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. . . 4. Sylhet Women’s Medical College,

pain experienced by women, and inadequate management can Bangladesh
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epidural analgesia remains the gold-standard pharmacological Bangladesh

intervention, it is associated with side effects, high costs, and
limited availability in low- and middle-income settings. These
limitations have increased interest in non-pharmacological alternatives such as Virtual Reality-Assisted
Distraction (VRAD).

Objective: To critically examine the role of VR-assisted distraction as an innovative, safe, and patient-centered
adjunct for labor pain management, and to explore its implications for clinical practice, adoption barriers, and
future research.

Methods: This review synthesizes evidence from clinical trials, observational studies, and experimental
research evaluating the impact of VR-mediated distraction on labor pain, maternal psychological outcomes,
obstetric indicators, and neonatal health. Additional literature on implementation factors, patient education,
and health system integration was also analyzed.

Results: Across multiple studies, VR-assisted distraction demonstrated significant reductions in perceived
labor pain, anxiety, and stress through its immersive multisensory engagement of sensory, emotional, and
cognitive pathways. VR use during labor has been associated with higher maternal satisfaction, shorter active
labor duration, fewer obstetric interventions, and improved neonatal outcomes, including higher APGAR scores
and enhanced maternal-infant bonding. Beyond analgesia, VR has shown potential as a tool for patient
education, emotional support, and empowerment during childbirth. However, its implementation is influenced
by factors such as device cost, equipment availability, staff training, and cultural acceptance.

Conclusion: VR-assisted distraction represents a promising non-pharmacological complement to traditional
labor analgesia, offering holistic benefits for maternal comfort, emotional wellbeing, and obstetric outcomes. To
integrate VR effectively into obstetric care, health systems must address logistical and cultural barriers, develop
clear clinical guidelines, and invest in research exploring cost-effectiveness, patient preferences, and long-term
impacts. The adoption of immersive technologies such as VR may strengthen maternal health services globally
and enhance patient-centered childbirth experiences.

Keywords: Virtual Reality in Obstetrics, Labor Pain Management, VR-Assisted Distraction, Non-
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Introduction

It is common knowledge that labor pain is one of the most intense and complicated physiological experiences
experienced by a woman in her life since it is multidimensional in nature with physical, psychological, and
emotional aspects of the matter being intertwined (5; 14). Uterine contractions, cervical dilation, and pelvic
pressure contribute to the perception of labor pain, which is complicated by the factors of fear, anxiety, past birth
experiences, and sociocultural expectations (16). Poor pain management in childbirth not only impacts
negatively on the physical comfort of a mother but also has wider implications on the quality of delivery outcome,
maternal-fetal bonding, and overall satisfaction of delivery experience (13). The severe or unrelieved pain may
heighten maternal stress hormones, hamper the efficiency of the uterus, and lead to long labor and negative
neonatal outcomes (1). Hence, quality obstetric care is based on the maximization of pain managementin labor.
Traditionally, the most popular types of pharmacological interventions in the management of labor pains include
epidural analgesia, opioids, and inhalational agents. Although these methods are proven to be clinically
effective, they do not have any limitations. As an example, epidural anesthesia implies the presence of qualified
specialists and constant supervision, and can be characterized by such side effects as hypotension, urinary
retention, and long labor (4). The most easily accessible opioid analgesics have the potential to lead to maternal
sedation and infant respiratory depression. Furthermore, pharmacological pain medication access is restricted
in most low-resource environments because of either high costs, a shortage of skilled staff, or infrastructures
(23). Such restrictions have intensified the global interest in safe, non-invasive, and cost-effective analgesia
substitutes to traditional analgesia.

Breathing exercises, massage, water bath, music therapy, acupuncture, and psychological support have been
actively encouraged as a supplement to or alternative to pharmacologic treatment (28; 2). These are the methods
meant to help maternal comfort, anxiety, and a feeling of control in the process of labor. Research has indicated
that women tend to choose non-pharmacologic pain management methods since they seem to be in line with
natural birth beliefs and reduce the need for medical treatment (29). Nevertheless, these techniques have a
number of limitations as they may be confined by unreliable effectiveness, reliance on trained facilitation, and
unreliable participation by patients. As a result, the necessity for new approaches combining efficacy, safety,
and accessibility, which was what the introduction of Virtual Reality-Assisted Distraction (VRAD) in maternal care
embodies, is increasing.

VR is one of the fast-developing categories of digital health technology that engages a multisensory experience
to distract the attention of a painful stimulus by immersing the consumer in an interactive, computer-generated
setting via headset or projection systems (15; 10). VR has therapeutic potential due to its ability to regulate the
process of neural pain by distraction, relaxation, and emotional regulation. Simultaneously involving visual,
auditory, and cognitive channels, VR causes the perceived pain to be weaker through the process of the gate
control theory, which assumes that the non-nociceptive input can suppress the transmission of pain signals to
the brain (21). In the obstetric setting, VR may be used to recreate relaxing settings like beaches, gardens, or
nature scenes, which will create immersion and create a form of distraction that will reduce the intensity of pain
and anxiety during childbirth. Also, VR may be used as an educational resource to prepare expectant mothers to
learn about childbirth experiences and enhance self-efficacy (3; 25).

Recent data prove that distraction with the help of VR can lead to better maternal satisfaction and delivery
outcomes. As an example, immersive VR is linked to a decrease in the need to use pharmacologic analgesia, a
decrease in the labor time, and a higher neonatal APGAR score (21). There is also a potential for the technology
in enhancing patient-provider communication and emotional support, especially in the high-stress or resource-
constrained environment (6; 7). Nevertheless, the advantages of using VR in medicine and surgery are well-
reported (11; 19), whereas its role in obstetric care is still in its infancy. Cost, technical literacy, and motion-
related discomfort are some of the barriers that could slow down the adoption in low-income settings (16).
Since the digital transformation of healthcare is gaining momentum in the world (22; 12), Virtual Reality-Assisted
Distraction is a new, patient-centered intervention that may be supplemented by the conventional pain
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management techniques. In addition to easing pain, it leads to a positive childbirth experience through
promoting relaxation, decreasing anxiety, and maternal empowerment. It is also consistent with the current
obstetric objectives, highlighting the respectful treatment of maternity and comprehensive health. Thus, this
paper examines the effect of VR-supported distraction in labor pain reduction and delivery outcomes, how the
existing evidence supports this effect, in what mechanism it exerts its effect, what it means to the clinical
practice, and how it can be integrated into the maternal health system in countries worldwide.

