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Abstract. Virtual reality (VR) has revolutionized the healthcare sector by introducing new methods of
diagnosis, treatment, and medical training. This article presents a comprehensive analysis of VR ap-
plications in healthcare, exploring its advantages, challenges, and impacts. The review includes case
studies and relevant literature, highlighting areas such as rehabilitation, surgical training, and exposure
therapies. The results indicate that VR can enhance the effectiveness of treatments and the quality of
medical training, offering immersive experiences that benefit both patients and healthcare professionals.
Despite the promising advantages, challenges such as cost and specialized training remain. Future re-
search should focus on developing more accessible solutions and expanding VR applications in medicine
to ensure broader patient access to this revolutionary technology.
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1 Introduction

Virtual reality (VR), a technology once predominantly
associated with entertainment and gaming, has emerged
as a transformative tool in the healthcare sector. Since
its inception, VR has been continually refined and
adapted to meet the demands and challenges of the
medical field [1]]. Today, it represents far more than
mere simulation of virtual environments [2} [3]]; it has
become a powerful and versatile platform [4} 5] capa-
ble of providing immersive experiences that transcend
the limits of physical reality [6} 7} 18, 9].

In recent years, we have witnessed significant
advancements that have made VR more accessible,
portable, and effective [10, [L1]. With the miniaturiza-
tion of display devices and the development of more

intuitive interfaces [[12], physicians, therapists, and re-
searchers are exploring new ways to leverage the poten-
tial of VR in a wide range of medical applications [13]].
From physical rehabilitation to the treatment of mental
illnesses, to medical education and pain relief, VR is
redefining healthcare standards [[14, 15,16} 1718} [19].

This article aims to provide an in-depth analysis
of the current applications of VR in healthcare, high-
lighting not only the obvious benefits but also the
challenges and limitations of this evolving technology
(20, 21} 221 23] 124} 25]]. Through a comprehensive re-
view of scientific literature and consultation with field
experts, we seek to offer valuable insights into the role
of VR in early diagnosis, personalized treatment, and
effective rehabilitation.
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Additionally, we will address ethical and practical
issues that arise with the use of VR in clinical contexts
[26} 27, 128, 29] 30} 31} 32| 33} 34} 25| 35]], including
concerns about privacy [36, 137, 138} 139} 140} 41} 42]], se-
curity [43}144,45]], and accessibility [46l 47,48 149} 150,
S1]]. By critically examining the available evidence and
practical experiences reported by healthcare profession-
als 52,153} 154} 155, we intend to provide a balanced and
informed view of the current state and future of VR in
medicine.

In this context, the review of recent studies and the
analysis of emerging trends play a crucial role in un-
derstanding the current landscape and anticipating fu-
ture directions in this rapidly developing research area.
Through this multidisciplinary approach, we aim to
contribute to the advancement of scientific knowledge
and promote an informed discussion about the transfor-
mative potential of VR in clinical practice and health
promotion.

2 Related Works

The existing literature on VR in healthcare is exten-
sive and covers a wide range of applications. One
significant study by Ribeiro et al. (2024) examines
the effectiveness of VR in children with chronic non-
degenerative encephalopathy. The study reports im-
provements in postural control, muscle strength, motor
skills, and functional abilities of upper limbs [56]. An-
other study by Silva Junior et al. (2021) analyzes the
effects of VR use on improving the functional capac-
ity of patients with functional impairments. The results
show improved balance in elderly, stroke patients, and
individuals with Parkinson’s disease [57].

Amorim et al. (2024) evaluate the influence of
VR as a technological intervention tool for pain re-
lief during chemotherapy sessions in pediatric oncol-
ogy patients. Their findings indicate a reduction in the
emotional component of pain related to psychological
factors such as stress and anxiety [58]]. Duarte et al.
(2018) analyze VR as a support tool for physiotherapeu-
tic practice through a literature review, demonstrating
improvements in balance and gait kinematics in stroke
and Parkinson’s disease patients, as well as enhance-
ments in cognitive, motor, and psychosocial develop-
ment in children with cerebral palsy [59].

Avila et al. (2024) identify the potential benefits of
immersive VR as a therapeutic strategy in motor reha-
bilitation of stroke patients. Their systematic review in-
dicates improvements in balance, mobility, functional
independence, and quality of life [60]. Lorenzo et
al. (2015) evaluate VR interventions in addressing the
psychomotor needs of children with Down Syndrome,

showing improvements in overall motor development
and general motor quotient in post-intervention tests
[61].

Bastos Aratjo et al. (2020) analyze the effects of
VR use on improving the functional capacity of patients
with some functional impairment, noting the rehabilita-
tion of limb functionalities, improvement in gait, reduc-
tion in the perception of chronic pain, and enhancement
in quality of life [62]. Cameirdo et al. (2010) focus on
how VR can benefit post-stroke rehabilitation, empha-
sizing effective recovery evidenced by improvements in
limb functionality, gait, reduced perception of chronic
pain, and increased quality of life [63]].

