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Abstract: This study conducts a scoping review combined with bibliometric analysis to
examine the potential of virtual reality (VR) marathon simulation training as a psychosocial
intervention for psychological disinhibition among bedridden cancer patients. Sixty core
articles published between 2003 and 2024 were retrieved from the Web of Science Core
Collection and analyzed across three dimensions: neurobiological mechanisms of emotional
and behavioral dysregulation, limitations of traditional psychological and pharmacological
interventions, and emerging evidence supporting VR-based therapeutic applications.
Bibliometric analysis demonstrated robust academic activity in this field, with an h-index of
39 and an average of 84.76 citations per article. Nearly half of the included studies focused on
VR applications in pain and anxiety management, highlighting its capacity to modulate
attention, reduce distress, and enhance emotional regulation through multisensory immersion.
VR marathon simulation training may provide a low-burden, high-engagement alternative for
bedridden patients by interrupting the cycle of exercise deprivation, cognitive decline, and
emotional deterioration through dynamic scene interaction, supportive feedback, and virtual
goal attainment. Despite these advantages, evidence gaps remain, including limited large-scale
clinical trials, insufficient guidance on optimal intervention dosage, and the need for clearer
emotional safety criteria. Future research should refine emotionally adaptive VR designs and
explore how virtual social environments can further enhance coping and psychological well-
being in this vulnerable population. This review provides foundational support for VR-based
exercise substitution therapy as a meaningful psychosocial adjunct in oncology care.

Keywords: virtual reality; VR marathon simulation training; psychological disinhibition;
bedridden cancer patients; bibliometric analysis; exercise alternative therapy; technological
innovation

1. Introduction

Psychological disinhibition, as the core manifestation of behavioral inhibition
dysfunction, presents unique clinical characteristics and intervention challenges in the
cancer patient population. This phenomenon is defined as an impulse control disorder
caused by impaired regulatory function of the prefrontal cortex, often manifested as
symptoms such as emotional outbursts and behavioral disorders, which seriously
affect patients’ treatment compliance and quality of life [1,2]. Psychological
disinhibition in cancer patients has a multifactorial pathogenic mechanism, involving
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both neurotransmitter imbalance caused by pain stimulation and drug side effects [1],
as well as psychosocial factors such as existential anxiety and loss of social roles
caused by the disease [3]. Studies have shown that about 38% of patients with
advanced cancer will have significant behavioral disinhibition symptoms, which is
closely related to neurobiological changes such as reduced hippocampal volume and
overactivation of the amygdala [2,4].

The existing intervention system faces severe challenges in clinical applicability.
Although cognitive behavioral therapy can improve mild to moderate symptoms, the
dropout rate of bedridden patients is as high as 42% due to physical limitations, and
traditional talk therapy is difficult to regulate damaged neural plasticity [5,6]. In terms
of drug intervention, although benzodiazepines can quickly relieve symptoms, long-
term use will lead to reduced sensitivity of y-aminobutyric acid receptors, which will
aggravate disinhibition [1]. It is particularly noteworthy that analgesics such as
pregabalin, which are commonly used in cancer patients, may induce new disinhibition
behaviors by enhancing dopamine transmission [1]. These limitations are more
prominent in elderly bedridden patients, whose slowed drug metabolism and decreased
cognitive reserve significantly worsen the risk-benefit ratio of traditional interventions
[3].

Breakthroughs in virtual reality technology provide innovative solutions to this
dilemma. Neuroscience research has confirmed that VR environments can improve
the functional inhibitory control of the prefrontal cortex by regulating the abnormal
connection between the default mode network and the salience network [4]. Among
them, VR marathon simulation training can not only produce physiological activation
equivalent to moderate-intensity exercise through multisensory integration
mechanisms [5], but also reconstruct the neural circuit of behavioral inhibition through
virtual achievement feedback [2]. This dual effect makes it particularly suitable for
solving the vicious cycle of movement deprivation and cognitive impairment in
bedridden patients [4]. On the clinical application level, newer VR systems incorporate
more responsive sensory feedback and adaptive interaction designs. These features
increase patients’ sense of presence, emotional engagement, and perceived control
elements known to support coping and reduce anxiety in bedridden cancer patients
[5,6]. Studies have shown that VR environments can reduce patients’ pain and
discomfort and reduce physiological stress responses [ 7-9]. VR is particularly suitable
for emotional arousal and expression in critically ill patients. Fabi et al. found that
breast cancer and ovarian cancer patients who experienced VR during chemotherapy
had significantly improved self-reported positive emotions [10]. Zeng et al. confirmed
that immersive VR can improve the emotional response function of patients with
cancer-related cognitive impairment [11]. For pediatric cancer patients, Erdos and
Horvath’s cross-over trial also showed that negative emotions were significantly
reduced after VR intervention [12]. A number of systematic studies have provided
high-level evidence to support the effect of VR in improving the overall psychological
state of cancer patients. The systematic review of Hao et al. confirmed that VR can
promote emotional adaptation in radiotherapy patients [13]. Chin et al. verified the
effect of VR natural experience on improving the well-being of patients with
metastatic breast cancer through a rigorous randomized controlled trial [14].
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This study focuses on the psychological disinhibition problem caused by limited
physical activity in bedridden cancer patients. Traditional exercise therapy has limited
applicability for such patients, and the intervention potential of VR sports alternative
technology needs to be explored. The significance of the study is that VR marathon
simulation training can activate the patient’s emotional pathways and promote the
reconstruction of brain neuroplasticity, providing a new path to break through the
patient’s physiological limitations and improve their psychological state. The research
goal is to quantitatively analyze the research trends of VR marathon training in the
field of psychological disinhibition intervention, explore its effective technical
implementation path, and sort out the existing theoretical conflicts, so as to clarify the
application value and optimization direction of VR marathon simulation training in
the psychological disinhibition intervention of bedridden cancer patients.

2. Literature review

2.1. The formation mechanism of psychological disinhibition

The neurobiological basis of psychological disinhibition involves multi-level
changes in brain structure, neurotransmitter systems, and functional networks.
Structural damage or weakened functional connectivity in the prefrontal cortex,
especially the dorsolateral prefrontal cortex and orbitofrontal cortex, can lead to
decreased behavioral inhibitory control, which is closely related to impulsive behavior
and emotion regulation disorders [15]. Neuroimaging studies have shown that reduced
gray matter volume in these areas is significantly correlated with inhibitory function
defects [15]. Imbalance in neurotransmitter systems is the core mechanism of
psychological disinhibition. Overactivity of the dopaminergic system is associated
with enhanced reward-seeking behavior, while hypofunction of the serotonergic
system 1is associated with reduced impulse control and emotional stability [16].
Clinical studies have found that patients with abnormal expression of serotonin
transporters show more significant behavioral disinhibition symptoms [17]. In
addition, dysfunction of the glutamatergic and GABAergic systems may also
aggravate symptoms by affecting the balance of neural excitability [18].

Changes in the structure of the limbic system are also involved in the
pathogenesis of psychological disinhibition. Reduced hippocampal volume may
weaken the restraining effect of contextual memory on behavior, while overactivation
of the amygdala can enhance emotional reactivity [19]. Animal models have shown
that early alcohol exposure leads to reduced hippocampal neurogenesis and altered
amygdala synaptic plasticity, and these changes persist in adulthood [16].

At the molecular level, abnormal expression of brain-derived neurotrophic factor
(mBDNF) not only affects synaptic plasticity, but is also significantly associated with
severe disinhibition behaviors such as suicidal ideation [17]. Epigenetic mechanisms
such as changes in histone deacetylase activity can affect neuroinflammation and
synaptic function by regulating transcriptional repressors such as REST/NRSF [19].
These molecular changes may lead to long-term abnormalities in neural circuit
function.

Abnormalities at the functional network level are important features of
psychological disinhibition. Abnormal connections between the default mode network
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and the salience network may lead to decreased self-monitoring ability, while
weakened central executive network function impairs impulse inhibition [15].
Neuroimmune mechanisms are also involved, and elevated levels of proinflammatory
cytokines such as IL-6 and TNF-a may exacerbate behavioral discontrol by affecting
neurotransmitter metabolism [17]. These neurobiological changes often interact with
psychosocial factors to form a vicious cycle [20].

Understanding these mechanisms provides a theoretical basis for developing
targeted interventions such as VR training. Studies have shown that physical activity
may improve symptoms by regulating neural plasticity and functional network
reorganization [21]. This suggests that VR marathon simulation training may have an
intervention effect on psychological disinhibition through similar mechanisms.

Psychological disinhibition in cancer is not only a neurobiological disturbance
but also a psychosocial reaction to cumulative stressors such as pain, dependency,
isolation, and existential threat. Oncology patients frequently face emotional overload,
anticipatory anxiety, and uncertainty about the future, all of which may amplify the
underlying neural vulnerabilities described above. The interaction between
neurobiological impairment and psychosocial distress is therefore central to psycho-
oncology, and it underscores the need for integrated interventions that address both
domains.

2.2. Limitations of traditional interventions

Traditional intervention methods have significant limitations in their effects on
psychological disinhibition in bedridden cancer patients. Although cognitive
behavioral therapy is widely used, it still faces problems such as low treatment
compliance and long treatment cycles in bedridden patients [22]. For example, among
patients with gastrointestinal cancer, psychological distress is more significant in
women and is associated with poor effects of traditional interventions [23]. In terms
of drug treatment, although antidepressants and sedatives can relieve symptoms, long-
term use may lead to poor tolerance, drug interactions, and the risk of dependence [24],
especially for bedridden patients, which may increase the physical burden [25].

Although multifactorial interventions have shown potential in cancer patients
[26], they are undertargeted for long-term bedridden patients. During the COVID-19
pandemic, the psychological burden of patients with hematological cancers has
increased, and traditional support measures have not effectively met their needs [27].
The management of fatigue-sleep disorder-depression symptom clusters in breast
cancer patients requires a combination of exercise and psychological support, but
traditional exercise interventions are difficult to implement due to the physical
condition of patients [24]. Solid tumor-specific needs (such as sexual function
concerns in prostate cancer patients) are also not fully covered by traditional methods
[28].

The limitations of traditional interventions are also reflected in the insufficient
integration of resources. Bedrid patients require multidisciplinary collaboration, but
the degree of integration of psychological services with cancer care is low [26,29].
Although ehealth interventions have shown the potential to improve the psychological
status of CRC patients [30], they lack specific designs for bedridden patients. The
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limited effect of video-sequential interventions on improving anxiety and depression
indicates the need for more precise forms of intervention [31]. These limitations
highlight the need to develop low physical burden, high immersion alternatives.
Mindfulness interventions have shown advantages in improving the quality of life of
patients with colorectal cancer [32], but need to be combined with technological means
to improve accessibility for bed-bound patients. Although peer support programs are
effective for younger patients [33], they fail to meet the urgent needs of bed-bound
patients. Thus, the uncertainty and lack of targeting of traditional interventions
urgently needs to be addressed by innovative technologies such as VR [29,33].

Within psycho-oncology practice, these limitations are amplified in bedridden
patients, whose restricted mobility contributes to loss of autonomy, decreased social
engagement, and emotional withdrawal. These psychosocial consequences reduce
motivation to participate in therapy, diminish resilience, and increase reliance on
caregivers, thereby reinforcing disinhibition and emotional instability. VR-based
interventions may therefore offer a unique advantage by restoring perceived agency
and enabling meaningful psychological engagement without physical strain.

