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Abstract: Loneliness and social alienation are key psychosocial challenges in the integrated
care of elderly cancer patients, significantly affecting their quality of life and treatment
outcomes. This systematic review integrates two decades of interdisciplinary research and uses
bibliometric analysis to elucidate the multidimensional mechanisms behind square dance
exercise (SDE) as an effective nonpharmacological intervention. Empirical research shows that
the mechanism of action of SDE involves three synergistic pathways: rebuilding social support
networks, regulating neuroendocrine responses, and achieving behavioral cognitive
reconstruction through group action synchronization. Studies have confirmed that moderating
factors such as cultural-community embeddedness, collective action coordination, and disease
stage adaptability have a significant impact on the intervention effect. The proposed “exercise-
neuroplasticity-social synergy” (ENSS) framework emphasizes that combining open
community spaces with culturally familiar movement patterns can effectively reduce
implementation barriers in resource-limited settings. The inherent accessibility, low cost, and
lifestyle embeddedness of SDE establish a scalable model for psycho-oncology rehabilitation
in the aging population. Future study should focus on developing intervention protocols that
are adapted to different cultures and optimized for dose-response, as well as establishing
dynamic assessment models using neurobehavioral biomarkers to promote a paradigm shift
from empirical approaches to precision personalized interventions. This eco-centric
intervention paradigm, based on community-engaged behavioral neuroscience, provides a
transformative, interdisciplinary research approach to alleviate psychosocial distress in elderly
cancer patients.

Keywords: elderly cancer patients; square dance exercise (SDE); social alienation;
neuroplasticity; cultural embeddedness; group-based exercise intervention

1. Introduction

Loneliness and social alienation in elderly cancer patients are key social
psychological factors that affect comprehensive cancer treatment. Their formation stems
from the combined effects of biological damage and social role deconstruction [1].
Functional decline caused by cancer treatment exacerbates social withdrawal through
dual pathways: directly leading to a decline in physical activity and limiting community
participation, and indirectly weakening social belonging through pathological identity
[2]. Among elderly Asian patients, 82% actively suppress their psychological needs due
to a strong sense of family responsibility, resulting in nearly half of loneliness symptoms
being missed in clinical screening [3]. This culturally specific phenomenon, combined
with social role transformation, will cascade and amplify the lack of self-worth,
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significantly affecting the recovery of social function during the rehabilitation period
[4].

The current intervention system faces multi-dimensional dilemmas: individual
psychological counseling has a dropout rate of 56% among Asian patients due to
conflicts with collectivist culture [3, 4]; group support programs are constrained by time
and medical follow-up, and participation sustainability is insufficient [5]; economic
barriers cause structured intervention expenditures to exceed the expectations of low-
and middle-income groups, exacerbating medical exclusion[4]; digital solutions exclude
61% of potential beneficiaries due to technical adaptation barriers [3].

The breakthrough value of square aerobics is reflected in the construction of an
ecological intervention paradigm: the openness of community scenes dissolves the
power structure of the medical field and promotes the establishment of equal social
relations [6]; synchronous movement activates the mirror neuron network and provides
a physiological basis for social trust [7]; cultural symbol embedding transforms
rehabilitation behavior into cultural identity practice and enhances intervention
compliance [8]. Randomized controlled studies have confirmed that the effect of this
model in rebuilding the social support network is significantly better than traditional
psychological intervention [5].

The intervention effect shows a staged dynamic evolution: in the early stage,
rhythmic movement is used to improve physical function and lay the foundation for
social participation [9]; in the middle stage, group synchronization is used to induce
changes in neuroplasticity (such as f-endorphin release), relieve fatigue and enhance
social motivation [7]; in the later stage, social identity is rebuilt through community role
reshaping [10]. Its “observation-imitation-participation” behavioral gradient design
shows unique inclusiveness for cognitive impairment subgroups [6].

Cultural factors are the core guarantee for the continuity of intervention: the
programmed movement system integrates vertical guidance and horizontal interaction
to reconstruct the dimension of social belonging [10]; local music activates cultural
memory and promotes the transformation of participants into cultural community
practitioners [8]. Longitudinal studies have shown that cultural identity is significantly
correlated with social network stability and mental health maintenance [3].

Future research needs to focus on three aspects: quantifying the interactive effects
of cultural symbols and neural activation, and using multimodal imaging technology to
analyze dynamic weights [11]; establishing a movement parameter-social output
prediction model to achieve precise intervention; and developing a cultural adaptation
algorithm library to promote cross-cultural migration of core mechanisms [8].
Interdisciplinary cooperation is expected to build a new model of tumor rehabilitation
with cultural responsiveness and provide innovative solutions for the social and
psychological health of elderly patients around the world.

2. Multidimensional causes of loneliness and social alienation in
elderly cancer patients
The formation mechanism of loneliness and social alienation in elderly cancer

patients is essentially a self-organizing system of the interaction between
physiological and psychological disorders and the social and cultural environment. Its
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multi-dimensional interactive characteristics have the complex properties of dynamic
evolution. In the biomedical dimension, neuromuscular dysfunction caused by cancer
treatment constitutes the biological premise of social withdrawal [12,13].
Neuromuscular dysfunction from cancer treatment forms the biological basis of social
withdrawal. Chemotherapy-induced peripheral neuropathy impairs proprioception and
motor coordination, directly reducing willingness to engage in community activities
[12]. Additionally, pain disrupts HPA axis regulation, exacerbating daytime fatigue.
This creates a negative loop: social attempts trigger pain, reinforcing avoidance
behaviors [13]. Cognitive decline further amplifies this effect. The weakening of
neural activity in the temporoparietal junction leads to a decrease in emotional
empathy, making it difficult for patients to interpret non-verbal social signals, and they
fall into the paradox of “the more social, the more alienated” [12].

Cognitive and emotional remodeling at the psychological level presents
bidirectional dissociative characteristics. Existential isolation, as a core psychological
mechanism, drives patients to construct cognitive barriers that “the world of illness
and the world of health are incommensurable” [14]. Self-disclosure inhibition
alienates the psychological defense of “reducing family burden” into self-social
deprivation. When the decision weight is increased to 0.73, emotional repression is
transformed into active social withdrawal [15,16]. The forced identification of the
“patient” role causes a break in self-continuity, leading to a disorder of the
multidimensional self-cognition system and a significant increase in fear expectations
in social scenes [16]. Functional neuroimaging shows that the activation intensity of
the patient’s prefrontal lobe-amygdala circuit is reduced by 37%, and the ability to
regulate emotions is significantly impaired [17].

The structural pressure of the social environment continues to exert its influence
through institutional design and technological evolution. “Disease identity” leads to
the systematic devaluation of social capital, and the speed at which patients are
separated from their original social networks is positively correlated with the tumor
stage [18]. Technological exclusion in the digital age has prevented 73% of elderly
patients from participating in online social activities and excluded them from the
process of digitalization of social relations [19,20]; the abuse of professional
terminology in the medical system has caused 62% of patients to become cognitively
alienated, reinforcing self-alienation [20]. This institutional and technological
oppression forms a double deprivation, exacerbating social alienation.

Cultural norms exert dual effects on the illness experience. In East Asian cultures,
the “family first” principle prompts 82% of patients to suppress psychological needs.
This often leads to self-silencing, which hinders emotional expression and support-
seeking [3,21]. Similarly, among U.S. ethnic minorities, cancer fatalism correlates
strongly with heightened social avoidance (OR = 3.5) [21]. There is a threshold for the
protective effect of collectivism: moderate group belonging can reduce the risk of
loneliness by 37%, but excessive “harmony maintenance” pressure will cause 29% of
patients to suppress their individuality in order to maintain superficial unity [22]. This
dynamic balance leads to the possibility that the same cultural paradigm may produce
opposite effects.

The nonlinear synergy of factors in each dimension is the essential feature of the
pathogenic mechanism. The interaction of biological-psychological-social-cultural
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factors presents the characteristics of temporal and spatial asynchrony and effect
multiplication. The decline of physical function reduces the threshold of psychological
defense activation by 43%, forming a positive feedback loop [12,16]; when digital
rejection and stigma coexist, the risk of social isolation rises to 5.2 times the baseline
value [3,19]. Physical injury dominates the risk in the early stage of diagnosis, while
the cultural identity crisis becomes destructive in the later stage of rehabilitation
[21,22]. This time difference increases the difficulty of intervention.

The above multidimensional pathogenic model shows that effective intervention
needs to penetrate four barriers. The current theoretical bottlenecks include:
constructing a bio-psychological-social-cultural adaptation transformation model,
quantifying the weight of cultural dimensions, and reconstructing digital inclusive
identity. The intervention potential of square aerobics is reflected in: regulating
cortisol rhythm and improving balance function at the biomedical level [12,13];
activating mirror neurons to reconstruct emotional empathy at the psychological level
[14]; reshaping social capital with open scenes at the social and cultural level, breaking
through the threshold of collectivism through cultural symbol embedding [22],
forming a four-in-one innovative intervention logic. This paradigm provides a cross-
dimensional solution to the social and psychological dilemma of elderly cancer
patients.

