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Abstract. Background. In recent years, virtual reality (VR) has emerged as an
efficient distraction technique to reduce procedural pain among both adults and
children. However, the effectiveness of VR as a distraction technique remains
scarcely evaluated during many painful procedures. In many countries, such as
Italy, VR analgesia is hardly applied.

Aim. The current study aims to highlight the potentials and the limitations of
VR analgesia for children’s pain management in clinical settings and to explore
the feasibility and the effectiveness of VR distraction in Italy.

Methods. Studies that applied VR analgesia to children and adolescents
undergoing painful procedures in clinical settings were included in the analysis.
Factors influencing VR analgesia and the effectiveness of VR distraction for
pain management were considered. The feasibility and the effectiveness of a
low-cost VR system was evaluated for patients undergoing venipuncture in an
Italian children’s hospital.

Results. Factors influencing VR analgesia are still sparsely investigated,
particularly regarding the psychological variables, such as anxiety and coping
strategies. Italian patients suffering from cancer and kidney diseases who used
VR distraction reported lower levels of pain and higher levels of fun compared
with the control group.

Discussion. VR analgesia is destined to be applied more in clinical settings;
however, VR systems designed for the specific use of VR analgesia in clinical
settings are needed. In the Italian context, VR systems are necessary to improve
the knowledge of VR analgesia among physicians, nurses, and clinical psy-
chologists and encourage further research in this field.
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1 Introduction

1.1 Virtual Reality for Pain Management: How Does It Work?

In recent years, new technologies had a large expansion, not only for entertainment or
pleasure, but also as versatile tools applied to improve people’s health. Virtual Reality
(VR) has probably been one of the most important emerging technologies [1]; it lets
people experiment with realistic experiences, overcome their fears, and relax by simply
wearing a head-mounted display. The use of VR in clinical settings is not a recent
novelty; however, only lately it has been applied in a more extended manner.
Healthcare practitioners can use VR to promote patients’ health in different directions;
one of these methods is VR analgesia, a non-pharmacological technique for pain
management that has captured the interest of a growing number of researchers.

VR analgesia is a non-pharmacological technique for pain management based on
distraction. Involving the most common distraction techniques (playing with a video
game, reading a book, or listening to music), VR analgesia aims to capture the patient’s
attention to a pleasant activity during painful medical procedures. Generally, the
effectiveness of distraction techniques for pain reduction can be explained by Eccleston
and Crombez’s interruption of attention and pain theory [2]. This interpretive model
considers pain a stimulus, such as a sound or an image, that requires attention to be
experienced. As personal attentional resources are limited, if a person focuses most of
his or her attentive resources on a different stimulus, the person’s capability to feel pain
would be reduced. This being the case, the techniques for pain management based on
distraction should capture the patients’ attention by involving them in interesting,
age-appropriate, and attention-demanding activities. Generally, the most common dis-
traction techniques are easy to use and require the application of simple tools (i.e.,
books, toys, and video games) that are well known by patients. However, many other
distraction techniques include specific professionals’ interventions that involve patients
in pleasant activities, such as playing an instrument or having fun with dogs or clowns
[3=7]. In this varied scenario, the factor that unifies the most common distraction
techniques is that during the painful procedure, although the patient’s attention to the
painful stimulus is reduced by the activity, the person continues to see and hear what is
happening in the room. Indeed, the most widely used distraction techniques can only
partially isolate the patient from the real environment (e.g., listening to music or talking
with the nurse can occlude the sounds, and playing with video games or reading a book
can reduce the visual attention to the painful procedure). On the contrary, while patients
are interacting with VR distraction, they wear a head-mounted helmet that physically
occludes the possibility to hear and watch the real environment. According to Eccleston
and Crombez’s interpretive model [2], the high level of isolation from the painful
stimulus and the possibility to interact with the VR video game (based on the charac-
teristics of the software) would strongly reduce the attentional resources available to
experience pain. Thus, the analgesic effect of VR would be hypothetically stronger
compared with the analgesic effect of non-immersive distraction techniques. With
respect to this aspect, the pieces of evidence presented in the literature are not uniform,
and the superiority of VR analgesia over video games or other distraction techniques is
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not always supported by proof [8]. These inconsistent results could depend on
methodological differences across studies and on individual differences among children.