Conceptual Foundations of Virtual Reality in Pain Management

The process of pain perception is a complicated phenomenon that entails the interplay of sensory, emotional,
cognitive, and motivational aspects in a dynamically interacting nervous system. When a woman goes into labor,
the nociceptive input of the uterine contractions and cervical dilation stimulants into the peripheral nerves
conveys the signal to the higher cortical center, where perception of pain becomes conscious (14; 4). Pain can
be not only physiological, but it is affected by psychological and environmental factors like anxiety, fear, and
birthing environment (5; 17). Non-pharmacological treatments, such as breathing exercises, music therapy, or
massage, are based on altering, but not interrupting, the cognitive and emotional processing of the pain (28; 2).
In the given framework, Virtual Reality (VR) is an advanced form of distraction-based pain management, which
offers an immersive interaction that changes the neural processing and attentional focus.

Neurophysiological Mechanisms of VR-Assisted Modulating Pain

The Gate Control Theory of Pain, initially introduced by Melzack and Wall in 1965, is considered to be the most
acceptable theoretical explanation of the effect of VR as an analgesic intervention. According to this theory, there
is a mechanism in the spinal cord that can be described as a neurological gate controlling the pain signals
transmitted to the brain. It can also prove to close the gate to painful input by introducing non-painful sensory
input (e.g., visual and auditory stimuli) in order to block the transmission of pain to higher centers (15; 27). VR
takes advantage of this process and provides continuous streams of multisensory inputs (visualimages, ambient
sounds, haptic feedback, etc.) that fill attentional mechanisms, thus lowering the ability of the brain to process
pain signals. Functional neuroimaging research has shown VR to activate the primary somatosensory cortex,
insula, and anterior cingulate cortex as well as reduce activation of brain areas associated with pain, including
the primary somatosensory cortex, insula, and anterior cingulate cortex, similar to those of analgesics of potent
effect (21; 19). The result of this neurophysiological inhibition is objective decreases in the subjective ratings of
pain as well as physiological indicators of stress, including heart rate and cortisol levels. Additionally, immersive
VR evokes the discharge of endogenous opioids and dopamine, which improves analgesia and affective state (7;
10).
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Figure 1: Neurophysiological Mechanisms of VR-Assisted Modulating Pain.
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Psychological and Cognitive Aspects of VR-based Distraction

VR psychologically involves the involvement of top-down mental activity, which affects the interpretation and
recall of pain. VR evokes the presence state, or subjective sensation of being present in the virtual world, by
focusing the user in a virtual environment, e.g., a relaxing beach, mountain view, guided relaxation area, etc. (15;
11). Such immersive presence shifts attention away from pain signals, which reduces anticipatory anxiety and
catastrophising behaviours, which can escalate pain. Perceived control, which is also vital in terms of
psychological pain tolerance during childbirth, is also promoted by VR (24). Mothers who experience the VR
episode as active say they experience less helplessness and have more self-efficacy in addressing contractions
(5). On a cognitive level, the immersive interaction necessitates enduring attention and executive processing,
which conflicts with the interpretation of the nociceptive signals in the central nervous system (3). This task
decreases the mental bandwidth of perception of pain, which leads to quantifiable analgesic effects similar to
hypnosis and guided imagery (28). Moreover, VR might induce relaxation and reduce the activation of the
sympathetic nervous system and a preponderance of the parasympathetic because of calming audio-visual
signals and regulated breathing rhythms (31; 12).

Table 1: Classification of VR Modalities and Their Mechanisms of Pain Relief

VR Modality Description Primary Mechanisms of Pain Examples in Obstetric
Relief Contexts
Fully Uses head-mounted Strong distraction via total Nature simulations,

Immersive VR

displays (HMDs) or goggles

to block external stimuli and

provide 360° environments.

sensory engagement;
modulation of attention and
pain pathways through visual
and auditory channels.

underwater relaxation,
breathing-guided
programs during active
labor (21; 27).

Semi-
Immersive VR

Combines screen-based
visualizations with limited
movement or interaction.

Partial engagement and
relaxation; effective for
education and pre-labor anxiety
reduction.

Antenatal VR childbirth
simulations for

familiarizing mothers with
labor (3).

Non- Interactive VR displayed on  Cognitive distraction through Digital childbirth

Immersive or monitors without headsets. interaction without full education or breathing

Desktop VR immersion; lower cost and coordination platforms
motion sickness risk. (25).

Augmented Overlays digital information = Enhances sensory input while Midwife training or

Reality (AR) onto the real environment. maintaining environmental interactive pain-tracking

awareness; useful for
procedural training.

systems (31).

Published by Acadentium Research i

Source: Synthesized from 15; 21; 3; 25; 31.
The benefits of VR compared to Traditional Non-Pharmacological Methods

VR offers a better level of immersion and engagement when compared to non-pharmacologic methods of
massage, music, or breathing exercises (6). Its multisensory quality enables it to be cognitively and emotionally
modulated at the same time, when most of the conventional approaches have single sensory or psychological
channels of action. Personalized intervention is another advantage of VR, and having a visual theme, choice of
music, and interactive features can be adjusted to the preferences and labor stage of each woman (7; 10).
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Moreover, VR is consistent and reproducible, and is not dependent on the presence or expertise of birth
attendants. In contrast to manual techniques, VR does not need much physical interaction, which is especially
useful in the context of an infection-sensitive area or during a pandemic. It is also used in combination with
pharmacologic analgesia, which allows the use of a multimodal approach that reduces the dosage and side
effects of drugs (21; 27). The technology is both a training and a learning tool that can overcome knowledge gaps
in patients and healthcare providers, improving confidence (11; 19). Notably, VR complies with the pillars of
respectful maternity care, which contribute to autonomy, dignity, and informed involvement in the birth process
(29; 24). Women claim to feel empowered and more relaxed, which leads to better birth experiences and possibly
less postpartum stress and trauma. These results highlight the potential of VR as a therapeutic as well as an
experiential tool of contemporary obstetric care. To conclude, the conceptual principles of VR-assisted pain
management are based on strong neurophysiological and psychological principles. VR offers multimodal
analgesic effect, attentional redirection, and emotional regulation to improve maternal satisfaction and comfort
through sensory gating. Its versatility, safety, and scalability make it a breakthrough supplement to traditional
non-pharmacological measures to open the way to wider integration in maternity services worldwide.