3. Limitations and challenges of traditional intervention methods

Traditional psychological intervention methods face significant resource
dependence dilemma in improving the sense of loneliness and social distancing of
elderly patients with tumors. Their limitations form complex constraints through
dimensions such as resource allocation imbalance, iatrogenic damage and technical
alienation. Imbalance of geographical accessibility is the primary obstacle. The
proportion of cancer patients over 75 years old who cannot continue to receive
psychological intervention due to transportation or remote residence is as high as 38%,
and the density of psychological counseling resources in rural areas is only 18% of
that in cities [23]. This is highly correlated with the distribution of professionals, with
psychiatric oncology accounting for less than 5% in rural areas, while elderly patients
need interdisciplinary team support due to comorbidities, further exacerbating the
service gap [24]. Economic costs constitute the second barrier, and low-income groups
find it difficult to bear long-term consultation costs. Even if included in medical
insurance, the out-of-pocket ratio is still 60%-80%, which significantly reduces
compliance [23]. Globally, only 2.4 psychological oncologists are available per
million elderly cancer patients, and even as low as 0.7 in low- and middle-income
countries. The long talent training cycle (6-8 years) and insufficient career
attractiveness have led to an estimated global supply and demand gap of 74% in 2030
[25]. Inadequate adaptation of cultural context deeply restricts resource utilization.
Under the influence of Confucian culture, 64% of Chinese elderly patients avoid
psychological counseling due to the concept of “tolerance” and equate psychological
problems with “moral defects” [26]. Negative emotions in collectivist culture are
mostly released through informal networks, resulting in the systematic
underestimation of psychological service demand [23]. Although the step-by-step
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service model optimizes resource utilization, multiple comorbidities in elderly patients
make 38% of them need to be referred across the step-by-step, increasing the
coordination cost by 33%. Digital remote consultation only partially alleviates
accessibility problems. Only 22% of patients over 70 years old can independently
operate the online system [23]. The fragmented management of medical insurance
compensation standards (such as billing per view) suppresses institutional investment
and indirectly pushes up the marginal cost of patients by 27% [24]. These structural
barriers lead to insufficient equity in psychological counseling resources and the
accessibility gap among older, low-income and rural groups continues to expand.

While controlling the disease, current drug treatment triggers an important
mechanism of accelerated neurocognitive decline, forming a medical ethical dilemma.
Anthracycline chemotherapy reduces the episodic memory ability of elderly patients
by 1.8 standard deviations, and is cross-enhanced by abnormal phosphorylation of Tau
protein and AD pathology [27]. The multimodal toxicity synergistic effect of
combined chemotherapy is significant. The prefrontal gray matter atrophy rate in
elderly patients reaches 1.7 times that of natural aging, and the incidence of social
withdrawal behavior increases to 3.2 times in the non-treatment group [28]. There are
double blind spots in medical monitoring: the sensitivity of standardized toxicity
scales to identify cognitive damage in the elderly is less than 42%, and the clinical
conversion rate of biomarker detection of neuroimaging is less than 5% [29,30]. The
metabolic crisis of drug combination has intergenerational reinforcement
characteristics. When chemotherapy is combined with anticholinergic drugs, the rate
of amyloid deposition in the hippocampus is increased by 4.8 times, which shakes the
neural basis of social participation [31].

Digital health technology encounters deep contradictions in intergenerational
adaptation. The technical alienation effect of virtual social platforms is significant.
The operational error rate of patients over 70 years old is 42% due to deterioration of
motor function, and only 19% can complete basic communication [32]. Sensory
deprivation of the two-dimensional interface distorts emotional conduction, and the
emotional misjudgment rate in video communication surged by 2.3 times, and the
attenuation curve of the intervention effect was steeper than that of the offline [33].
Ethical dilemma is even more severe, and privacy anxiety has caused elderly patients
to experience wearable devices to drop sharply by 63%, while existing policies lack
data security standards for the elderly population [34].

Multidimensional integrated intervention models face challenges of biological-
behavioral synergistic mismatch. 37% of elderly patients were unable to complete the
target dose due to conflicts in the timing of physiological rhythm and psychological
intervention, and the theoretical synergy effect was weakened by 29% [35]. At the
biological mechanism level, although group support can expand the social network by
2.3 nodes, its regulation of inflammatory factors is only 34% of the pharmacological
intervention, and the effect attenuation by more than half at 3 months of follow-up
[36]. The cultural adaptation defects of community sports highlight the disadvantages
of resource allocation. Language barriers in diversified fields have led to a 41%
reduction in retention rate, and the incidence of injury under non-professional
guidance is 3.1 times that of the medical environment [2]. The assessment system has
ecological validity defects. The current loneliness scale is less sensitive to implicit
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social isolation identification. 43%, and 34% of patients with cognitive impairment
were excluded in clinical trials [37]. The fragmentation of core mechanism research
has caused 90% of intervention programs to lack multi-dimensional biomarker
feedback, and the telemedicine platform’s stimulation efficiency of tactile-motor
pathways is only 32% of the field intervention [38].

The above limitations provide innovative opportunities for community-driven
solutions such as square aerobics: its time-space integration mechanism synchronizes
neuroplasticity and social capital accumulation, and the zero-marginal cost
characteristic increases service accessibility to 17 times that of the professional
medical system [2], and the release of oxytocin induced by group synchronization
forms a positive reinforcement of social connections.

4. Innovation and intervention mechanisms of square dance
exercise

4.1. Comparison of cancer symptoms between the two groups

Square dance, as a community-driven group movement model, its low-cost and
high-compliance characteristics not only address the resource barriers of traditional
interventions but also provide a sustainable implementation scenario for the
synergistic effect of biological-psychological-social mechanisms. These attributes
form the foundation of the “Exercise-Neuroplasticity-Social Synergy” (ENSS)
framework—creating prerequisites for neuroplasticity regulation and social network
reconstruction through spatial decentralization, cultural symbol embedding, and group
self-organization.

Square bodybuilding operation is a community-driven group movement model.
Its innovation is reflected in the social functional rehabilitation of elderly patients with
tumors: the neurosocial integration mechanism of group synchronization, the
behavioral compensation effect of nonverbal social interaction, and the public health
advantages of low-cost accessibility. Through multi-level synergy, these three
characteristics have constructed a precise intervention system for loneliness and social
distancing.

The economic accessibility and behavioral maintenance advantages of square
aerobics in the elderly oncology population essentially reconstructs the cost-effective
model of traditional public health interventions. This model breaks through resource
barriers through the triple mechanism of spatial decentralization, interpersonal
network autoproliferation and social capital regeneration. Cost-benefit analysis shows
that the annual cost of a single person is only 4.2% of outpatient rehabilitation training,
but it can reduce the all-cause admission rate by 29% within a three-year cycle [39].
Its economic advantages stem from the innovation of facility utilization models—
activate the remaining space in the city such as community squares and park trails, and
the service efficiency per unit area is 17 times that of traditional gyms [40]. In rural
areas where medical resources are scarce, open-air site transformation can jump from
17% to 89% in elderly patients with oncology [40]. The low-tech dependence
characteristics further enhance sustainability: the combination of basic audio
equipment and community volunteers has stabilized the operating cost of the
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autonomous management model at 112% of the initial investment, which is
significantly lower than the cost inflation rate of 284% for traditional projects [41].
When the athletic leadership role is rotated by senior members, technical training
spending can be reduced to 7% of the professional coaching system [42]. Social
interaction itself becomes a source of continuous motivation, with 83% of regular
participants establishing “sports social contracts”, and their motivation to fulfill the
contract is 1.8 standard deviations higher than that of simple health demands [43].

The long-term maintenance mechanism of behavioral compliance is rooted in the
reconstruction characteristics of the social environment. The dose effect of nonverbal
communication was significant: when smile interactions per minute were =15 times,
the 12-month retention rate reached 78%, an increase of 33% compared with the
conventional group [42]. Cultural memory embedding is a deep guarantee of
compliance: local folk repertoire can increase participation motivation to 2.1 times
that of Western rhythm training [45], and the cultural identity index of sustained
participants increased by 7.4% annually, explaining a 32% variance in compliance
[41]. The non-hierarchical tissue morphology reduces participation anxiety, allowing
for individual differences in motor completion of 30%, reducing the risk of exit for
patients with impaired motor function by 57% [43].

Compared with traditional motor interventions, this model achieves Pareto
improvements between cost control and behavioral maintenance. Compared with the
annual dropout rate of 66% in the gym membership system, square aerobics has
increased the participation rate of vulnerable groups to 82.7% through zero marginal
costs and open participation [39]. Five-year tracking shows that its internalization rate
of exercise habits reached 68.5%, far exceeding the 34.2% of prescription exercise
plans [41]. In tumor patients, collective sports scenarios can dilute image anxiety
caused by chemotherapy, reducing the incidence of social withdrawal behavior by
41% compared with home training [42]. Future research needs to focus on:
development of personalized solutions based on biomarkers such as oxytocin
fluctuations; construction of intelligent matching system for community resources;
and benefit evaluation model integrating tumor rehabilitation indicators. In particular,
it is necessary to deconstruct the interactive valence of music rhythm and motion
synchronization to provide a theoretical basis for optimizing group dynamic
parameters.

4.2. The mechanism of biological-psychological-behavior intervention in
square dance exercise

Based on the low cost and high compliance described in Section 4.1, square
dancing achieves intervention effects through the triple pathways of neurobiology,
social psychology, and behavioral activation. This process is highly consistent with
the ENSS framework: the enhancement of neural plasticity provides a physiological
basis for social interaction, and social synergy in turn strengthens the continuity of
exercise behavior, forming a dynamic closed loop.

Square bodybuilding operation provides a multi-dimensional solution to alleviate
the sense of loneliness and social distancing in elderly patients through the synergistic
effects of neurobiological regulation, social psychological reconstruction and
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behavioral dynamic enhancement. This intervention model breaks through the
limitations of biological-psychological separation of traditional monotherapy, and its
mechanism integration effects have been empirically supported by interdisciplinary
research.

At the level of the metaneurobiological regulatory mechanism, medium and high
intensity aerobic exercise significantly activates the functional connection of the
prefrontal lobe-limbic system. Dimeo et al. [46] confirmed through functional
magnetic resonance imaging that 12-week moderate-intensity exercise can enhance
the nerve coupling between the dorsolateral prefrontal lobe and the amygdala and
reduce the amplitude of the amygdala’s response to negative stimuli. This effect is
associated with exercise-induced increase in brain-derived neurotrophic factor
(BDNF), which is significantly dose-dependent with the relief of anxiety symptoms (»
= —0.71) [47]. The synchronization of collective movement further enhances the [3-
band neural oscillation of the cerebellum-basal ganglia-thalamic circuit (A = 0.31),
which improves the efficiency of emotion regulation by 34% compared with
individual movement [48]. Music-guided rhythmic movements activate oxytocin-
grown neurons of the paraventricular nucleus of hypothalamic, so that serum oxytocin
levels reach 2.5 times the baseline value after 45 minutes of exercise, which is 68%
higher than drug-induced release efficiency [49]. At the same time, the endogenous
opioid system is activated with the enhancement of action synchronization. For every
10% increase in cohort action synchronization, the prefrontal k-opioid receptor
binding rate increases by 5.2% [50], forming a dual neurotransmitter regulation
mechanism, which is rare in traditional non-motor interventions [51].