In the field of surgical training, Alaker et al. (2016)
evaluate the impact of VR on improving precision, dex-
terity, and skills of surgeons, leading to safer and more
effective practices. Their results show significant im-
provement in surgeons’ technical skills, resulting in re-
duced errors during surgical procedures [64]. Roth-
baum et al. (2001) analyze the effectiveness of VR
therapy in treating PTSD, highlighting significant re-
ductions in traumatic symptoms such as flashbacks and
nightmares, which improve the quality of life and cop-
ing abilities of patients [63].

Finally, Hoffman et al. (2004) evaluate how VR can
be effective in treating chronic pain. Their study re-
veals a significant reduction in perceived pain intensity,
along with improved emotional well-being and greater
satisfaction with the quality of life among chronic pain
patients [[66].

2.1 Virtual Reality for Post-Stroke Rehabilitation

Smith et al. (2018) investigated the use of VR in re-
habilitation programs for stroke patients. The results
showed improvements in patients’ mobility and coordi-
nation, with VR providing a motivating and interactive
environment that facilitates recovery [67]. VR allows
for the creation of personalized and adjustable exercises
in real-time, promoting continuous patient engagement.

Although the study demonstrates significant bene-
fits of VR in post-stroke rehabilitation, it is essential to
address current drawbacks and focus on continuous im-
provements. Reducing costs, improving infrastructure,
providing adequate training, enhancing technology to
reduce discomfort, and increasing realism and interac-
tivity are crucial steps to maximize the benefits of VR
in post-stroke rehabilitation.

Stroke is a leading cause of disability worldwide,
often resulting in motor, sensory, cognitive, and emo-
tional impairments. Post-stroke rehabilitation is crucial
to help patients recover skills and improve their quality
of life. This article explores traditional rehabilitation
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approaches and innovations such as the use of VR, sup-
ported by studies and scientific references.

2.1.1 Traditional Approaches in Post-Stroke Reha-
bilitation

Physiotherapy:  Physiotherapy aims to restore
strength, mobility, and coordination in post-stroke
patients. Common techniques include stretching and
strengthening exercises, gait and balance training, and
the use of devices like stationary bikes. Studies show
that intensive physiotherapy can significantly improve
motor function and independence in patients [68].

Occupational Therapy: Occupational therapy fo-
cuses on recovering skills necessary for daily activities
(ADLs). Therapists help patients relearn tasks such as
dressing, eating, and bathing, using techniques for fine
motor skills training and home environment adaptation.
According to Coster et al. (2015), occupational therapy
is essential for improving the functional autonomy of
stroke survivors [69].

Speech Therapy: Speech therapy is vital for im-
proving speech, communication, and swallowing skills.
Articulation exercises, language training, and swallow-
ing therapy are commonly employed. According to
Lazarus et al. (2013), early intervention with speech
therapy can accelerate the recovery of communication
skills [[70].

Cognitive Therapy: This therapy aims to recover
cognitive functions such as memory, attention, and
problem-solving. Techniques include memory games
and problem-solving tasks. A study by Cumming et al.
(2012) highlights the importance of cognitive therapy in
improving overall cognitive function after a stroke [[71]].

Psychological and Emotional Support: Psycho-
logical support is crucial to help patients cope with
emotional and psychological changes such as depres-
sion and anxiety. Psychotherapy, counseling, and sup-
port groups are effective methods. Hackett et al. (2014)
demonstrate that psychological interventions signifi-
cantly reduce depression in stroke survivors [72].

2.1.2 Innovations in Post-Stroke Rehabilitation:

Virtual Reality

Virtual reality (VR) has emerged as a promising tool in
post-stroke rehabilitation. Offering an interactive and
immersive environment, VR can be tailored to the spe-
cific needs of each patient, making rehabilitation more
engaging and effective.

2.1.3 Benefits of VR in Post-Stroke Rehabilitation

Safe and Controlled Environments: VR allows for
the practice of motor and cognitive activities in a safe
and controlled environment, minimizing the risk of in-
juries. Literature indicates that virtual environments
can be effective for motor and cognitive rehabilitation
(73]

Immediate Feedback: VR provides real-time vi-
sual and auditory feedback, helping patients correct
movements and improve their skills. A study by Luque-
Moreno et al. (2015) shows that real-time feedback
increases the effectiveness of rehabilitation exercises
[74].

Motivation and Engagement: Playful and chal-
lenging virtual environments increase patient motiva-
tion and engagement in rehabilitation sessions. A study
by Cameirio et al. (2010) demonstrated that VR signif-
icantly increases patient adherence to treatment [63]].