2.3. The core breakthrough points of VR marathon: The application of
technological innovation in sports alternative therapy

Traditional exercise intervention methods have great limitations for bedridden
cancer patients, including field limitation, monotonous exercise, and low patient
compliance [34]. These limitations particularly affect the participation enthusiasm of
long-term bedridden patients, resulting in poor intervention effects. In contrast, VR
technology effectively overcomes these obstacles through mechanisms such as scene
diversity, gamification design, and real-time data feedback. For example, VR
marathon simulation training significantly improved patient participation and training
accuracy through dynamic environment interaction and supportive visual—auditory
feedback [35]. Studies have shown that immersive experience in VR environments
can stimulate exercise motivation, relieve exercise anxiety, and thus improve patients’
psychological state [36]. Mobile health interventions achieved a 71% daily completion
rate in colorectal cancer patients [30], and virtual reality analgesia reduced the
operation time of pediatric patients by 28% [37], confirming the clinical feasibility of
low-burden technology. In particular, VR technology activates the prefrontal cortex
through multi-sensory synchronization [38], which may bypass the cognitive
processing pathways that traditional therapies rely on and provide a new intervention
channel for severe disinhibition symptoms. These advances provide an empirical basis
for the development of bed-specific VR marathon simulation training [29].

VR provides patients with a variety of calming and engaging virtual
environments, such as nature-inspired scenes, which help reduce monotony, elevate
mood, and promote emotional comfort. Gamified elements further enhance
participation by increasing enjoyment and motivation [36,39].

VR’s immersive sensory stimulation effectively diverts attention away from pain
and emotional distress [40]. enhancing self-efficacy and psychological resilience.
Evidence also shows that VR can support cognitive engagement and reduce negative
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affect, making it a low-burden, high-compliance intervention suitable for bedridden
cancer patients [41-43].

Recent developments in VR emphasize enhancing immersion, emotional comfort,
and ease of interaction for patients with limited mobility. Simplified hands-free or
minimal-effort interaction features allow bedridden patients to participate without
physical strain, supporting a sense of autonomy and presence. Social-connection
functions within virtual environments may also help reduce loneliness by enabling
symbolic interaction with others, which is particularly meaningful for patients
experiencing prolonged isolation. Multisensory VR experiences, when used
appropriately, can strengthen emotional engagement and contribute to better coping,
mood stabilization, and relaxation.

VR marathon interventions also provide psychosocial benefits by enabling
patients to experience virtual social environments that help reduce feelings of isolation.
Opportunities for symbolic interaction, emotional connection, and shared presence
within VR spaces may support coping and emotional stability in bedridden cancer
patients. Multisensory VR elements such as gentle vibration cues and visually
immersive environments can enhance emotional presence and engagement without
requiring physical exertion. Despite these advantages, further research is needed to
establish psychological safety guidelines, determine appropriate stimulation settings
for different patient groups, and validate clinical effects through larger studies.
Interdisciplinary collaboration across psycho-oncology, rehabilitation science, and
VR development is essential to ensure that future VR marathon applications prioritize
emotional well-being, accessibility, and meaningful psychosocial benefit.

Beyond neurobiological activation, VR marathon simulation functions as a
psychosocial tool that enhances perceived control, emotional regulation, motivation,
and self-efficacy domains strongly associated with psychological well-being in cancer
patients. Prior studies show that VR can reduce fear, enhance coping, and promote
relaxation, aligning closely with psycho-oncological goals. The engagement afforded
by VR exergames may reduce loneliness and improve mood, making it highly
compatible with supportive care, particularly when face-to-face psychological
interventions are limited.

3. Methodology

This study used scoping to systematically explore the intersection of VR
technology and oncology psychology, supplemented by bibliometric analysis to
quantitatively assess research trends and key studies. This study followed the five-
stage framework of Arksey and O’Malley [44] and adapted accordingly to the
interdisciplinary perspective of this study.

3.1. Scoping review process

This study aims to explore the following question: the intervention effect of VR
sports substitution technology on psychological disinhibition in bedridden cancer
patients. To ensure a comprehensive and systematic search of relevant literature, we
chose WOS as the main database for this study. The WOS core collection includes
multiple sub-databases such as SCIE, SSCI, A&HCI, etc., covering more than 250
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disciplines such as medicine, psychology, computer science, engineering technology,
etc. For interdisciplinary topics such as “VR technology”, “tumor psychology”, and
“sports substitution therapy” involved in this study, WOS can simultaneously search
biomedical engineering journals (such as “IEEE Transactions on Biomedical
Engineering”), top psychology journals (such as “Journal of Behavioral Medicine”),
and authoritative oncology journals (such as “Cancer”) to avoid literature omissions
due to the limitations of a single discipline database. In addition, its “interdisciplinary
search” function supports precise positioning of cross-disciplinary research through
combined keywords, which fits the interdisciplinary perspective of this study
integrating technological innovation and psychological intervention. The journals
included in WOS have all undergone rigorous peer review and subject screening,
especially SCIE/SSCI journals, which represent high academic levels in various fields.
In the field of oncology psychology, WOS can retrieve authoritative journals such as
“Psycho-Oncology” and “Journal of Psychosocial Oncology” to ensure the theoretical
rigor of the included literature; in the research on the application of VR technology,
top journals such as “Virtual Reality” and “IEEE Virtual Reality” can be obtained to
ensure the cutting-edge nature of technological innovation content. In addition,
WOS’s “Journal Citation Report” (JCR) can provide indicators such as impact factor
and partition, which makes it easier for researchers to prioritize high-impact literature
and improve the academic credibility of the review. WOS’s advanced search function
can efficiently filter out irrelevant literature, and its “citation search” function can
track the references and citing literature of highly cited literature, forming a complete
chain of evidence of “research origin - development context - cutting-edge dynamics”,
ensuring the comprehensiveness and systematicness of literature retrieval in the
scoping method. This methodological framework is particularly suitable for psycho-
oncology, where understanding the psychological implications of technology-assisted
interventions requires both quantitative trends and qualitative conceptual
consolidation.

3.2. Studies selection

The core search words were designed as follows: (tumor OR cancer) AND
psycholog* AND (“virtual reality” OR “augmented reality”’). Boolean operators
(AND, OR) and truncation symbols (*) were used to optimize search precision. The
search scope covered publications from 2003 to 2024.

First, 732 initial articles were obtained by searching the WOS database. In the
initial title, abstract, and keyword screening stage, 598 articles unrelated to patient
psychology were excluded, and the remaining 134 articles proceeded to the full-text
evaluation. After cross-validation, 74 articles were further excluded, and 60 core
articles were finally retained for analysis (see Figure 1). Through this methodological
design, the transparency of the research process was guaranteed, and the dynamic
calibration of theoretical construction and empirical evidence was achieved.
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Topic Tumor or cancer ]

Title-Abstract-Keywords (fumor OR cancer)
AND Psycholog* AND ("virtual reality"
OR "augmented reality")

Search String

Date Extracted

11 June 2025 }

N=134 }
N=74 H Not meeting inclusion criteria

N=60 ]

[ Full paper Screened

‘ Record Removed

T T I TTT

Record Included for
Scoping Review

Figure 1. Flow diagram of the search strategy for this scoping review.

4. Results

This section elaborates on the core conclusions obtained through two
complementary research methods: selective bibliometric analysis and systematic
scoping review. The bibliometric analysis conducted deeply analyzes the key research
indicators in a wide range of data sets from 2003 to 2024, including but not limited to
the quantitative trend of scientific research results in this field (such as annual
publication statistics), the frequency distribution of literature citations (such as
citations, average citations per paper, etc.), and important academic impact indicators
(such as h-index, g-index, and m-index). The mining and application of these
quantitative data clearly depict the macro-pattern of academic output in this field over
the past two decades and the contribution and influence of its core subjects.
Complementary to this, the thematic combing task of the literature focusing on “the
psychological intervention effect of virtual reality technology on cancer patients” was
undertaken by the scoping review. This method aims to systematically identify, extract
and synthesize the core concepts, key research questions, and potential theoretical
frameworks or practical models that are constantly emerging in the relevant literature.
The comprehensive findings of this study not only powerfully reveal the significant
patterns and internal driving factors of the evolution of academic productivity in this
research field, but also highlight the far-reaching impact of those leading citations due
to their innovative ideas or solid evidence. What is particularly critical is that the
combination of rigorous quantitative measurement and in-depth qualitative
exploration of the subject constitutes a powerful hybrid research framework. Therefore,
the conclusion of this section not only condenses the research results, but also lays a
solid and multi-dimensional foundation for the subsequent in-depth discussion of the
theoretical significance, clinical practice value and even future development direction
of virtual reality in the field of psychological support for tumors.
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4.1. Documents profile

From a psycho-oncological perspective, these bibliometric indicators reflect not
only scientific productivity but also the growing recognition of VR as a meaningful
component of psychological and supportive care in oncology settings. Table 1 below
lists the citation metrics for papers published between 2003 and 2024. A total of 60
relevant publications were included in the study, which constitute the core set of
documents that form the current knowledge base of this field. The 60 publications
received a total of 5086 citations, reflecting the certain attention this topic has received
in the global research community. The Citation per Paper (CPP) is as high as 84.76
times, significantly higher than the average level of most professional fields. This key
indicator strongly confirms that the overall academic influence and research value of
the papers published in this field are extremely high. The high level of CPP indicates
that these studies have played an important guiding and driving role in subsequent
research. The Citation per Year is 231.18 times, reflecting the continued activity and
cumulative growth of academic attention to this topic in recent years. The average
number of authors per paper (APP) is 6.23, which is significantly higher than the
average number of authors per paper in many disciplines, clearly demonstrating the
highly interdisciplinary nature of this field, which requires close cooperation among
experts from multiple fields such as clinical oncology/palliative care, exercise
physiology, rehabilitation medicine, psychology/behavioral medicine, and virtual
reality technology development.

Table 1. Citation metrics.

Main information Data
Publication Years 2003-2024
Total Publications 60
Citable Year 22
Number of Contributing Authors 374
Number of Cited Papers 3025
Total Citations 5086
Citation per Paper 84.76
Citation per Year 231.18
Citation per Author 13.59
Author per Paper 6.23
Citation sum within h-Core 4560
h-index 39
g-index 60
m-index 1.77

In addition, the h-index is 39, which means that among the 60 documents
included in the analysis, 39 documents have been cited at least 39 times. The h-index
takes into account the number of publications (<60) and the number of highly cited
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documents (39), and is a benchmark indicator for measuring the overall academic
influence of the subject area. Its value of 39 is very high in a collection of this size,
which fully proves that there are a considerable number of high-impact, cornerstone
documents in this subject. The g-index is 60, which is equal to the total number of
publications, which means that the total number of citations of the first 60 documents
(i.e., all documents) in descending order of citations (equal to the total number of
citations 5086) is at least 602 = 3600 times (actually 5086 >> 3600). This strongly
confirms the overall high quality of the document collection in this field from another
perspective: that is, not just a small number of highly cited documents, but the entire
document collection has significant influence. It further strengthens the message
conveyed by the CPP of 84.76. The 39 core highly cited papers corresponding to the
h-index received a total of 4,560 citations, accounting for 89.66% of the total citations
(5086). This highlights that the academic impact of this field is dominated by core
highly cited papers, and once again confirms the high-impact characteristics of the
field revealed by the h-index and g-index. The m-index is 1.77. This index is the result
of dividing the h-index (39) by the number of years (22) (39/22 = 1.77), which is used
to relatively weaken the cumulative effect of time and consider the average annual
growth rate of influence. The m-index >1 is a strong signal that the core influence of
this field has grown very rapidly over the past 22 years. This strongly indicates that
the subject is in a strong upward channel of development, and the annual average
growth momentum of research activities and its influence is active.