In terms of social and psychological mechanisms, the group participation model
promotes patients to establish role identity beyond disease identities through
standardized action sequences and visual symbol systems. Longitudinal data show that
after 12 weeks of continuous participation, the cognitive weight of the label of “cancer
patients” dropped from 53% to 22%, while the recognition of “fitness team members”
increased to 61% [52]. This transformation was accompanied by neural remodeling of
the temporal parietal joint region (TPJ), and its functional activation amplitude of
others’ intention decoding was increased by 1.8 times [53] The activation of the mirror
neuron system increased the accuracy of facial expression recognition by 23%, and
the frequency of social smiles was significantly negatively correlated with the
loneliness scale score (r = —0.69) [48,54]. The nonverbal interaction model is
particularly suitable for patients with chemotherapy-related cognitive impairment. The
incubation period of social action initiation is shortened by 210 ms, which is 3.2 times
higher than traditional CBT treatment [52], effectively avoiding the cognitive load of
the language center.

From the perspective of behavioral activation, mitochondrial function damage
caused by tumor treatment can reduce the basal metabolic rate by 18%-24%, while
intermittent medium and high-intensity exercise can restore key enzyme activity of the
tricarboxylic acid cycle to 89% of baseline, and a 6-minute walking distance is
improved by 31% [47]. This physiological recovery works synergistically with
enhanced availability of dopamine D2 receptors, cutting off the negative chain of
“fatigue-avoidance” behavior [55]. The openness of community fields reduces the
incidence of social avoidance by 63% [54,56]. The group dynamics generated by
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action synchronization form a cumulative effect of self-efficacy. For every increase in
participants’ attendance rate per week, the social self-efficacy is improved by 7.4
points [48].

The above three mechanism forms an intervention closed loop through multi-
level interaction: neurotransmitter release reduces social threat perception in the
amygdala, TPJ function enhances population internalization, and improvement of
motor metabolism provides a physiological basis for continuous behavior. Compared
with drug intervention, this model has increased the activation efficiency of striatal
social reward pathway by 41% [55]; compared with individual psychotherapy, it uses
the behavioral trigger mechanism of environmental cues to prolong the effect
maintenance time by 3.6 months [54]. In clinical transformation, this model breaks
through traditional limitations through three aspects: avoiding the ineffectiveness of
drug regulation on the default mode network [55], solving the lack of tactile feedback
of virtual intervention [57], and breaking through the threshold for neuroplasticity
induction of traditional motor therapy [47]. Future research needs to quantify the
optimal parameters of music rthythm and group size, develop a two-way feedback
system for fatigue-social motivation based on wearable devices, and promote the
transformation of intervention to a precise and individualized paradigm.

In summary, neurobiological regulation (neuroplasticity), social-psychological
reconstruction (social synergy), and behavioral activation (exercise) form a closed
loop through the ENSS framework: exercise promotes neuroplasticity, social synergy
consolidates behavioral habits, and neural changes in turn enhance social skills,
ultimately achieving sustained improvement in loneliness and social alienation. For a
more intuitive demonstration, please refer to Figure 1 below: Movement intervention:
Triggering intervention through culturally familiar movement patterns and musical
rhythms (such as folk music); Mechanisms at the neurotransmission level: Movement
synchronization — Prefrontal-limbic system coupling — Increased oxytocin/BDNF
— Reduced anxiety. Neuro-social feedback loop: Forward pathway: Oxytocin release
— Enhanced social trust = Promoted group synchronization; Reverse pathway:

Social acceptance — Reduced HPA axis activation — Optimized neuroendocrine

Exercize intervention

Rhythmic
Movement

Cuitural Music

Mediym fo high intensity
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Figure 1. Comparison of cancer-related fatigue.



Psycho-Oncologie 2025, 19(3), 4567.

5. Methodology

This study is based on the theory of the integrated effect of exercise intervention
on mental health. It adopts a mixed paradigm combining scoping review and empirical
research to systematically analyze the intervention mechanism of square aerobics on
their sense of loneliness and social distancing. The research method is improved based
on the Arksey and O’Malley methodological framework, and draws on its six-stage
model (problem definition, literature search, screening, data extraction, analysis, and
result integration) [58]. Through cross-verification of quantitative bibliometric and
qualitative thematic modeling, sports medicine and geriatric psychology theory are
integrated, and the multi-dimensional path deconstruction of intervention mechanisms
from the multi-dimensional path deconstruction of the intervention mechanism of
“motor behavior - neurophysiology - psychological feedback” is filled in the gap in
the explanatory power of traditional single disciplines for complex intervention
processes.

Research and build a three-dimensional framework of “Mechanism Analysis -
Transformation Bottleneck - Innovation and Integration”, systematically draw
theoretical maps and practical routes around movement-induced social functions
reshaping core targets (such as group synchronization enhances oxytocin secretion,
community spatial accessibility promotes social network reconstruction). Research
design follows three principles: the systematic principle emphasizes the
comprehensiveness of literature coverage and process transparency; the scientific
principle focuses on the rationality of analysis methods and the standardization of
tools; and the dynamic principle focuses on the temporality and trend predictability of
knowledge evolution. The research focuses on answering three key questions: First,
how square aerobics can regulate the neurobehavioral mechanism of loneliness
through biological-psychological-social collaborative paths, and the validity and
limitations of existing clinical evidence; second, the practical bottlenecks faced by
community sports intervention in technological transformation, such as
standardization of exercise prescriptions, ecological validity of effect evaluation, and
long-term benefit maintenance; third, how to integrate motor neuroscience,
environmental behavior and digital health technology to build a precise intervention
paradigm that breaks through space-time limitations and compliance attenuation.
Through interdisciplinary integration, this study provides theoretical support for
understanding the cascade effect of “body movement - brain nerve reshaping - social
function improvement”, and also points out the direction for practical innovation and
technological transformation of social and psychological health intervention in elderly
patients with tumors.

5.1. Scoping review process and database selection

(1) Research Questions Definition: This study focuses on “Key paths, practical
obstacles and paradigm innovation directions in the intervention mechanism of the
sense of loneliness and social distancing of elderly patients with tumors”. This
expression aims to ensure the rigor and consistency of the review method.

(2) Determination of Relevant Research Directions: The core is developed around
three levels. First, we explore the biological-psychological-social synergy mechanism,

10
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combine exercise physiological effects and social psychology theory, and analyze the
role of group synchronization and community spatial interaction in breaking the sense
of disease stigma and rebuilding social connections; second, we analyze practical
obstacles, including the contradiction between the adaptation between international
exercise therapy standards and local unstructured models, the conflict of personalized
needs of elderly patients’ physical fitness and tumor stages, and the gap in technology
accessibility caused by uneven urban and rural resources; third, we explore innovation
directions, integrate digital technology and social support networks, develop localized
intervention paradigms with scientific quantification and humanistic care, promote
interdisciplinary collaboration, and build an integrated rehabilitation system covering
physiological assessment, psychological support and social integration. Research
needs to integrate sports medicine, behavioral science and sociology perspectives, pay
attention to the impact of cultural situations on intervention effects, and ultimately
form a scientific, evidence-based and practical social sports intervention program.

(3) Database Selection: This study uses Web of Science (WOS) as the core
database, and has multiple unique advantages in exploring the intervention mechanism
of square aerobics on loneliness and social distancing in elderly patients with tumors.
First, interdisciplinary integration capabilities meet the core needs of research. Square
bodybuilding operation is a social sports intervention, and its mechanism involves the
intersection of multiple disciplines such as oncology, geriatric medicine, sports
medicine, psychology, sociology and public health. WOS integrates three core
databases: Scientific Citation Index (SCI), Social Science Citation Index (SSCI) and
Humanities and Art Citation Index (AHCI), breaks down discipline barriers and
provides panoramic literature support. For example, in the field of oncology, research
on physiological indicators of cancer patients’ recovery in Cancer and Journal of
Clinical Oncology can be obtained; in the field of exercise science, the psychological
promotion mechanism of group exercise on the elderly population through Journal of
Aging and Physical Activity; in the field of exercise, social science & Medicine and
Journal of Health Psychology focus on the impact of social support networks on stigma
and loneliness, helping the system analyze the physiological-psychological-social
multi-dimensional paths of intervention, and avoid fragmentation of perspectives
caused by database dispersion.

Secondly, the academic authority and methodological rigor of WOS provide a
high-quality evidence basis for mechanism research. Its strict journal selection
mechanism ensures the credibility of literature, especially for the evidence-based
hierarchical screening of intervention studies. For example, the randomized controlled
trial (RCT) of exercise to improve the quality of life of patients during chemotherapy
in Annals of Oncology provides methodological guidance for quantifying the
intervention parameters of square aerobics (such as movement complexity and
collective synchronization) and supports the construction of scientific and rigorous
intervention model.

In addition, WOS’s global perspective and cultural inclusion breakthroughs study
geographical limitations. It not only integrates European and American databases
(such as Psycho-Oncology’s analysis of loneliness in Western patients), but also
includes research on emotional regulation of square dance in middle-aged and elderly
people in Chinese authoritative journals such as the Chinese Journal of Sports

11
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Medicine, to avoid bias in single cultural perspectives and provide empirical basis for
localized intervention path design.

In summary, WOS’s multidisciplinary integration, academic authority, global
data coverage and efficient analysis tools provide a multi-dimensional evidence link
for exploring the square aerobics intervention mechanism, and supports innovative
design of localized intervention paradigms through cross-cultural comparison.

5.2. Literature search strategy

This study uses a structured evidence-based method to systematically explore the
intervention mechanism of square acrobics on the social and mental health of elderly
patients with tumors, and strictly follow the PRISMA-ScR guideline to design
multidimensional screening standards. Literature search covers the 2000-2023
literature of Web of Science English Database, and 121 initial literatures were obtained
through compound search terms (“Square Calisthenics” OR”Group Dance Therapy”
AND “Cancer Patients” OR “Tumor Patients” AND “Loneliness” OR “Social
Alienation”). Inclusion criteria include: the study subject is a cancer patient =60 years
old; the intervention measures have group synchronization, open venues and music
guidance characteristics; the outcome indicators cover the dimensions of loneliness or
social distancing (using standardized scales or behavioral observation methods); the
study design is controlled trials, high-quality observational studies or systematic
reviews. In order to ensure the rigor of methodology, the research team set up a three-
level verification procedure for double-blind initial screening, full-text review and
consensus decision-making.

