in pain often exhibit distortions in their perception of the positions and sizes
of the affected body parts [52,80]. Moreover, altered processing in the premotor and
somatosensory networks has been associated with the feeling of disownership over one’s
own limbs in participants with body perception disturbance [81]. Therefore, contradictory
sensory signals from one part of the body can alter the cortical somatorepresentation of that
body [82]. These distorted representations of the body have also been linked to changes in
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the activity of the primary motor cortex and somatosensory cortex, which thereby result in
sensorimotor incongruence [40].

How VR May Impact Body Embodiment

Attentional distraction has been the main proposed mechanism of VR for the reduction
of acute pain [83], but these short-term positive effects of distraction appear less relevant
when pain persists [84]. In contrast, immersive VR allows the “replacement” of a person’s
real body, enabling the subject to feel embodied in a virtual body from a first-person per-
spective [71]. Hence, redefining the subjective experience of the virtual embodiment may
produce alterations in bodily sensations [85]. It has been proposed that multisensory inter-
ventions may be effective at improving distorted body images [86] and may induce positive
plastic reorganization of the somatosensory cortex [87] in cases of somatorepresentation
distortion [69,73].

Body Illusions (BOIs) refer to altered perceptual states where the perception of the
body image significantly differs from the actual physical body, for example in aspects
such as size, shape, posture, location, or sense of ownership or agency [88]. Thus, BOIs
arise as a result of the brain’s predictive processing of all incoming sensory signals about
one’s own body [83,89]. In this sense, different studies have shown that there is a bi-
directional relationship between body perception and pain perception [90]. Experimental
research has investigated if the manipulation of the characteristics of the avatar’s virtual
body may influence the physiological, cognitive, and behavioral responses to threat and
pain sensitivity of the subjects [68,71,91]. Although the visualization of changes in the
morphological features of the virtual body can influence the perception of pain, these
changes should be adapted to the specific characteristics of patients with chronic pain [92].

Immersive VR might be useful in rehabilitation not only to modulate the perception of
pain but also for motor-related functions and body perception disturbances [91] in healthy
and clinical populations [48,71]. For instance, Harvie et al. investigated the short-term
effects of embodying superhero-like full-body avatars on pain and body image in people
with chronic low back pain [84,93], which had a favorable effect on body image.

Virtual full-body illusions can be easily accomplished by coupling the participant’s
movements with the avatar without the need for additional tactile stimulation via visuomo-
tor congruence [74,94]. The sense of agency has been described as a crucial aspect for the
coherence of the internal representation [95] and has been linked to premotor and parietal
areas involved in generating motor intentions and subsequent action monitoring [76]. This
could have potential for VR motor re-learning strategies, as has also been suggested in
neuro-rehabilitation [96].

2.3. Pain-Related Movement Dysfunctions

A broad range of changes in motor-related functions (sensorimotor processing, motor
deficits, and body perception disturbances) can be found in people with chronic muscu-
loskeletal primary pain [48]. In fact, up to 75% of people with chronic pain report that
pain negatively impacts their ability to exercise, lift objects, or walk [97]. According to
the sensorimotor theory of pain, there might be an incongruence between motor intention
and specifically tactile and proprioceptive sensory feedback in painful conditions even in
the absence of tissue pathology [98,99]. The activation or “firing” of silent nociceptors in
response to movement-related stimuli that are not normally painful has been described
as a multisensory phenomenon called movement-evoked pain (MEP) [100]. For example,
sensitivity to movement-evoked pain and pronociceptive profiling have been observed
in people with chronic shoulder pain [101]. Both nociception and pain may influence
goal-directed sensorimotor performance at multiple levels [102], from setting task goals,
action selection and planning, movement execution, and feedback mechanisms. Similarly,
the impact of sensorimotor processes on central brain regions involved in nociceptive
processing and motor analgesia has been described previously [33,103].



Brain Sci. 2023, 13, 617 9 of 21

Pain-related movement dysfunctions describe long-term motor behaviors in the pres-
ence or anticipation of pain [102]. According to the embodied predictive processing theory
of pain, this phenomenon involves central and peripheral neurophysiological mechanisms
that determine pain-associated behavior [12,28]. Where the anticipation of pain becomes a
learned behavior [104], in which any motor behavior can be triggered as a predictive cue
for pain [105,106]. However, pain-related movement dysfunctions should not be seen as
a deflection of the ideal movement but rather promote adaptive behavior embedded in a
threatening context [107]. Nevertheless, these adaptive motor strategies may often have
negative long-term consequences, and it is therefore necessary to seek motor relearning
strategies to avoid these consequences [108].