1.2 Factors Influencing the Effectiveness of VR Analgesia

Presence, Immersion, and Interactivity. Presence, described as the psychological
illusion of being in the computer-generated world and feeling virtual experience as real
[9, 10], seems to play a central role in the user’s response to VR stimuli and in the
effectiveness of mediated environment applications. Another important factor connected
with the effectiveness of VR analgesia is immersion, a concept often confused with
presence and defined by Slater and Wilbur [11] as the quality of the system’s technology
and capability to produce a vivid virtual environment. According to the two authors, a
deep relationship exists between presence and immersion; the more immersive the
system is, the more likely the user would feel present in the virtual world and the more
likely the virtual environment would dominate physical reality in determining the per-
son’s response. Regarding the specific field of pain management, it has been demon-
strated that patients undergoing thermal pain stimulation while wearing a low-quality
helmet reported higher levels of pain compared with patients undergoing the same
stimulation but wearing a high-quality helmet and compared with the control group
under the no-distraction condition [12]. In another study, Hoffman et al. [13] evaluated
the pain ratings of adult volunteers undergoing thermal pain stimulation. The subjects in
the “high-tech VR group” (multisensory distraction, helmet, and head-tracking system)
reported lower levels of pain and higher levels of presence compared with the subjects in
the “low-tech VR group” (only visual distraction, eyeglasses, and no head tracking), and
the amount of pain reduction (worst pain) was positively and significantly correlated with
VR presence levels. In contrast, in a study involving children with burn injuries
undergoing a dressing change, the sense of presence showed no significant correlation
with the patients’ pain ratings [14]. Age has been demonstrated to influence the sense of
presence, as confirmed by Sharar et al. study [15]. According to their results, presence
and realism scores were significantly higher among children (6-18 years) than among
adults; however, younger patients did not report lower levels of pain compared with
adults when interacting with VR. A recent review study that analyzed psychological
variables associated with the effectiveness of VR analgesia highlighted that presence
might not have a direct impact on pain experience per se, but it could allow VR to be
distractive from a perceptual point of view [16]. However, only a few clinical studies
have evaluated the sense of presence among patients undergoing medical procedures,
and the role of presence in the effectiveness of VR analgesia remains unclear. Other
studies comparing VR with video games highlighted better performance when users
interacted in a non-immersive setup [17, 18], but these findings were not always con-
firmed [19]. As for presence, the role of immersion in the effectiveness of VR as a
distraction technique for pain management is not completely clear. Some studies com-
pared pain levels reported by young patients undergoing medical procedures with those
under the control condition in which the group was distracted with a desktop video game.
The results suggest that immersive systems can produce better analgesia compared with
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non-immersive systems [20-22]; however, no significant differences have been detected
when compared with watching television [23].

Another variable connected with the effectiveness of VR analgesia is interactivity. The
possibility to interact with the VR environment seems to promote higher pain reduction
compared with passive distraction in a laboratory study [24]. This finding supports
Eccleston and Crombez’s interpretive model [3] and has relevant implications for the
realization of VR environments. Passive VR analgesia was compared with interactive
VR analgesia among pediatric-age patients in only one clinical study, which supported
the results of the laboratory study. However, a significant pain reduction was detected
by using a passive VR system compared with watching cartoons among patients
undergoing dental care. These findings suggest that interactivity may not make a
difference. However, more studies with a larger sample are needed to gain a better
understanding of the role played by interactivity in the effectiveness of VR analgesia.

Anxiety and Distress. Psychological factors, such as anxiety, could also influence the
user’s experience during an interaction with VR. Indeed, in a recent study aimed to
detect the main difference between VR and a non-immersive video game, significantly
higher levels of anxiety emerged when the users interacted with VR compared with the
video game [19]. In practical clinics, the deep connection between anxiety and pain is
well known, and the literature confirms that anxiety can exacerbate pain perception
[25]. For this reason, it can be hypothesized that VR distraction could have a minor
analgesic effect if patients report high levels of anxiety. Moreover, high levels of
anxiety could influence the patients’ capability to focus their attentional resources on
the VR environment and limit the levels of presence. To date, no study has directly
evaluated the role of anxiety with respect to the effectiveness of VR analgesia [16];
however, Jeffs et al. considered the relationship between anxiety and engagement in the
intervention [26]. They highlighted that burn patients’ pain ratings were significantly
lower in the VR distraction group compared with those in the group that was distracted
by watching a video. Moreover, the patients’ trait anxiety was negatively correlated
with distraction engagement, showing low levels of engagement in distraction when the
patients reported high levels of trait anxiety. However, the results of Pallavicini et al.
study [19] seemed unconfirmed by clinical studies that evaluated VR as a distraction
technique for pain management among children. Indeed, VR analgesia was demon-
strated as a useful tool to reduce children’s distress in two clinical studies with burn
patients [21, 22], and significantly lower levels of anxiety were reported in another
research by Hoffman et al. [20].