Next, Table 2 shows the number and proportion of publications in different
subject areas in related research. “VR for pain/anxiety management (clinical operation
scenario)”: this subject area has the largest number of publications, 28, accounting for
46.66% of the total number of publications. This shows that in related research, VR
has received a lot of attention in the clinical operation scenario of pain and anxiety
management. It may be because pain and anxiety are common problems in clinical
settings, and VR technology is considered to have the potential to alleviate these
symptoms, so it has attracted a lot of research investment. For example, in some
clinical operations such as dental surgery and surgical operations, VR technology is
used to provide patients with an immersive relaxation experience to relieve their pain

and anxiety.
Table 2. Subject area.

Subject area Total publications Percentage (%)
1. VR .for pa1n/apx1ety management (clinical 78 46.66%
operation scenario)

2. VR psychological symptom management o
(mood/quality of life) 12 20.00%

3. VR sports therapy and technology applications 7 11.67%

4. VR patient education and clinical training 7 11.67%

5. Comprehensive efficacy evaluation 6 10.00%

(systematic review/meta-analysis)

Total 60 100.00%

10
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There are 12 publications in the category of “VR psychological symptom
management (mood/quality of life)”, accounting for 20%. This shows that VR also has
a certain research interest in psychological symptom management, mainly focusing on
emotion regulation and quality of life improvement. Perhaps as people pay more
attention to mental health, researchers have begun to explore the application of VR
technology in improving mental state and quality of life, such as helping depressed
patients improve their mood through VR experience, or improving the quality of life
for patients with chronic diseases.

The number of publications in the subject areas of “VR sports therapy and
technology applications” and “VR patient education and clinical training” is the same,
both 7, accounting for 11.67%. For VR sports therapy, it may be because in the field
of sports rehabilitation, VR technology can provide virtual sports environments and
scenes to help patients conduct more interesting and effective rehabilitation training.
In terms of patient education and clinical training, VR can simulate various clinical
scenarios, allowing patients to better understand their own diseases and treatment
processes, and can also provide a more realistic training environment for medical staff.

There are 6 publications on “Comprehensive efficacy evaluation (systematic
review/meta-analysis)”, accounting for 10%. There are relatively few studies on
comprehensive efficacy evaluation, but they are also indispensable. This type of
research can integrate and analyze the research results of various previous subject
areas, evaluate the actual effects of VR technology in different application scenarios,
and provide a reference for subsequent research and practice.

4.2. Publication trends

Table 3 mainly presents the data of various indicators of publications related to
the research topic from 2003 to 2024. From the perspective of the total number of
publications (TP), the number of publications per year was relatively small from 2003
to 2015, mostly fluctuating between 1 and 3. This may imply that in the early stages,
this research field was in its infancy, and research attention and investment were
relatively limited. However, starting from 2018, the number of publications has shown
a clear growth trend, reaching 12 in 2020 and 10 in 2021. This shows that over time,
this field has gradually attracted the attention of more researchers, and the research
enthusiasm has increased, which may be related to the development of related
technologies, the improvement of research methods, or the increased attention paid by
society to issues in this field. The trend of the number of contributing authors (NCA)
is somewhat correlated with the number of publications. In years with fewer
publications, the number of authors is also relatively small, such as 2003 and 2005. As
the number of publications increases, the number of authors also shows an overall
upward trend. For example, when the number of publications was 12 in 2020, the
number of authors reached 71. This reflects that as the research deepens and expands
in scale, more researchers with different professional backgrounds are needed to
participate, and the importance of teamwork in research is gradually highlighted.

The number of cited publications (NCP) reflects the degree of reference and
reference to existing literature. The total citations (TC) reflect the influence of research
results in this field. Around 2003-2010, both the number of citations and the total

11
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Table 1. Publication by year.

Year TP NCA NCP TC Cc/p C/CP h g m

2003 1 5 29 104 104.00 0.28 1 1 0.05
2004 2 10 76 376 188.00 0.20 2 2 0.09
2007 3 13 163 438 146.00 0.37 3 3 0.14
2008 1 5 30 43 43.00 0.70 1 1 0.05
2009 1 4 42 131 131.00 0.32 1 1 0.05
2010 1 8 28 51 51.00 0.55 1 1 0.05
2011 2 6 76 246 123.00 0.31 2 2 0.09
2013 2 12 128 518 259.00 0.25 2 2 0.09
2014 1 4 47 25 25.00 1.88 1 1 0.05
2016 2 15 112 228 114.00 0.49 2 2 0.09
2017 2 13 89 89 44.50 1.00 2 2 0.09
2018 4 28 265 458 114.50 0.58 4 4 0.18
2019 5 32 128 559 111.80 0.23 5 5 0.23
2020 12 71 721 875 72.92 0.82 12 12 0.55
2021 10 68 555 608 60.80 0.91 10 10 0.45
2022 8 59 396 273 34.13 1.45 8 8 0.36
2023 2 14 128 42 21.00 3.05 2 2 0.09
2024 1 7 12 22 22.00 0.55 1 1 0.05
Total 60 374 3025 5086 1665.64  13.94 60 60 2.73

number of citations were at a low level. Later, with the increase in the number of
publications, both of them also increased significantly. For example, in 2020, the
number of citations reached 721 and the total number of citations was 875. However,
there are also individual years (such as 2014) with a high number of citations (47) but
a low total number of citations (25 times), which may mean that the research results
of that year are not innovative enough or the research direction is relatively niche and
has not received widespread attention. The number of citations per paper (C/P) reflects
the degree of attention received by a single paper. The number of citations per paper
fluctuates greatly in different years. For example, in 2023, the number of citations per
paper reached 21 times, while in 2014 it was only 25 times. This may be related to
factors such as the quality of research results, the popularity of research topics, and
the influence of the journals in which they are published. The C/CP index also has
similar fluctuations, which reflects the average citation intensity of cited documents.
A higher C/CP value may indicate that the cited documents in that year are of higher
quality or groundbreaking.
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The h-index, g-index, and m-index are comprehensive indicators for measuring
the impact of research results. Overall, these indices have shown an upward trend over
time, especially after 2018. This shows that the research influence in this field is
increasing, and the quality and quantity of research results are gradually improving.
For example, in 2020, the h-index, g-index, and m-index reached 12, 12, and 0.55,
respectively, which are significantly higher than in earlier years.

To further support Table 3, Figure 2 intuitively shows the total number of
publications and total citations for each year from 2003 to 2024, so as to more clearly
understand the trend of academic output and citation impact. The blue bar represents
the total number of publications each year, and the orange line represents the
corresponding total number of citations, so as to gain a deeper understanding of the
number and impact of research. 2003-2012: The annual number of publications is
generally low, mostly fluctuating between 1 and 4 (such as 2003, 2008, etc.). This
reflects that the research at this stage is in its infancy, and there is little attention paid
to VR in sub-fields such as psychological intervention for tumor patients, and the
research foundation is weak and the investment is limited. 2013-2021: The number
has gradually increased since 2013, reaching a peak in 2020 (corresponding to TP =
12 in 2020 in Table 3). This reflects that as VR technology matures and clinical needs
become more prominent, research enthusiasm is rising, more scholars are investing in
this field, and the output of results is accelerating. 2022-2024: The number of
publications will decrease year by year, and will drop to about 1 in 2024. This may be
due to the accumulation of previous research, the need to digest and digest, and focus
on in-depth breakthroughs. It may also be affected by the allocation of research
resources and the diversion of emerging technologies, and enter a phased adjustment.
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Figure 2. Total publications and citations by year.

The number of citations fluctuates with the publication base. There were small
peaks in 2007 (376 times) and 2013 (518 times) due to a small number of high-quality
results, reflecting that although there were few initial studies, the groundbreaking
results received attention. In 2020, the number of citations soared to 875 times,
accompanied by an increase in the number of publications, indicating that the quality
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and dissemination of research results during this stage have improved, the value of VR
in the application of psychological intervention for tumors has been widely recognized,
and the research influence has expanded rapidly.

The “double high” stage of high output and high citation from 2018 to 2021
indicates that the field has accumulated sufficient research foundation, and the “VR
marathon simulation training intervention” focused on in this study has the feasibility
and necessity of practical exploration; and the adjustment period after 2022 provides
an opportunity for this study to explore the “technical innovation application gap” and
“existing achievements deepening direction”. In summary, Figure 2 extends the data
value of Table 3 in a visual form, and lays a solid foundation for the analysis of “VR
marathon simulation training on the psychological disinhibition intervention effect of
bedridden tumor patients” in this review from the dimensions of development trend,
correlation verification, and research support, highlighting the evolution path and
research potential of technological innovation application in this field.

4.3. Highly cited documents

Table 4 presents detailed information on the top 40 highly cited articles in virtual
reality (VR)-related research. Many different author teams are involved in the research
of VR in the field of healthcare. Some authors, such as Mohr and Schneider, appear
multiple times, indicating that they are relatively active in this field and may be core
researchers in this field, with continuous research contributions in the use of VR for
psychological intervention and cancer treatment. Most articles focus on the application
of VR in the treatment of cancer patients, such as pain relief, anxiety reduction, and
improvement of emotional state, which is consistent with the intervention effect of VR
on psychological disinhibition in tumor patients that this review focuses on. For
example, Chirico et al.’s article directly studies the psychological problems of cancer
patients during chemotherapy [45]. In addition to cancer treatment, there are also
applications of VR in patient education [46] and medical teaching [47], which reflects
the wide application of VR in the medical field.

Table 2. Top 40 highly cited articles.

