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Abstract: Cancer rehabilitation increasingly integrates exercise to improve quality of life and
psychological adjustment. Yet, few approaches emphasize the neuropsychological dimension
of sport participation, especially cognitively engaging team sports such as volleyball. This
review explores how volleyball functions as a neuropsychological training model in oncology
care, promoting cognitive flexibility, emotional regulation, and social reintegration among
cancer survivors. A systematic narrative review was conducted across PubMed, Scopus, Web
of Science, and Cochrane databases (2010-2025), following PRISMA 2020 guidelines. Eight
studies addressing volleyball or team-sport interventions in oncology populations were
synthesized thematically. Evidence shows that volleyball participation improves executive
function, attention, motivation, and resilience while reducing anxiety and depressive symptoms.
The sport’s cooperative, strategic nature enhances cognitive stimulation, emotional confidence,
and group belonging. Adapted formats, such as sitting volleyball, extend accessibility to frail
or paediatric survivors. Volleyball represents a multidimensional intervention bridging
cognitive rehabilitation, emotional stability, and psychosocial identity reconstruction in cancer
recovery. Integrating such cognitively enriched sports into oncology rehabilitation can
strengthen both neural and emotional resilience.

Keywords: volleyball; cancer survivorship; cognitive rehabilitation; emotional regulation;
psychoneuroimmunology; psychosocial oncology; team sport; quality of life

1. Introduction

Sport participation has gained growing attention as a complementary strategy in
oncology rehabilitation, recognized for its physical benefits as well as its impact on
psychological and cognitive recovery [1-3]. Cancer treatments often lead to persistent
neuropsychological sequelae, such as mental fatigue, executive dysfunction, and
emotional distress, which can last long after therapy completion [4,5]. These sequelae
may limit daily functioning, hinder social reintegration, and reduce adherence to
survivorship programs, underscoring the need for effective rehabilitation strategies
[2,3]. Beyond traditional symptom management, emerging evidence emphasizes the
importance of addressing patients’ holistic recovery encompassing physical,
psychological, and social dimensions to restore autonomy and life satisfaction [1].
Integrating sport-based interventions into oncology care may therefore offer a more
comprehensive pathway toward functional and emotional recovery [2,3].

Traditional exercise programs such as walking or cycling primarily target fatigue
and cardiovascular health but often provide limited cognitive or social stimulation.
Emerging evidence suggests that participation in team-based, cognitively demanding
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sports may offer broader neuropsychological advantages, fostering attention, decision-
making, and emotional regulation simultaneously [6]. For instance, structured physical
activities can serve to improve physical fitness while also enhancing social interactions
and cognitive engagement, which are key elements for recovery and well-being in
cancer survivors [5,7]. Moreover, the interactive and goal-oriented nature of such
activities promotes sustained engagement and enjoyment, leading to improved
program adherence compared with monotonous individual exercise routines [6]. As a
result, team-based rehabilitation strategies may optimize both neurocognitive
performance and emotional resilience, ultimately supporting long-term survivorship
outcomes [3,5].

Among such sports, volleyball stands out for its balance between moderate
intensity and complex tactical engagement. The sport requires continuous perceptual
scanning, anticipation, and cooperation, thus activating prefrontal and limbic circuits
associated with executive control and emotional regulation [1,8]. These mechanisms
may not only enhance physiological conditioning but also boost psychological
resilience and motivation, critical factors for post-treatment adjustment [2,3]. In
addition, volleyball offers a structured yet socially dynamic environment that fosters
peer connection, communication, and collective achievement, aligning closely with
psycho-oncological principles of group-based recovery [5]. Its cooperative nature
encourages mutual support and empathy among participants, thereby bridging the gap
between physical rehabilitation and psychosocial reintegration [1,4] Furthermore,
skills acquired through team sports may translate into improved psychosocial
outcomes, making such activities integral to rehabilitation programs [4].