Virtual Reality Applications in Obstetric Settings
Historical Overview of VR in Medicine and Maternal Care

The shift of Virtual Reality (VR) from an entertainment fantasy to a valid medical modality is one of the most
radical changes in digital health innovation. The concept of VR as a means of experimental visualization was first
developed in the late 1960s, but VR found supportin clinical research in the 1990s due to its capability to control
pain perception in physical rehabilitation and burn wound care (15). These initial uses showed that VR can be
used to decrease the perceived level of pain by utilizing the cognitive and sensory systems of patients, implying
that there is use in any medical field. By the early 2000s, VR had spread into psychological therapy, oncology,
and orthopedics, where it assisted in the management of anxiety, procedural pain, and phobic disorders (21; 27).
In obstetrics, the earliest focus was on antenatal education, simulating labor conditions to tell the expectant
mothers how to cope with the process (3). With the decrease in the cost of VR devices and their accessibility to
a wider audience, the application started to be used not only in the educational environment but also in the
framework of pain management during childbirth. This change was also based on the increase in the awareness
of childbirth as a physiological and emotional process that should receive a patient-centered approach (5; 17).
In modern obstetric care, VR can be used in several ways: (1) distressing analgesia in active labor, (2) anxiety
relief in the antenatal and peri-partum settings, (3) healthcare provider training and simulation, and (4)
psychological support in the postpartum stage to reduce stress or trauma (24; 10). These applications represent
one of the moves of VR as an experimental method to the evidence-based adjunct, which can be incorporated
into the multidisciplinary bstetric care.

Case Studies and Pilot Implementations in Labor Wards

The increasing literature advocates the use of VR worldwide as an adjunct in the management of obstetric pain.
Ferrante in 2021 studied immersive VR in both an antenatal clinic and a labor ward, and they found statistically
significant improvements in both the level of labor pain and the variability of heart rate, which implies lower
sympathetic activation.
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Ngai and Xiao (2021) found that VR sessions improved the relaxation of the mother, decreased anxiety levels, and
the fetal heart rate pattern, which are psychological and physiological outcomes in Singapore.

Bevens in 2022 reviewed VR in maternal healthcare and synthesized evidence from 19 clinical trials conducted
on 6 continents. The review reported that VR-based distraction introduced moderate to large effects in
decreasing the intensity of pain (Cohen d = 0.6-0.9) and anxiety scores, and no adverse effects were reported.
Significantly, the level of maternal satisfaction was significantly better in VR groups than in standard care, which
highlights its acceptability. Vargas et al in 2021 revealed the significance of the role of VR in respectful maternity
care in the Middle East. Their results attributed the reduction of the sense of loss of control, which is a major
cause of the traumatic memories of birth, to the relaxing and immersive experience of VR. Such psychosocial
advantages are congruent with changing the global trends concerning the move to woman-centred models of
care, emphasising dignity, informed participation, and comfort. Moreover, VR has been demonstrated to be
versatile in multimodal pain management together with pharmacologic analgesia. Research on Scandinavia and
South Korea showed that women who received VR with an epidural analgesia contained fewer doses of
anesthetics, and their post-delivery recovery was faster (19; 27). These results support the notion of VR being a
complementary and not a substitutive intervention, which can maximize the potential pharmacologic efficacy
and reduce the risk. Mobile and semi-immersive VR platforms are in the ascendancy of resource-constrained
environments because of the affordability and flexibility of these systems. The low-cost immersive experiences
that can be implemented in hospitals with minimal budgets using portable headsets and smartphone-based VR
applications were soon to be adopted on a large scale (31). The democratization of technology agrees with the
World Health Organization (WHO) efforts of ensuring equal access to digital health innovations during maternal
care.

Table 2: Summary of Key VR-Based Interventions Applied During Labor

Country/Setting

Population

VR Intervention Type

Key Findings

USA

20 parturients in
early labor

Fully immersive VR (HMD)
with calming visuals

Reduced pain-related brain activity;
40% drop in self-reported pain.

Norway 35 primigravidas Fully immersive VR during 35% pain reduction; lower demand
first stage of labor for epidural; higher satisfaction.
China 60 laboringwomen Relaxation-based VR Shorter active labor phase; reduced
environment anxiety and cortisol levels.
UK 40 antenatal Semi-immersive VR for Improved confidence, reduced fear,
participants antenatal preparation smoother transition into labor.
Singapore 50 laboringwomen  VR-guided breathing and Lower anxiety; improved fetal heart

visualization

rate patterns.

Multicountry

Systematic review

Varied immersive and

Moderate-large analgesic effect;

review (19 RCTs) semi-immersive VR high maternal satisfaction.
UAE 25 women during Immersive VR distraction Reduced sense of loss of control;
labor improved emotional comfort.
Spain 45 laboringwomen Immersive VR visualization  Enhanced maternal experience;
lower fear and distress.
Ethiopia Conceptual Low-cost semi-immersive Feasibility in low-resource settings;
framework VR proposal positive cultural reception.
China Tech evaluation Smartphone-based AR/VR  Cost-effective digital alternative;
scalable maternal use.
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Source: Compiled from 14; 21; 19; 3; 24, 7; 29; 26; 31.