How VR May Enhance Sensorimotor Performance

Optimal sensorimotor performance includes the ability to gradually modify our motor
commands to compensate for changes in our body and the environment [109]. Neuroimag-
ing studies have also shown that visual and somatosensory processing are involved in guid-
ing actions [70]. In this regard, the primary motor cortex is interconnected with descending
inhibitory pain regions and sensory processing areas [103]. VR could play a role in motor
function by modifying visual and somatosensory information, as previously explained.

Virtual reality could be classified as a form of visual feedback therapy, similar to mirror
therapy [110], and may share similar mechanisms of action with movement representation
strategies such as motor imagery (MI), action observation training, and visual feedback
therapy [111]. Neurophysiological theories supporting the effects of visual feedback ther-
apy are based on the possible improvements during the integration of sensorimotor pro-
cessing and the adaptive cortical reorganization through the mirror neuron system [111].
Movement representation strategies have been proven to be effective in relieving chronic
musculoskeletal pain [112,113]. For instance, VR mirror therapy has been found to affect
nociception and reduce the activation in cortical limbic and default mode regions, atten-
uating the affective sense-of-self, internal body perception, body-related (interoceptive)
internal representations, and attention to nociceptive signals [114]. Movement representa-
tion techniques may also trigger the activation of areas related to the planning, generation,
and adjustment of voluntary movement at the neurophysiological level [115]. Similarly,
these techniques down-modulate hyperactivity in the somatosensory cortex, increase intra-
cortical inhibition, and increase impaired intraparietal processing, reflecting impaired body
representation [116].

According to a review conducted by Pyasik et al. [91], the movements of the embodied
virtual avatar significantly affected the participants motor functioning, especially when
the movements were performed synchronously and actively by the patient. It has further
been proposed that the mirror neuron system may be more active when the observed
movements are part of one’s motor repertoire than when the observed movements are not
part of one’s motor repertoire [74]. Hence, activation patterns in motor networks evoked by
real and virtual movements were largely comparable when using an immersive VR system
in healthy patients [117].

Virtual reality exercise is likely to promote effects similar to those of traditional exer-
cise [118]. Exercise-induced hypoalgesia (EIH), which has been defined as a generalized re-
duction in pain and pain sensitivity that occurs during exercise and for some time afterward,
may also be mediated by the immune, pain modulation systems (opioid/serotonergic), and
mesocorticolimbic systems [119–121]. Preliminary evidence on active virtual reality EIH
shows an added hypoalgesic effect in a healthy population [122–124]. However, exercise
may not only restore the functioning of the mesocorticolimbic system in the chronic pain
state but may also facilitate the extinction of acquired pain-related fear memories [125].
Thus, the immersive context of VR might help “trick the brain” through the mirror neuron
system and change the self-perception of patients, reduce pain perception in exercise, and
enhance motor cortical excitability and faster movements during motor training [94].
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2.4. Threat Learning in Chronic Pain

Pain serves as a protective mechanism, leading to changes in motor behavior. If
maintained, altered movement can contribute to poor recovery, disability, and decreased
quality of life [98]. Even though nociceptive pathology has often long subsided, chronic
musculoskeletal pain patients have typically acquired a protective (movement-related) pain
memory [126] to potentially take action to avoid harm [127]. This “protective memory of
pain” might have been acquired through reinforcement learning, which refers to the ability
of learning the associations between stimuli and the occurrence of pleasant events, called
rewards, or unpleasant events, called punishments [104]. This process has been identified
as key to the learning of pain-related behaviors [128].

Chronic back pain has been associated with altered threat learning, differentiating
less between threat and safety cues than in pain-free individuals [129]. It seems that the
sensorimotor systems of people with pain might not fully correct for and/or adapt to
conflicting information [48]. For instance, a distressing pain experience seems to motivate
individuals to adjust goal-directed behaviors that maximize their rewards during a task,
suggesting that ongoing pain facilitates emotional decision-making behaviors [130]. More-
over, disruption of salience processing may contribute to positive (spontaneous and evoked
pain) and negative symptoms (catastrophizing, fear, or altered cognitions) [131]. The link
between inappropriate pain-related beliefs and altered motor behavior in chronic pain
people has already been discussed [132]. However, a decrease in pain-related fear has been
shown to reduce movement-related pain without modulating avoidance movements in the
lumbar spine [133]. Furthermore, it has been observed that alterations in motor behavior in
patients with chronic low back pain are associated with task specificity and not so much
with general pain-related fear [134]. Therefore, the value of the threat has a relevant weight
in the valence (positive or negative) of the task and therefore in the activity of the salience
network [135]. A negative valence may have a relevant role in threat learning in chronic
pain [37] and pain-related movement dysfunctions.