Despite these theoretical advantages, volleyball remains underrepresented in
psycho-oncology literature. Most studies tend to focus on traditional aerobic or mind-
body interventions such as yoga or Tai Chi [2,5]. This review addresses this gap by
analysing existing literature to conceptualize volleyball as a neuropsychological
training model for oncology care. By merging perspectives from sport cognition,
emotion regulation, and psychoneuroimmunology, this work proposes an integrative
framework indicating how structured volleyball activity can strengthen both cognitive
flexibility and emotional stability in cancer survivors [3]. Through this
multidimensional lens, volleyball is positioned not merely as a recreational sport but
as a potential therapeutic platform capable of enhancing quality of life and adaptive
functioning across diverse cancer populations [1,8].

2. Literature review

2.1. Exercise and psychoneuroimmunology in oncology

Physical activity is associated with improved immune function, reduced
inflammation, and better treatment tolerance among cancer survivors. Regular
exercise has been shown to modulate the hypothalamic-pituitary-adrenal (HPA) axis,
leading to balanced cortisol secretion and reduced chronic stress, which is essential in
oncological contexts where stress can negatively impact health outcomes [9,10].
Within the psychoneuroimmunology model, behavioural activation through sport may
influence both psychological resilience and cellular immunity, forming a bidirectional
mind-body connection [11]. As presented in Figure 1, the conceptual model illustrates
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how sports facilitate cognitive and physiological pathways of recovery in cancer
patients. Additionally, consistent moderate exercise has been shown to improve
lymphocyte proliferation and enhance the activity of natural killer cells, which play
crucial roles in tumor surveillance and recovery [12]. Participation in structured sport
can promote anti-inflammatory cytokine profiles and effectively reduce systemic
markers such as IL-6 and TNF-a that are commonly elevated in cancer-related fatigue
[13,14]. This physiological regulation aligns with psychological improvements in
mood and stress reactivity, reinforcing the integrative biopsychosocial framework of
oncology rehabilitation [10].

Psychoneurommmunological Adaptation

I X1

Figure 1. Theoretical pathways linking sport participation and health outcomes in
oncology.

2.2. Cognitive rehabilitation through sport

Cognitive deficits following chemotherapy, often referred to as "chemo-brain,"
can significantly impact memory, processing speed, and executive control in cancer
survivors [15]. Evidence from exercise neuroscience supports the notion that
cognitively enriched activities can enhance neuroplasticity and cerebrovascular
efficiency [16]. Team sports such as volleyball, which demand rapid decision-making
and dual-task processing, create naturalistic cognitive retraining environments [17].
Recent neuroimaging studies indicate that exercise-induced increases in brain-derived
neurotrophic factor (BDNF) may mediate improvements in attention and working
memory in cancer survivors [16,18]. Moreover, active engagement in sports requiring
anticipatory coordination, such as volleyball, enhances both motor and cognitive
flexibility, offering a non-pharmacological approach to cognitive retraining [19].
Collectively, these effects demonstrate that sport-based interventions can complement
formal neurorehabilitation programs and promote long-term cognitive recovery [20].

2.3. Emotional regulation and motivation in sport contexts

Emotional stability and intrinsic motivation serve as key mediators of long-term
adaptation post-cancer treatment [21]. Team-sport environments foster positive affect,
self-efficacy, and social identity reconstruction through shared goals and peer empathy
[22]. The cooperative rhythm of volleyball, with its alternating action and recovery,
encourages players to regulate arousal and synchronize emotions with teammates,
potentially reducing fear of recurrence and depressive mood [23]. Regular
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participation in such sports activates dopaminergic reward pathways, thereby
reinforcing motivation and emotional resilience [21]. These repeated positive social
experiences enable participants to gradually re-establish self-determination and
confidence, crucial components of psychological recovery [9]. Over time, these
processes contribute to a sustained sense of purpose and belonging, both of which are
critical for long-term mental health among cancer survivors [10].