Synthesis and Implications

An extensive body of evidence exists globally in favor of VR-assisted distraction being considered as an option of
non-invasive pain management during childbirth. Its application into obstetric practice is cross-culturally
adaptable and scalable to high-resource and low-resource settings. The clinical trials have a consistent pattern
of pain, anxiety, and pharmacologic analgesia reduction, maternal satisfaction, and neonatal well-being
improvements. The accrued data demonstrate that VR does not just help to reduce the physiological pain but
also changes the childbirth experience to a more favorable, powerful, and emotional process. Along with the
ongoing technological progress, the introduction of artificial intelligence, biofeedback, and haptic sensors is
expected to make VR more personalized and more effective, which will make the technology one of the
foundations of obstetric innovation in the future. Labor pain is one of the strongest types of physiological pain
experienced by women, with ramifications that are not limited to acute pain but also include psychological
distress, fear, and negative birth experiences (28). Traditional methods, including opioid use and epidural
analgesia, are still useful but linked to extended labor, a higher rate of instrumental delivery, and low accessibility
in low-resource facilities (4; Beyable, Bayable, and Ashebir, 2022). In turn, the non-pharmacological approach,
especially Virtual Reality-assisted distraction (VRAD), has also become a topic of interest due to its ability to
decrease the perception of pain without causing maternal or neonatal harm (24; 21). VR interventions in both
randomized and quasi-experimental studies are found to show substantial pain reduction measures as
compared to conventional health care.

The first evidence base in this area was by Hoffman in 2009, who found that immersive VR experiences had the
potential to produce a 40 percent pain reduction in a clinical context. Later obstetric studies also supported
these results: Lin in 2020 found that the application of VR during early labor reduced pain levels by 33 percent,
and women experienced a feeling of calmness and reduced the desire to take analgesics. Equally, Lind in 2023
concluded that VR users had reduced doses of epidural, meaning there was a significant analgesic effect, which
is complementary to the current medical care. These findings are validated by the meta-analytic information.
Bevensin 2022 carried out a synthesis of the findings of 19 studies based on clinical practices and found a pooled
standardized mean difference of 0.78 in pain scores between VR interventions and control conditions. Similar
results of Bevens and co-authors indicate that besides decreased pain perception, VR also enhances pain
tolerance, initiating an emotional and attentional processing transformation. Moreover, the safety profile of the
intervention is superb- no major adverse events and neonatal complications have been reported throughout
research (12). Conversely, traditional non-pharmacological interventions, including breathing exercises,
massage, hydrotherapy, or relaxation training, produce small amounts of pain relief and require a high degree of
continuous professional support (5; 17). The ability to be in control is the special feature of VR, as women can
decide on their environment and level of immersion to develop a sense of power in the process of labor (24; 29).
This agency can be the reason why VR participants always experience greater satisfaction and ability to cope
with emotions after the delivery than those who received regular care.
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Figure 2: Comparative Effects of VR on Pain Perception Versus Standard Care

Cognitive Distraction and Emotional Regulation as Pain Buffers

VRAD has analgesic properties that are, firstly, based on cognitive distraction, which is the process of competing
with nociceptive input in the allocation of attention resources and, consequently, reducing the brain's capacity
to process pain (15; 21). This is backed by the concept of the gate control theory, which suggests that the input
of non-painful stimuli to the nervous system may close the neural gates in the spinal cord, which would otherwise
pass the signal of pain to the brain. By engaging the sense of visual, auditory, and kinesthetic experiences,
Immersive VR environments take advantage of this process by overloading the neural pathways involved in the
sensation and reducing the activity of the areas that process pain signals (19). This model is supported by
cognitive neuroscience studies. A study of VR distraction performed by Hoffman in 2009 using the functional MRl
revealed that the method is effective in deactivation of the anterior cingulate cortex, insula, and thalamus, areas
involved in the perception of pain. This neural result concurs with the self-reported pain and anxiety decrease in
women during labor in VR settings (24). Another important mechanism is emotional regulation: VR experiences
cause parasympathetic arousal by means of relaxation stimuli like rhythmic breathing, natural scenery, and soft
music (19; 12). These factors enhance relaxation, decrease cortisol, and change affective reactions to pain.

Also, VR creates a psychological level of security and allows women to dissociate with stressful stimuli in the
delivery room. Through the emphasis on immersive virtual experiences, including the oceanic scenes, guided
meditations, or family-focused simulations, women feel less fear and better coping through uterine contractions
(24; 3). Effectively, VR is a means of distraction and self-regulation, improving emotional regulation and
decreasing the feeling of pain that cannot be controlled. There has also been a reported spillover effect with the
relaxing effect of VR on early labor continuing to the active labor, resulting in a better breathing rhythm,
decreased heart rate, and reduced catecholamine levels (19). All these processes contribute to the excellent
analgesic effect of VR in relation to the traditional non-pharmacologic techniques. Not just auditory or visual
distraction, as many other studies have shown, VR is a multisensory immersion and therefore can harmonize
cognitive concentration and emotional control, which offers a more complete buffer against pain.
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Variations in Effectiveness: Immersion Level, Timing of Use, and Headset Type

Although there is strong evidence to prove the effectiveness of VR, inconsistencies have been witnessed in the
effectiveness of VR across studies. Such discrepancies depend on the level of immersion, the time of use, and
the nature of the device.

Immersion Level: Fully immersive Systems (usually with head-mounted displays, HMDs) are always superior to
semi-immersive and screen-based systems. Hoffman in 2009 established that the depth of immersion was
associated with pain reduction levels because the users of HMDs reported higher levels of analgesic benefits
compared to their flat display counterparts. Complete immersion VR creates a greater feeling of presence,
effectively removing the participants from the clinical environment and increasing distraction. On the other hand,
semi-immersive models are less expensive but might not be enough to override nociceptive processing (3).
Timing of Use: The research on VR is divided on whether VR is best used in the early or active labor. The authors
have seen the most beneficial results when VR was used at the onset of contractions before the pain levels were
at their highest point, and the same result was observed by Lin et alin 2020, who introduced it later. Timings must
probably be based on personal coping mechanisms and pain levels. The acclimatization can be done early on,
but with time, it can begin causing some level of discomfort in those who use it (7).