Cited
No. Authors & year Title Source title Citation reference
count
Behavioral intervention technologies:
1 Mohr et al., 2013 [48]  Evidence review and recommendations for General Hospital Psychiatry 425 84
future research in mental health
Gershon et al., 2004 A pilot and feasibility study of virtual reality Journal of the Arperlcan
2 . . ) . Academy of Child and 238 28
[49] as a distraction for children with cancer .
Adolescent Psychiatry
Virtual reality as a distraction intervention to
3 Indovina et al., 2018 relieve pain and distress du'rlng.medlcal Clinical Journal of Pain 236 144
[50] procedures: A comprehensive literature
review
.. Virtual reality in health system: Beyond
4 Chirico et al, 2016 entertainment. a mini-review on the efficacy ~ Journal of Cellular Physiology 201 81

[51]

of vr during cancer treatment
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Table 3. (Continued).
Cited
No. Authors & year Title Source title Citation reference
count
Effects of biophilic indoor environment on
5 Yin et al., 2020 [52] stress and anxiety recovery: A between- Environment International 201 63
subjects experiment in virtual reality
6 Yeung et al.,, 2021  Virtual and augmented reality applications in Journal of Medical Internet 192 59
[53] medicine: Analysis of the scientific literature Research
Effects of distraction on pain, fear, and
7 Windich-Biermeier et distress during venous port access and Journal of Pediatric Oncology 174 61
al., 2007 [54] venipuncture in children and Adolescents Nursing
with cancer
An augmented reality microscope with real-
8 Chen et al., 2019 [55] time artificial intelligence integration for Nature Medicine 167 32
cancer diagnosis
Virtual reality and music therapy as
Chirico et al., 2020 distraction interventions to alleviate anxiety .
0 [45] and improve mood states in breast cancer Journal of Cellular Physiology 154 42
patients during chemotherapy
Mohammad and Virtual reality as a distraction technique for
10 pain and anxiety among patients with breast Palliative & Supportive Care 150 53
Ahmad, 2019 [56] : .
cancer: A randomized control trial
1 Schneider et al., 2011  Effect of ylrtual rea.lllj[y on time perception in Supportive Care in Cancer 138 46
[57] patients receiving chemotherapy
12 Schneider et al., 2004  Virtual reality as a fil'stractlon intervention Oncology Nursing Forum 138 48
[58] for women receiving chemotherapy
. Active and passive distraction using a head-
13 Dahlquls[t Segt]al., 2007 mounted display helmet: Effects on cold Health Psychology 135 44
pressor pain in children
14 Venkatesan etal.,  Virtual and augmentc?d rﬁeahty for biomedical Cell Reports Medicine 132 70
2021 [60] applications
Nilsson et al., 2009 The use 0fV1r.tual reamy for‘need'le-related European Journal of Oncology
15 procedural pain and distress in children and . 131 42
[61] . L . Nursing
adolescents in a paediatric oncology unit
Schneider and Hood,  Virtual reality: A distraction intervention for .
16 2007 [62] chemotherapy Oncology Nursing Forum 129 58
Virtual reality and symptoms management of
17 Ioannou[zg]al., 2020 anxiety, depression, fatigue, and pain: A Sage Open Nursing 121 55
systematic review
The effectiveness of therapeutic play, using
. virtual reality computer games, in promoting . .
18 Lietal, 2011 [64] the psychological well-being of children Journal of Clinical Nursing 108 30
hospitalised with cancer
Usability issues of clinical and research
19 Tuenaetal., 2020 [65] applications of virtual reality in older people: Frontiers in Human Neuroscience 104 100
A systematic review
Schneider et al., 2003 Virtual reality intervention for older women .
20 [66] with breast cancer Cyberpsychology & Behavior 104 29
A novel palliative care approach using
21 Nikietal., 2019 [67] virtual reality for improving various Journal of Palliative Medicine 98 9

symptoms of terminal cancer patients: A
preliminary prospective, multicenter study
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Table 4. (Continued).
Cited
No. Authors & year Title Source title Citation reference
count
Patient education using virtual reality
2 Jimenez et al., 2018  increases knowledge anq positive experience Supportive Care in Cancer 97 8
[46] for breast cancer patients undergoing
radiation therapy
A positive psychological intervention using
virtual reality for patients with advanced . .
23 Banosetal., 2013 [68] cancer in a hospital setting: A pilot study to Supportive Care in Cancer 93 44
assess feasibility
Meta-analysis of the efficacy of virtual
24 Zengetal., 2019 [69] reality-based interventions in cancer-related Integrative Cancer Therapies 82 21
symptom management
The effect of virtual reality on pain, fear, and
Gerceker et al., 2021 anxiety during access of a port with huber European Journal of Oncology
25 . S . 81 44
[70] needle in pediatric hematology-oncology Nursing
patients: Randomized controlled trial
26 van der Kruk et al., Virtual reality as a patient education tool in Patient Education and 75 5]
2022 [71] healthcare: A scoping review Counseling
Virtual reality analgesia during venipuncture
27  Atzorietal, 2018 [72] in pediatric patients with onco-hematological Frontiers in Psychology 73 47
diseases
28 Pourmand et al., 2017 EII.lnglpg‘utlllty of ertugl .reahty asa Games for Health Journal 64 43
[73] multidisciplinary tool in clinical medicine
Taubert et al., 2019 Vlrtqal .reahty videos used in pndergraduate BMI Supportive & Palliative
29 palliative and oncology medical teaching: 62 13
[47] . Care
Results of a pilot study
Using nature-inspired virtual reality as a
30  Scates etal., 2020 [74] distraction to reduce stress and pain among Environment and Behavior 55 46
cancer patients
Usability testing of an interactive virtual
31 Birnie etal,, 2018 [75] reality dlstra.ctl'on intervention to reduce Journal of Pedlqtrlc Oncology 52 46
procedural pain in children and adolescents Nursing
with cancer
Effects of videogame distraction and a
3 Dahlquist et al., 2010 virtual reality type head-mo'unFed display Journal of Pediatric Psychology 51 28
[76] helmet on cold pressor pain in young
elementary school-aged children
Virtual reality technology for pain and
33 Ahmad [e7t72]1., 2020 anxiety management among patients with Pain Management Nursing 50 36
cancer: A systematic review
Exploring the use of immersive virtual
Tennant et al., 2020  reality to enhance psychological well-being ~ European Journal of Oncology
34 . S : . . 47 46
[78] in pediatric oncology: A pilot randomized Nursing
controlled trial
35  Carter etal., 2008 [79] Location and Alonglrﬁlg: The nlcotlpe craving Drug and Alcohol Dependence 43 30
experience in virtual reality
Feasibility, acceptability, and clinical
implementation of an immersive virtual o
36 Tennant et al., 2020 reality intervention to address psychological Journal of Pediatric Oncology 41 48

[80] well-being in children and adolescents with

cancer

Nursing
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Table 5. (Continued).
Cited
No. Authors & year Title Source title Citation reference
count
Virtual reality as a chemotherapy support in
Rutkowski et al., 2021  treatment of anxiety and fatigue in patients Complementary Therapies in
37 . . . 7 40 46
[81] with cancer: A systematic review and meta- Medicine
analysis and future research directions
The benefits and acceptability of virtual
Reynolds et al., 2022 reality interventions for women with
38 [82] metastatic breast cancer in their homes; A BMC Cancer 39 44
pilot randomised trial
Immersive virtual reality reminiscence
39 Niki et al., 2021 [83] redpces apx1ety in the oldest-qld without Frontiers in Human Neuroscience 39 45
causing serious side effects: A single-center,
pilot, and randomized crossover study
Effects of virtual reality sessions on the
40 Barsasella et al., 2021 quality of life, happiness, and functional ~ Computer Methods and Programs 34 54

(84]

fitness among the older people: A in Biomedicine
randomized controlled trial from Taiwan

The source journals cover a number of journals in the fields of medicine and
psychology, such as General Hospital Psychiatry, Journal of the American Academy
of Children and Adolescent Psychiatry, etc. This shows that VR research in the
medical field has attracted attention from multiple disciplines, and researchers from
different disciplinary backgrounds are participating in related research, which also
reflects the interdisciplinary nature of research in this field.

The number of citations varies greatly, with the highest reaching 425 and the
lowest being 43. Highly cited articles may be widely recognized and cited by peers
because their research results are groundbreaking, their research methods are novel,
or they solve key problems in the field. Low-cited articles may be due to reasons such
as their niche research direction, recent publication time, and lack of sufficient
dissemination. The number of cited references also varies significantly, ranging from
9 to 144. Articles with a large number of cited references (such as 144 in 2018) may
be comprehensive literature review articles that require extensive reference to previous
research results; while articles with a small number of cited references may be
innovative empirical studies, whose research methods and results are relatively
independent.

Through the systematic analysis of Table 4, a clear map of the knowledge base
of virtual reality technology in the application of psychological and symptom
management of cancer patients is clearly outlined. The core driving force is the use of
VR as a powerful distraction tool to relieve pain, anxiety and fear in medical
environments. Research reached a highly active period from the late 2010s to 2021.
Many high-quality studies and reviews appeared and had a profound impact on the
field. The field has significant interdisciplinary nature, and the results have been
published in top journals in multiple fields such as oncology, nursing, psychiatry,
psychology, pain medicine, and computer and health intersections. It provides solid
bibliometric support for the effectiveness of VR intervention in psychological
disinhibition of cancer patients, key application scenarios, research status and trends.
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Collectively, these studies support the psychosocial relevance of VR

interventions, confirming their potential to reduce anxiety, improve emotional well-

being, and enhance the treatment experience central outcomes in psycho-oncology.

4.4. Themes from selected documents

The thematic analysis of the literature in this study (refer Table 5) revealed the

research trends, core objectives, and emerging directions of virtual reality (VR)

applications in cancer patient care and related fields. It outlined the authors, title,

purpose, study design, research field, and theme of each study and provided a

structured perspective on how the relationship between VR and psychological

disinhibition in cancer patients was explored in different contexts. This matrix is a
basic tool for understanding the scope of the literature and will provide a reference for

detailed analysis and discussion in subsequent chapters.

Table 6. Emerging themes from selected documents.

Authors &

No. year Title Aim/Purpose Study design  Field of study New themes
Behavioral intervention . .
. . Summarize evidence of . . .
technologies: Evidence . . : Behavioral intervention
. behavioral intervention . Mental .
Mohretal.,, review and . Evidence .. technologies, mental
1 . technologies and propose . Health/Clinical
2013 [48] recommendations for . review health research,
. directions for future mental Psychology . .
future research in evidence review
mental health health research
A pilot and feasibility Assess the p 1.10t o . .
. . implementation and . o Pediatric Virtual reality
Gershon et study of virtual reality o . . Pilot feasibility . . L
2 . . feasibility of using virtual Oncology/Psycholo distraction, pediatric
al., 2004 [49] as a distraction for . . . study . s
children with cancer regllty as a distraction for gy cancer, pilot feasibility
children with cancer
Virtual reality as a
distraction intervention Synthesize literature to Virtual reality
Indovina ot to relieve pain and explore virtual reality asa  Comprehensive Healthcare/Medical distraction,
3 al., 2018 [50] distress during medical distraction intervention for literature Procedures/Psychol pain/distress
v procedures: A pain and distress during review ogy management, medical
comprehensive medical procedures procedures
literature review
Virtual reality in health
system: Beyond Review and evaluate the Virtual reality in
4 Chirico et al., entertainment. a mini-  efficacy of virtual reality in Mini-review Oncology/Health  healthcare, cancer
2016 [51] review on the efficacy  cancer treatment within Systems treatment efficacy,
of VR during cancer health systems health systems
treatment
Effects of biophilic Examine effects of
indoor environment on  biophilic indoor Between- Environmental Biophilic environment,
5 Yin et al., stress and anxiety environment via virtual subicets Psveholoay/Virtual stress/anxiety recovery,
2020 [52] recovery: A between-  reality on stress, anxiety Jee yenology virtual reality
. . . . - experiment Reality Research .
subjects experiment in  recovery in a between experiment
virtual reality subjects experiment
Virtual and augmented Séif:?g?ﬁ?gr}; tzr;:lz;ze Virtual and augmented
6 Yeung et al.,, reality applications in explore virtual and Literature Medicine/Medical  reality, medical
2021 [53] medicine: Analysis of P analysis Technology applications, literature

the scientific literature

augmented reality
applications in medicine

analysis

18



Psycho-Oncologie 2025, 19(4), 4691.