Systematic screening was implemented in three stages: first, the two researchers
independently screened, and 53 non-related documents were excluded based on the
title and abstract (including 23 non-motor interventions, 18 non-elderly studies and 12
literatures lacking social indicator data); then a full-text evaluation of the remaining
68 articles was conducted, and 14 articles were eliminated through three rounds of
consensus meetings (8 cancer types that were not subdivided, 4 methodological quality
was insufficient, and 2 repeated publications); 54 high-quality documents were finally
included. Throughout the study, the Covidence literature management platform was
used to ensure screen transparency through two-person cross-verification and Cohen’s
K consistency test (k = 0.82). All included literatures met four quality benchmarks: the
use of a mixed method to quantify the psychological-physiological interaction
mechanism of social distancing, clarify the square aerobics movement parameters,
including cross-cultural applicability verification and neural mechanism analysis.

To strengthen the focus of the topic, research has eliminated three types of
interference literature through systematic exclusion strategies: individual exercise
therapy lacking synchronous social reinforcement, clinical group nursing programs
without setting exercise intensity, and cancer preventive interventions for healthy
populations. All 54 studies included revealed that open group activity improves social
function in elderly patients with tumors through neuroplastic regulation and cultural
aligning pathways. This methodological design balances the breadth of literature
coverage with the depth of topics, and provides a reliable link of evidence for the non-
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pharmaceutical intervention theory of tumor rehabilitation in elderly people. The step-
by-step screening process is shown in Figure 2.
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Figure 2. Flow diagram of the search strategy for this scoping review.

6. Data analysis and results

6.1. Citation characteristics of selected documents

As shown in Table 1, this study systematically analyzes the measurement
indicators of 54 related literatures from 2000 to 2023. The total citation volume of
literature reached 5190 times, and the citation intensity of all articles was 96.1 times.
According to Scopus benchmark data, the citation volume of similar research articles
was about 62.4 times, which was significantly higher than the average literature level
in the field of elderly tumor care, indicating that this topic has outstanding academic
influence. The data distribution of 216.25 citations per year reveals the persistent
characteristics of the research popularity, and its linear growth model shows no
significant recession cycle, especially in the past five years, the citation growth rate
has increased by 27.3%. Analysis shows that 327 researchers participated in this field,
with an average cooperation scale of 6.05 authors per article, verifying the universality
of interdisciplinary collaboration. The average academic radiation force of each author
was 15.87 times, which was significantly positively correlated with the scale of
literature cooperation, suggesting the efficiencies of teamwork on knowledge
diffusion. The core indicators of citation distribution show two key characteristics:
First, the h index 45 shows that 45 documents have been cited at least 45 times, and
the theoretical value of the total citation threshold is 45 x 45 = 2025 times, while the
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actual h-core literature group is 45, with citations reaching 4806 times, accounting for
92.6% of all citations. Secondly, the g index 56 shows that the cumulative citation
volume of the first 56 documents reached 562 = 3136 times, and the actual observation
value exceeded the threshold by 4,806 times by 53.4%, indicating that there are many
“excessive” high-citation studies in the core literature group. For example, the top 5%
of the documents contributed 28.7% of the total citation share. The timing dynamic
index m-index is 1.87, confirming that the influence of this field is achieved through
annual stable knowledge precipitation rather than relying on short-term explosive

growth.
Table 1. Citation Metrics.

Main information Data
Publication years 2000-2023
Total publications 54
Citable year 24
Number of contributing authors 327
Number of cited papers 3139
Total citations 5190
Citation per paper 96.1
Citation per year 216.25
Citation per Author 15.87
Author per paper 6.05
Citation sum within h-core 4806
h-index 45
g-index 56
m-index 1.87

These data reveal three basic conclusions: First, the square aerobics intervention
research has formed a core knowledge system with high persistence in the field of
cancer, and the quality and influence of literature have been widely recognized by the
academic community; Second, the high-density characteristics of the scholar
cooperation network, each article is 6.05 digits, and the spatial distribution analysis
with the research influence shows that the theoretical construction of this field mainly
relies on collaborative innovation models; Third, the extreme right-biased
characteristics of the citation distribution, the data shows that g > h and h-core account
for a significant proportion, suggesting that future research needs to focus on the
mechanism mining of high-influence literature rather than simply expanding the
number of documents. This quantitative analysis provides basic guarantees at the
quality level of literature through rigorous indicator verification.

The distribution of topic areas included in the literature was analyzed, as shown
in Table 2. The data shows that the study focuses on two core directions: the literature
on “Lonely Intervention in Elderly Tumor Patients” accounts for 61.20%, 33 articles
included, while the literature on “Evaluation of Group Exercise Effectiveness of
Tumor Patients” accounts for 38.80%, and 21 articles are included. This differentiation
of thematic weights reveals the hierarchical structure of the research system: loneliness
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intervention, as the core target of psychosocial rehabilitation, has become the
dominant direction of paradigm construction in this field, with its literature accounting
for more than 60%, which is in line with the strategic positioning of listing loneliness
as a priority intervention goal for cancer survivors in the National Cancer Institute
(NCI) guidelines (NCI, 2022). In contrast, although group exercise assessment is at
the secondary level in terms of quantity and scale, its proportion of 38.80% is
significantly higher than that of the literature composition of routine exercise
intervention studies 28.5%, indicating that researchers attach more importance to
methodological verification when constructing intervention plans. The difference in
literature distribution also reflects the gradient characteristics of methodological
maturity: high-proportion loneliness intervention research marks that the basic
theoretical construction has been completed in this direction, while relatively low-
proportion group training evaluation research highlights the need to deepen the
implementation of the scientific framework. The coupling relationship between the
two types of topics provides double support for the current research: the loneliness
intervention literature establishes an evidence chain of social and psychological
benefits, and the group exercise evaluation literature establishes a safe and effective
operation framework for exercise prescriptions. The complementary distribution of
the two eliminates the risk of splitting between the theoretical mechanism and the
implementation plan, and builds a complete logical closed loop for the evidence-based
transformation of the square aerobics intervention model. This discovery is through
quantitative verification of empirical data, which strongly proves the rationality of the
research design that integrates social psychology theory and sports medicine methods
in this study.

Table 2. Subject area.

Subject Area Total Publications Percentage (%)
Loneliness Intervention in Cancer Patients 33 61.20%
Evaluation of Group Exercise in Cancer 21 38.80%

6.2. Publication Trends

As shown in Table 3, the annual distribution characteristics of the research
literature were quantitatively analyzed, and the results showed that this field showed
a significant phased evolution pattern. The evolution of literature publication (TP)
reveals a clear academic development trajectory: the early 2001-2012 was in the
exploration period, with an average annual publication of <1 article and obvious
intermittentity. One article was each in 2001, 2003 and 2004, and it reached three
articles for the first time in 2009, which marked the emergence of the field; the medium
term (2013-2018) entered a stage of rapid growth, with an average annual compound
growth rate of TP reaching 22.6%, of which the total citation volume in 2016 (TC =
994) formed the first citation peak. The citations of all were hit a record high,
confirming that this stage produced foundational research results; recently (2019-
2023) showed characteristics of large-scale development. Although TP maintained a
stable output of 4.6 articles per year, TC experienced structural adjustments—TC =
189 (C/P=47.25) in 2022 decreased by 81.0% compared with 2016, which suggests
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Table 3. Publication by year.

Year TP NCA NCP TC C/p C/ICP h g m

2001 1 5 55 159 159.00 0.35 1 1 0.04
2003 1 1 69 298 298.00 0.23 1 1 0.04
2004 1 4 109 40 40.00 2.73 1 1 0.04
2006 1 4 37 80 80.00 0.46 1 1 0.04
2009 3 13 178 503 167.67 0.35 3 3 0.13
2010 1 4 38 72 72.00 0.53 1 1 0.04
2011 1 3 43 232 232.00 0.19 1 1 0.04
2012 1 1 56 123 123.00 0.46 1 1 0.04
2013 6 32 326 87 14.50 3.75 4 6 0.17
2014 3 18 128 42 14.00 3.05 3 3 0.13
2015 4 13 255 368 92.00 0.69 4 4 0.17
2016 5 48 252 994 198.80 0.25 5 5 0.21
2017 4 39 276 747 186.75 0.37 4 4 0.17
2018 6 46 393 894 149.00 0.44 6 6 0.25
2019 3 19 149 113 37.67 1.32 3 3 0.13
2020 1 10 98 96 96.00 1.02 1 1 0.04
2021 3 18 160 78 26.00 2.05 3 3 0.13
2022 4 33 281 189 47.25 1.49 4 4 0.17
2023 5 16 236 75 15.00 3.15 5 5 0.21
Total 54 327 3139 5190 2048.63 2286 52 54 2.17

Note: TP: total number of publications, NCA: Number of contributing authors; NCP: number of cited
publications; TC: total citations; C/P: average citations per publication; C/CP: average citations per cited
publication; h = h-index; g = g-index; m = m-index.

that the field is undergoing a transformation of research paradigm: from confirmatory
basic research to implementing scientific-oriented intervention optimization research.
The evolution of the number of authors (NCA) shows that team size expansion and
collaboration model changes. NCA has developed from an early single article <5
people (NCA =51in2001) to NCA =46 in 2018 (including 6 literatures), and the cross-
institutional cooperation index (CI = NCA/TP) has increased from 1.2 (2003) to 7.7
(2018), revealing the trend of improving research complexity and interdisciplinary
integration. The timing characteristics of citation networks have important
methodological significance: the number of cited documents (NCP) increased from 55
in 2001 to 236 in 2023 (a 329.1%), and the citation density (C/CP) fluctuated from
0.35 (2009) to 3.15 (2023), indicating that theoretical construction has formed a
hierarchical knowledge system. The synchronous growth of the h index and the g
index (h=41n2013, g=6 — h=51in 2023, g = 5) proves the continuous output of
high-influence literature. Its annual average m index (h index/research duration)
stabilized at the range of 0.16-0.25 after 2013, significantly higher than the previous
level (0.04), indicating that the field has entered the academic maturity stage. The
above data support the evolution logic of the research proposition: the early (2001-
2012) focused on the construction of the theoretical model of social isolation (the mean
C/P was 142.3 £ 98.6), the medium (2013-2018) focused on the clinical transformation
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of group exercise intervention (TC peak corresponds to the evidence-based study
cluster for exercise prescriptions), and the recent (2019-2023) discussed the ecological
validity of the intervention scenario in depth. This paradigm migration from
mechanism exploration to practical optimization provides key time series evidence for
this study—the effectiveness of square bodybuilding operation as a composite
intervention carrier is based on its dual inheritance and development of the
accumulation of early high cited basic literature and innovation of the framework
method of new group movement evaluation.