Type of Headset and Technical Design: Technological differences (field of view, resolution, and refresh rate)
affect efficacy as well. An increase in visual fidelity has lower latency and more realism and reduces cognitive
dissonance that can ruin the immersion (31). New lightweight VR headsets have physiological feedback systems
that can dynamically tailor environments to an individual with respect to their heart rate or breathing pattern and
enable real-time adjustments to physiological signals. Less immersive but still a low-cost smartphone-based VR
can be used in low-resource environments, but also can produce some measure of analgesic effect. The results
are also moderated by cultural and contextual influences. To give an example, VR settings can be culturally
adjusted, including common music or visual elements, reinforcing emotional responses, which increases
analgesia (5; 29). These results highlight that contextual adaptation is important to harness the value and
significance of VR in obstetric environments.

Table 3: Comparative Analysis of VR-Assisted vs Non-VR Pain Management Outcomes

Intervention Sample Pain Maternal Need for Adverse
Size Reduction Satisfaction Pharmacologic Effects
(%) Analgesia
Fully immersive 20 40% High Decreased None
VR reported
VR during early 35 35% High Lower epidural use None
labor
Relaxation-based 60 33% Very high Reduced None
VR
Semi-immersive 40 25% Moderate No significant Mild dizziness
VR difference in 1 case
VR-guided 50 30% High Reduced None
breathing
Systematic — 25-45% High Lower overall None
review (19 RCTs) (pooled) reported
g : © Editor@jebmr.com
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Source: Compiled from 15;21; 19; 3; 24; 7; 17; 28.

Summary of Evidence

In general, the superiority of VRAD when compared to traditional non-pharmacologic measures in labor pain is
supported by empirical evidence. Cognitive distraction combined with emotional regulation and immersive
presence creates a compound analgesic effect that increases maternal satisfaction and comfort. Although there
is variability based on the level of immersion and the sophistication of the device, the general pattern shows that
there is a steady analgesic benefit of a 20-45% decrease in the intensity of pain and its reduction in comparison
to conventional care. In addition, VR has psychological and behavioral advantages, such as the decrease in
anxiety, fear, and helplessness development, and self-efficacy or maternal control development (24). It is this
mixture of physiological and psychosocial outcomes that makes VR not only a technological innovation but also
a complete add-on to evidence-based obstetric care. With the rising accessibility and personalization, the ability
of VR to transform the world of labor pain management seems even closer.

Influence Of VR on Delivery Outcomes
Maternal Outcomes: Anxiety Reduction, Satisfaction, Empowerment, and Sense of Control

Labor pain is not simply a physiological event but a deep psychological one that creates a maternal attitude to
birth as well as follows-up emotional well-being (28). Females who are exposed to severe levels of uncontrolled
pain tend to refer to labor as traumatic, which may result in postpartum depression, fear of giving birth, or
avoiding vaginal birth (5). In turn, pain relief measures and the sense of control are critical in enhancing maternal
and clinical outcomes. In this context, Virtual Reality-Assisted Distraction (VRAD) can be presented as a
revolutionary modality that will help to boost maternal satisfaction and empowerment by providing immersive
and self-directed engagements.

The empirical research can show that VR can have a significantimpact in lessening anxiety and fear in labor. Ngai
and Xiao (2021) in Singapore discovered that self-reported anxiety was reduced by 40% in women who received
guided breathing and relaxation in virtual reality settings than when they received a standard treatment. On the
same note, Lind in 2023 found that VR use in the initial phase of labor not only reduces pain levels but also
increases mothers' calmness and confidence, which led to the ease of progressing through childbirth. These
results are in line with previous results by Hoffman in 2009, who indicated that VR is able to regulate emotional
and cognitive reactions to painful experiences by shifting attention to unpleasant stimuli.

VR also leads to a feeling of enhanced power, which is a key to positive childbirth experiences. Conventional pain
management commonly implies passive patient positions, where medical practitioners are offering
pharmacologic interventions (4). Conversely, VR gives women the power to be active in the management of their
pain. Psychological ownership of the birth experience can be obtained with the possibility of environmental
selection, varying levels of immersion, or coordination of visual images with breathing (24; 29). This
empowerment is directly linked with increased satisfaction, less feeling of the inability to do something, and
better emotional performance after childbirth.

Additionally, the effect of VR is spread to postpartum satisfaction and memory. Rodriguez-Almagro et al. (2019)
emphasized the fact that fear and lack of control probably contribute to the perception of birth as traumatic in
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women, not pain. By permitting a less anxious and more attentive mental condition, VR attenuates negative
memory formation related to distressing births. In their turn, females are more satisfied with the labor process
and result. It was also observed by Arents in 2021 found that the antenatal exposure to VR minimized childbirth
fear, which is beneficial cumulatively throughout the perinatal continuum--preparation during pregnancy up to
the birth (3). In addition to emotional gains, the impact of VR on maternal outcomes also covers a low level of
analgesic dependence and a shorter term of active labor. Research by Lin et alin 2020 and Lind in 2023 indicates
that VR users will request lower doses of epidural and deliver sooner. Such enhancements are probably also
associated with a reduction in anxiety and the development of better coping mechanisms, which mitigate the
need for medical interventions. Beyable, Bayable, and Ashebir (2022) also claimed that these results can be
especially beneficial in the resource-deprived context when the availability of anesthetic services is limited.
Together, these results indicate the multidimensionality of the role of VR in improving the well-being of mothers,
in the psychological relief aspect, physiological efficiency, and the aspect of experience. Helping women control
their pain and their feelings independently, VRAD will be not only a technological breakthrough but a human
innovation in the obstetrics field.

Neonatal Outcomes: APGAR Scores, Delivery Duration, and Intervention Rates

Although the main effect of VR-assisted distraction is maternal comfort, the evidence that is starting to emerge
indicates that the intervention also has secondary effects on neonatal outcomes. These are benefits that are
mostly mediated by enhanced maternal relaxation, hormonal balance, and lower levels of procedural
interventions that could otherwise have an impact on the fetus (13; 12).

APGAR Scores and Infant Well-Being

Several studies show no or better Apgar scores in the neonates born to the mother who received VR assistance.
Lin et al in 2020 determined that 98 percent of neonates in the VR group, compared to 90 percent in the control
group, had Apgar scores of above 8 at both one and five minutes. Whereas their differences were not significantly
high, they tend to imply a tendency towards better acute neonatal adaptation. Equally, Ngai and Xiao (2021)
noted that VR use in the course of labor ensured the optimal fetal heart rate variability, which meant the absence
of intrauterine stress. These physiological advantages can probably be explained by the decrease in the maternal
catecholamine levels since the anxiety-reducing effect of VR enhances the uteroplacental blood flow.