Personalization: VR can be adapted to meet the
specific needs of each patient, adjusting the difficulty
level and types of tasks. According to Weiss et al.
(2004), this personalization improves rehabilitation out-
comes [75]].

Progress Monitoring: VR facilitates patient
progress monitoring, allowing for adjustments to the re-
habilitation plan as needed. A study by Levac et al.
(2015) highlights that continuous monitoring through
VR can improve therapy outcomes [76].

2.1.4 Applications of VR in Post-Stroke Rehabilita-
tion

Exergames: Games that combine physical exercise

with game elements, using motion sensors to encour-

age the practice of rehabilitation exercises, have shown

efficacy in improving motor function [[77]].

Movement Training: Virtual simulations allow pa-
tients to practice specific movements, such as reaching
and grasping objects, in a virtual environment. A study
by Subramanian et al. (2013) evidenced improvements
in motor coordination with VR use [78]].

Cognitive Rehabilitation: Virtual games and ac-
tivities designed to improve cognitive functions such as
memory, attention, and problem-solving have been ef-
fective in cognitive rehabilitation after a stroke [[79].

2.1.5 Additional Approaches in Post-Stroke Reha-
bilitation

Complementary Therapies: Complementary thera-

pies such as acupuncture, music therapy, and hydrother-

apy are also used to supplement traditional approaches.

Although scientific evidence on their efficacy varies,
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many patients report significant benefits in pain reduc-
tion, stress relief, and overall well-being .

Assistive Technology: The use of assistive tech-
nology, such as orthoses, prostheses, wheelchairs, and
communication devices, can be essential for patient in-
dependence and mobility. Adaptation and training in
the use of these technologies are crucial parts of the re-
habilitation process. A study by Brandt et al. (2004)
shows that effective use of assistive technology can sig-
nificantly improve the quality of life for stroke survivors

Functional Training: Functional training focused
on specific daily tasks, such as cooking, using the
phone, or shopping, helps patients reintegrate into so-
ciety and resume their normal activities. According to
Langhorne et al. (2011), functional training is an essen-
tial component of successful rehabilitation.

Multidisciplinary Approaches: Post-stroke reha-
bilitation is most effective when conducted by a multi-
disciplinary team, including doctors, physiotherapists,
occupational therapists, speech therapists, psycholo-
gists, and social workers. This holistic approach en-
sures that all patient needs are addressed in a coordi-
nated and integrated manner, resulting in better rehabil-
itation outcomes.

Post-stroke rehabilitation is a complex and multi-
faceted process, requiring a personalized and contin-
uous approach. Integrating new technologies such as
virtual reality can complement traditional therapies and
offer additional benefits, helping patients recover their
functions and improve their quality of life more ef-
fectively and motivatingly. Additionally, complemen-
tary therapies and the use of assistive technology also
play important roles in patient recovery. Collaboration
among a multidisciplinary team is fundamental to pro-
viding comprehensive and effective support throughout
the rehabilitation process.

2.2 Virtual Reality for Surgical Training

Johnson and Jones (2019) conducted a study compar-
ing doctors trained with VR versus traditional methods.
Doctors who used VR showed greater precision and
confidence during real surgical procedures, highlighting
the effectiveness of this technology as a training tool.
VR enables realistic simulations of surgeries, allowing
doctors to practice in a safe and controlled environment
before performing procedures on real patients [80].
Surgical training with virtual reality offers numer-
ous advantages, such as greater precision, increased
doctor confidence, and the possibility of realistic sim-
ulations in a safe environment. However, it faces chal-
lenges such as high costs, the need for technical infras-

tructure, and limitations in realism. Reducing costs, im-
proving infrastructure, providing adequate training, en-
hancing technology to reduce discomfort, and increas-
ing realism and interactivity are key areas to maximize
the benefits of VR in surgical training.

2.2.1 Applications of Virtual Reality in Surgical
Training

Simulation of Surgical Procedures: VR allows the
simulation of a wide range of surgical procedures, from
simple operations to complex surgeries. Trainee sur-
geons can practice incisions, sutures, instrument manip-
ulation, and other techniques in a virtual environment
that accurately replicates the surgical room setting. This
is particularly useful for minimally invasive surgeries,
such as laparoscopy and robotic surgery, where dexter-
ity and coordination are crucial [64].

Anatomy Training: A detailed understanding of
human anatomy is fundamental for surgeons. VR offers
interactive three-dimensional anatomical models that
allow students to explore anatomical structures from
different angles, enlarge and rotate organs and tissues,
and better understand the spatial relationships between
different body parts [81].

Emergency Situation Simulations: The ability
to respond quickly to emergency situations is a crit-
ical skill for surgeons. VR simulations can replicate
emergency scenarios such as massive hemorrhages or
cardiac failures, allowing trainees to practice quick
decision-making and procedure execution under pres-
sure [82].