More studies are needed to understand the factors that can influence VR analgesia
in order to evaluate its effectiveness and acceptability compared with other distraction
techniques. Indeed, a recent review study highlighted that high-technology distraction
techniques (video games and VR) were unable to produce a significantly higher
analgesia compared with low-technology distraction techniques (reading a book,
blowing bubbles...) during venipuncture [5]. However, these finding should be cau-
tiously interpreted because the quality of the VR systems in the two included studies
wasn’t indicated and one of the systems was passive [27, 28].
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2 Virtual Reality for Children and Adolescents’ Pain
Management: The State of the Art

VR analgesia has been applied in several clinical settings to improve children’s pain
management during medical procedures. The first studies included burn patients, who
needed numerous painful procedures (such as dressing changes and physical therapy)
for the treatment of their wounds [20]. Currently, the evaluation of VR effectiveness for
these patients remains the most investigated domain compared with other kinds of
diseases and procedures [8]. Little is known about the effectiveness of VR distraction in
other invasive procedures, such as needle-related procedures, that are described by
young patients as among the most painful and fearful aspects in hospitals [29]. Gold
et al. [27] compared VR analgesia to a topical analgesic spray among patients
undergoing venipuncture for magnetic resonance. Their results noted a significantly
higher satisfaction regarding pain management and lower levels of pain in the VR
condition; however, the difference in the pain level was not significant. VR distraction
has also been applied to children suffering from cancer during port access and lumbar
puncture, two common medical procedures for oncological patients. Significantly
lower levels of pain and distress were reported by patients who used VR during port
access compared with the control group subjected to the non-distraction condition [30].
However, in Sander Wint’s study [28], patients undergoing lumbar puncture in an
experimental condition (VR plus pharmacological analgesia) did not report lower levels
of pain compared with patients who only received pharmacological analgesia. The
inconsistency of these results could depend on the quality of the VR systems used in
the studies. Indeed, Sander Wint et al. used a non-interactive VR system (no interac-
tivity and narrow field of view through VR goggles), and the analgesic effect could be
reduced for this reason [12, 24]. Moreover, the effectiveness of VR during dental
procedures, which often generate anxiety and pain among children [31], is still
under-investigated. Only a study involving children undergoing fluoride therapy and
restorative treatment found that patients distracted with VR reported significantly lower
levels of pain and anxiety compared with the control group that watched cartoons.
Interestingly, this study used a passive VR system.

More recently, VR has also been introduced for chronic pain management, but few
studies have evaluated its effectiveness among children [32]. In this field, VR could
encourage patients to move and experience positive emotions despite their pain [33].

3 Applicability of Virtual Reality Analgesia in Clinical
Settings: Specific Aspects, Limitations and Considerations

According to the literature, VR has immense potential as a distraction technique for
pain management. However, when planning the use of VR in hospitals and other
clinical settings, many aspects connected with the spaces, the hygienic norms, and the
specific patients’ needs (based on their diseases and own abilities) should be consid-
ered. VR analgesia requires the use of at least three elements (a computer, a
head-mounted helmet, and a joystick) that need to be connected with a power outlet.
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Therefore, the first limitation is that VR distraction can only be used in a room that is
large enough and has power outlets Regarding the hygienic norms, the helmet (or the
other types of VR goggles) can be easily cleaned with a sanitizing gel, so it can be
safely worn by patients in hospitals.

The choice of the most suitable VR system is not easy, neither for the hardware
component nor for the software component. On one hand, high-quality VR systems
(wide field-of-view helmet, head tracking, and interactive software) should be preferred
to promote more realistic experiences, higher levels of presence, and hypothetically
better analgesia [12, 24]. On the other hand, low-quality systems (narrow field of view,
eyeglasses, and passive software) have also been demonstrated to produce a significant
analgesic effect in a limited number of studies. For example, significantly lower levels
of pain were reported by pediatric patients who interacted with VR during routine
dental care compared with the control group subjected to the no-distraction condition in
Aminabadi et al. study [35]. In the VR analgesia condition, patients wore a passive VR
system (eyeglasses, no interaction, and unknown diagonal field of view) to watch
age-appropriate cartoons. These findings suggest that a low-cost system could be
enough to produce an analgesic effect, at least for younger children. Moreover, in some
circumstances, high-quality systems should not be recommended due to the charac-
teristics of the procedure or specific limitations connected with the clinical environ-
ment. For example, patients undergoing dental procedures need to remain still, and a
head-tracking system is not recommended because they should move their heads to
interact with the system. The ideal VR system should let patients be isolated from the
real environment and have multimodal possibilities to be worn and to interact with the
virtual scenario. This aspect had been partly considered by Hoffman et al. [13] who
implemented a water-friendly VR system that can be used during underwater proce-
dures, such as for the wound care for burn patients. However, this revised VR system
has never been used with pediatric patients and is more expensive than its classic
counterpart.