How VR Can Induce Motor Reinforcement Learning

Evidence shows that VR may also produce positive effects on the cognitive-affective
dimension of pain and may reduce kinesiophobia, pain-related fear, and anxiety [136,137].
The effects of BOIs on higher-level cognitive processes (perception, motor functions, execu-
tive functions, personality, and social cognition) have been proposed [91]. Furthermore,
descending influences from higher structures (top-down), such as the cortico-limbic system
or hippocampus, should also be considered in pain modulation systems [138].

Movement-based therapies should aim to guide patients to increase their perception
of the environment by providing different possibilities [139]. The goal of cognition-targeted
exercise therapy is to decouple movement-related threat perception. Moreover, exposure
therapy triggers a new memory of safety by replacing or bypassing the old movement-
related pain memories [126]. In this sense, VR may create specific contexts to maximize the
mismatch between expectations and actual experiences to optimize inhibitory learning [36].

An enactive-biopsychosocial framework may help in understanding how body-based
and movement therapies are ways to alter subjects’ experiences [14,139]. Virtual environ-
ments may provide a non-threatening context [140] for safety learning [141] and can be
used to offer a personalized motor learning experience for patients with chronic pain [16].
Affordances are a part of the enactive-biopsychosocial model and mean the interactive
opportunity that a virtual environment offers to an embodied organism to modify its
behavior through a new sensorimotor learning opportunity [139,142]. VR provides new
affordances [57] by “training” ourselves to find solutions to motor problems in a task-
specific manner [16], including meaningful and challenging daily living activities [16]. For
an analogy between the affordance-based model of chronic pain and a video game, see
Coninx et al.’s recent paper [143].
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3. Conclusions

In conclusion, neuroplastic changes associated with chronic pain [11] may be a thera-
peutic target for VR-based interventions (Figure 2), as long-term use could potentially elicit
neuroplastic changes in sensory and motor regions of the brain [144]. This adaptive cortical
reorganization could be induced through several VR-related mechanisms explained in this
review, such as multisensory integration, virtual embodiment, or manipulation of body
representations by virtual avatars.
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Figure 2. Therapeutic targets of immersive virtual reality intervention according to the distinct
dimensions of the experience of chronic pain.

Our proposal reflects on how immersive virtual reality may influence different stages
of the motor behavior decision-making process. The motivational context of VR could
enhance the hypoalgesic mechanisms of exercise, both by increasing the activity of the
endogenous analgesic system and by changing the valence of the experience towards a
positive one. It may serve as a medium to create personalized experiences to promote
safe learning in the individual’s relationship with the environment through movement,
building self-efficacy in their own body, and disrupting unhelpful cognitive representa-
tions, behaviors, and emotional responses to pain [145]. This is key in a patient-centered
care approach.

According to the paradigm outlined in this paper, future research should evaluate
the influence on motor behavior and movement-evoked pain (MEP) when experiencing
immersive virtual reality to target both responders and non-responders to this intervention.
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Appendix A. Evidence Review of VR in Chronic Pain

Review Focus of Review

Study Details
Number (N)

Year
Target Population

Methods
Database
Outcomes

QoE

Main Findings Limitations

Goudmann et al. [19]

Evaluate the effect of VR on
several outcome parameters

related to the application of VR
in patients with chronic pain

2022
N Studies = 41

N participants = 1232
Chronic pain

(Fibromyalgia, Low back pain,
neck pain, upper limb complex

regional pain syndrome and
phantom limb pain)

4 Database
Risk of bias varied between 8 out of

28 and 25 out of 28
Data from 25 studies were included

in the meta-analysis
Pain-related
Outcomes

kinesiophobia and fear, mood,
satisfaction,

expectations of pain, pain focus, time
spent thinking about pain,

self-efficacy, emotions, motivation,
stress, catastrophizing,

acceptability, global impression of
change, ownership, and

agency
Functional outcomes
Functional capacity

Mobility
Neuropsychological functions
Experience of VR technology

A total of 23 studies used
immersive VR techniques, and 18
used non-immersive techniques.
VR intervention in patients with
chronic pain had a positive effect

on decrease pain, increase
mobility and functional capacity.
Overall effect of VR on several
outcome measurements is not
moderated by the type of VR

intervention, type of pain or the
objective of VR.