Table 5. (Continued).
No. ?el;t:lors & Title Aim/Purpose Study design  Field of study New themes
Effect.s of distraction Examine effects of
on pain, fear, and . . .
. . distraction on pain, fear, .. . .
- distress during venous . . Clinical o Distraction
Windich- and distress during venous . Pediatric . . .
. . port access and observational/e . intervention, pediatric
7 Biermeier et . . port access and . Oncology/Clinical
venipuncture in . S xperimental . oncology procedures,
al., 2007 [54] . venipuncture in children Nursing .
children and . study pain/fear management
Adolescents with and adolescents with
cancer
cancer
An augmented realit Develop and evaluate an . Augmented reali
1 aug . }i p . Technology Oncology/Medical - ity
microscope with real augmented reality . e s microscope, Al in
Chen et al., . e . . . development Imaging/Artificial . .
8 time artificial microscope with real-time . . . cancer diagnosis,
2019 [55] . . . . . . and evaluation Intelligence in .
intelligence integration Al integration for cancer S medical technology
. . . . study Medicine . .
for cancer diagnosis diagnosis innovation
Virtual reality and . . .
. nvestigate virtual reali
Y Investigate virtual realit
music therapy as .
distraction and music therapy as
.. . . distraction interventions to  Clinical Oncology/Psycho-  Virtual reality, music
Chirico et al., interventions to . . . . A
9 . . alleviate anxiety and intervention oncology/Clinical  therapy, breast cancer
2020 [45] alleviate anxiety and . ?
. . improve mood in breast study Psychology chemotherapy support
improve mood states in . .
. cancer patients during
breast cancer patients chemothera
during chemotherapy Py
Virtual reality as a
distraction technique Assess virtual reality as a Virtual reality
ohamma or pain and anxie istraction technique for . . istraction, breas
Moh d f d t distraction tech fi distraction, breast
. . . C. Randomized Oncology/Clinical . .
10 and Ahmad, among patients with pain and anxiety in breast control trial Psvcholo cancer pain/anxiety,
2019 [56] breast cancer: A cancer patients via Y 24 randomized control
randomized control randomized control trial trial
trial
ect of virtual reali xplore how virtual reali inica . o
Effect of virtual real Explore h tual real Cl 1
. . . . . L . . Virtual reality, time
1 Schneider et on time perception in  impacts time perception in  observational/e Oncology/Clinical erception
al., 2011 [57] patients receiving patients undergoing xperimental Psychology pereeption, .
chemotherapy patients
chemotherapy chemotherapy study
Virtual reality as a Eval'uate the c*:ffectlveness . Virtual reality
. . L . of virtual reality as a Clinical . .
Schneider et~ distraction intervention . . ) . Oncology/Psycho-  distraction,
12 . distraction method for intervention
al., 2004 [58] for women receiving . oncology chemotherapy, women
women during study .
chemotherapy patients
chemotherapy
Active and passive Examine the effects of . .
. . . . . . o Active/passive
. distraction using a active and passive Clinical Pediatric . :
Dahlquist et . . . . . . . distraction, head-
13 al., 2007 [59] head-mounted display  distraction via a head- experimental Psychology/Clinica mounted displa
? helmet: Effects on cold mounted display helmet on  study 1 Pain Research . \ pray,
.. . . R . children’s pain
pressor pain in children children’s cold pressor pain
Venkatesan  Virtual and augmented Igvestlgate the potential of thﬁtrature Biomedical Vlrt}lal apd augmented
. . - virtual and augmented review/Technol . . reality, biomedical
14 etal, 2021 reality for biomedical P . . Engineering/Medic 0 .
o reality in biomedical ogy exploration applications, medical
[60] applications o al Technology
applications study technology
The use of Virtual .
. Assess the use of virtual
Reality for needle- reality for reducing needle
. related procedural pain Y & s Clinical Pediatric Virtual reality, needle-
Nilsson et al., . . . related procedural pain and o . . S
15 and distress in children . application Oncology/Clinical  related pain, pediatric
2009 [61] . distress in . :
and adolescents in a study Nursing oncology patients

paediatric oncology
unit

children/adolescents in a
pediatric oncology unit

19
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Table 5. (Continued).
No. ?el;t:lors & Title Aim/Purpose Study design  Field of study New themes
Evaluate the effectiveness
Schneider Virtual reality: A O.fvmu?l re.ahty asa Clinical ertual Areahty
. C . distraction intervention to . . Oncology/Psycho-  distraction,
16  and Hood, distraction intervention . . intervention .
alleviate discomfort and oncology chemotherapy, patient
2007 [62] for chemotherapy . . . study .
negative emotions during psychological comfort
chemotherapy for patients
Virtual reality and Systematlcally review ..
symptoms management literature to explore how Clinical Virtual reality
Ioannou et yImpe . virtual reality contributes to Systematic Psychology/Medica ’
17 of anxiety, depression, . . - symptom management,
al., 2020 [63] . . managing anxiety, review 1 Symptom . .
fatigue, and pain: A . . systematic review
. . depression, fatigue, and Management
systematic review p
pain symptoms
E;Ei:fefiiitévea essu(;ifn Assess the impact of
1erap Py, g therapeutic play via virtual Virtual reality
virtual reality computer . . o .
. . . reality computer games on  Clinical Pediatric therapeutic play,
Lietal, games, in promoting . X ) . o o
18 . improving the intervention Oncology/Pediatric pediatric cancer,
2011 [64] the psychological well- . . :
. . psychological well-being of study Psychology psychological well-
being of children ’ R . g
e . children hospitalized with being
hospitalised with
cancer
cancer
Usability issues of Systematically review and
Tuena et al., c11n1'cal gnd resegrch apalyze use}blhty issues of Systematic Gerontology/Medic Virtual reality, older
19 2020 [65] applications of virtual  virtual reality applications roview al Technology cople. usability issucs
reality in older people: in clinical and research Usability people, Y
A systematic review settings for older people
. . EX amine th.e e.f fect of . Virtual reality
Virtual reality virtual reality intervention . o . -
. . . . . Clinical Geriatric intervention, older
Schneider et  intervention for older ~ on improving the ) . -
20 . . . intervention Oncology/Oncolog women with breast
al., 2003 [66] women with breast psychological and physical .
.\ study y Nursing cancer, health
cancer condition of older women .
. improvement
with breast cancer
A novel pall.latwf.: care Explore whether virtual
approach using virtual . L
. . . reality-based palliative care o
reality for improving . . Preliminary . .
I . can improve various . ... Virtual reality,
Niki et al., various symptoms of . prospective Oncology/Palliative .. .
21 . symptoms of terminal . palliative care, terminal
2019 [67] terminal cancer . multicenter Care
L . cancer patients through a cancer symptoms
patients: A preliminary .. . study
. preliminary, multicenter
prospective, stud
multicenter study Y
Patient education using Assess if virtual reality-
virtual reality increases assisted patient education . . . .
. knowledge and positive enhances knowledge and Clinical . Oncology/Radiatio Vlrtual. reality, patient
Jimenez et . o . observational/e . education, breast
22 experience for breast ~ positive experiences of . n Therapy/Patient oy
al., 2018 [46] . . xperimental . cancer radiation
cancer patients breast cancer patients Education
. . . - study therapy
undergoing radiation undergoing radiation
therapy therapy
A positive
psychological Evaluate the feasibility of
intervention using using virtual reality for Virtual reality, positive
23 Banos et al., virtual reality for positive psychological Pilot feasibility Oncology/Psycho- psychological
2013 [68] patients with advanced intervention in hospital- study oncology intervention, advanced

cancer in a hospital
setting: A pilot study to
assess feasibility

based advanced cancer
patients via a pilot study

cancer feasibility
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Table 5. (Continued).
No. ?el;t:lors & Title Aim/Purpose Study design  Field of study New themes
Meta-analysis of the Conduct a meta-analysis to
efﬁ§acy of virtual synthesize eYldence on the Oncology/Medical Virtual reality, cancer-
Zengetal.,,  reality-based efficacy of virtual reality- .
24 . . . : . Meta-analysis ~ Research related symptoms,
2019 [69] interventions in cancer- based interventions for .
. Methodology meta-analysis
related symptom managing cancer-related
management symptoms
The effect of virtual
reality on pain, fear, Determine the effect of
and anxiety during virtual reality on pain, fear, L
; . . Pediatric . .
access of a port with and anxiety during port . Virtual reality,
Gerceker et . . Randomized Hematology- o
25 huber needle in access with a Huber needle . . pediatric oncology, port
al., 2021 [70] S ) L controlled trial  Oncology/Clinical
pediatric hematology-  in pediatric hematology- access procedure
Lo . . Psychology
oncology patients: oncology patients using a
Randomized controlled randomized controlled trial
trial
Virtual reality as a Map and summarize the
van der Kruk . Y existing evidence on virtual Healthcare Virtual reality, patient
patient education tool . . . . . . . -
26  etal,2022 reality as a patient Scoping review Education/Medical education, scoping
in healthcare: A . . . .
[71] . . education tool in healthcare Informatics review
scoping review . .
through a scoping review
Virtual reality Examine the effect of . .
. . ; . . . o Virtual reality
analgesia during virtual reality analgesia on  Clinical Pediatric . L
. . . . . . . . analgesia, pediatric
Atzori etal., venipuncture in pain during venipuncture in observational/e Oncology/Hematol .
27 O . . Lo . =7 onco-hematological
2018 [72] pediatric patients with  pediatric onco- xperimental ogy/Clinical . .
. . . . disease, venipuncture
onco-hematological hematological disease study Anesthesia ain
diseases patients P
Emerging utility of Explore the emerging Literature - Virtual reality,
. . PR .= . Clinical e e
Pourmand et virtual reality as a multidisciplinary utility of  review/Technol . . multidisciplinary
28 N, . . . . Medicine/Medical . .7
al., 2017 [73] multidisciplinary tool  virtual reality as atoolin ~ ogy exploration clinical tool, clinical
L e L - Technology .
in clinical medicine clinical medicine study medicine
Virtual reality videos ~ Evaluate the results of
used in undergraduate  using virtual reality videos Medical Virtual reality videos,
Taubert et .. ) o . . . .
29 palliative and oncology in undergraduate palliative Pilot study Education/Oncolog medical teaching,
al., 2019 [47] . . . L .
medical teaching: and oncology medical y/Palliative Care palliative and oncology
results of a pilot study  teaching via a pilot study
Using nature-inspired  Investigate if nature- Nature-inspired virtual
virtual reality as a inspired virtual reality asa  Clinical Oncology/Psycho- . P .
Scates et al., . . . . . . . reality, cancer patient
30 distraction to reduce distraction can reduce intervention oncology/Environm . .
2020 [74] . . distraction, stress and
stress and pain among  stress and pain among study ental Psychology . .
h h pain reduction
cancer patients cancer patients
Usability testing of an Condugt usability testing to
. : . determine how well an
interactive virtual interactive virtual reali
. reality distraction . L . ty . Pediatric Virtual reality usability,
Birnie et al., . . distraction intervention Usability . o .
31 intervention to reduce . . Oncology/Clinical  pediatric cancer pain,
2018 [75] .. works for reducing testing study . . .
procedural pain in . . Psychology distraction intervention
. procedural pain in children
children and .
. and adolescents with
adolescents with cancer
cancer
Effects of videogame = Compare and analyze the
distraction and a virtual effects of videogame
reality type head- distraction and a virtual . L Videogame vs VR
. . . Clinical Pediatric . . L
Dahlquistet mounted display reality-type head-mounted . . . distraction, pediatric
32 . experimental Psychology/Clinica .
al., 2010 [76] helmet on cold pressor  display helmet on cold . cold pressor pain, head-
study 1 Pain Research