2.4. Social belonging and identity reconstruction

Cancer treatment frequently disrupts patients' social networks, leading to
diminished self-concept [24]. Re-engagement in organized sports provides essential
opportunities for social reintegration and role rebuilding [25]. Volleyball, in particular,
promotes group cohesion and mutual support while maintaining a manageable
physical intensity level. Pediatric and adolescent survivors benefit greatly from this
environment, as it fosters a sense of normalcy and empowerment [26]. Beyond these
interpersonal effects, social participation in sports facilitates identity continuity,
allowing survivors to view themselves as athletes rather than patients [27]. This
reframing process enhances self-esteem and reduces internalized stigma, which is
particularly significant for young survivors coping with altered body image and social
anxiety [23]. Thus, team-based physical activities not only rebuild social capital but
also anchor survivors within a supportive community of shared resilience [10].

2.5. Comparative evidence from other sports

Comparative studies suggest that volleyball provides stronger psychological and
cognitive benefits compared to other activities such as walking, cycling, or yoga [17].
While aerobic exercises target fatigue, they often lack the strategic interactivity
inherent in volleyball, which stimulates cognitive engagement [14]. Conversely,
although yoga is beneficial for relaxation and mindfulness, it provides limited
stimulation for attention and working memory [28]. Literature validates volleyball’s
role as a hybrid activity, combining cognitive challenges, social connections, and
emotional empowerment within a single modality [29]. Recent analyses further
highlight that volleyball’s team dynamics and requirement for immediate decision-
making activate both the prefrontal cortex and limbic system, fostering neurocognitive
integration [19]. Moreover, the interactive feedback between players promotes
empathy, cooperation, and rapid adaptability—skills that are psychologically
restorative for individuals emerging from isolation during cancer recovery [30]. These
integrative mechanisms make volleyball uniquely suited for psycho-oncological
interventions compared to more solitary or repetitive exercise forms [10].

2.6. Research gap and theoretical need

Despite emerging data supporting these claims, volleyball’s role in psycho-
oncology remains largely underdeveloped [11]. There exists a conceptual gap between
sport cognition theory and psychoneuroimmunological evidence in cancer
rehabilitation [15]. This review seeks to synthesize existing findings and propose a
multilevel model that connects cognitive activation, emotional regulation, and social
belonging, illustrating how volleyball could serve as a neuropsychological training
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pathway for oncology patients [16]. Previous studies have rarely integrated
psychosocial and biological outcomes within a single analytical framework, limiting
our understanding of holistic recovery [25]. Future investigations should adopt
interdisciplinary designs combining neuroimaging, biomarker analysis, and
qualitative assessment to validate volleyball’s therapeutic potential [21]. Addressing
this theoretical need will strengthen the foundation for developing evidence-based
sport interventions within psycho-oncology practice [30].

3. Methodology

3.1. Review design

This study adopted a systematic narrative review design guided by the PRISMA
2020 statement and informed by the integrative synthesis approach of Whittemore and
Knafl [31]. The review aimed to identify, analyse, and interpret evidence on how
volleyball participation contributes to cognitive and emotional rehabilitation in
oncology populations. The narrative approach was selected to capture both
quantitative outcomes and qualitative insights on motivation, identity, and
psychosocial adaptation that cannot be reduced to statistical effect sizes. The
methodology integrated systematic transparency (explicit search, inclusion criteria,
and extraction protocol) with interpretive synthesis, allowing the development of a
conceptual framework the neuropsychological training model of volleyball in cancer
care.

3.2. Search strategy

A comprehensive search was conducted between March and May 2025 across
four major databases; PubMed, Scopus, Web of Science, and the Cochrane Library.
Search strings combined sport, oncology, and psychological constructs using Boolean
operators:

(“volleyball” OR “team sport” OR “ball game” OR “group sport””) AND (“cancer”
OR “oncology” OR “tumor”) AND (“psychology” OR “cognitive function” OR
“emotional regulation” OR “rehabilitation” OR “quality of life”).

Filters were limited to English-language, peer-reviewed studies published from
2010 to 2025. Reference lists of retrieved papers were screened to identify additional
eligible studies. The process adhered to PRISMA recommendations for transparency
and reproducibility.