None of the included studies
qualified for excellent

methodological quality.
Much heterogeneity is present in

studies with
VR methodology

Authors mainly focused on the
primary outcome variables and
secondary outcomes were not

always described in full detail an
asymmetrical plot in experience

of VR technology outcomes,
which might be interpreted as an

indication of publication bias.

Wittkopf et al. [145]

Evaluate the effect of immersive
and

non-immersive interactive VR on
pain perception in patients with

a clinical pain condition.

2019
N Studies = 13

N participants = 469
Chronic pain

(Low back pain, neck pain,
neuropathic pain, phantom limb

pain, ankylosing spondylitis,
subacromial impingement

syndrome and post-mastectomy)

5 databases
High risk of bias and small

sample sizes.
A meta-analysis could not be

conducted due to differences in
study designs and types of controls.

Pain-related
Outcomes were included

A total of 5 studies used
immersive VR techniques, and 8
used non-immersive techniques.

No difference in
efficacy in immersive or

non-immersive
VR intervention.

Interactive VRmay reduce pain

High risk of bias and small
sample sizes on studies included

Much heterogeneity in
VR methodology (type,

frequency, and duration of VR
treatment)
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Review Focus of Review

Study Details
Number (N)

Year
Target Population

Methods
Database
Outcomes

QoE

Main Findings Limitations

Grassini [146]
Assessment of the efficacy of the

use of VR for chronic pain
management

2022
N Studies = 9

N participants = 524
Chronic pain

(Low back pain and neck pain)

6 databases
Low risk of bias and small

sample sizes.
A meta-analysis could not be

conducted due to differences in
study designs and types of controls.

Pain-related
Outcomes

Tampa Scale
for kinesiophobia (TSK)

pain intensity
Oswestry dysfunction index (ODI)
neck disability index (NDI) were

included

VR interventions may be useful
for chronic pain management but

was
not superior to other types of

interventions
VR could be effective on NDI but

no in RMD an TSK

Small number of included studies
High heterogeneity was present

in most of the outcomes
No information about type of VR

information
A single author has conducted

this study

Brea-Gómez et al. [147]
Analyze the effectiveness of VR

in
chronic low back pain.

2021
N Studies = 14

N participants = 765
Chronic pain

(Low back pain)

4 databases
Risk of bias varied between 13-27 out

28.
Data from 11 studies were included

in the meta-analysis
Pain-related
Outcomes

Tampa Scale
for kinesiophobia (TSK)

Disability Questionnaire (RMDQ)
Oswestry dysfunction index (ODI)

10-item Pain Self-
Efficacy (10-PSEQ)

Pain Catastrophizing Scale (PCS)
isokinetic trunk flexion/extension

with a dynamometer
blood serum levels of stress

hormones
were included

A total of 2 studies used
immersive VR techniques, and 12
used non-immersive techniques.
VR can significantly reduce pain

intensity and kinesiophobia
in patients with chronic low back

pain
No significant differences were

found in
disability postintervention.

High heterogeneity between
included

Differences in the age ranges and
in the clinical profile of

the participants
Small sample sizes on studies

included
High heterogeneity in

VR methodology (type,
frequency, and duration of VR

treatment)
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Review Focus of Review

Study Details
Number (N)

Year
Target Population

Methods
Database
Outcomes

QoE

Main Findings Limitations

Gava et al. [136]

Analyze the current evidence
regarding the use of games

and virtual reality to improve
mental health-related outcomes

in patients with chronic
musculoskeletal pain.

2022
N Studies = 13

N participants = 680
Chronic musculoskeletal

pain
(back, neck, and shoulder pain;

osteoarthritis;
fibromyalgia)

6 Database
Risk of bias varied between 8 out of

28 and 25 out of 28
Data from 13 studies were included

in the meta-analysis
Pain-related
Outcomes

Fear-Avoidance Beliefs
Questionnaire (FABQ)

Tampa Kinesiophobia Scale (TSK)
The Pain Catastrophizing Scale (PCS)

Pain Anxiety
Symptoms Scale

Hospital
Anxiety and Depression Scale

A total of 7 studies used
immersive VR techniques, and 5
used non-immersive techniques

(Exergames)
VR intervention in patients with

chronic musculoskeletal
Pain are superior

to other treatments to improve
pain-related fear and superior

to no treatment to improve
anxiety.