pain in young
elementary school-aged
children

pressor pain in young
elementary school-aged
children

mounted display
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Table 5. (Continued).
No. ?el;t:lors & Title Aim/Purpose Study design  Field of study New themes
Virtual reality Systematically review
technology for pain and literature to summarize Virtual reality. cancer
33 Ahmad et al., anxiety management evidence on virtual reality ~ Systematic Oncology/Psycho- ain/anxict Y,
2020 [77] among patients with technology for managing  review oncology Is) stematic Zéview
cancer: A systematic pain and anxiety in cancer Y
review patients
Exploring the use of
immersive virtual Pilot a randomized
reality to enhance controlled trial to explore if Pilot Pediatric Immersive virtual
Tennant et psychological well- immersive virtual reality . .. reality, pediatric
34 T L : randomized Oncology/Clinical .
al., 2020 [78] being in pediatric can enhance psychological controlled trial  Psvcholo oncology psychological
oncology: A pilot well-being in pediatric Y &y well-being, pilot RCT
randomized controlled  oncology patients
trial
Location and loneine: Investigate the nicotine
Carteretal.  The nicotine cravgin & craving experience in Virtual reality ~ Addiction Virtual reality, nicotine
35 2008 [79] ? experience in vi rtuagl virtual reality, focusing on  experimental Research/Psycholo craving, addiction
re :fli + the role of location and study gy experience
Y longing
' fé‘s;:;ﬁlylty and Assess the feasibility,
clinical implémentation acceptability, and clinical
. . . implementation potential of o o Immersive virtual
of an immersive virtual . . . .. Feasibility and  Pediatric . L
Tennant et . . an immersive virtual reality . . .. reality, pediatric cancer
36 reality intervention to . . . . implementation Oncology/Clinical .
al., 2020 [80] . intervention for improving psychological well-
address psychological . .2 study Psychology g N
well-being in children psychologlcal well-being in being, feasibility study
and adolescents with children and adolescents
cancer with cancer
Zggrﬁzltﬁzerﬁlty lel a ort Systematically review and
in treatmentp(}),f arg?ie meta-analyze evidence on
and fatigue in atienttz virtual reality as Systematic Virtual reality,
37 Rutkowski et with cafcer' Ap chemotherapy support for re};iew and Oncology/Psycho-  chemotherapy support,
al., 2021 [81] S managing anxiety and . oncology anxiety and fatigue
systematic review and . . . meta-analysis .
meta-analysis and fatigue in cancer patients, meta-analysis
future research and propose future research
directions directions
The benefits and Evaluate the benefits and
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Table 5. (Continued).
No. ?el;t:mrs & Title Aim/Purpose Study design  Field of study New themes

40

Barsasella et
al., 2021 [84]

Effects of virtual reality
sessions on the quality
of life, happiness, and
functional fitness

among the older

people: A randomized

Assess the effects of virtual
reality sessions on quality
of life, happiness, and
functional fitness among
older people, using a
randomized controlled trial

Virtual reality, older
Randomized Gerontology/Rehab people’s well-being,
controlled trial ilitation Science randomized controlled
trial

controlled trial from

taiwan

from Taiwan

The purposes of different studies are diverse but revolve around the application
of VR in the fields of medicine, psychology, etc. They mainly include evaluating the
feasibility of VR technology, exploring its effects in specific scenarios, and analyzing
relevant literature to propose future research directions. This shows that the research
has gradually developed from basic feasibility verification to in-depth exploration of
effects and planning future research directions. New topics reflect the innovativeness
and cutting-edge nature of the research. Common topics include “Virtual reality
distraction”, which appears in many studies, indicating that the application of VR as a
distraction method in relieving patients’ pain, anxiety, etc. has attracted much attention;
“cancer treatment efficacy” reflects the exploration of the actual effect of VR in cancer
treatment; “Al in cancer diagnosis” shows the combination of emerging technologies
and traditional medical fields. These new topics provide directions for subsequent
research and also help to discover research gaps.

5. Discussion

5.1. Integration of research findings and key implications

The integration of findings in this review highlights that VR marathon simulation
training is not merely a technological innovation but a promising psychosocial
intervention for bedridden cancer patients. VR’s ability to modulate emotional
responses, strengthen attention control, reduce distress, and enhance perceived
autonomy aligns closely with core objectives of psycho-oncology. The immersive
nature of VR allows patients to experience agency, pleasure, and engagement even
when physically immobilized elements known to protect against emotional
dysregulation and depressive withdrawal. This study systematically revealed the
current status of research on VR technology in the field of psychological intervention
for cancer patients through bibliometric analysis and scoping review. Bibliometric
results showed that the h-index of core literature in this field reached 39 during 2003-
2024, and the average number of citations was 84.76, highlighting its high academic
influence. Thematic analysis further showed that 46.66% of the studies focused on the
clinical application of VR in pain/anxiety management, which has a common
mechanism with the psychological disinhibition intervention focused on in this
study—the attention diversion mechanism achieved by VR through multi-sensory
immersion can simultaneously alleviate pain perception and emotional disorders
[45,50]. The “double peaks” of research output and citation volume from 2018 to 2021
confirm the explosive development of VR technology in psychological intervention
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for cancer. In the highly cited literature, Schneider’s team has repeatedly confirmed
the regulatory effect of VR on chemotherapy patients’ time perception, suggesting that
VR may alleviate the psychological suffering during treatment by reconstructing the
cognitive time frame [57,58]. This provides key inspiration for the design of VR
marathon simulation training: through the dynamic narrative and movement rhythm
control of virtual scenes, it may be possible to synchronously regulate patients” time
perception and emotional arousal levels. These mechanisms underscore VR’s capacity
to support psychological stabilization through distraction from distressing stimuli,
enhancement of emotional regulation, and reinforcement of adaptive coping. For
bedridden cancer patients, the sense of “movement” and accomplishment generated
by VR marathon experiences may counteract psychological passivity and offer a
pathway to regain self-efficacy an important predictor of quality of life in oncology
populations.

5.2. Theoretical breakthrough and clinical practice value

From a neurobiological perspective, the results of this study support the dual
intervention mechanism of VR marathon simulation training: on the one hand, virtual
motion stimulation can activate the reconnection of the default mode network and the
salience network, and improve the inhibitory control function of the prefrontal cortex
[4]; on the other hand, virtual achievement feedback reshapes the reward circuit
through the dopaminergic system, which complements the findings of serotonergic
system regulation in the literature [16,17]. This integration of neural mechanisms
provides a theoretical basis for explaining how VR can break the vicious cycle of
“exercise deprivation-cognitive decline” in bedridden patients. At the clinical practice
level, the advantages of VR technology revealed in this study are in sharp contrast to
the limitations of traditional interventions. When the dropout rate of cognitive
behavioral therapy in bedridden patients was as high as 42%, VR intervention
increased exercise compliance to 71% through gamification design [30,34]. Enhanced
sensory feedback features in newer VR systems help strengthen patients’ emotional
engagement and perceived realism during VR sessions. These psychosocial
improvements may help sustain participation and improve coping among bedridden
cancer patients [5,85]. Virtual social environments within VR platforms can help
address social isolation by allowing patients to experience symbolic interaction with
others [82]. In practical psycho-oncology settings, VR marathon simulation training
could be integrated into daily nursing routines, supportive care pathways, or palliative
care interventions. Bedridden patients often experience heightened loneliness and
diminished social connectedness. VR’s immersive environment may alleviate these
psychosocial stressors by providing sensory engagement, emotional stimulation, and
a sense of presence beyond the confines of the hospital bed. Oncology nurses and
psychologists could use VR as a complementary tool to improve patient engagement,
modulate emotional states, and reduce caregiver burden.

5.3. Future research directions and technology evolution paths

Based on the above analysis, future research can achieve breakthroughs in three
aspects. Future work should explore VR systems that can adapt to patients’ emotional
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responses in real time, providing supportive environments that enhance comfort,
motivation, and emotional regulation. Research is also needed to understand how
different sensory intensities and virtual environments influence emotional safety,
psychological comfort, and engagement key considerations in psycho-oncology. Close
collaboration between oncology clinicians and VR developers will be essential to
ensure that VR tools meet the psychological, emotional, and practical needs of
bedridden cancer patients. At the clinical translation level, it is necessary to establish
a multi-center, large-sample randomized controlled trial, especially focusing on
subgroup analysis of elderly bedridden patients, and explore the optimal dose of VR
marathon simulation training (such as weekly intervention duration, treatment period)
[47,81]. From an interdisciplinary perspective, it is recommended to build a
collaborative research network of “tumor psychology-neuroengineering-motor
rehabilitation”, focusing on exploring: 1) the quantitative relationship between VR-
induced neuroplasticity changes and improved psychological disinhibition; 2) the
optimal matching model between tactile feedback intensity and vestibular-
proprioceptive integration; 3) the mechanism of enhancing patients’ self-efficacy
through virtual social interaction within VR environments [68,72].

Ethical considerations should also inform future research. Issues such as
informed consent in cognitively vulnerable patients, management of cybersickness,
protection of patient data within VR systems, and avoidance of emotional
overstimulation must be prioritized. Future VR programs should be codesigned with
psycho-oncologists, nurses, and caregivers to ensure that interventions respect patient
dignity, autonomy, and psychological safety.

6. Conclusion

Through bibliometric analysis and scoping review, this study systematically
integrated the research evidence of virtual reality (VR) marathon simulation training
in the field of psychological disinhibition intervention for bedridden cancer patients,
revealing the application potential and development path of technological innovation
in exercise alternative therapy. The results show that VR marathon simulation training
provides a new paradigm for breaking through the physiological limitations of
bedridden patients and improving their psychological state through multi-sensory
immersion and neural mechanism regulation, and also points out the technical
bottlenecks and clinical transformation directions that need to be focused on in future
research.

VR technology has shown significant academic influence and clinical application
value in the field of psychological intervention for cancer patients. Bibliometric
analysis showed that the H-index of the core literature from 2003 to 2024 was 39, and
the average citation was 84.76 times. 46.66% of the studies focused on the clinical
scenario of VR in pain/anxiety management, which confirmed the effectiveness of VR
in alleviating emotional disorders through the attention transfer mechanism. The
unique advantage of VR marathon simulation training is that it combines dynamic
scene interaction with supportive feedback to enhance engagement and improve the
exercise compliance of bedridden patients. At the neurobiological level, VR
interventions can regulate the abnormal connectivity between the default mode
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network and the saliency network, rewire the dopaminergic reward circuit, and provide
theoretical support for breaking the vicious cycle of “motor deprivation and cognitive
decline” [4,15].

In clinical practice, the “low load-high immersion” characteristics of VR
marathon simulation training are particularly suitable for the physiological limitations
of bedridden cancer patients. Enhanced multisensory VR features such as gentle
vibration cues can strengthen immersion and emotional presence, and virtual social
environments provides a new path to alleviate social isolation of patients. Highly cited
literature confirms that VR can significantly improve the time perception and
emotional state of chemotherapy patients, and its virtual achievement feedback
mechanism can rebuild the patient’s behavioral inhibition neural circuit. However,
current research still has technical bottlenecks and clinical transformation challenges:
limited understanding of how VR emotional responses can be optimally tailored for
patients with different levels of cognitive or physical impairment, imperfect
interdisciplinary collaboration mechanism, and lack of large-sample randomized
controlled trials for elderly bedridden patients, resulting in the optimal intervention
dose (such as weekly duration, treatment cycle) has not yet been clarified.