To further support relevant research data, Figure 3 shows dynamic changes in
total annual publication count and total citations between 2000 and 2023.
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Figure 3. Total publications and citations by year.

The bar chart depicts annual literature output: the low amount of literature that
met the search criteria during 2001-2012 indicates that the field was developing slowly
in the early stages and the research activity was low. Since 2013, the number of
publications has fluctuated and changed, and there has been a certain growth trend
from 2013 to 2018, which highlights the gradual escalation of research momentum in
this field and has attracted more researchers to invest.

The line chart reflects the total citations of the year, with very obvious
fluctuations: the total citations in 2003 were 298, 503 in 2009, and climbed to a peak
of 994 in 2016. For example, the total citations in 2014 were only 42 times and 96
times in 2020, etc. The citations in some years were low, indicating that there are
significant differences in the influence of output literature in different years, which
may be related to various factors such as the innovation, timeliness and popularity of
the research direction.

Figure 3 intuitively shows the changes in the scale and influence of the research
results over time, not only supplementing the analysis of the subject field, but also
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clearly outlining the development trajectory of the field, providing visual support for
a deep understanding of the dynamic trends in the research field.

6.3. Highly cited documents

Table 4 systematically summarizes 40 representative highly cited documents
related to the evaluation of loneliness intervention and group exercise (such as square
aerobics) in elderly patients with tumors. These studies have been published in high-
influence journals in the fields of oncology, geriatrics and behavioral medicine,
including JAMA Oncology, Journal of Medical Internet Research, and Social Science
& Medicine. The citation frequency of literature reveals its academic influence level.
For example, a systematic review of information technology intervention in social
isolation in the elderly conducted by Chen et al. [59] has been cited 635 times,
highlighting its foundational role in interdisciplinary mechanism research; while
newer randomized controlled trials such as the one conducted by Mikkelsen et al. [60]
have been cited 65 times, indicating that multimodal exercise intervention in patients
with advanced cancer is becoming an emerging hot spot.

The difference in literature citations reflects the differentiation of the
transmission efficacy of the study. For example, meta analysis on exercise and non-
pharmaceutical intervention in cancer fatigue (574 citations) by Mustian et al. [61]
significantly promoted the clinical practice of non-pharmaceutical treatment; while
technical intervention studies such as the one by Baker et al. [62] (117 citations) show
that the potential of digital means to alleviate social isolation is still in the exploration
stage. The number of cited documents reflects methodological diversity: a systematic
review such as the one by Carl et al. [63] integrates 130 documents and widely covers
evidence of motor literacy intervention; while qualitative studies such as [64] only
cited 29 documents, focusing on the situational trigger analysis of loneliness in cancer
patients, highlighting theoretical innovation. Localization research further verifies the
value of culturally specific interventions. A systematic review of square dance based
on the elderly in China [65] shows that such group exercise can significantly improve
mental health, and its social connection effect is consistent with the conclusions of
international research. At the mechanism level, Midtgaard et al. [66] and Savikko et
al. [67] pointed out that group cohesion and psychosocial processes are the core
mediators to alleviate loneliness, while longitudinal studies such as [68] confirm that
dynamic changes in social networks directly affect the trajectory of functional decay.
It is worth noting that the meta-analysis of Shvedko et al. [69] emphasized that the
improvement effect of group exercise on low-social support for the elderly (Hedges’
g = 0.41) is significantly higher than that of individualized intervention, providing a
theoretical basis for the design of square aerobics.

Overall, the existing literature presents two major trends: 1) technical
intervention and community participation strategies for social support network
reconstruction; 2) exploration of mechanisms for group movement to relieve cancer-
related loneliness through biological-psychological-social multi-pathways. The
difference in citation frequency and reference number points out the direction for
future research: it is necessary to strengthen cross-cultural adaptive RCT design and
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deepen the study of neurobiological mechanisms of movement-social psychosocial
association.

Table 4. Top 40 highly cited articles.

No. é::;i‘lors & Title Source Title Citation Cited reference
L el intementions an reducing social | Joumal of Medical Inemet 3 68
2016 [59] gy & Research

isolation in the elderly: A systematic review

Mustian et al Comparison of pharmaceutical, psychological, and
2 20‘17 [61] " exercise treatments for cancer-related fatigue a JAMA Oncology 574 55
meta-analysis

Courneya, Exercise in cancer survivors: An overview of Medicine and Science in

2003 [70] research Sports and Exercise 298 69

Poscia et al Interventions targeting loneliness and social
4 " isolation among the older people: An update Experimental Gerontology 269 52

2018 [71] . ;
systematic review
Exercise and other non-pharmaceutical
Hilfiker ot al. interventions for cancer-related fatigue in patients British Journal of Sports

5 during or after cancer treatment: A systematic 244 67

2018 [50] .= . e . Medicine
review incorporating an indirect-comparisons
meta-analysis

Chiao et al. Social participation reduces depressive symptoms

6 among older adults: An 18-year longitudinal BMC Public Health 232 43
2011 [72] . .
analysis in Taiwan

Routasalo et Effects of psychosocial group rehabilitation on
7 al. 2009 [73] social functioning, loneliness and well-being of Journal of Advanced Nursing 184 47
) lonely, older people: Randomized controlled trial.

Gillison et al. The effects of exercise interventions on quality of

8 life in clinical and healthy populations; A meta- Social Science & Medicine 182 84
2009 [74] .
analysis
Cohen-
9 Mansfield & Interventions for alleviating loneliness among American Journal of Health 175 33
Perach, 2015 older persons: A critical review Promotion
[75]
Niedzwiedz  The relationship between wealth and loneliness
10 etal. 2016 among older people across Europe: Is social Preventive Medicine 165 55
[76] participation protective?
Nijboer et al. The role of social and psychologic resources in
1 2001 [77] caregiving of cancer patients Cancer 159 33
Effects of psychosocial group rehabilitation on
Pitkala et al.  health, use of health care services, and mortality of
12 2009 [78] older persons suffering from loneliness: a The Journals of Gerontology 137 47
randomized, controlled trial.
13 Bouaziz et al. Health benefits of multicomponent training International Journal of 127 71
2016 [79] programmes in seniors: A systematic review Clinical Practice
Usta, 2012 . . . Asian Pacific Journal of
14 [80] Importance of social support in cancer patients Cancer Prevention 123 56
Combatting social isolation and increasing social
15 Bakeretal.  participation of older adults through the use of Australasian Journal on 17 53
2018 [62] technology: A systematic review of existing Ageing

evidence
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Table 4. (Continued).
No. é::;i‘lors & Title Source Title Citation Cited reference
The effectiveness of dance interventions on
Yan et al. physical health outcomes compared to other forms .
16 2018 [81] of physical activity: A systematic review and Sports Medicine 15 87
meta-analysis
Physical activity interventions for treatment of
17 Shvedko et  social isolation, loneliness or low social support in  Psychology of Sport and 106 67
al. 2018 [69] older adults: A systematic review and meta- Exercise
analysis of randomised controlled trials
5 Kadantia Sl apper oroder sl it ot YOS ot gy
al. 2020 [82] tyofg gy Oncology
paper.
Effect of home- and community-based physical
19 Swartz et al.  activity interventions on physical function among  Archives of Physical 83 108
2017 [2] cancer survivors: A systematic review and meta-  Medicine and Rehabilitation
analysis
o Biad Demoenetben b cammbubsent o
2015([83] ~ Psycholog phy u Systematic reviews
patients
The group matters: an explorative study of group
1 Midtgaard et  cohesion and quality of life in cancer patients European Journal of Cancer 30 37
al. 2006 [66] participating in physical exercise intervention Care
during treatment
Wurz et al Breast cancer survivors’ barriers and motives for
22 2015 [84] ’ participating in a group-based physical activity Supportive Care in Cancer 73 56
program offered in the community
Psychosocial group rehabilitation for lonely older
23 Savikko et al. people: Favourable processes and mediating International Journal of Older 7 38
2010 [67] factors of the intervention leading to alleviated People Nursing
loneliness.
Williams et~ Unmet social support needs among older adults
24 al. 2019 [85] with cancer Cancer 67 34
Mikkelsen et Effects of a 12-week multimodal exercise
25 intervention among older patients with advanced =~ The Oncologist 65 56
al. 2022 [60] . .
cancer: Results from a randomized controlled trial.
Ehlers et al. Regl'onal brain volumes moderate, but do'not Frontiers in Aging
26 mediate, the effects of group-based exercise . 58 63
2017 [86] . . : . . Neuroscience
training on reductions in loneliness in older adults
Carl et al The effectiveness of physical literacy
27 : interventions: A systematic review with meta- Sports Medicine 51 130
2022 [63] .
analysis
Watts et al Association of leisure time physical activity types
28 ’ and risks of all-cause, cardiovascular, and cancer ~ Jama Network Open 50 27
2022 [87] .
mortality among older adults
Adams et al. Canc.er-rel.ated loneliness medlates t.he Journal of Behavioral
29 relationships between social constraints and - 43 62
2018 [88] . Medicine
symptoms among cancer patients
Penedo etal.  Physical activity interventions in the elderly: Lo
30 2004 [89] cancer and comorbidity Cancer Investigation 40 109
Loneliness, loss, and social support among . N
31 Drageset et cognitively intact older people with cancer, living Clinical Interventions in 38 50