3.3. Inclusion and exclusion criteria

Studies were considered eligible for inclusion if they met the following
conditions: They were empirical or conceptual investigations examining sport
participation among cancer patients or survivors, and they explicitly mentioned
volleyball either as a primary focus or as part of a broader team-sport intervention.
Eligible studies were required to report at least one psychological, cognitive, or
emotional outcome, such as motivation, resilience, executive function, or quality of
life. No age restriction was applied; therefore, research involving paediatric,
adolescent and young adult (AYA), or adult participants was included. Only peer-
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reviewed journal articles published between 2010 and 2025 were considered to ensure
contemporary and credible evidence.

Studies were excluded if they focused solely on physiological fitness parameters
or biochemical markers without any psychological or cognitive dimension. Articles
that did not relate to oncology such as those involving orthopaedic, neurological, or
cardiovascular populations were also omitted. Additional exclusions included case
reports, editorials, or conference abstracts lacking empirical or theoretical data, as well
as duplicate publications or studies with unclear or insufficient methodological
description.

3.4. Screening and selection process

The database search initially yielded 178 records. After removing duplicates (n =
46) and screening titles and abstracts, 27 full-text articles were reviewed in detail.
Following eligibility assessment based on inclusion criteria, 8 studies were retained
for final synthesis. A flow of study identification, screening, and selection was
prepared following PRISMA 2020 [32] guidelines shown in Figure 2. This process
ensured transparent tracking of article selection and minimized bias.

Records ihentified through Additional records entifsed
dalabase searching (n = 178) through citstion search (n = 5)
i -

Records after GLIpIr:a':Eﬁ remaoved

{n=132)
E

'

Tities and absiracts sCreened

(=132}
J/Excjuci:d \
Records exciuded | FulHext anticles assessed
n = 108} Tar eligibility (n=27)
‘AU'-M \
Full-text aMicles excluded Stdies inClisded |
(= 1%} qualative synthesis (n = B)

Figure 2. PRISMA 2020 flow of literature identification, screening, eligibility, and inclusion for the review of
volleyball-based psychosocial and neurocognitive interventions in oncology.

3.5. Data extraction and management

All eligible articles were extracted into a structured Excel matrix containing:
a)  Author(s), year, and journal
b) Population and cancer type
¢) Role or context of volleyball
d)  Psychological or cognitive outcomes assessed
e) Key findings and study relevance
The dataset included both empirical studies (quantitative and qualitative) and
conceptual frameworks highlighting cognitive emotional mechanisms. Data
consistency and accuracy were cross-checked by two reviewers independently.
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Discrepancies were resolved through discussion until consensus was reached. Key
extracted variables were later organized into thematic clusters cognitive activation,
emotional modulation, and social reintegration forming the backbone of the Results
and Discussion structure.

3.6. Data synthesis

Given the heterogeneity of the included studies (ranging from rehabilitation trials
to psychological frameworks), a narrative thematic synthesis was applied. The
synthesis followed three iterative stages. No meta-analysis was performed due to data
diversity and limited sample comparability, consistent with narrative review standards:
a) Descriptive Mapping: Each study was summarized by design, sample,

intervention type, and outcomes.

b) Thematic Integration: Recurring constructs were grouped under three meta-
themes cognitive, emotional, and social mechanisms of sport rehabilitation.

¢) Interpretive Modelling: Themes were integrated into a conceptual framework
explaining how volleyball functions as a neuropsychological training model that
enhances attention, executive function, emotional regulation, and social identity
reconstruction.

3.7. Limitations of the methodology

Although designed for methodological transparency, this review has several
limitations. The small number of volleyball-specific studies restricts generalizability.
The majority were cross-sectional or observational, limiting causal inference.
Moreover, language and publication filters may have excluded non-English or
unpublished evidence. Finally, the narrative synthesis relies partly on interpretive
judgment, though double-reviewer verification minimized subjectivity.

3.8. Data synthesis

The methodological approach balanced systematic rigor with interpretive depth.
Through structured search, transparent selection, and thematic synthesis, this review
established a coherent body of evidence linking volleyball participation to cognitive
and emotional recovery in oncology. The methodology thus provides a credible
foundation for the conceptual and empirical interpretations presented in.