This study lays a theoretical foundation for the application of VR technology in
tumor psychological intervention and provides practical guidance for clinical practice.
Future research can fill the existing research gaps, promote the development of VR
marathon simulation training into a more accurate and inclusive intervention method,
realize the balance between technical innovation and clinical needs, and eventually
open up a new path for the psychological disinhibition intervention of bed-ridden
cancer patients.

Taken together, this review positions VR marathon simulation training as a
feasible, psychologically meaningful, and patient-centered intervention for bedridden
cancer patients. By addressing emotional disinhibition through immersive engagement,
attention modulation, and perceived autonomy, this technology aligns closely with the
therapeutic priorities of psycho-oncology. While technical and methodological
challenges remain, the psychosocial benefits identified in this study highlight the
potential for VR-based exercise substitution therapies to contribute meaningfully to
emotional well-being, behavioral stability, and quality of life in oncology care.

Ethical approval: Not applicable.
Informed consent statement: Not applicable.

Conlflict of interest: The authors declare no conflict of interest.

1. Murphy R, McGuinness D, Hallahan B. Pregabalin-induced sexual disinhibition. Irish Journal of Psychological Medicine.
2020; 37(1): 55-58. doi: 10.1017/ipm.2017.5
2. Douglas RJ. Hippocampal theta and disinhibition: A counterreply. Psychological Reports. 1969; 24(2): 583-586. doi:

10.2466/pr0.1969.24.2.583

3. Qu L. Application effect and quality of life evaluation of personalized psychological nursing in elderly patients with cancer.
Practical Medical Research. 2020; 2(2). doi: 10.36012/pmr.v2i2.1802

4. Bondarevska L, Gorobets T, Salenkova L. The impact of the online disinhibition effect on the formation of an individual’s
virtual identity. Psychological Journal. 2025; (14): 8-16. doi: 10.31499/2617-2100.14.2025.328723

26



Psycho-Oncologie 2025, 19(4), 4691.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pollack D, Stanley G. Coping and marathon sensitivity training. Psychological Reports. 1971; 29(2): 379-385. doi:
10.2466/pr0.1971.29.2.379

Marshall HH, Cowan PA. Note on “Disinhibition”. Psychlogical Reports. 1965; 17(2): 667-670. doi:
10.2466/pr0.1965.17.2.667

Song R, Chen Q, Zhang Y, et al. Psychophysiological restorative potential in cancer patients by virtual reality (VR)-based
perception of natural environment. Frontiers in Psychology. 2022; 13. doi: 10.3389/fpsyg.2022.1003497

Buche H, Michel A, Blanc N. Use of virtual reality in oncology: From the state of the art to an integrative model. Frontiers in
Virtual Reality. 2022; 3. doi: 10.3389/frvir.2022.894162

Guenther M, Gérlich D, Bernhardt F, et al. Virtual reality reduces pain in palliative care—A feasibility trial. BMC Palliat Care.
2022; 21(1): 169. doi: 10.1186/s12904-022-01058-4

Fabi A, Fotia L, Giuseppini F, et al. The immersive experience of virtual reality during chemotherapy in patients with early
breast and ovarian cancers: The patient’s dream study. Front Oncol. 2022; 12. doi: 10.3389/fonc.2022.960387

Zeng Y, Zeng L, Cheng ASK, et al. The use of immersive virtual reality for cancer-related cognitive impairment assessment
and rehabilitation: A clinical feasibility study. Asia Pac J Oncol Nurs. 2022; 9(12): 100079. doi: 10.1016/j.apjon.2022.100079
Erdés S, Horvath K. The impact of virtual reality (VR) on psychological and physiological variables in children receiving
chemotherapy: A pilot cross-over study. Integr Cancer Ther. 2023; 22. doi: 10.1177/15347354231168984

Hao J, Li Y, Swanson R, et al. Effects of virtual reality on physical, cognitive, and psychological outcomes in cancer
rehabilitation: A systematic review and meta-analysis. Supportive Care in Cancer. 2023; 31(2): 112. doi: 10.1007/s00520-022-
07568-4

Chin S, Cavadino A, Akroyd A, et al. An investigation of virtual reality nature experiences in patients with metastatic breast
cancer: Secondary analysis of a randomized controlled trial. JMIR Cancer. 2022; 8(3): €38300. doi: 10.2196/38300

Bowyer CB, Joyner KJ, Latzman RD, et al. A model-based strategy for interfacing traits of the DSM-5 AMPD with
neurobiology. J Pers Disord. 2020; 34(5): 586-608. doi: 10.1521/pedi.2020.34.5.586

Crews FT, Vetreno RP, Broadwater MA, et al. Adolescent alcohol exposure persistently impacts adult neurobiology and
behavior. Pharmacol Rev. 2016; 68(4): 1074-1109. doi: 10.1124/pr.115.012138

Li H, Zhao M, Jiang C, et al. Elevated plasma levels of mature brain-derived neurotrophic factor in major depressive disorder
patients with higher suicidal ideation. Brain Sci. 2023; 13(8): 1223. doi: 10.3390/brainscil3081223

Ben-Ari Y. Yehezkel Ben-Ari: The Neuroarcheology concept: From brain development to predicting, understanding, and
treating brain disorders. Genomic Psychiatry. 2025:1-4. doi:10.61373/gp025k.0050

Hummel R, Dorochow E, Zander S, et al. Valproic acid treatment after traumatic brain injury in mice alleviates neuronal death
and inflammation in association with increased plasma lysophosphatidylcholines. Cells. 2024; 13(9): 734. doi:
10.3390/cells13090734

McDougall E, Breen LJ, Nowak AK, et al. Psychosocial interventions for personality and behavior changes in adults with a
brain tumor: A scoping review. Neurooncol Pract. 2023; 10(5): 408-417. doi: 10.1093/nop/npad031

Vancampfort D, Firth J, Stubbs B, et al. The efficacy, mechanisms and implementation of physical activity as an adjunctive
treatment in mental disorders: A meta-review of outcomes, neurobiology and key determinants. World Psychiatry. 2025; 24(2):
227-239. doi: 10.1002/wps.21314

Nissen ER, Neumann H, Knutzen SM, et al. Interventions for insomnia in cancer patients and survivors—A comprehensive
systematic review and meta-analysis. JNCI Cancer Spectr. 2024; 8(3). doi: 10.1093/jncics/pkae041

Cheng Q, Xie J, Duan Y, et al. The psychological distress of gastrointestinal cancer patients and its association with quality of
life among different genders. Supportive Care in Cancer. 2024; 32(6): 329. doi: 10.1007/s00520-024-08533-z

Wong WM, Chan DNS, He X, et al. Effectiveness of pharmacological and nonpharmacological interventions for managing
the fatigue—sleep disturbance—depression symptom cluster in breast cancer patients undergoing chemotherapy. Cancer Nurs.
2023; 46(2): E70-E80. doi: 10.1097/NCC.0000000000001048

Ann-Yi S, Bruera E. Psychological aspects of care in cancer patients in the last weeks/days of life. Cancer Res Treat. 2022;
54(3): 651-660. doi: 10.4143/crt.2022.116

Guan T, Qan’ir Y, Song L. Systematic review of illness uncertainty management interventions for cancer patients and their
family caregivers. Supportive Care in Cancer. 2021; 29(8): 4623-4640. doi: 10.1007/s00520-020-05931-x

27



Psycho-Oncologie 2025, 19(4), 4691.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Zomerdijk N, Jongenelis M, Short CE, et al. Prevalence and correlates of psychological distress, unmet supportive care needs,
and fear of cancer recurrence among haematological cancer patients during the COVID-19 pandemic. Supportive Care in
Cancer. 2021; 29(12): 7755-7764. doi: 10.1007/s00520-021-06369-5

Springer F, Mehnert-Theuerkauf A, Gebhardt C, et al. Unmet supportive care needs among cancer patients: Exploring cancer
entity-specific needs and associated factors. J Cancer Res Clin Oncol. 2024; 150(4): 190. doi: 10.1007/s00432-024-05715-4
Kirby A, Drummond FJ, Lawlor A, et al. Counting the social, psychological, and economic costs of COVID-19 for cancer
patients. Supportive Care in Cancer. 2022; 30(11): 8705-8731. doi: 10.1007/s00520-022-07178-0

Husebe ALM, Sereide JA, Korner H, et al. eHealth interventions to support colorectal cancer patients’ self-management after
discharge from surgery—an integrative literature review. Supportive Care in Cancer. 2024; 32(1): 11. doi: 10.1007/s00520-
023-08191-7

Neubert S, Schlecht S, Meng K, et al. Effects of a video sequence based intervention on anxiety, fatigue and depression in
cancer patients: Results of a randomized controlled trial. Integr Cancer Ther. 2023; 22. doi: 10.1177/15347354231153172
Feng Y, Wang K, Fan J, et al. Mindfulness intervention, homogeneous medical concept, and concentrated solution nursing for
colorectal cancer patients: A retrospective study. BMC Cancer. 2024; 24(1): 1055. doi: 10.1186/s12885-024-12508-y

Brock H, Dwinger S, Bergelt C, et al. Peer2Me — evaluation of a peer supported program for adolescent and young adult (AYA)
cancer patients: Study protocol of a randomised trial using a comprehensive cohort design. BMC Cancer. 2024; 24(1): 788.
doi: 10.1186/s12885-024-12547-5

da Cruz MMA, Ricci-Vitor AL, Borges GLB, et al. A randomized, controlled, crossover trial of virtual reality in maintenance
cardiovascular rehabilitation in a low-resource setting: Impact on adherence, motivation, and engagement. Phys Ther. 2021;
101(5). doi: 10.1093/ptj/pzab071

Keller N, McHenry N, Duncan C, et al. Augmenting Exercise Protocols with Interactive Virtual Reality Environments. In:
2021 IEEE Aerospace Conference (50100). IEEE; 06-13 March 2021; Big Sky, MT, USA. doi:
10.1109/AER050100.2021.9438234

Jones L, Wheat J. Green and pleasant lands: The affective and cerebral hemodynamic effects of presence in virtual
environments during exercise. Percept Mot Skills. 2023; 130(2): 826-843. doi: 10.1177/00315125221146614

Wong CL, Li CK, Chan CWH, et al. Virtual reality intervention targeting pain and anxiety among pediatric cancer patients
undergoing peripheral intravenous cannulation. Cancer Nurs. 2021; 44(6): 435-442. doi: 10.1097/NCC.0000000000000844
Buetler KA, Penalver-Andres J, Ozen O, et al. “Tricking the Brain” Using immersive virtual reality: Modifying the self-
perception over embodied avatar influences motor cortical excitability and action initiation. Front Hum Neurosci. 2022; 15.
doi: 10.3389/fnhum.2021.787487

Buchem I, Vorwerg S, Stamm O. Effectiveness of self-competitive gamification designs in VR exergames. Pilot study results
from a 6-week training intervention with senior users. In: 8th International Conference on Human Interaction and Emerging
Technologies; January 2022; Berlin. doi: 10.54941/ahfe1002744

Gurz D, Coimbatore Dada K, Naga Nyshita V, et al. The impact of virtual reality (VR) gaming and casual/social gaming on
the quality of life, depression, and dialysis tolerance in patients with chronic kidney disease: A narrative review. Cureus. 2023;
15(9). doi: 10.7759/cureus.44904

Alhammad S. Advocating for action: Exploring the potential of virtual reality in breathing exercise—A review of the clinical
applications. Patient Prefer Adherence. 2024; 18: 695-707. doi: 10.2147/PPA.S451609