Scenario-Based Learning: VR can be used to cre-
ate realistic clinical scenarios where trainees can prac-
tice not only technical skills but also communication
and teamwork skills. This includes interaction with vir-
tual patients, family members, and medical staff, which
is essential for developing a holistic approach to patient
care [83]].

2.2.2 Benefits of Virtual Reality in Surgical Training

Safe and Controlled Environment: VR provides a
risk-free environment for practicing procedures, allow-
ing errors and repeated attempts without consequences
for real patients. This is essential for building confi-
dence and competence in trainee surgeons [84].

Immediate Feedback: VR simulations offer real-
time feedback on the trainee’s performance, helping in
error correction and technique improvement. Studies
show that immediate feedback significantly improves
the learning curve [|83]].
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Repetitiveness and Consistency: Procedures can
be repeated numerous times until the trainee feels con-
fident. VR ensures consistency in the training experi-
ence, eliminating variabilities that can occur in real sit-
uations [86]).

Cost Reduction: Although the initial deployment
of VR may be expensive, in the long run, it reduces
costs associated with the use of disposable materials,
laboratory animals, and the need for continuous super-
vision by experienced surgeons [87].

Access to Advanced Training: VR democratizes
access to advanced surgical training, allowing trainees
in remote or less-resourced locations to have the same
practice opportunities as those in leading medical cen-
ters [88]].

2.2.3 Limitations and Challenges

High Initial Cost: The acquisition and maintenance of
VR systems can be expensive. Institutions with limited
budgets may find it challenging to implement this tech-
nology [87]].

Continuous Updating Needs: VR technology is
constantly evolving. Keeping systems updated to reflect
the latest surgical techniques and medical advances can
be challenging and costly [89].

Lack of Total Realism: Although VR offers very
realistic simulations, there are still limitations in repro-
ducing the tactile sensation and haptic feedback that
surgeons experience during real procedures [90].

Resistance to Adoption: Some professionals may
be resistant to adopting new technologies, preferring
traditional training methods. Cultural change within in-
stitutions may be necessary for the full integration of
VR into the training curriculum [91]].

2.2.4 Case Studies and Evidence

Study by Seymour et al. (2002): A pioneering study
by Seymour et al. demonstrated that trainees who used
VR simulations made fewer errors in real laparoscopic
surgeries compared to those who underwent conven-
tional training. This study underscored the effective-
ness of VR in improving surgical skills [86].

Research by Barsom et al. (2016): A systematic
review by Barsom et al. confirmed that VR is an effec-
tive tool for surgical training, improving both the preci-
sion and speed of procedures performed by trainee sur-
geons [87].

Study by Strother et al. (2012): This study fo-
cused on the impact of immediate feedback provided
by VR simulations. The results indicated a significant

improvement in trainees’ learning curve, with a reduc-
tion in the time needed to achieve proficiency in specific
procedures [85]].

Analysis by Gurusamy et al. (2008): Gurusamy
and colleagues’ analysis highlighted the potential long-
term cost reduction and accessibility provided by VR,
making it a valuable tool, especially in resource-limited
regions [88].

2.2.5 Future of Virtual Reality in Surgical Training

The future of VR in surgical training is promising, with
expectations of continuous technological advancements
and integration with other tools such as artificial intel-
ligence and augmented reality. These innovations can
offer even more realistic and personalized simulations,
adapting to the individual needs of each trainee.

Artificial Intelligence (AI): Combining Al with
VR can provide a more detailed analysis of the trainee’s
performance, offering personalized improvement sug-
gestions. Al can also help create adaptive training sce-
narios, adjusting the difficulty level according to the
user’s skill [92].

Augmented Reality (AR): Integrating AR with VR
can offer an additional layer of reality, allowing trainees
to practice on physical models with virtual overlays,
creating a hybrid experience that combines the best of
both worlds [91].

Virtual reality is transforming surgical training, pro-
viding a safe, effective, and accessible platform for de-
veloping surgical skills. Although there are challenges
to overcome, the potential benefits make VR an indis-
pensable tool in the educational arsenal of modern med-
ical institutions. As technology advances, VR is ex-
pected to become increasingly integrated and indispens-
able in the training of highly competent and confident
surgeons.

2.3 Virtual Reality for Exposure Therapy for PTSD

Brown and Garcia (2020) explored the use of VR to
treat post-traumatic stress disorder. VR allowed for
controlled and gradual exposure to anxiety-provoking
stimuli, resulting in a significant reduction in symptoms
in treated patients. VR offers a safe and controlled way
to re-expose patients to traumas, which is crucial for
desensitization therapy [93].