4. Results and discussion

4.1. Overview of included evidence

Eight peer-reviewed studies published between 2012 and 2025 were included,
spanning clinical and psychosocial contexts across adult, paediatric, and adolescent
young-adult (AYA) cancer populations. The chronological distribution shows a
gradual conceptual evolution from early work that treated volleyball merely as a form
of moderate group exercise [33] to recent frameworks positioning it as a cognitive
emotional intervention integrated within oncology rehabilitation [34,35]. Across all
publications, volleyball emerged as either an explicitly studied or implicitly referenced
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team sport combining moderate physical demand (3 5 METs) with dynamic cognitive
and social engagement. While early studies measured outcomes such as quality of life
(QoL) and fatigue reduction, later research expanded to neuropsychological and
identity-related variables including attention, resilience, body image, and emotional
regulation. The majority of studies reported high to extremely high relevance for post-
treatment recovery in Table 1, indicating volleyball’s perceived therapeutic potential

within supportive oncology programs.

Table 1. Summary of study characteristics, participant details, intervention features, and principal psychosocial
outcomes for all volleyball-related oncology studies included in the review.

Authors Cancer type/population Volleyball role Key psychological themes Principal findings
Light/moderate group . . . . Team-based sport enhances
, . . Fear, anxiety, body image, social .
Kahan et al. [36] Breast cancer survivors activity in rehab . . psychosocial recovery and reduces
reintegration .
program distress

Bock et al. [33]

Sebri et al. [34]

Schwartz and
Terry [37]

Spreafico et al.
(38]

Baker et al. [35]

Baker et al. [39]

Belanger et al.
[40]

Postmenopausal breast cancer

Mixed cancers (conceptual)

Female athletes after
treatment

Pediatric renal tumors

Childhood/adolescent
survivors

AYA (adolescent-young
adult)

Young adult survivors

Included among
assessed sports

Explicit model of
cognitive sport

Highlighted for
neuro-rehab potential

Safe, supervised team
sport

Frequently cited
preferred sport

Explicitly reported
preferred sport

Moderate-intensity

Motivation, fatigue, QoL
Executive function, decision-
making, emotion regulation

Identity, empowerment,
readiness

Fear reduction, motivation,
social inclusion

Belonging, resilience,
confidence

Resilience, body image,
depression

Depression, stress, self-esteem,

Group sport participation linked to
improved adherence and QoL

Volleyball stimulates cognitive
flexibility and emotional control

Restores athletic identity and
motivation post-treatment

Volleyball normalizes experience
and builds empowerment

Promotes peer support and self-
confidence

Participation improves resilience
and reduces depression

Sport participation lowers stress

team sport QoL and improves self-esteem

4.2. Volleyball as a medium of cognitive rehabilitation

Volleyball’s structure requiring rapid perceptual scanning, short-term memory,
anticipation, and team coordination was repeatedly associated with executive function
recovery as classified in Table 2. Sebri et al. [34] explicitly described volleyball as a
“cognitive training model,” emphasizing its demand for constant tactical adaptation
and decision speed. Unlike linear aerobic exercises, volleyball engages multi-sensory
integration and real-time information processing, activating prefrontal cortical
networks involved in cognitive flexibility. Several studies noted improved
concentration and reaction control among survivors who participated in structured
volleyball sessions as part of multidisciplinary rehabilitation [37]. This aligns with
evidence from neuropsychological rehabilitation literature suggesting that interactive
motor tasks stimulate both hemispheric activation and compensatory neuroplasticity.
The game’s turn-taking rhythm and cooperative communication also encourage
divided attention and impulse regulation functions often impaired by chemotherapy-
induced neurotoxicity. Thus, volleyball represents a naturalistic cognitive retraining
context that simultaneously reinforces executive and motor coordination capacities.
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Table 2. Summary of the main psychological themes and reported outcomes identified across the included studies.