Meléndez-Oliva E, Sanchez-Romero EA, Segura-Orti E, et al. Effect of a virtual reality exercise on patients undergoing
haemodialysis: A randomised controlled clinical trial research protocol. Int J Environ Res Public Health. 2023; 20(5): 4116.
doi: 10.3390/ijerph20054116

Karaoglu T, Tanriverdi O. Personality type shapes acute anxiety response to music and medicine intervention during first
chemotherapy (PEGASUS-2). Appl Psychophysiol Biofeedback. 2025. doi: 10.1007/s10484-025-09712-2

Arksey H, O’Malley L. Scoping studies: Towards a methodological framework. Int J Soc Res Methodol. 2005; 8(1): 19-32.
doi: 10.1080/1364557032000119616

Chirico A, Maiorano P, Indovina P, et al. Virtual reality and music therapy as distraction interventions to alleviate anxiety and
improve mood states in breast cancer patients during chemotherapy. J Cell Physiol. 2020; 235(6): 5353-5362. doi:
10.1002/jcp.29422

28



Psycho-Oncologie 2025, 19(4), 4691.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Jimenez YA, Cumming S, Wang W, et al. Patient education using virtual reality increases knowledge and positive experience
for breast cancer patients undergoing radiation therapy. Supportive Care in Cancer. 2018; 26(8): 2879-2888. doi:
10.1007/s00520-018-4114-4

Taubert M, Webber L, Hamilton T, et al. Virtual reality videos used in undergraduate palliative and oncology medical teaching:
Results of a pilot study. BMJ Support Palliat Care. 2019; 9(3): 281-285. doi: 10.1136/bmjspcare-2018-001720

Mohr DC, Burns MN, Schueller SM, et al. Behavioral intervention technologies: Evidence review and recommendations for
future research in mental health. Gen Hosp Psychiatry. 2013; 35(4): 332-338. doi: 10.1016/j.genhosppsych.2013.03.008
GERSHON J, ZIMAND E, PICKERING M, et al. A pilot and feasibility study of virtual reality as a distraction for children
with cancer. J] Am Acad Child Adolesc Psychiatry. 2004; 43(10): 1243-1249. doi: 10.1097/01.chi.0000135621.23145.05
Indovina P, Barone D, Gallo L, et al. Virtual reality as a distraction intervention to relieve pain and distress during medical
procedures. Clin J Pain. 2018; 34(9): 858-877. doi: 10.1097/AJP.0000000000000599

Chirico A, Lucidi F, De Laurentiis M, et al. Virtual reality in health system: Beyond entertainment. a mini-review on the
efficacy of vr during cancer treatment. J Cell Physiol. 2016; 231(2): 275-287. doi: 10.1002/jcp.25117

Yin J, Yuan J, Arfaei N, et al. Effects of biophilic indoor environment on stress and anxiety recovery: A between-subjects
experiment in virtual reality. Environ Int. 2020; 136: 105427. doi: 10.1016/j.envint.2019.105427

Yeung AWK, Tosevska A, Klager E, et al. Virtual and augmented reality applications in medicine: Analysis of the scientific
literature. J Med Internet Res. 2021; 23(2): €25499. doi: 10.2196/25499

Windich-Biermeier A, Sjoberg I, Dale JC, et al. Effects of distraction on pain, fear, and distress during venous port access and
venipuncture in children and adolescents with cancer. Journal of Pediatric Oncology Nursing. 2007; 24(1): 8-19. doi:
10.1177/1043454206296018

Chen PHC, Gadepalli K, MacDonald R, et al. An augmented reality microscope with real-time artificial intelligence integration
for cancer diagnosis. Nat Med. 2019; 25(9): 1453-1457. doi: 10.1038/s41591-019-0539-7

Bani Mohammad E, Ahmad M. Virtual reality as a distraction technique for pain and anxiety among patients with breast cancer:
A randomized control trial. Palliat Support Care. 2019; 17(1): 29-34. doi: 10.1017/S1478951518000639

Schneider SM, Kisby CK, Flint EP. Effect of virtual reality on time perception in patients receiving chemotherapy. Supportive
Care in Cancer. 2011; 19(4): 555-564. doi: 10.1007/s00520-010-0852-7

Schneider SM, Prince-Paul M, JoAllen M, et al. Virtual reality as a distraction intervention for women receiving chemotherapy.
Oncol Nurs Forum. 2004; 31(1): 81-88. doi: 10.1188/04.ONF.81-88

Dahlquist LM, McKenna KD, Jones KK, et al. Active and passive distraction using a head-mounted display helmet: Effects
on cold pressor pain in children. Health Psychology. 2007; 26(6): 794-801. doi: 10.1037/0278-6133.26.6.794

Venkatesan M, Mohan H, Ryan JR, et al. Virtual and augmented reality for biomedical applications. Cell Rep Med. 2021; 2(7):
100348. doi: 10.1016/j.xcrm.2021.100348

Nilsson S, Finnstrom B, Kokinsky E, et al. The use of virtual reality for needle-related procedural pain and distress in children
and adolescents in a paediatric oncology unit. European Journal of Oncology Nursing. 2009; 13(2): 102-109. doi:
10.1016/j.jon.2009.01.003

Schneider SM, Hood LE. Virtual reality: A distraction intervention for chemotherapy. Oncol Nurs Forum. 2007; 34(1): 39-46.
doi: 10.1188/07.ONF.39-46

Ioannou A, Papastavrou E, Avraamides MN, et al. Virtual reality and symptoms management of anxiety, depression, fatigue,
and pain: A systematic review. SAGE Open Nurs. 2020; 6. doi: 10.1177/2377960820936163

Li WH, Chung JO, Ho EK. The effectiveness of therapeutic play, using virtual reality computer games, in promoting the
psychological well-being of children hospitalised with cancer. J Clin Nurs. 2011; 20(15-16): 2135-2143. doi: 10.1111/5.1365-
2702.2011.03733.x

Tuena C, Pedroli E, Trimarchi PD, et al. Usability issues of clinical and research applications of virtual reality in older people:
A systematic review. Front Hum Neurosci. 2020; 14. doi: 10.3389/fnhum.2020.00093

Schneider SM, Ellis M, Coombs WT, et al. Virtual reality intervention for older women with breast cancer. Cyberpsychology
& Behavior. 2003; 6(3): 301-307. doi: 10.1089/109493103322011605

Niki K, Okamoto Y, Maeda I, et al. A novel palliative care approach using virtual reality for improving various symptoms of
terminal cancer patients: A preliminary prospective, Multicenter Study. J Palliat Med. 2019; 22(6): 702-707. doi:
10.1089/jpm.2018.0527

29



Psycho-Oncologie 2025, 19(4), 4691.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

Bafios RM, Espinoza M, Garcia-Palacios A, et al. A positive psychological intervention using virtual reality for patients with
advanced cancer in a hospital setting: A pilot study to assess feasibility. Supportive Care in Cancer. 2013; 21(1): 263-270. doi:
10.1007/s00520-012-1520-x

Zeng Y, Zhang JE, Cheng ASK, et al. Meta-analysis of the efficacy of virtual reality-based interventions in cancer-related
symptom management. Integr Cancer Ther. 2019; 18. doi: 10.1177/1534735419871108

Gergeker GO, Bektas M, Aydinok Y, et al. The effect of virtual reality on pain, fear, and anxiety during access of a port with
huber needle in pediatric hematology-oncology patients: Randomized controlled trial. European Journal of Oncology Nursing.
2021; 50:101886. doi: 10.1016/j.ejon.2020.101886

van der Kruk SR, Zielinski R, MacDougall H, et al. Virtual reality as a patient education tool in healthcare: A scoping review.
Patient Educ Couns. 2022; 105(7): 1928-1942. doi: 10.1016/j.pec.2022.02.005

Atzori B, Hoffman HG, Vagnoli L, et al. Virtual reality analgesia during venipuncture in pediatric patients with onco-
hematological diseases. Front Psychol. 2018; 9. doi: 10.3389/fpsyg.2018.02508

Pourmand A, Davis S, Lee D, et al. Emerging utility of virtual reality as a multidisciplinary tool in clinical medicine. Games
Health J. 2017; 6(5): 263-270. doi: 10.1089/g4h.2017.0046

Scates D, Dickinson JI, Sullivan K, et al. Using nature-inspired virtual reality as a distraction to reduce stress and pain among
cancer patients. Environ Behav. 2020; 52(8): 895-918. doi: 10.1177/0013916520916259

Birnie KA, Kulandaivelu Y, Jibb L, et al. Usability testing of an interactive virtual reality distraction intervention to reduce
procedural pain in children and adolescents with cancer. Journal of Pediatric Oncology Nursing. 2018; 35(6): 406-416. doi:
10.1177/1043454218782138

Dahlquist LM, Weiss KE, Law EF, et al. Effects of videogame distraction and a virtual reality type head-mounted display
helmet on cold pressor pain in young elementary school-aged children. J Pediatr Psychol. 2010; 35(6): 617-625. doi:
10.1093/jpepsy/jsp082

Ahmad M, Bani Mohammad E, Anshasi HA. Virtual reality technology for pain and anxiety management among patients with
cancer: A systematic review. Pain Management Nursing. 2020; 21(6): 601-607. doi: 10.1016/j.pmn.2020.04.002

Tennant M, Youssef GJ, McGillivray J, et al. Exploring the use of immersive virtual reality to enhance psychological well-
being in pediatric oncology: A pilot randomized controlled trial. European Journal of Oncology Nursing. 2020; 48: 101804.
doi: 10.1016/j.ejon.2020.101804

Carter BL, Bordnick P, Traylor A, et al. Location and longing: The nicotine craving experience in virtual reality. Drug Alcohol
Depend. 2008; 95(1-2): 73-80. doi: 10.1016/j.drugalcdep.2007.12.010

Tennant M, McGillivray J, Youssef GJ, et al. Feasibility, acceptability, and clinical implementation of an immersive virtual
reality intervention to address psychological well-being in children and adolescents with cancer. Journal of Pediatric Oncology
Nursing. 2020; 37(4): 265-277. doi: 10.1177/1043454220917859

Rutkowski S, Czech O, Wrzeciono A, et al. Virtual reality as a chemotherapy support in treatment of anxiety and fatigue in
patients with cancer: A systematic review and meta-analysis and future research directions. Complement Ther Med. 2021; 61:
102767. doi: 10.1016/j.ctim.2021.102767

Reynolds LM, Cavadino A, Chin S, et al. The benefits and acceptability of virtual reality interventions for women with
metastatic breast cancer in their homes; A pilot randomised trial. BMC Cancer. 2022; 22(1): 360. doi: 10.1186/s12885-021-
09081-z

Niki K, Yahara M, Inagaki M, et al. Immersive virtual reality reminiscence reduces anxiety in the oldest-old without causing
serious side effects: A single-center, pilot, and randomized crossover study. Front. Hum. Neurosci. 2021; 14: 598161. doi:
10.3389/fnhum.2020.598161

Barsasella D, Liu MF, Malwade S, et al. Effects of virtual reality sessions on the quality of life, happiness, and functional
fitness among the older people: A randomized controlled trial from Taiwan. Comput Methods Programs Biomed. 2021; 200:
105892. doi: 10.1016/j.cmpb.2020.105892

Kober SE, Wood G, Berger LM. Controlling virtual reality with brain signals: State of the art of using VR-based feedback in
neurofeedback applications. Appl Psychophysiol Biofeedback. 2024. doi: 10.1007/s10484-024-09677-8

30