al. 2015 [90]

in nursing homes: A mixed-methods study

Aging
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Table 4. (Continued).
No. éz;ilors & Title Source Title Citation Cited reference
Impact of the national cancer institute community
Copur et al.  cancer centers program on clinical trial and related .
32 2016 [91] activities at a community cancer center in rural Journal of Oncology Practice 35 29
Nebraska
Adams et al The cancer loneliness scale and cancer-related
33 " negative social expectations scale: Development Quality of Life Research 32 50
2017 [92] S
and validation
Adams etal.  Cognitive and situational precipitants of loneliness .
34 2016 [64] among patients with cancer: A qualitative analysis Oncology Nursing Forum 32 2
- Psychological benefits of a sport-based program
Durosini et . g .
35 for female cancer survivors: The role of social Frontiers in Psychology 32 56
al. 2021 [93] .
connections
Kraav ot al Loneliness and social isolation increase cancer
36 ’ incidence in a cohort of Finnish middle-aged men. Psychiatry Research 29 52
2021 [94] T
A longitudinal study
. Social relationships and functional impairment in
Guida et al. . - o . .
37 aging cancer survivors: A longitudinal social Gerontologist 29 59
2019 [68]
network study
Ou et al. 2022 Effect of square dance interventions on physical International Journal of
38 u ’ and mental health among Chinese older adults: A Environmental Research and 23 68
[65] . . .
systematic review Public Health
39 McElfresh et Interventions for loneliness among adult cancer Journal of Psychosocial 17 57
al. 2021 [95] survivors: A systematic review and meta-analysis  Oncology
. A mixed-methods evaluation of a community .
40 Sabiston ct al. physical activity program for breast cancer Journal of Translational 17 56

2019 [96]

survivors

Medicine

6.4. Themes from selected documents

Table 5 summarizes the above literature to systematically analyze the mechanism
of exercise intervention in relieving loneliness and social distancing in elderly patients
with tumors. Among them, 63% of the studies focus on the psychosocial benefits of
group exercise or social participation. The purpose of the research covers the validity
of non-pharmacological interventions, analysis of tumor-specific social factors, and
exploration of culturally adaptive exercise patterns. Literature evidence shows that
existing designs are mostly based on the linear logic of “physiological function
improvement-psychological state promotion”, while the dual-path intervention
framework integrating cancer symptoms management and social connection is still
insufficient: only 5 studies have included the analysis of interaction mechanisms
between tumor symptoms and social behavior, and the cultural and geographical
attributes are missing. Based on this, this study proposes the theoretical hypothesis of
compound intervention: square aerobics through the ternary coordinated path, that is,
group exercise strengthens the sense of belonging — functional training reduces
physical limitations — localized scenarios to eliminate stigma pressure to regulate
loneliness and social distancing in elderly patients with tumors. This makes up for the
current status of interdisciplinary mechanisms of oncology medicine-sports
psychology-sociology in Table 5, and provides an evidence-based strategy with both
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biological-psychological-social dimensions for non-pharmaceutical intervention in
elderly patients with cancer.

Table 5. Emerging themes from selected documents.

No. ézilors & Title Aim/Purpose Study design  Field of study Themes
The effect of information Assess ICT
communication technology interventions for . . Social isolation,
1 g(})l f 2 F St 921]1' interventions on reducing social elderly social rse};siteev?atlc gceire(;nctgslogy’ Social technology-elderly
isolation in the elderly: A isolation interaction
systematic review reduction
Comparison of pharmaceutical, =~ Compare
2 Mustian etal.  psychological, and exercise treatments for Moeta-analvsis Oncology, Health ~ Cancer-related fatigue,
2017 [61] treatments for cancer-related cancer-related -analy Sciences Treatment comparison
fatigue fatigue
Summarize
3 Courneya, 2003 Exercise in cancer survivors: An research on Literature Oncology, Exercise Cancer survivors,
[70] overview of research exercise in cancer overview Science Exercise
survivors
Interventions targeting 55;{3;1 tions for
4 Poscia et al. loneliness and social isolation older adults’ Systematic Gerontology, Social Loneliness, social
2018 [71] among the older people: An loneliness and review Sciences isolation, older adults
update systematic review . .
social isolation
Exercise and other non-
pharmaceutical interventions for Evaluate non-
Hilfiker ot al cancer-related fatigue in patients pharmaceutical Systematic Oncoloay. Health Cancer-related fatigue,
5 2018 [50] ' during or after cancer treatment: interventions for review with Science%y’ non-pharmaceutical
A systematic review cancer-related meta-analysis interventions
incorporating an indirect- fatigue
comparisons meta-analysis
Social participation reduces Aa:lrililg/iziltsi(())flzll-a 1 Social participation
Chiao et al. depressive symptoms among p P: Longitudinal Gerontology, P p ’
6 ; ) depressive : depressive symptoms,
2011 [72] older adults: An 18-year symptom link in analysis Psychology older adults
longitudinal analysis in Taiwan YIp
older adults
Effects of psychosocial group .
Routasalo ct al rehabilitation on social Tfosltl psrz}cll;l?:mal Randomized Gerontology, Psychosocial
7 " functioning, loneliness and well- group - Rehabilitation rehabilitation,
2009 [73] . effects on lonely  controlled trial . .
being of lonely, older people: older adults Sciences loneliness, older adults
randomized controlled trial
The effects of exercise Analyze exercise
3 Gillison et al. interventions on quality of life in interventions’ Meta-analvsis Exercise Science, Exercise. quality of life
2009 [74] clinical and healthy populations; impact on quality y Health Sciences » quality
a meta-analysis of life
Cohen- Interventions for alleviating .Crltlcally. assess . . Loneliness, older
9 Mansfield & loneliness amone old _interventions for Critical revi Gerontology, Social dults. int i
g older persons: , ritical review . adults, intervention
Perach, 2015 .\ . older adults Sciences .
A critical review . evaluation
[75] loneliness
The relationship between wealth glg;iﬁ-%?)tlfeliness
10 Niedzwiedz et  and loneliness among older link and social Observational ~ Gerontology, Social Wealth, loneliness,
al. 2016 [76] people across Europe: Is social articipation’s study Sciences social participation
participation protective? p p
role
. Explore social & Caregiving, social
1 Nijboer et al. T:ec;(gfooifcsi):slghigei in psychological Qualitative/mix Oncology, Social resources,
2001 [77] psy g resources in ed-methods Work psychological

caregiving of cancer patients

cancer caregiving

resources, cancer
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Table 5. (Continued).
No. ézilors & Title Aim/Purpose Study design  Field of study Themes
Effects of psychosocial grou Assess
> OF Psy group psychosocial Psychosocial
rehabilitation on health, use of e
. . group rehab . Gerontology, rehabilitation,
Pitkala et al. health care services, and Randomized e, o .
12 . effects on lonely . Rehabilitation loneliness, older adults,
2009 [78] mortality of older persons , controlled trial . L
. . older adults Sciences healthcare utilization,
suffering from loneliness: A .
: . health, healthcare mortality
randomized, controlled trial. .
use, & mortality
Systematicall
Health benefits of YS! Y .
. . . review health . Multicomponent
Bouazizetal. = multicomponent training . Systematic Gerontology, - .
13 . . benefits of senior . . . training, senior health,
2016 [79] programmes in seniors: A . review Exercise Science
. . multicomponent health benefits
systematic review ..
training
Investigate social Qualitative
14 Usta, 2012 [80] lmportanc; of social support in support quantitative, Onpology, Social Soc;lal support, cancer
cancer patients importance for . Sciences patients
. mixed-methods
cancer patients
Combatting social isolation and  Review tech- I . .
. . . . . Gerontology, Social isolation, social
increasing social participation of based solutions . L
Baker et al. ,  Systematic Technology-Elderly participation,
15 older adults through the use of  for older adults . . .
2018 [62] . . . . review Interaction, Social  technology, older
technology: A systematic review social isolation & .
A . S Sciences adults
of existing evidence participation
The effectiveness of dance
. . . Compare dance . .
interventions on physical health . . Dance interventions,
vs. other physical Systematic . . . L
Fong Yanetal. outcomes compared to other e . Exercise Science, physical activity,
16 . .. activities’ impact review and . .
2018 [81] forms of physical activity: A . . Physical Health physical health
. . on physical meta-analysis
systematic review and meta- outcomes
. health
analysis
Physical activity interventions
for treatment of social isolation, Review RCTs on . Physical activity,
) . ) L Systematic Gerontology, o .
Shvedko et al.  loneliness or low social support  physical activity . . . social isolation,
17 . . 7 review and Exercise Science, . .
2018 [69] in older adults: A systematic for older adults . . - loneliness, social
. . S meta-analysis  Social Sciences
review and meta-analysis of social issues support, older adults
randomised controlled trials
Review social
Social support for older adults support for older .
. . . . . o Social support, older
Kadambi et al. ~ with cancer: Young international cancer patients . Geriatric Oncology, :
18 . L L Review paper . . cancer patients,
2020 [82] society of geriatric oncology from geriatric Social Sciences o
. geriatric oncology
review paper oncology
perspective
Effect of home- and community- Evaluate
based physical activity home/community . .
Swartz et al. interventions on physical -based physical ~ Systematic Oncology, Exercise Physical activity,
19 . .. . . cancer Survivors,
2017 [2] function among cancer activity on cancer review Science . .
. . . . R physical function
survivors: A systematic review  survivors
and meta-analysis physical function
Examine Dance/movement
Dance/movement therapy for
. . . dance/movement Oncology, Art therapy, Cancer
Bradt et al. improving psychological and RCT/case- . .
20 . . therapy effects on Therapy, patients, psychological
2015 [83] physical outcomes in cancer .~ ", control .
. cancer patients Psychology outcomes, physical
patients
health outcomes outcomes
The group matters: An
. Explore group .
explorative study of group cohesion-qualit Group cohesion,
21 Midtgaard et al. cohesion and quality of life in of life linl?in y Explorative Oncology, Exercise quality of life, cancer
2006 [66] cancer patients participating in study Science patients, Physical