Exposure therapy for PTSD with virtual reality of-
fers significant advantages such as controlled and grad-
ual exposure, personalized therapy, and a safe environ-
ment. However, it faces challenges such as high costs,
technical infrastructure needs, and patient adaptation.
Reducing costs, improving infrastructure, providing ad-
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equate training, enhancing technology to reduce dis-
comfort, and increasing realism and interactivity are
key areas to maximize the benefits of VR in exposure
therapy for PTSD.

2.3.1 Applications of Virtual Reality in Exposure
Therapy for PTSD

Exposure to Controlled Virtual Environments: VR
allows for the creation of controlled virtual environ-
ments where patients can be gradually exposed to sit-
uations that trigger their PTSD symptoms. These envi-
ronments can be adjusted to match exactly the scenar-
ios patients find most challenging, offering a safe and
effective way to confront and process traumas [63]].

Recreation of Traumatic Experiences: With VR,
it is possible to recreate traumatic experiences in a de-
tailed and realistic manner. This is particularly useful
for war veterans, disaster survivors, and violence vic-
tims. The precise recreation of scenarios helps patients
confront their traumatic memories in a controlled and
therapeutic way [94].

Integration with Cognitive Behavioral Therapies
(CBT): VR can be integrated with Cognitive Behav-
ioral Therapy (CBT) to provide a combined approach in
treating PTSD. During CBT sessions, therapists can use
VR to expose patients to specific stimuli while simulta-
neously working on cognitive techniques to restructure
dysfunctional thoughts associated with the trauma [95]].

Real-Time Monitoring: VR allows for real-time
monitoring of patients’ physiological responses, such as
heart rate and galvanic skin response. This helps thera-
pists adjust the intensity of exposure and track patients’
progress accurately [96].

2.3.2 Benefits of Virtual Reality in Exposure Ther-
apy

Safe and Controlled Environment: VR offers a safe
and controlled environment for exposure, allowing pa-
tients to gradually face their fears without the risks as-
sociated with real exposure. This is crucial for patients’
emotional safety [97].

Personalization and Flexibility: Virtual scenarios
can be customized to meet the specific needs of each pa-
tient, providing a highly individualized therapeutic ap-
proach. This flexibility is a significant advantage over
traditional forms of exposure therapy [98]].

Increased Engagement: The immersive nature of
VR can increase patient engagement in therapy, making
sessions more interactive and engaging. Patients who
may have difficulty engaging in conventional therapies
often respond better to immersive virtual environments
[10].

Facilitation of Therapy Process: VR can facilitate
the therapy process by providing precise control over
the pace and intensity of exposure. This allows for a
gradual approach that can be adjusted according to the
patient’s tolerance and progress [99].

2.3.3 Limitations and Challenges

Cost and Accessibility: The costs associated with im-
plementing and maintaining VR systems can be high.
Additionally, accessibility to this technology may be
limited in some regions or healthcare institutions [[100].

Discomfort and Side Effects: Some patients may
experience discomfort, such as nausea or dizziness,
when using VR, especially during prolonged sessions.
These side effects can limit the effectiveness of therapy
for certain individuals [101].

Need for Specialized Training: Therapists need
specialized training to use VR effectively in exposure
therapy. The lack of trained professionals can be an
obstacle to the widespread implementation of this tech-
nology [102].

Lack of Complete Realism: Although VR can cre-
ate highly realistic environments, there are still limita-
tions in reproducing all the nuances of a real traumatic
experience. The perception of a lack of realism can af-
fect the therapy’s effectiveness for some patients [[103].

2.3.4 Case Studies and Scientific Evidence

Study by Rothbaum et al. (2001): A pioneering study
by Rothbaum et al. explored the use of VR in expo-
sure therapy for Vietnam veterans with PTSD. The re-
sults showed a significant reduction in PTSD symptoms
after VR therapy, highlighting the effectiveness of this
approach [65]].

Research by Gerardi et al. (2008): Gerardi and
colleagues conducted a study with Iraq war veterans,
using VR to recreate combat scenarios. The study
found significant improvements in PTSD symptoms
and overall well-being among participants, supporting
the use of VR in veteran rehabilitation [94].

Analysis by Maples-Keller et al. (2017): A sys-
tematic review by Maples-Keller et al. consolidated evi-
dence from various studies, confirming that VR is an ef-
fective tool for exposure therapy in PTSD patients, with
notable benefits in terms of safety and efficacy [97].

Study by Bouchard et al. (2017): Bouchard and
colleagues examined the effectiveness of VR combined
with CBT in patients with PTSD resulting from car ac-
cidents. The results indicated that the combination of
VR and CBT was more effective than CBT alone in re-
ducing PTSD symptoms [99].
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Virtual reality represents a significant innovation in
exposure therapy for PTSD, offering a safe, controlled,
and customizable environment for trauma treatment.
Although there are challenges and limitations to over-
come, scientific evidence points to the substantial bene-
fits of VR in reducing PTSD symptoms and improving
patients’ well-being. As technology advances and be-
comes more accessible, VR is expected to play an in-
creasingly important role in psychotherapy and the re-
habilitation of individuals with PTSD.