Regarding the software component, the most applied VR game for pain reduction is
Snow World (www.vrpain.com), an ice scenario specifically created for burn pain
management. A limited number of other VR environments were used for pain man-
agement among children and adolescents, but all of them were designed for burn
patients [22] or were not projected for pain reduction [27, 34]. To date, no evidence in
the literature has indicated VR objects and scenarios that are more suitable than others
for promoting better analgesia. The only suggestion is that age-appropriate software
without violence should be preferred for children. In the past, the realization of VR
software was expensive, and the availability of serious games (defined by Michael and
Chen [34] as “games that do not have entertainment, enjoyment, or fun as their primary
purpose”) was limited. Currently, it is easier to buy cheap VR video games (created for
pleasure and entertainment), which could also be applied to pain management, or to
obtain serious video games, specifically designed for health [33]. More studies com-
paring different VR environments could help deepen the understanding of how VR
analgesia could depend on the kind of VR scenario. Moreover, for some procedures,
such as dental ones, images that generate a sensation that is not referred to a cold
environment could be preferred.
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Psychological aspects should also be considered in the applicability of VR anal-
gesia. One of the most relevant differences between VR and a classic distraction
technique is that VR isolates the user from the real environment and blocks the pos-
sibility to see and listen to what is happening around the person. Patients undergoing a
painful procedure would therefore focus their attentional resources on a pleasant
stimulus and avoid watching the procedure. However, wearing the helmet, the patients
are also isolated from potentially supporting elements in the real environment that
could help them cope with the painful procedure. Indeed, children deal with pain by
using different kinds of strategies; some children seek support from their parents during
medical procedures, while other patients prefer to maintain their control of the envi-
ronment rather than be distracted [36]. For patients who require social support or for
those who prefer watching the procedure, VR distraction could produce a low analgesic
effect, and in the worst case, it could also potentially generate an anxious and more
painful experience. On the other hand, for patients who spontaneously use distraction
to cope with pain, VR could be particularly indicated and efficient to control their pain.
The literature has rarely investigated whether pain-coping strategies could influence the
effectiveness of VR analgesia. Only one laboratory study reported that children’s
coping style would not influence the VR efficacy and that this distraction technique was
effective for children who reported both blunting and monitoring coping styles [37].
However, medical procedures are different from simulations in a laboratory setting and
these results could in principle be disconfirmed in a clinical study performed during
actually painful procedures.

The limitations regarding the applicability of VR distraction also include several
contraindications, such as a diagnosis of epilepsy (because the use of VR could induce
epileptic seizures) and physical or cognitive disabilities that could impede patients’
correct wearing of the helmet or interaction with the VR environment [8, 33].
According to these exclusion criteria, VR analgesia could not be usable by a large
number of patients due to their diseases or the need to avoid hypothetical side effects.
However, patients affected by different kinds of diseases and undergoing different
procedures while distracted by VR did not report side effects in any of the studies [8].
Moreover, patients with intellectual disabilities should not be a priori excluded from
the possibility to use VR analgesia. In fact, the effectiveness of VR for pain man-
agement involving this group of patients has never been investigated.

4 Clinical Applications of Virtual Reality: Our Italian
Experience

The research on VR application is quite recent in Italy and has mostly focused on its
use in psychotherapy [38, 39] and in training healthcare professionals [40] rather than
on VR analgesia. The limited availability of VR systems and the difficulty to find VR
head-mounted displays and software have probably made it difficult to introduce VR in
Italian clinical settings. In recent years, VR systems have become available at reduced
costs, and now, the user has the opportunity to choose among different kinds of VR
goggles. However, high- and medium-quality helmets have only recently become
accessible in Italy.
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Thanks to the collaboration with Professor Hunter Hoffman, Director of the VR
Analgesia Research Center at the Human Photonics Lab in the University of Washington,
USA, and his collaborators, we recently obtained a VR system. We therefore started a
research project aiming to evaluate the feasibility and the effectiveness of VR analgesia
for pediatric and adolescent patients undergoing painful procedures in hospitals.