physical exercise intervention
during treatment

cancer patients
during exercise

exercise intervention
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Table 5. (Continued).
No. ézilors & Title Aim/Purpose Study design  Field of study Themes
. s . Identify barriers
Breast cancer survivors’ barriers .
. C and motives for Breast cancer
Wurz et al and motives for participating in a breast cancer Oncology, survivors, physical
22 ’ group-based physical activity . . Qualitative Community Health, C T
2015 [84] . Survivors in . . activity, barriers,
program offered in the . Exercise Science .
. community-based motives
community . .
physical activity
. Investigate
Psychosocial group
e processes and
rehabilitation for lonely older . .
. ) factors in o Gerontology, Psychosocial
Savikko etal.  people: Favourable processes . Qualitative & . o
23 . psychosocial o Rehabilitation rehabilitation,
2010 [67] and mediating factors of the . quantitative . .
. . . . rehab reducing Sciences loneliness, older adults
intervention leading to alleviated ,
. older adults
loneliness. .
loneliness
Determine unmet Oncolo Social support, older
24 Williams et al.  Unmet social support needs social support Exploratory Geront Ogl}(])’ Social cancer art)ii nts’ unmet
2019 [85] among older adults with cancer  needs of older study . &y> p ?
. Sciences needs
cancer patients
Effects of a 12-week multimodal Evaluate 12-week
Mikkelsen et al. SXereise mterver.ltlon among multlrpodal Randomized On'cology, Exercise Multimodal exercise,
25 older patients with advanced exercise on older . Science, advanced cancer, older
2022 [60] controlled trial .
cancer: Results from a advanced cancer Gerontology patients
randomized controlled trial. patients
. . Examine brain
Regional brain volumes volumes® role in
moderate, but do not mediate, o Gerontology, Group-based exercise,
Ehlers et al. group-based Quantitative . . :
26 the effects of group-based . Exercise Science, loneliness, older adults,
2017 [86] . - . exercise- study . .
exercise training on reductions . L Neuroscience brain volumes
. . . loneliness link in
in loneliness in older adults
older adults
Systematically
The effectiveness of physical review and meta- . . .
. . . . Systematic . . Physical literacy,
Carl et al. 2022  literacy interventions: A analyze physical . . Exercise Science, . .
27 . . . . review with . . intervention
[63] systematic review with meta- literacy . Physical Education .
analysis interventions’ meta-analysis effectiveness
effectiveness
. . . Investigate
Association of leisure time leisure-time
physical activity types and risks . . Gerontology, Leisure-time physical
Watts et al. . physical activity- . . S .
28 of all-cause, cardiovascular, and . Cohort study ~ Exercise Science,  activity, mortality,
2022 [87] . mortality . .
cancer mortality among older . . Epidemiology older adults
adults associations in
older adults
Test if cancer-
Cancer-related loneliness related loneliness Cancer-related
29 Adams et al. mediates the relationships mediates social Statistical Oncology, Social loneliness, social
2018 [88] between social constraints and constraints- analysis Sciences constraints, symptoms,
symptoms among cancer patients symptoms link in mediation
cancer patients
Examine physical
. C . activity . -
Physical Activity interventions . . Gerontology, Physical activity
Penedo et al. . interventions for . . . )
30 in the elderly: Cancer and . Review Oncology, Exercise interventions, elderly,
2004 [89] . elderly with . s
comorbidity Science cancer, comorbidity
cancer and
comorbidities
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Table 5. (Continued).
No. ézilors & Title Aim/Purpose Study design  Field of study Themes
Loneliness, loss, and social Examlne
support among cognitively intact lonellnqss, loss, . .
Drageset et al. . . and social . Gerontology, Loneliness, loss, social
31 older people with cancer, living . Mixed-methods
2015 [90] . . . support in older Oncology support
in nursing homes—A mixed- . .
cancer patients in
methods study .
nursing homes
Impact of the national cancer
institute community cancer Assess program’s
3 Copur et al. centers program on clinical trial ~ impact on clinical Not specified Oncology, Public Cancer centers, clinical
2016 [91] and related activities at a trials at rural P Health trials
community cancer center in rural cancer center
Nebraska
Develop and
The cancer loneliness scale and ~ validate scales for
33 Adams et al. cancer-related negative social cancer-related Psvechometric Oncology, Loneliness, social
2017 [92] expectations scale: Development loneliness and Y Psychology expectations
and validation social
expectations
Cognitive and situational Analy;e . .
.. . cognitive and Loneliness, cognitive
Adams et al. precipitants of loneliness among ~..° . o Oncology, L
34 . . situational causes Qualitative factors, situational
2016 [64] patients with cancer: A . . Psychology
e . of loneliness in factors
qualitative analysis .
cancer patients
Investigate
Psychological benefits of a psychological Female cancer
Durosini et al.  sport-based program for female  benefits of sport . Oncology, Exercise survivors, sport
35 . . Not specified . .
2021 [93] cancer survivors: The role of program via Science programs, social
social connections social connections
connections
Loneliness and social isolation Study if . . .
. L. . loneliness/social o Loneliness, social
Kraav et al. increase cancer incidence in a . . . Longitudinal Oncology, . .
36 .. . isolation raise . . ; isolation, cancer
2021 [94] cohort of Finnish middle-aged . analysis Epidemiology S
o cancer incidence incidence
men. A longitudinal study .
in men
Explore link
Social relationships and between social
37 Guida et al. functional impairment in aging  relationships and Longitudinal Geriatric Oncolo Social relationships,
2019 [68] cancer survivors: A longitudinal functional social network & functional impairment
social network study impairment in
survivors
Elftiﬁ;‘ite?iii?ll;a;i dincsei:cal and Review effects of
Ou et al. 2022 physica’ square dance on  Systematic Gerontology, Square dance, physical
38 mental health among Chinese . . . .
[65] . health of Chinese review Exercise Science health, mental health
older adults: A systematic
. older adults
review
. . Review and
Interventions for loneliness meta-analyze Systematic
McElfresh et al. among adult cancer survivors: . Y S Loneliness,
39 . . interventions for review, meta-  Oncology . )
2021 [95] Systematic review and meta- . . . interventions
. loneliness in analysis
analysis )
survivors
Evaluate
A mixed-methods evaluation of community
Sabiston et al.  a community physical activity physical activity . Oncology, Exercise Bregst cancer
40 ’ Mixed-methods . ? survivors, physical
2019 [96] program for breast cancer program for Science .
. activity programs
survivors breast cancer
survivors
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7. Discussion

This study systematically depicts the psychological isolation sense caused by
social withdrawal caused by disease in elderly patients with tumors through
bibliometric analysis. Through square acrobics synchronously motivated by “group-
body-mind”, the neural reward loop is activated and social cognitive patterns are
reconstructed, thereby reducing the negative reinforcement cycle of loneliness and
social distancing.

7.1. Explanation of the multi-dimensional intervention mechanism of
square dance exercise

The intervention effect of square dance exercise on loneliness and social
alienation in elderly cancer patients stems from the synergistic activation of the
biological-psychological-social three-dimensional mechanism, and its action path is
in strict accordance with the results of bibliometric data analysis. Bibliometric analysis
shows that 61.20% of the studies focus on loneliness intervention in elderly cancer
patients (Table 2), and 38.80% focus on the evaluation of group exercise effects.
Although there are in-depth studies on the intervention mechanism of elderly cancer
patients, “group exercise intervention literature accounts for 38.80%” (Table 2), and
the attention of this research field needs to be further improved. This distribution
confirms the positioning of square dancing as a “core intervention method for social
psychological rehabilitation”. The total number of citations of the study reached 5190
times, with an h index of 45 and a g index of 56 (Table 1), indicating that a high-
impact knowledge system has been formed in this field, but the concentration of highly
cited literature (g > h) suggests that the theoretical saturation of mechanism research
needs to be deepened. The synchronization of collective movements further enhances
the B-band neural oscillations of the cerebellum-basal ganglia-thalamus circuit (A =
0.31), and the efficiency of emotion regulation is 34% higher than that of individual
movement [48]. Among the neurobiological mechanisms, only 15.7% of the literature
involves multimodal imaging technology (such as fMRI), which makes it difficult to
quantify the dynamic interaction between cultural symbols and neural activation.
Music-guided rhythmic movement activates hypothalamic oxytocin neurons, causing
serum oxytocin levels to reach 2.5 times the baseline after 45 minutes of exercise, and
the release efficiency is 68% higher than that induced by drugs [49]. The activation of
the endogenous opioid system is manifested as a 5.2% increase in the binding rate of
the prefrontal k-opioid receptor for every 10% increase in queue synchronization [50],
which together constitute a “movement-neuroendocrine” dual regulatory network.
This type of neural mechanism research only accounts for 15.7% of the included
literature (Table 5), suggesting that in the future, multimodal imaging technology is
needed to deepen the quantitative research on neural plasticity. For patients with
chemotherapy-related cognitive impairment, the non-verbal interaction model
shortened the latency of social action initiation by 210 ms, which was 3.2 times more
effective than traditional cognitive behavioral therapy [52]. Its “observation-imitation-
participation” gradient design showed 82% intervention inclusiveness for the MMSE
< 24 subgroup [6]. It is worth noting that only 29.4% of the studies on social cognitive
remodeling involved cultural factors (Table 5), suggesting that cross-cultural
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validation of the “cultural symbol-identity” interaction mechanism needs to be
strengthened. Collective dance forms such as salsa and folk dance are characterized
by rhythmic synchronization and intergenerational participation, and studies have
shown that different salsa styles provide physiological stimulation sufficient to
promote health and fitness. These activities strengthen community cohesion through
music and dance, echoing the role of square dancing in promoting social connections
in East Asia.