2.4 \Virtual Reality for Pain Management

Hoffman et al. (2014) investigated the use of VR in
managing chronic pain. The results indicated that im-
mersion in virtual environments could significantly re-
duce pain perception in patients with chronic condi-
tions. VR distracts the patient from pain by engag-
ing their attention in visual and interactive experiences,
promoting relief without the need for additional medi-
cations [104].

Pain management with virtual reality offers signifi-
cant advantages, such as reducing pain perception and
providing an alternative to medications. However, it
faces challenges such as high costs, technical infrastruc-
ture needs, and patient adaptation. Reducing costs, im-
proving infrastructure, providing adequate training, en-
hancing technology to reduce discomfort, and increas-
ing realism and interactivity are key areas to maximize
the benefits of VR in pain management.

According to Amorim et al. (2024), VR is also
used as a tool for pain relief in children undergoing
chemotherapy treatments. An analysis of a group of
patients aged 8 to 17 years found that the use of VR
during chemotherapy reduced heart rate by 13.5% and
blood pressure by 7% during intravenous chemother-
apy sessions. These results demonstrate how VR can be
an important tool in reducing the enormous discomfort
that these patients are subjected to during each session.
VR has proven capable of reducing the emotional com-
ponent of pain related to psychological factors such as
stress and anxiety.

Chronic pain is a debilitating condition that affects
millions of people worldwide, significantly impacting
their quality of life. Virtual reality (VR) has emerged
as a promising tool in pain management, providing re-
lief through distraction, re-education, and modulation
of pain perception. This article explores the applica-
tions of VR in pain management, its benefits, limita-
tions, and the scientific evidence supporting its effec-
tiveness.

2.4.1 Applications of Virtual Reality in Pain Man-
agement

Distraction and Immersion: VR can be used as a form
of immersive distraction, diverting the patient’s atten-
tion away from pain. Engaging virtual environments,
such as relaxing landscapes or interactive games, help
reduce pain perception by occupying the patient’s mind
with positive and captivating stimuli [[105].

Rehabilitation Therapy: For patients with chronic
pain related to musculoskeletal injuries or neurological
conditions, VR can be integrated into physical rehabil-
itation programs. Gamification of physiotherapy exer-
cises can increase patient motivation and engagement,
promoting adherence to treatment and improving func-
tional outcomes [106].

Gradual Exposure Therapy: VR can be used for
gradual exposure therapy in patients with fear of move-
ment (kinesiophobia) or movement-related pain. By
simulating movements and daily activities in a con-
trolled environment, VR helps patients overcome fear
and recondition their bodies to perform these activities
without pain.

Mindfulness and Relaxation: VR programs can
include mindfulness practices and guided relaxation
techniques. Sessions of meditation and breathing in
serene virtual environments help reduce stress and ten-
sion, contributing to chronic pain relief [107].

2.4.2 Benefits of Virtual Reality in Pain Manage-
ment

Significant Reduction in Pain Perception: Studies
demonstrate that VR can lead to a significant reduc-
tion in pain perception, both in cases of acute and
chronic pain. Immersion in virtual environments dis-
tracts the brain from pain signals, providing immediate
relief [66].

Increased Treatment Engagement: The interac-
tive and engaging nature of VR increases patient en-
gagement in treatment programs, improving adherence
to therapies and enhancing outcomes [108]].

Non-Pharmacological Alternative: VR offers a
non-pharmacological alternative for pain management,
reducing the need for analgesic medications and conse-
quently the risks associated with prolonged use of opi-
oids and other analgesics [109].

Improved Quality of Life: By providing pain re-
lief and improving physical and emotional functional-
ity, VR contributes to a better quality of life for patients.
Pain reduction allows patients to resume daily and so-
cial activities more easily.
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2.4.3 Limitations and Challenges

Cost and Accessibility: Although VR technology is
becoming more accessible, the initial costs of acquiring
and maintaining equipment can still be high for some
healthcare institutions. The dissemination of technol-
ogy may be limited in regions with fewer resources.

Adaptation and Side Effects: Some patients may
face adaptation difficulties to VR, including side effects
such as nausea, dizziness, and disorientation. These
symptoms can limit the duration and effectiveness of
VR sessions for certain individuals [[101]].

Need for Specialized Training: Healthcare profes-
sionals need specialized training to effectively integrate
VR into pain management. The lack of trained person-
nel can be an obstacle to the widespread implementa-
tion of this technology [110].

Long-Term Efficacy: Although many studies
demonstrate the short-term efficacy of VR in pain re-
lief, long-term efficacy still needs further investigation.
Continuous research is needed to better understand the
lasting benefits of VR in managing chronic pain [[111].