Gaming was not superior to other
treatments or no treatment for

improving pain catastrophizing,
anxiety, and depression.

Very low or low quality of
evidence of studies included

Much heterogeneity is present in
studies with

VR gaming methodology
(type, frequency, and duration of

VR treatment)
Publication bias was not assessed

due to the limited number of
included
Studies.

Ahern et al. [148]

Evaluate effectiveness of VR
technology

in the management of
individuals with acute, subacute,

and
chronic spinal pain.

2020
N Studies = 7

N participants = 469
Spinal Chronic pain
(neck pain, thoracic

pain, or low back pain [LBP])

5 databases
All 7 of the studies

included had a high risk of bias
Data from 2 studies were included in

the meta-analysis
Pain intensity

Disability
specific

function, general health status, future
visits to healthcare

professionals, return to work, patient
satisfaction,

adverse events, global perceived
effect (GPE), balance,

and fear of movement.
were included

A total of 1 studies used
immersive VR techniques, and 6
used non-immersive techniques.
The effect of VR ranged from no

statistical
significance to clinical

significance, depending on the
area of the spine being treated,

the follow-up period
being assessed, and the type of

VR used.
Difference in effect

between VR and other included
interventions was often
small and not clinically

significant
higher-quality research

on efficacy and effectiveness of
VR is needed

The review was limited by the
low number of

included studies
Young population in studies

included, results may not
be applicable to younger or older

populations.
Much heterogeneity in
VR methodology (type,

frequency, and duration of VR
treatment)
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Review Focus of Review

Study Details
Number (N)

Year
Target Population

Methods
Database
Outcomes

QoE

Main Findings Limitations

Mallari et al. [149]

Compare the effectiveness of VR
in

reducing acute and chronic pain
in adults.

2019
N Studies = 20

N participants = No info
Chronic pain

(Musculoskeletal pain conditions
(MSKP), four in neuropathic pain
conditions (NP), one in a mixture

of musculoskeletal and
neuropathic pain conditions
(MSKP-NP) and two in an
unspecified pain condition

(UnP).

3 databases
All chronic pain studies had fair to

high quality assessment
ratings.

Data from 3 studies were included in
the meta-analysis

Pain-related
Outcomes

Range of motion (ROM), strength,
function, balance, and gait

A total of 18 studies used
immersive VR techniques, and 2
used non-immersive techniques.
VR is an effective tool in reducing
chronic pain, specially while the

patient is immersed in the VR
environment

Further research is needed to
assess the extent to which one

needs to be immersed and
present in a virtual environment
in order to reduce pain, and the
dosage necessary to maintain

pain reductions in chronic pain
over time.

Significant heterogeneity in study
population

and pain conditions
Much heterogeneity in
VR methodology (type,

frequency, and duration of VR
treatment)

Gumaa et al. [150]
Analyze the effectiveness of VR

in
chronic low back pain.

2019
N Studies = 19

N participants = 765
Chronic pain

(fibromyalgia, rheumatoid
arthritis, Musculoskeletal pain

conditions)

5 databases
Quality Assessment varied between

22–37 out 48.
Data from 3 studies were included in

the meta-analysis
Pain-related
Outcomes

Functional outcomes
Functional capacity

Mobility

Evidence of VR effectiveness in
individuals with chronic neck

pain and shoulder
impingement syndrome is

promising
For fibromyalgia, total knee

arthroplasty, and back pain, the
evidence of

VR effectiveness compared with
more traditional exercise
is absent or inconclusive

Studies assessed psychosocial
outcomes were excluded
Heterogeneity in VR and

physical therapist interventions
as well as outcome measures
Small sample sizes on studies

included
High heterogeneity in VR

methodology (type, frequency,
and duration of VR treatment)

Virtual Reality (VR); Tampa Scale for kinesiophobia (TSK); Oswestry dysfunction index (ODI); neck disability index (NDI); Roland Morris Disability Questionnaire (RMDQ); 10-item Pain

Self-Efficacy (10-PSEQ); Pain Catastrophizing Scale (PCS); low back pain (LBP); Musculoskeletal pain conditions (MSKP); neuropathic pain conditions (NP); Range of motion (ROM).
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