Psychological theme No. of studies Representative studies Observed effect Direction
. D d distress, i d .
Fear/Anxiety 3 [36,38] ecreased distress, improved sense o Anxiety
of control
Motivation/Self- 4 37.40] Increased intrinsic motivation and Increase Motivation
efficacy confidence
. . I d affect stability, f .
Emotional Regulation 3 [34,36] fmprove . alloct stablily, tewer Increase Regulation
mood swings
Enhanced social inclusion, restored
Identity/Belongi 4 37,38 ’ I Belongi
dentity/Belonging [37,38] athletic identity ncrease Belonging
. . Reduced d i d .
Depression/Fatigue 2 [33,40] eauced depressive scores an Reduce Depression

fatigue indices

4.3. Emotional regulation and psychosocial growth

Emotional recovery featured prominently across six of the eight studies. Kahan
et al. [36] identified volleyball-based rehabilitation as beneficial for fear reduction,
anxiety management, and re-establishing body confidence among breast cancer
survivors. Similarly, pediatric-focused work [35,38] reported improvements in
motivation, self-esteem, and perceived control. These effects can be understood
through the lens of psychoneuroimmunology, which links physical activity and social
interaction with the regulation of stress hormones and inflammatory markers.
Volleyball, as a cooperative rather than competitive activity, fosters positive affect and
endorphin-mediated mood stabilization. The shared goal structure and emotional
contagion within team play contribute to oxytocin release, supporting emotional
bonding and trust two factors critical in post-treatment psychosocial reintegration. In
adolescents and young adults, Baker et al. [39] demonstrated that volleyball
participation correlates with reduced depressive symptoms and enhanced resilience,
especially when supervised by supportive coaches who encourage gradual exposure
rather than performance pressure. Together, these findings underscore volleyball’s
capacity to convert exercise into an emotionally restorative and socially meaningful
experience.

4.4. Rebuilding identity and social belonging

Identity reconstruction was another recurring theme, particularly among female
and younger survivors. Schwartz and Terry [37] described volleyball as a medium
through which female athletes reclaim their pre-illness identities and regain athletic
self-efficacy. The symbolic return to a court environment helps reframe survivorship
from a passive medical identity to an active, self-determining one. In paediatric and
adolescent populations, team belonging acted as both a motivator and a therapeutic
scaffold. Baker et al. [35] found that volleyball’s inclusive nature fosters peer empathy
and shared resilience, mitigating feelings of isolation common after prolonged
hospitalization. These psychosocial dynamics complement the cognitive mechanisms
discussed earlier: as individuals experience greater social support, attentional and
affective systems become more stable, reinforcing adaptive coping. Moreover, group-
based volleyball training enables survivors to negotiate new social identities,



Psycho-Oncologie 2025, 19(4), 5587.

balancing vulnerability and competence. Such settings provide a psychologically safe
space where patients can re-engage with others without stigma, supporting the broader
rehabilitation goal of community re-entry.

4.5. Comparative analysis: Volleyball vs. other sports modalities

Compared to repetitive or solitary activities such as walking or cycling [33,40],
volleyball provides richer cognitive and emotional stimulation. Aerobic exercises
improve fatigue and cardiovascular health but often lack the dynamic, strategic, and
communicative elements necessary for higher-order cognitive rehabilitation.
Volleyball’s gameplay requires continuous adaptation to changing cues, activating
working memory and attentional switching more intensively than linear motion
activities. From a psychological standpoint, volleyball’s group format produces dual
reinforcement both extrinsic (social validation) and intrinsic (skill mastery) which
strengthens adherence[39]. Nonetheless, individual exercise retains relevance for
patients unable to tolerate group play or high-impact activity. The complementary
relationship between both forms in Table 3 suggests that volleyball should be viewed
not as a replacement but as an enriched layer within the physical rehabilitation
continuum.

Table 3. Comparison of volleyball and other sports modalities based on physical intensity, cognitive demand, and

psychosocial relevance in cancer rehabilitation.