4.1 The Project

Introduction. In our clinical experience, VR analgesia appears to be specifically
indicated for pain management during venipuncture. Indeed, this common procedure is
particularly fearful and painful for many children in hospitals, including those patients
who need to repeat it due to their diseases [29, 41]. Moreover, in Piskorz et al. recent
quasi-experimental study [42], VR analgesia emerged as an efficient distraction tech-
nique for pain management among patients undergoing blood draw in a pediatric
nephrology clinic. Children distracted by VR reported significant lower levels of stress
compared with the control group subjected to the no-distraction condition and a 59%
reduction in pain intensity in the VR compared with the control group [42]. Our
research group decided to promote the clinical use of VR analgesia at A. Meyer
Children’s Hospital in Florence, Italy. Since 2014, we have introduced the use of VR
distraction to the Service of Onco-hematology and the Service of Pediatric Nephrology,
in collaboration with the Service of Pain Therapy and Palliative Care and the
Department of Health Sciences, University of Florence.

Aim. The project aims to explore the effectiveness of VR as a distraction technique for
pain management among pediatric patients undergoing venipuncture and to promote
the use of VR analgesia in clinical settings. According to the literature, we expect that
patients distracted with VR will report lower levels of pain and will experience the
procedure in a non-stressful manner, therefore reporting higher levels of fun in com-
parison with the control group.

Methods

Study Design. Patients undergoing venipuncture and availing of the Service of
Onco-hematology at A. Meyer Children’s Hospital in Florence were recruited to par-
ticipate in a study using a within-subjects randomized design. Patients undergoing
venipuncture and availing of the Service of Nephrology were recruited to join a study
using a between-subjects randomized design.

In both studies, the patients were selected with the help of a nurse of the hospital
service, according to the following inclusion criteria based on the existent literature:
children aged 7-17 years old, fluent in the Italian language, and without physical or
psychological impediments to be able to use the VR system and complete the tests.
Patients with a venous access already inserted in or with a port device, with a diagnosis
of epilepsy, who were unaccompanied by parents, and who were over 17 years old or
under 7 years old were excluded. Moreover, patients who wanted their own distraction
tool (i.e., a book, a video game, or an MP3 player) during venipuncture in the control
condition were excluded from the study.
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Procedure. The patients meeting the inclusion criteria were approached by a psy-
chologist before the procedure in order to inform their families and obtain the informed
consent forms signed by the patients’ caregivers. In the between-subjects design, the
patients using the Service of Nephrology were randomly assigned to either the control
group (No-VR), where they received the standard care pain management (non-medical
conversation with the nurse) or the experimental group (Yes-VR), where they were
distracted with VR. In the within-subjects design, the patients using the Service of
Onco-hematology, who needed to undergo venipuncture twice a year, were assigned to
either the control condition (non-medical conversation with the nurse) or the experi-
mental condition (Yes-VR) and repeated the second venipuncture using the distraction
technique (VR analgesia or non-medical conversation) that was not used the first time.
In both designs, at the end of each procedure, the patients completed a self-report
questionnaire to evaluate the quality of their VR experience, fun levels, and nausea.

Measures. Pain levels, the quality of the VR experience, nausea, and fun were measured
by using the Italian version of a self-report questionnaire adopted in previous interna-
tional studies [8], based on the 0—10 graphic rating scale (GRS) [43]. Pain was evaluated
in terms of its cognitive component (time spent thinking about pain), affective com-
ponent (unpleasantness), and perceptive component (worst pain). The quality of the VR
experience was investigated in terms of presence and the realism of VR objects.

The VR system. Our VR equipment consisted of a low-cost VR helmet and the Personal
3D Viewer Sony: HMZ T-2, supported by a laptop that allowed interaction with the VR
environment. The helmet had a 45° diagonal field of view, with 1280 x 720 pixels per
eye, and was suitable for both younger and older patients. The VR helmet had two
miniature screens, one for each eye of the user, and latex-free earphones to provide
acoustic isolation and promote escapism from reality. The VR software used was Snow
World, one of the most frequently employed VR environments, specifically designed to
promote distraction from procedural pain. In Snow World, patients virtually enter an
icy canyon, where they throw snowballs at penguins, snowmen, and other characters in
VR, using a wireless mouse with the hand that is not employed in the venipuncture.

