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ABSTRACT

This study aims to systematically map and critically the main current frontiers of scientific
production related to adapted physical activity and health. To this end, a systematic literature
review was conducted, based on the PRISMA 2020 recommendations. The studies were
organized into thematic axes and analyzed through critical thematic synthesis. Thus, it was
observed that the literature from the last five years showed greater scientific density in five
main axes: exercise as clinical therapy; mental health and exercise; digital technologies and
rehabilitation; aging and functionality; and neuroplasticity associated with exercise. This
allows us to conclude that adapted physical activity is being reorganized around a more
interdisciplinary agenda, in which functionality, cognition, well-being, technological
innovation, and social participation are being treated in an integrated way, despite
methodological limitations and low comparability between studies.

Keywords: Adapted Physical Activity. Rehabilitation. Mental Health. Assistive Technology.
Special Populations.

RESUMO

Este estudo tem como objetivo mapear de maneira sistematica e critica as principais
fronteiras na atualidade da producéao cientifica relacionada a atividade fisica adaptada e
saude. Para tanto, foi realizado um mapeamento sistematico da literatura, com base nas
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recomendagdes do PRISMA 2020. Os estudos foram organizados em eixos tematicos e
analisados por sintese tematica critica. Desse modo, observa-se que a literatura dos ultimos
cinco anos mostrou maior densidade cientifica em cinco eixos principais: exercicio como
terapia clinica; saude mental e exercicio; tecnologias digitais e reabilitagdo; envelhecimento
e funcionalidade; e neuroplasticidade associada ao exercicio. O que permite concluir que a
atividade fisica adaptada vem se reorganizando em torno de uma agenda mais
interdisciplinar, na qual funcionalidade, cognicdo, bem-estar, inovagdo tecnoldgica e
participagdo social passam a ser tratados de forma integrada, apesar das limitagdes
metodologicas e baixa comparabilidade entre os estudos.

Palavras-chave: Atividade Fisica Adaptada. Reabilitacdo. Saude Mental. Tecnologia
Assistiva. Populagdes Especiais.

RESUMEN

Este estudio tiene como objetivo mapear sistematica y criticamente las principales fronteras
actuales de la produccion cientifica relacionadas con la actividad fisica adaptada y la salud.
Para ello, se realiz6 una revision sistematica de la literatura, basada en las recomendaciones
PRISMA 2020. Los estudios se organizaron en ejes tematicos y se analizaron mediante
sintesis tematica critica. Asi, se observé que la literatura de los ultimos cinco afios mostro
una mayor densidad cientifica en cinco ejes principales: el ejercicio como terapia clinica; la
salud mental y el ejercicio; las tecnologias digitales y la rehabilitacion; el envejecimiento y la
funcionalidad; y la neuroplasticidad asociada al ejercicio. Esto nos permite concluir que la
actividad fisica adaptada se esta reorganizando en torno a una agenda mas interdisciplinaria,
en la que la funcionalidad, la cognicidn, el bienestar, la innovacion tecnoldgica y la
participacion social se abordan de forma integrada, a pesar de las limitaciones
metodologicas y la baja comparabilidad entre los estudios.

Palabras clave: Actividad Fisica Adaptada. Rehabilitacion. Salud Mental. Tecnologia
Asistiva. Poblaciones Especiales.
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1 INTRODUCTION

Scientific production in the field of Adapted Physical Activity (APA) has been
consolidating itself as a substantial field at the intersection of rehabilitation, health promotion,
social participation, and parasport, particularly due to the evidence-based research and
practice trend adopted in recent years. Given the persistent difficulties in access to physical
activity (PA) among people with disabilities and other vulnerable groups, this scenario is
particularly relevant, since certain segments are less likely to meet the minimum PA
recommendations and, consequently, are more exposed to the deleterious effects of physical
inactivity, especially noncommunicable chronic diseases (Rimmer & Marques, 2012; Bull et
al., 2020). Thus, APA has articulated clinical, educational, sports, and community-based
approaches aimed at adapting tasks, resources, and strategies to the functional,
psychosocial, and environmental characteristics of different populations (Rimmer & Marques,
2012; Martin Ginis et al., 2021).