Delivery Duration

Another important parameter, which is affected by VR intervention, is labor duration. VR environments that entail
relaxation can help oxytocin to be released and enhance uterine contractility, thus reducing active labor (19). The
result of the Lind in 2023 study showed that VR users had a mean of 45 minutes of shortening in the active stage,
as compared to non-VR participants. The latter aligns with previous studies identifying psychological relaxation
to be negatively correlated with faster cervical dilation and effective maternal pushing work (4). A shorter length
of time guarantees less maternal exhaustion and a low chance of complications like long labor or fetal distress.

Intervention Rates and Mode of Delivery

Effects of VR on the rates of interventions, including the use of epidural, instrumental deliveries, and cesarean
sections, also seem encouraging. Bevens in 2022 established a lower epidural uptake between women in VR
groups (by 20-30%) and a minor decline in instrumental deliveries. Lin in 2020 also noted that augmentation with
oxytocin decreased, with the authors attributing it to the fact that VR could preserve natural rhythms of labor.
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Notably, the safety profile of the intervention was confirmed because no studies reviewed reported any adverse
neonatal outcomes. Regarding the type of delivery, the percentage of spontaneous vaginal births was larger in
the group of VR participants (21; 24). This might be because of the effect of VR on emotion regulation, where
women with reduced anxiety and a greater level of control are more apt to cooperate successfully during labor.
Low levels of stress hormones also maximize the blood flow and oxygen dissolution in the uterus, maximizing
fetal health and minimizing the emergency intervention (13).

Long-term neonatal outcomes

Despite the lack of longitudinal data, there is some preliminary evidence that indicates that infants born after the
use of VR-assisted delivery can experience better maternal-infant attachment. When maternal stress and
trauma are lower, there is a correlation between more responsive behavior during caregiving (Rodriguez-Almagro
et al., 2019). VR indirectly facilitates emotional sensitivity and early childhood stability in infants by facilitating
positive, non-adversarial childhood birth experiences. Since electronic health solutions that improve contact
with the patient can be multiplied, as noted by Blasiak in 2022, they can be used to produce a cascading effect
on family relationships and newborn health outcomes.

Intervention
Rates /_\ — i

4
Negd for medi.cal Neonatal
assistance during
delivery Outcomes
Overall health and
well-being of
newborns
| 1
|I | APGAR Scores
Delivery | Immediate physical
Duration | condition assessment
Length of the birth

process

Figure 3: Neonatal Outcomes: APGAR Scores, Delivery Duration, and Intervention Rates

Summary of Outcomes

The overall evidence highlights the fact that VR-assisted distraction positively affects the maternal and neonatal
outcomes. The anxiety levels of mothers decrease, and the level of control and satisfaction increases. These
issues have a positive effect on the progression of labor and the process of postpartum recovery. In their turn,
neonates exhibit steady Apgar scores, less exposure to pharmacologic interventions, and a lower risk of
complications during the procedure. The findings support the applicability of VRAD as a holistic intervention in
childbirth, in allthree aspects of physical, psychological, and emotional stages of labor. Although the technology
does not substitute medical analgesia, introducing it into maternity care is a safe, empowering, and evidence-
based supplement that improves both the maternal and neonatal well-being.
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Implementation Challenges and Ethical Considerations

Although the evidence provided to support the use of Virtual Reality-Assisted Distraction (VRAD) as an innovative
and non-pharmacological intervention to manage labor pain is quite strong, several compounding factors have
impeded its use in obstetric practice. The challenges include the economic, infrastructural, cultural, and
professional, as well as ethical aspects, which differ within health systems and sociocultural settings. It is
necessary to overcome these shortcomings to incorporate VR into maternal care models in a more balanced and
secure way across the world.

Cost Implications and Infrastructural Barriers in Low-Resource Settings

Technology acquisition and maintenance prices are considered one of the main barriers to introducing VR
interventions to maternity wards, especially in low- and middle-income countries (LMICs). VR technologies,
such as headsets, software licenses, and compatible computers or mobile devices, have a high cost of initial
capital investment, which can surpass local healthcare budgets (Beyene, Chojenta, Smith, and Loxton, 2022).
Also, due to the necessity of stable electricity, climate-regulated areas, and data storage systems, there are
additional logistical challenges, particularly in poorly equipped or rural centers (Beyable, Bayable, and Ashebir,
2022). In sub-Saharan Africa and some regions of Asia, hospitals still struggle to supply essential obstetric
materials and even skilled employees (23). Under these circumstances, the implementation of digital
technologies can seem a background to the primary clinical requirements. However, the low-cost VR tools,
including mobile-based headsets (Google Cardboard, Oculus Go) and open-source relaxation apps, may also
be used as scalable substitutes in resource-limited environments, proponents posit (12). Partnerships with
technology companies, as well as incorporation into established maternal health services and specific donor
funding, would reduce some of these obstacles. Nevertheless, the sustainability in the long run demands the
governmental level of policy implementation and integration of VR interventions into the national maternal health
provisions.

The other infrastructural issue is the technical reliability and sterilization of the equipment. Labor wards are
infection-sensitive, high-turnover work environments in which keeping hygienic VR devices operationally
challenging. Common headsets have to be washed using disinfectants between patients without physically
breaking equipment, so guidelines and durable substances that meet the hospital standards of infection control
(16). Besides, digital system connectivity problems may interfere with the immersive experience, which will
erode patient trust and may amplify anxiety. Therefore, any implementation plan should strike a balance between
innovation and viability and make sure that VR technologies are functional and safe in obstetric settings.

Cultural Acceptance, Patient Consent, and Motion Sickness Issues

The cultural attitudes towards childbirth and technology are also important in the success of VRAD. Childbirth
as a social and religious process in most traditional societies is a place where women seek spiritual
empowerment either through their families or the midwives. These values might conflict with the concept of
putting on a headset and being more or less out of touch with the world around oneself (5). VR interventions
could thus be accepted only through culturally sensitive education and community involvement to overcome the
misconceived ideas that technology could interfere with the natural process of birth.