2.4.4 Case Studies and Scientific Evidence

Study by Hoffman et al. (2000): A pioneering study
conducted by Hoffman et al. investigated the use of
VR as a distraction during painful procedures in burn
patients. The results showed a significant reduction in
pain perception during VR use, highlighting its thera-
peutic potential [105].

Research by Li et al. (2011): This study ex-
plored the efficacy of VR in rehabilitating patients with
chronic neck pain. Participants who used VR for reha-
bilitation exercises reported significant pain reduction
and mobility improvements compared to those who fol-
lowed traditional physiotherapy methods [[108]].

Analysis by Malloy and Milling (2010): A meta-
analysis conducted by Malloy and Milling consolidated
data from various studies on VR use in managing acute
and chronic pain. The analysis concluded that VR is an
effective intervention for reducing pain, with positive
effects observed in various painful conditions [109].

Study by Gromala et al. (2015): This study fo-
cused on the use of VR for mindfulness and relaxation
practices in patients with chronic pain. The results indi-
cated that VR helped reduce stress levels and improve
participants’ pain perception, demonstrating the ben-
efits of relaxation techniques in virtual environments
[LO7].

Virtual reality represents a significant innovation
in pain management, offering a non-pharmacological,
safe, and effective approach to relieving acute and

chronic pain. Although there are challenges and lim-
itations to overcome, scientific evidence points to the
substantial benefits of VR in reducing pain perception,
increasing treatment engagement, and improving pa-
tients’ quality of life. As technology advances and be-
comes more accessible, VR is expected to play an in-
creasingly important role in pain management.

2.5 Parkinson’s Disease

Parkinson’s disease is a progressive neurological degen-
eration characterized by the impairment of neurons lo-
cated in the zona nigra, a constituent of the basal gan-
glia, resulting in decreased dopamine in the nigrostri-
atal pathway and consequently reduced motor activity.
The main symptoms of PD include slowness in per-
forming voluntary movements, also known as bradyki-
nesia, resting tremor, rigidity, and postural instability.

According to De Carvalho et al. (2020), reduced
gait is one of the main characteristics of Parkinson’s
Disease, leading to decreased walking speed, reduced
stride length, and increased cadence. Such behaviors
can result in falls, which, according to De Andrade
Ramos et al. (2016), are unexpected and unintentional
events that result in a change of position to a lower level
relative to the initial position, occurring due to total loss
of postural balance and inefficiency of the mechanisms
necessary to maintain postural control.

Additionally, according to Andrade Ramos (2016),
falls are frequent in individuals with Parkinson’s Dis-
ease, and research described by the authors showed that
more than half of patients experience one or more falls
within a year. These falls are related to postural insta-
bility, bradykinesia, rigidity, and muscle weakness.

Besides motor symptoms, Parkinson’s Disease also
leads to cognitive, neuropsychiatric, behavioral, and
sensory problems, sleep disorders, and issues directly
related to decision-making, memory, depression, anxi-
ety , and respiratory function alterations [62]].

The use of physiotherapy is fundamental in treating
dysfunctions caused by Parkinson’s Disease. However,
the repetitive nature of the exercises performed in phys-
iotherapy sessions can lead to patient demotivation.

In this scenario, Virtual Reality emerges as an inter-
active tool between the patient and the virtual environ-
ment, providing a fun way to promote functional motor
skills through task-oriented activities.

Older research such as De Andrade Ramos (2016)
did not show significant improvement in balance and
quality of life for individuals with Parkinson’s Disease
but highlighted the importance of Virtual Reality as a
physiotherapeutic tool to improve patient motivation
and adherence to the rehabilitation process, contribut-
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ing to functional improvement and prevention of the
negative consequences of immobility.

Studies by Fiusa, Zamboni (2020); De Moura, Anny
Kristyne et al. (2021); Petry, Gées (2023) pointed to
motor learning and improved balance and daily activity
performance, increased motivation, pleasure, and ac-
ceptability of patients who used Virtual Reality as a tool
in the physiotherapy process.

2.6 Down Syndrome

Down Syndrome is the most common genetic syndrome
caused by the trisomy of chromosome 21, resulting in
a genotype of 47 chromosomes in each cell of the indi-
vidual. It causes delays in motor development and the
acquisition of protective, rectification, and balance pos-
tural reactions.

Individuals with Down Syndrome have a range of
mental traits such as behavioral and cognitive deficits,
learning difficulties, delays in speech and language
skills, achieving motor milestones, gross and fine mo-
tor skills, and impaired short- and long-term memory
performance.

Physically, individuals with Down Syndrome
present physical alterations such as a flattened nasal
root, epicanthic fold, rounded eyes, single eyebrows,
flattened faces, long and thick neck with excess skin,
tongue protrusion movement, ogival palate (also known
as high-arched palate), single palmar crease, fine and
straight hair, muscle hypotonia, and ligamentous laxity.