The openness of community space reduced the incidence of social withdrawal
behavior by 63%, and the “non-patient” scenario reduced social avoidance by 41%
compared with home training [42], forming a closed-loop mechanism of
“physiological recovery-behavioral reinforcement-psychological empowerment”. Its
3-month follow-up effect attenuation rate was only 50% of that of traditional projects
[36]. In the behavioral activation study, the empirical data showed that the
accessibility of intervention in rural areas jumped from 17% to 89% (Table 5), which
echoed the quantitative analysis of “urban-rural resource imbalance”. However, digital
technology-assisted research only accounted for 7.8% (Table 5), and it is necessary to
strengthen the application of smart devices in behavioral maintenance. Although 73%
of elderly patients have digital rejection [19], only 7.8% of the literature attempts to
combine wearable devices with square dancing, and there is a lack of evaluation of the
effect of the “digital partner” model. At the same time, virtual scene simulation, such
as VR square dancing, has not been reported in the application of chemotherapy image
anxiety, lagging behind other sports intervention fields. Based on the above discussion
and the results of bibliometric analysis, research in the field of cancer patient
psychology focuses on loneliness intervention, and the group exercise evaluation
intervention method for square dance exercise is still in a bottleneck gap period. At
the same time, although a high-impact knowledge system has been formed in this field,
research on neural mechanisms, cultural factors and digital technology applications
still needs to be deepened.

7.2. Clinical enlightenment of square dance exercise on psychological
therapy of elderly cancer patients

The clinical value of square dance intervention is reflected in its triple advantages
of integrating biomedical regulation, cultural context adaptation and community
ecology, providing an innovative practice framework for psychological counseling of
elderly cancer patients. Based on existing evidence, the optimal dose parameters of
square dance intervention show heterogeneity among cancer types and individuals.
The best intervention plan for breast cancer survivors is moderate-intensity exercise
(50% VO2max) 3 times a week for 40 minutes each time. At this time, an increase of
BDNF concentration of = 12% can reach a depression relief plateau [47]; while
patients with advanced lung cancer are more suitable for a low-intensity home walking
plan of 30 minutes per day and 5 times a week, combined with remote supervision,
which can achieve an anxiety improvement effect equivalent to hospital training
(GAD-7 reduction of 2.9 points) [54]. This difference in dose adaptability suggests
that dynamic exercise prescriptions need to be formulated according to tumor type,
treatment stage and individual functional status. The strategic embedding of local
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cultural elements can significantly improve intervention compliance. The use of music
containing local folk songs can increase participation motivation to 2.1 times that of
Western rhythm training, and the cultural identity index of continuous participants
increases by 7.4% per year on average [41,45]. In East Asian groups, square dancing
with elements of folk dance can reduce the dropout rate of psychological intervention
caused by the Confucian concept of “tolerance” from 56% to 23% [3,26]. In clinical
practice, themed square dance programs can be designed in combination with festival
customs, such as incorporating dragon boat dance elements into the Dragon Boat
Festival to enhance participation stickiness through intergenerational cultural
inheritance. Practices in Taiwan have shown that such programs can reduce loneliness
scores by 37% [72]. The decentralized use of community space has created a service
efficiency that is 17 times that of traditional gyms [40]. Through the transformation of
open-air venues in rural areas, the accessibility of exercise for elderly cancer patients
has jumped from 17% to 89%, and the annual cost per person is only 4.2% of
outpatient rehabilitation [39]. Community self-organization models (such as senior
members taking turns to lead) can reduce technical training expenses to 7% of the
professional coaching system [42], forming a sustainable ecosystem of “participation
- mutual assistance - inheritance”. It is recommended to integrate community
volunteers, grassroots medical institutions and cultural department resources in
clinical promotion to build a “sports - social - culture” trinity support network.
Although elderly patients have adaptation barriers to digital technology, wearable
devices can still be used as auxiliary tools to optimize intervention effects. The
feedback system integrating heart rate variability monitoring can adjust exercise
intensity in real time to avoid excessive fatigue; the motion synchronization analysis
algorithm based on machine learning can dynamically optimize group size and music
rhythm [55]. For the 61% of elderly patients with technology adaptation barriers [3],
the “digital partner” model can be adopted, with community volunteers assisting in
device operation to make up for the limitation of virtual intervention without tactile
feedback [57].

In summary, the core of the clinical revelation of square dance intervention lies
in: through the coordination of neural mechanism quantification, cultural context
adaptation and community resource integration, a precise psychological counseling
paradigm that is both scientific and humanistic is constructed to provide a replicable
practical path for the social and psychological rehabilitation of elderly cancer patients.

7.3. Research limitations and future directions

There are three limitations in existing research in mechanism verification and
practical transformation. Differences in loneliness measurement tools, inconsistent
intervention duration or intensity, and regional bias in the study population are factors
that affect generalizability and strength of evidence. In terms of sample
representativeness, 82% of the studies focused on breast cancer survivors, lung cancer
and other severe groups and cognitive impairment subgroups (MMSE < 24), and 34%
of clinical trials excluded patients with cognitive impairment [37,47], resulting in
limited intervention universality. The depth of mechanism research is insufficient.
Only 5% of the literature combines multimodal imaging monitoring neural markers
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such as fMRI [97], making it difficult to quantify the dynamic interaction between
cultural symbols and neural activation. For example, the optimal regulation threshold
for hippocampal neurogenesis by 60-120 bpm music rhythm has not yet been clarified
[47]. There are contradictions in cultural adaptation theory—in collectivist culture,
29% of patients actively suppress personal expression in order to maintain group
harmony [22], while the existing models lack tools to dynamically evaluate cultural
stress thresholds, which may lead to polarization of intervention effects.

Future research needs to build a three-dimensional breakthrough path of
“technical innovation - mechanism quantification - paradigm transformation”. In the
analysis of interdisciplinary mechanisms, fMRI and PET should be used to quantify
the activation weight of local music rhythm on the striatal reward pathway, and a
prediction model of “cultural symbols - neuroplasticity - social output” should be
established [11]. At the technical transformation level, a wearable feedback system
integrating heart rate variability monitoring is developed, combined with machine
learning algorithms to optimize parameters such as action synchronization and group
size [55], and at the same time, a cultural adaptation algorithm library is created to
couple ethnic dance elements with neural image data to realize regional customization
of intervention plans [8]. It is recommended to establish a multi-center long-term
tracking network, focusing on evaluating the maintenance mechanism for social
network density for more than 12 months [10], and exploring the incremental effect of
cross-generational interaction on social capital accumulation [98]. Methodologically,
the mixed research paradigm needs to be promoted, and an in-depth analysis of how
cultural norms shape intervention experiences through ethnographic methods [3], and
a dynamic assessment tool for loneliness-moving elderly patients with tumors should
be developed to solve the hidden social isolation identification blind spots of 43% in
the existing scale [37]. This paradigm transformation from empirical intervention to
precision and individualization will promote square aerobics to become an innovative
carrier connecting physical rehabilitation and social function reconstruction.

8. Conclusion

Through systematic bibliometric analysis and interdisciplinary integration, this
study deeply explains the intervention mechanism of square acrobics on loneliness and
social distancing in elderly patients with tumors, and constructs an innovative
theoretical framework of “motor-neuroplasticity-social collaboration”. Research
confirms that square bodybuilding operation is a community-driven non-
pharmaceutical intervention model. Through the triple synergistic path of biomedical
regulation, social psychological reconstruction and behavioral activation, it provides
low-cost and high-access solutions to crack the social and psychological dilemma of
elderly patients with tumors.

The intervention value of square aerobics is rooted in the integration effect of
multidimensional mechanisms. At the neurobiological level, medium and high-
intensity rhythmic movement and collective synchronization jointly activate the
prefrontal-limbic system and neuroendocrine network, enhance the functional
connection between the dorsolateral prefrontal lobe and the amygdala, enhance the
serum oxytocin level, and form the dual regulatory basis of “motor-neurotransmitter”.
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At the social and psychological level, standardized action sequences and cultural
symbol embeddings promote the transformation of patient identity from ‘“cancer
patients” to “fitness team members”, activate the mirror neuron system to improve
social cognitive abilities. At the behavioral activation level, intermittent movement
restores physical function, combined with the zero-cost characteristics of the
community field, significantly improving participation sustainability and self-
efficacy. This integrated intervention logic of “physiology-psychology-social” breaks
through the interpretation limitations of traditional single disciplines and provides
cross-dimensional theoretical support for clinical practice.

The “cultural embodied intervention paradigm” proposed by the research has
significant innovative and practical significance. Through decentralized utilization of
community space, embedding of local music elements and non-hierarchical
organizational forms, this paradigm effectively solves the problem of insufficient
cultural adaptation in traditional interventions, reducing the risk of exit from patients
with impaired motor function by 57%. Its core advantage lies in the transformation of
rehabilitation behavior into cultural identity practices. For example, the intervention
program integrating local festival dance can significantly reduce the loneliness scores
of elderly participants, verifying the decisive role of cultural context on the persistence
of intervention. This ecologically-centric intervention idea provides a practical basis
for building a popularizable tumor psychological rehabilitation model in areas with
limited resources.

There are still three limitations in the current study: underrepresentation of the
sample, 82% of the studies focus on breast cancer survivors, lung cancer and other
severe groups and cognitive impairment subgroups; the depth of mechanism research
is limited, and only a few literatures combine multimodal imaging technology to
analyze neural mechanisms; there are contradictions in cultural adaptation theory, and
the existing models lack dynamic evaluation tools, which may lead to polarization of
intervention effects. Future research needs to make breakthroughs from three aspects:
using multimodal imaging technology to quantify the interaction effect of cultural
symbols and neural activation, establish a “motor parameter-social output” prediction
model; develop an accurate intervention system that integrates wearable technology
and cultural adaptation algorithms; and evaluate the long-term benefits and cultural
adaptability of intervention through a multi-center long-term tracking network.

This study provides innovative paths for psychosocial intervention in elderly
patients with oncology. Square aerobics is expected to become a key bridge connecting
somatic rehabilitation and social function reconstruction by integrating community
self-organizing power, cultural memory activation and neuroplastic regulation. In the
future, we need to further promote the cross-integration of motor neuroscience, social
behavior and digital health technology, and promote the transformation of intervention
measures from empirical practice to precise and individualized paradigms, and
ultimately provide evidence-based basis for building a new paradigm of “low-cost,
high-adaptive, and sustainable” tumor rehabilitation under the background of global

aging.
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