Another physiological obstacle to the adoption of VR is motion sickness or cybersickness. It is caused by the
incompatibility of senses between what they see and physical movement, causing nausea, dizziness, or eye
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strain (10). Although the majority of them are mild and temporary, they may be unpleasant during childbirth.
Producers of such equipment are responding by having higher frame rates, expanded fields of view, and
adjustable interfaces, but clinicians should be on their guard. To reduce the risk, it is recommended to screen
women with the pre-existing conditions of vestibular or motion sensitivity prior to using VR. Also acceptable in
culture is the issue of privacy and modesty. Women in certain cultures might experience being vulnerable when
wearing VR headsets around male medical practitioners. Culturally specific guidelines, gender sensitive staffing,
and private birthing rooms can be used to promote acceptance and comfort during the use of VR.

Training of Midwives and Clinicians

The implementation of VR in obstetrics implies special training of midwives, nurses, and obstetricians. Although
the technology is easy to use, its efficacy in therapy lies in the extent to which it is incorporated as part of the
labor process. The professionals in the healthcare field have to be trained to choose the right VR material,
regulate equipment, observe the reactions of the mother, and take action in the case of side effects. In the
absence of these competencies, VR can be abused or underused (6). The training programs must hence
incorporate technical expertise and clinical sensitivity. As an example, midwives are to be instructed to introduce
VR atthe most optimal stages of labor, which are typically early active labor when a person experiences the most
anxiety and before pharmacological analgesia (21). They should also be in a position to observe the signs of
distress in behavior and monitor the fetus throughout, and schedule the VR sessions with breathing or relaxation
exercises.

In addition, professional acceptance is also important. VR can be viewed by some clinicians as a nuisance or
distraction to regular surveillance or an unnecessary innovation. Such skepticism can be minimized by
conducting organized workshops, demonstrations, and the implementation of VR modules in the curriculum of
midwifery. According to the literature, interdisciplinary teamwork of the obstetricians, psychologists, and IT
specialists increases the success of the implementation and oversees the ethics (7).

Ethical and Privacy Aspects of VR Technology

Ethically, the introduction of immersive technology in the birth of a child opens new horizons of digital
responsibility. Information created with VR systems, i.e., physiological reaction, behavioral indicators, or surveys
published, can be saved on online platforms. Such data, when mismanaged, might result in a loss of patient
privacy or breach of confidentiality principles (22). It is thus paramount that the hospitals implement effective
data protection policies that are in tandem with the local and international health information regulations. Also,
there are ethical issues of equity and access. In case the VR technologies are accessible at urban or private
facilities only, they will contribute to the increased health disparity between the populations. The policymakers
need to make sure that the innovation process does not end up favoring some particular groups of society. To be
ethically implemented, it is necessary to involve everyone in planning and introduce the digital interventions
equally and adjust to the different literacy and cultural background. The other emerging problem is the
psychological authenticity of the birth experience. It has been criticized that widespread use of digital spaces
can make women become desensitized to the nature of childbirth or disrupt the emotional attachment to the
birthing experience (3). Therefore, the VR must be sold as a supplementary, not areplacement, solution- improve
the experience but not separate a woman and her environment and those taking care of her.
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Finally, accountability and liability should be well stipulated. Where VR malfunction results in distress or slow
response to clinical intervention, the institution should develop clear guidelines to report, redress, and maintain
the device. VR trials and implementations ought to be done through ethical committees to protect the rights of
patients, avoiding exploitation as well as making sure that the technology is a means of empowerment instead
of control. In brief, although Virtual Reality-Assisted Distraction is an innovative approach to the management of
labor pain and in obstetric practice, it requires a careful approach towards economic, cultural, professional, and
ethicalissues. Affordability, infrastructural preparedness, clinician training, and ethicalvigilance are sustainable
adoption factors. With the shift towards digital inclusivity in maternal healthcare systems, equity, safety, and
cultural sensitivity will become the primary focus of fulfilling the full potential of VR in enhancing childbirth
experiences all over the world.

Future Directions and Innovations

VRAD has shown significant potential in enhancing the maternal and neonatal outcomes in the process of labor.
But it is not even close to its full potential. The second horizon is technological adoption, clinical advances, and
policy reinforcement, which, taken together, can make VR not an important addition to the modern obstetric
treatment, but one of its pillars.

Integration of VR with Artificial Intelligence and Biofeedback Systems

Another important innovation path is the combination of VR and Artificial Intelligence (Al) and biofeedback
devices. Al algorithms can be used to dynamically modify VR environments to maximize relaxation and pain relief
by introducing real-time physiology (heart rate, blood pressure, oxygen saturation, etc.) to optimize relaxation
and pain relief (10; 21). As an example, a VR setup might be able to detect increase in maternal anxiety or the
intensity of contractions and react to it by changing visual, auditory or haptic visual/auditory/haptic feedback
and make the experience of distraction more personalized. One might also predict the best time to implement
VR, based on the stage of labor or pain level of the person, which can be predicted by Al-driven analytics.
Preliminary pilot experimental research on digital health indicates that Al, when combined with immersive VR,
can enhance the analgesic effect and reduce the unwarranted involvement of clinicians (6). Such dynamic VR
systems are not only the most comfortable for patients but also help to optimize labor, which may, in turn, lead
to a decrease in intervention rates and a positive maternal experience.

Tele-Immersion and Remote Maternal Monitoring

Tele-immersion is another prospective advancement that allows the VR-enhanced labor experiences to be built
outside of the hospital premises. By enabling pregnant women in distant or under-equipped locations to receive
guided virtual labor services overseen by clinicians in tertiary care locations, networked VR platforms will help
them to receive higher-quality services (12; 10). This is a double way of increasing access and keeping
professional control, especially in situations where trained obstetric personnel are scarce.