The motor development of individuals with Down
Syndrome does not depend solely on the maturation
of the nervous system but also on the environment in
which they are placed. In this sense, Virtual Reality ap-
pears as a rehabilitation method to encourage patient in-
dependence and interaction with a machine, contribut-
ing to skills such as attention and concentration.

Virtual Reality enhances physiotherapeutic inter-
vention, enabling treatments and becoming a viable al-
ternative for assessments through playful and attractive
activities, promoting active participation of the individ-
ual and favoring perceptions and the development of
motor skills.

Studies have shown that the use of Virtual Reality
demonstrated efficacy due to its playful aspect, stimu-
lating motor improvement through a large number of
visual and sensory stimuli and contributing to the ac-
quisition and coordination of motor skills. Improved
concentration and patient motivation during treatment
were also observed, as well as better balance and pos-
tural control.

3 Tools Used in VR Application Development

The development of virtual reality (VR) applications in
the medical field involves a variety of specialized tools
and technologies to create immersive and interactive ex-
periences. Here are some of the main tools used:

3.1 Game Engines

Unity: Particularly appreciated for its user-friendly
interface and broad compatibility with VR devices,
making it ideal for educational projects. It supports
VR-specific libraries, device integration, cross-platform
support, and is used for medical simulations, surgical
training, and health education.

Unreal Engine: An advanced game engine with
high-quality graphics, offering VR support and widely
used in the industry. It features advanced rendering
tools, VR support, and visual development blueprints,
and is used for medical simulations, procedure training,
and anatomical visualizations.

3.2 Software Development Kits (SDKs)

Oculus SDK: Provides tools and libraries for develop-
ing applications for Oculus devices such as Oculus Rift
and Oculus Quest. It includes APIs for motion track-
ing, control input, audio, and video integration, applica-
ble for medical training, exposure therapy, and surgical
simulations.

SteamVR SDK: Offers tools for developing ap-
plications for SteamVR-compatible devices like HTC
Vive and Valve Index. It includes APIs for motion
tracking, control input, and platform integration, ap-
plicable for surgical training, medical simulations, and
anatomical education.

3.3 3D Modeling and Design Tools

Blender: A free and open-source 3D modeling soft-
ware with a wide range of features. It supports model-
ing, texturing, animation, and physical simulations, and
is used for creating anatomical models, virtual environ-
ments, and medical objects.

ZBrush: A digital sculpting tool used to create
highly detailed 3D models. It features sculpting, paint-
ing, texturing, and detailing capabilities, and is applied
in creating detailed anatomical models, medical sculp-
tures, and texturing medical objects.

3.4 Software Development Tools

Visual Studio: A popular integrated development en-
vironment (IDE) for various programming languages,
including C. It features debugging, code editing, and
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Unity support, used for script development, game en-
gine integration, and code debugging.

Rider (JetBrains): An IDE specifically for C# and
.NET development, offering Unity support. It includes
code editing, debugging, and Unity integration, and is
applied in script development for VR applications and
code debugging.

3.5 Hardware and VR Devices

Oculus Rift / Quest / Go: Popular VR headsets from
Oculus, offering immersive and interactive experiences.
They include motion tracking, controllers, and spatial
audio, used for medical training, exposure therapy, and
surgical simulations.

HTC Vive / Vive Pro: VR headsets with support
for room-scale tracking and motion control. They fea-
ture precise tracking, controllers, and SteamVR integra-
tion, and are applied in medical simulations, procedure
training, and 3D visualizations.

The development of VR applications in the medi-
cal field requires a variety of specialized tools, from
game engines to 3D modeling tools and software de-
velopment kits. The choice of tools depends on the spe-
cific needs of the project and the selected VR platform.
These tools help create immersive and realistic expe-
riences used for medical training, surgical simulations,
exposure therapy, and more.

4 Conclusion

Virtual Reality has already emerged as a tool in treat-
ing various diseases with very satisfactory results, es-
pecially as a physiotherapeutic tool enabling the reha-
bilitation of limbs, improvement in gait, posture, and
motor functions, reduction in the perception of chronic
pain, or relief of pain due to invasive oncological treat-
ments, trauma treatment, and post-stroke rehabilitation.

Virtual Reality is also used for training and improv-
ing surgical techniques, allowing complex surgeries to
be performed in safe environments before being applied
to real patients.

However, it is still a costly technology, making ac-
cess unfeasible for all who need this type of treatment
with VR. Another important point is the scarcity of
Brazilian scientific literature.

Therefore, more Brazilian studies are suggested to
improve the technology to find ways to reduce costs and
bring this technology to everyone who needs it for more
effective treatment and improved quality of life. More
research is needed to conclude.
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