Physical
] Y . Cognitive L. . Documented psychological Overall suitability in
Sport type  intensity Social interaction level
demand outcomes oncology care
(METs)
High; requires . .
g‘ d .. ) : . Very high; cognitively
tactical decision-  High; team Improved executive function, . . .
Moderate (3 6 . : L L . stimulating, socially
Volleyball making, spatial communication and motivation, body image, .
METs) . . . engaging, adaptable for
awareness, and shared goals emotional regulation, resilience .
. .. group or sitting play
rapid coordination
Walking / Low; repetitive, Reduces fatigue and anxiety, Moderate; safe baseline
. Low- Moderate . o . R .
Nordic (2 4 METS) automatic motor ~ Low; usually individual improves QoL and activity, limited cognitive
S
Walking pattern cardiovascular health stimulation
Low- Moderate
Cyclin, . Moderate; suitable for
4 . £ Moderate (4 6 attention to Low- Moderate; may be Improves endurance, reduces .
(stationary or . . . stamina but lacks team
METs) rhythm and solitary fatigue and depressive mood . .
outdoor) Interaction
endurance
Moderate;
Swimming / . . . Low- Moderate; shared . High; good for joint
. Moderate- High proprioceptive . Enhances mood, sleep quality, . .
Aquatic space but limited o protection, less social
(57 METs) control and L flexibility
Therapy communication engagement
rhythm
. Moderate; .
Yoga /Mind . . . ) ) High; excellent for
Low- Moderate concentration, Low; introspective Improves anxiety, mindfulness, . .
Body ) . . relaxation but minimal
. (2 4 METs) breathing, practice emotional calm . ) L.
Exercise . cognitive-social activation
mindfulness
Team Ball . High; cooperative . High; conceptually similar
Moderate- High g‘ P High; strong peer Enhances self-efficacy, & pruatly i
Games tactics and . ] ) to volleyball but varies by
. (4 7 METs) . connection belonging, enjoyment . .
(generic) adaptation contact intensity

10
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4.6. Limitations and cautions in application

Despite the consistent evidence of benefit, several limitations warrant
consideration. Volleyball involves intermittent high-impact movements jumping, arm
swings, and abrupt directional changes which may be unsuitable for frail, neuropathic,
or post-surgical patients [37,38]. Clinicians must therefore assess musculoskeletal
integrity, balance, and fatigue tolerance before recommending participation [36].
Psychological readiness also varies: some survivors experience social anxiety, body-
image concerns, or fear of reinjury, which can hinder engagement in team-based sports
[35,39]. Professional supervision and gradual exposure remain crucial to avoid
psychological overload and sustain long-term adherence [33,40]. Environmental
constraints such as facility access, trained facilitators, and appropriate group sizes also
influence program feasibility [35,36]. Adaptive formats including sitting volleyball,
mini-court games, and modified ball weights provide safer, inclusive alternatives that
maintain cognitive stimulation while reducing physical strain [38]. These adaptations
highlight that volleyball’s therapeutic essence lies not in physical intensity but in
interactivity the cognitive and emotional dialogue created among players [34,39].
Recognizing this flexibility allows oncology rehabilitation programs to customize
interventions across diverse patient profiles and recovery stages shown in Table 4.

Table 4. Implementation considerations and safety precautions for volleyball-based interventions.

Recommended adaptation or

Limitation Potential issue e Potential issue Source
mitigation strategy
Use sitti lleyball or low-

Post-surgical or frail High joint load, risk of . se sl m,g ,VO cypat oriow High joint load, risk of
impact mini-court games; reduce [35.,38]

patients

Chemotherapy-induced
neuropathy or fatigue

Psychological readiness
/ social anxiety

Facility and staff
limitations

musculoskeletal strain

. " musculoskeletal strain
jump actions

Impaired balance and Incorporate balance drills, extend Impaired balance and [36.37]
coordination rest intervals, shorter matches coordination ’
Begin with closed-
Fear of performance, cemn W e ose. group or . Fear of performance, body-
: . i therapist-led sessions to rebuild . . ) [39]
body-image insecurity image insecurity
confidence
Part ith rehabilitati tres;
Lack of trained facilitators a ger With rehabit ? 101,1 contres; Lack of trained facilitators or
provide coach education in [35]