Combined with wearable devices and telemonitoring solutions, VR can be used to conduct remote surveillance
of a mother and fetus, which will enable clinicians to observe the contraction patterns, fetal heart rate, and
maternal stress in real-time. This integration will be a promise to spread equity in maternal care by providing the
population thatis historically underserved with advanced interventions.Tele-immersion can also underpin hybrid
forms of labor, where women can have a combination of local midwifery care and VR-controlled psychological
comfort, which increases autonomy without sacrificing safety.
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Policy and Hospital Management for VR Adoption

VR implementation in the field of obstetrics depends not only on technology but also on policies and
institutionalization. The hospital administrators are important in terms of resource distribution, training, and
protocols of VR use (6). Standardization of VR content, sterilization of devices, monitoring procedures, and staff
duties should be the policies that ensure the safety, reliability, and satisfaction of patients. On a national level,
policymakers need to take into consideration the inclusion of VRAD into the guidelines of maternal health,
especially when pharmacological analgesics are constrained or culturally inappropriate. Investment practices,
the insurance option, and inclusion within the digital health approaches may raise the rate of adoption and
encourage equal access. Also, policies on ethical oversight and data governance should be implemented on a
massive scale to ensure maternal privacy, consent, and autonomy (22).

Opportunities for Research and Innovation
The domain is still open to multidisciplinary studies, including obstetrics, digital health, neuroscience, and
behavioral psychology. Key opportunities include:
e Comparison of immersive and semi-immersive VR systems in various populations.
e Two longitudinal studies comparing both the postpartum maternal mental health and the neonatal
outcomes in VR-assisted deliveries.
e Creation of culturally-oriented VR content to boost the adoption in various ethnic and social settings.
e A combination of Al-based individualization and predictive analytics to optimize the time of intervention.
e |nvestigation of the use of tele-immersion in rural or low-resource areas.
e Health economic and cost-effectiveness research to inform policy.
e Digital governance and an ethical framework to resolve privacy, equity, and informed consent issues.

Table 4: Future Research and Innovation Opportunities in VR-Assisted Obstetric Care

Innovation Area
Al-Integrated VR

Description
Adaptive VR systems using physiological
feedback
Real-time tracking of maternal stress and

Potential Impact
Personalized analgesia, improved
maternal comfort
Optimized intervention timing,

Biofeedback Monitoring

contraction patterns

enhanced safety

Tele-Immersion

Remote VR-assisted labor support

Broader access, particularly in low-
resource or rural settings

Culturally Tailored
Content

VR environments adapted to local
norms, language, and preferences

Increased acceptance and
satisfaction

Longitudinal Outcomes
Research

Follow-up studies on maternal mental
health and neonatal development

Evidence for long-term benefits

Cost-Effectiveness
Studies

Evaluation of VR versus standard care
costs

Policy guidance, resource allocation

Ethical and Governance
Frameworks

Development of standards for privacy,
consent, and equity

Safe and equitable implementation

Source: Compiled from 21; 7; 10; 6; Beyene et al. (2022); 12.
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The future of VR-assisted obstetric care can be found in the area of convergence of technological innovation,
clinical integration, and policy support. VR systems with Al addition and adaptability can be used to tailor
analgesia and maximize maternal results. Tele-immersion has the potential to take these benefits to remote or
underserved populations, and the policies of the hospital and the nation would guarantee a consistent, ethical,
and equitable application. To ensure that VR fulfills its therapeutic potential as much as possible, overcome the
current obstacles, and establish itself as a part of the modern obstetric practice, interdisciplinary research and
innovation are needed.

Conclusion

Virtual Reality-Assisted Distraction (VRAD) is an innovative technology in the area of managing pain in labor,
between the conventional pharmacologic and the up-to-date non-pharmacological intervention. The evidence
mentioned in this article proves that not only is the perceived pain intensity decreased with the help of VRAD, but
also the maternal psychological well-being, satisfaction, and the feeling of control during childbirth are
increased. Through the immersion and multisensory conditions, VR takes the nociceptive stimuli out of the
limelight and contributes to the regulation of emotions, relaxation, and self-efficacy at the same time. All of these
mechanisms lead to a better labor experience and possibly more effective labor progression, as shown by the
fact that fewer pharmacologic analgesia treatments are used and labor duration is reduced in several clinical
studies (15; 21; 19). In addition to maternal comfort, VRAD has a good prognosis as it relates to the outcomes of
neonatal events. Apgar scores are also found to be stable, exposure to pharmacologic agents is reduced, and
the conditions of the labor, along with all such psychological and physiological advantages, are passed on to the
child by the mother who used VR (13; 24).

Notably, the VR interventions are generally safe, and few adverse events are reported among different
populations as well as varying clinical settings. These results highlight VRAD as a patient-centered addition to
care- empowering women through labor and as a support to the usual obstetric care, and not as an alternative.
However, despite these benefits, there are major obstacles that have been encountered in attaining the extensive
implementation. A range of factors, such as cost, infrastructure, cultural acceptance, clinician training, and
ethical factors, such as informed consent, privacy, and equity, should be tackled to fulfill VR potential in high and
low-resource settings (6). Individual approaches to taking into consideration the local social and cultural values,
cost, and the workflow of the hospital are critical to attain safe, ethical, and successful adoption. The latter can
be further utilized in conjunction with emerging technologies, including Al-based adaptive VR and tele-
immersion platforms, to increase the number of areas of personalized, remote, and scalable maternal care and
can be expanded to cover underserved populations (10; 12).

In the future, it is important to conduct multi-center research with more and more heterogeneous cohorts, to
confirm the efficacy, to optimize intervention plans, and to develop standardized recommendations on VR-
assisted labor management. The studies that examine long-term maternal and neonatal outcomes, cost-
efficacy, and culturally relevant VR apps will enable the evidence base to be stronger and make the process
easier to adopt. Furthermore, there should be clear policy outlines and instructions at the hospital level to
incorporate VRAD into the normal practice of obstetrics safely and fairly.
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In summary, VR-aided distraction can be considered a safe, novel, and patient-centered intervention in the
management of labor pains, which has some practical advantages that benefit both mothers and infants. VRAD
can revolutionize childbirth experiences in the world by integrating immersive technology with evidence-based
clinical practice. By further investigation and technological development, and deliberate practice, VR may
become an inseparable part of holistic, maternal-centered obstetrics.
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