4.2 Preliminary Results

In recent years, preliminary results have been presented in occasion of several national
and international conferences regarding pain and the care of cancer patients [44];
however, the project is still ongoing.

Service of Onco-hematology Eleven children suffering from cancer and blood dis-
eases (7 males, 4 females; mean age = 10.64, SD = 2.58) underwent venipuncture
twice. A t-test for paired samples was adopted to compare pain, nausea, and fun levels
between the control and the experimental conditions. The patients reported significantly
lower levels of pain unpleasantness and time spent thinking about pain while they
underwent venipuncture plus VR analgesia (p < 0.05) compared with the group under
the control condition, in which they were engaged in non-medical conversation by the
nurse. Moreover, the children reported a “strong sense of going inside the
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computer-generated world” when interacting with VR and experienced significantly
higher levels of fun compared with the group under the control condition (p < 0.05).

Service of Pediatric Nephrology. The preliminary results were encouraging and
followed the predicted direction. The nonparametric Mann—Whitney U test was
adopted. Twelve patients (6 females and 6 females, mean age 12,25 years £2,22) were
distracted with VR and 12 patients (6 females and 6 males, mean age 10,42 years
£2,68) received the standard care during the venipuncture. The patients assigned to the
experimental group reported significant lower levels of pain unpleasantness, and time
spent thinking about pain (p < 0,05). No significant differences were noted for the
levels of worst pain; however, the patients distracted by VR analgesia reported sig-
nificantly higher levels of fun (p < 0.05) compared with their counterparts in the
control group. The levels of nausea were negligible in both groups.

4.3 Discussion

This ongoing project represents a contribution to the growing literature that supports
the effectiveness of VR as a distraction technique for pain management among children
and adolescents. Our preliminary results highlight the huge potential of VR analgesia
for pain management among children suffering from onco-hematological and kidney
diseases as well. However, our sample, particularly in the study involving patients with
kidney diseases, is still rather small. Future research with a larger sample is needed. VR
analgesia has been positively evaluated by both the patients and the clinical staff of the
hospital, who consider VR distraction a useful tool for pain and anxiety management.
In one case, a male patient who used VR analgesia admitted that he had preferred
watching the procedure; however, he reported high levels of fun and no pain during the
venipuncture. This finding suggests that future studies should evaluate whether the
desire to watch the procedure (and other pain-coping strategies) could influence the
effectiveness of VR analgesia.

5 Conclusions and Future Perspectives

According to the literature and our clinical experience, VR has immense potential as a
distraction technique and can be a useful non-pharmacological analgesic for children’s
pain management. VR analgesia can help patients experience lower levels of pain and
cope with the medical procedure in a non-stressful and safe manner, without side
effects. However, more studies are needed to explore in depth the effectiveness of VR
during several kinds of procedures and for different types of patients. For example, no
study has evaluated the applicability of VR analgesia to patients with special needs or
cognitive disabilities. Moreover, little is known about how psychological variables can
influence the effectiveness of VR for pain management. Presence plays a central role in
the quality of the experience in the VR environment; however, the relationship between
presence levels and pain reduction by using VR has not been completely clarified.
The analgesic effect of VR could also depend on the patient’s wish and capability to be
isolated from the real environment. In principle, not all children could benefit from the
isolation in a virtual world during a painful procedure.
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The drop in the prices of VR systems has facilitated the diffusion of
medium/high-quality VR helmets; however, specific VR software developed for chil-
dren’s pain management are still rare. In future studies, different VR scenarios should
be considered to evaluate whether specific environments could be preferable to others
in order to improve the effectiveness of VR analgesia. Moreover, lightweight and
wireless VR helmets should be developed for an easier application in a clinical setting
with pediatric patients. Future research could also evaluate how the presence of more
users in the same VR environment could improve the analgesic effect of VR. Indeed, a
multiplayer software could help patients be isolated from the painful context, but at the
same time, the social support of other VR players could improve the analgesic effect of
VR. This solution could be particularly useful for those patients who use social support
strategies to cope with painful procedures.

With respect to the Italian context, there is the need to improve the knowledge
about VR analgesia among physicians, nurses, and clinical psychologists and to
encourage research in this field in order to extend the use of VR distraction for pain
management in clinical settings.

Acknowledgments. A special thanks to the Cassa di Risparmio Foundation and the
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