or safe indoor courts

safe indoor courts
oncology safety

4.7. Integrative interpretation: Toward a neuropsychological training
framework

Synthesizing across studies, volleyball emerges as a multidimensional
rehabilitation tool that integrates neurocognitive, emotional, and social pathways. Its
dynamic environment continuously challenges attention, working memory, and
decision-making, promoting neural efficiency and resilience. Concurrently, the sport’s
cooperative structure nurtures affective regulation and belonging, creating a positive
feedback loop between cognitive control and emotional stability. From a
psychoneuroimmunological perspective, engagement in such cognitively enriched
physical activity may influence hypothalamic pituitary adrenal (HPA) axis balance,
modulate cortisol secretion, and enhance immune recovery linking behavioural

11
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activation with physiological resilience. Thus, volleyball can be conceptualized as a
neuropsychological training model that transforms physical play into cognitive
emotional therapy. Figure 3 illustrates the integrative model proposed in this review,
showing how volleyball participation activates interconnected cognitive, emotional,
and social systems in cancer rehabilitation. At the core, volleyball stimulates executive
control, attention, and decision-making functions often impaired after chemotherapy
or radiotherapy. These cognitive processes influence the emotional layer,
strengthening motivation, confidence, and affect regulation through positive feedback
and self-efficacy gained in gameplay. The outer social layer represents team
engagement, belonging, and identity reconstruction, while shared goals and
cooperative play foster resilience and social reintegration. Bidirectional arrows
emphasize that improvements in one layer reinforce the others, creating a self-
sustaining cycle of neuropsychological recovery. The side link labelled
psychoneuroimmunological adaptation denotes how these behavioural and affective
gains can modulate physiological systems such as stress-hormone regulation and
immune response. The model conveys volleyball as a neuropsychological training
framework capable of bridging cognitive rehabilitation, emotional healing, and social
empowerment within oncology care. This synthesis supports an integrative model in
which cognitive flexibility, emotional regulation, and social identity reconstruction
form the triadic pillars of recovery. When delivered through adaptive, supervised, and
inclusive programs, volleyball may complement existing oncological rehabilitation
strategies, bridging the gap between motor rehabilitation and psychological healing.

uoneydepy
122150 OUNWLIIOINAUOYIAS ]

Stress-Hormone
Balance
&
Immune Recovery

Figure 3. Neuropsychological and psychosocial pathways of volleyball-based
oncology rehabilitation.
5. Conclusion

Volleyball exemplifies a hybrid rehabilitation intervention that integrates
physical activity with cognitive and psychosocial recovery within oncology care.
Unlike conventional exercise programs that mainly address fatigue and endurance,

12
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volleyball continuously engages executive functions, attentional control, and
emotional regulation through its interactive, team-based structure. The sport’s tactical
exchanges, cooperative decision-making, and dynamic coordination activate multiple
neural systems, making it a natural platform for cognitive retraining and emotional
adaptation. These processes translate into improved focus, problem-solving, and self-
efficacy, while the shared, supportive environment rebuilds confidence and a sense of
belonging among survivors. By combining strategy, communication, and moderate
physical intensity, volleyball provides an accessible and stimulating model for
neuropsychological rehabilitation. When clinically adapted and appropriately
screened, volleyball can be seamlessly incorporated into oncology rehabilitation
programs to strengthen attention, motivation, interpersonal trust, and emotional
resilience. Its social nature encourages collective empathy and positive reinforcement,
helping participants overcome fear of recurrence and social withdrawal. Future
research should focus on defining optimal training parameters such as intensity,
session frequency, and duration to maximize both safety and therapeutic impact.
Moreover, the validation of neurocognitive and psychophysiological biomarkers e.g.,
attentional indices, cortisol regulation, immune recover, will be essential to
demonstrate measurable benefits. Establishing this evidence base will enable
volleyball to evolve from a recreational activity into a scientifically grounded
component of integrative psycho-oncological care, bridging sport science,
neuropsychology, and cancer rehabilitation.
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