No contexto brasileiro, Silva e Silva (2025) apontam que nas ultimas décadas as
tematicas produzidas no principal peridédico da area no pais tém se concentrado em temas
como transtornos do espectro autista, deficiéncia, principalmente fisica, intelectual e visual,
e paralisia cerebral, além de diversas outras condi¢cdes. Ja na literatura internacional dos
ultimos anos pode-se verificar importantes transformacgodes, pois historicamente, parte da
producao concentrou-se na funcionalidade motora, na redugdo de incapacidades e na
inclusdo em contextos educacionais e esportivos.

In the Brazilian context, Silva and Silva (2025) point out that, in recent decades, the
themes published in the country’s leading journal in the field have concentrated on topics
such as autism spectrum disorders, disability (especially physical, intellectual, and visual
disability) and cerebral palsy, among several other conditions. In the international literature
of recent years, important transformations can also be observed, since historically part of the
production focused on motor functioning, disability reduction, and inclusion in educational
and sports contexts. However, it has now become possible to identify a more consistent
incorporation of themes such as mental health, digital technologies, participation,
neuroplasticity, and therapeutic personalization (Hassett et al., 2024; Liu, Liang, & Sit, 2024).
At the same time, advances in adaptive equipment, telehealth, robotics, and other assistive
technologies have expanded access, monitoring, and continuity of care (Dawson et al., 2024;
Jamieson & Wijesundara, 2025)

In this context, sport and recreation, as demonstrated by recent reviews, have shown
benefits for participation, mobility, and quality of life in adults with physical and intellectual
disabilities (Hassett et al., 2024). In pediatric populations with neuromotor disabilities, APA
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has been associated with improvements in gross motor performance, participation, and
quality of life (Faccioli et al., 2025). In children and adolescents with neurodevelopmental
disorders, benefits have been predominantly observed in mental health, cognitive function,
psychological well-being, and the reduction of internalizing and externalizing problems (Liu,
Liang, & Sit, 2024), while in young people with disabilities, positive effects have been reported
mainly on cognition and mental health (Leahy et al., 2025).

This body of evidence indicates an expansion of the field’s focus toward psychological,
cognitive, and relational outcomes, suggesting that APA is not restricted to functional
improvement, but rather is becoming a field increasingly sensitive to the emotional, cognitive,
behavioral, and contextual dimensions of participation in health (Liu, Liang, & Sit, 2024;
Huang et al., 2024). Furthermore, part of the recent literature has brought APA closer to
approaches centered on motor learning, functional recovery, and neuroplasticity. Reviews in
neurological conditions, especially after stroke, indicate that PA may modulate markers such
as brain-derived neurotrophic factor (BDNF), vascular endothelial growth factor (VEGF), and
cortical excitability, highlighting the role of PA in neural reorganization, particularly through
moderate-to-vigorous aerobic protocols and high-intensity interval training (Montero-Almagro
et al., 2024; Cardoso et al., 2024).

The convergence of factors involving therapeutic exercise, technological innovation,
biological mechanisms, and participation contexts reinforces the hypothesis that APA is
undergoing epistemological and methodological progress, in which different fronts of
knowledge are beginning to interact more intensively (Dawson et al., 2024; Cardoso et al.,
2024; Jamieson & Wijesundara, 2025; Montero-Almagro et al., 2024). However, despite this
growth, the literature still presents numerous gaps regarding populations, contexts,
modalities, and outcomes. Recent reviews tend to focus on specific segments, such as sport
in adults with disabilities, mental health in neurodevelopmental disorders, APA in pediatric
neuromotor populations, or technologies applied to exercise and rehabilitation, which makes
it difficult to obtain a systematized view of the field’s contemporary transformations (Hassett
et al., 2024; Huang et al., 2024).

In this study, the term contemporary frontiers refers to emerging or recently expanding
thematic axes in the adapted physical activity literature, characterized by greater density of
scientific production, conceptual, methodological, or technological innovation, and potential
to reorganize the field beyond traditional motor functioning. Furthermore, identifying the
frontiers of knowledge requires recognizing that the field is not organized around a single
stable descriptor, but rather around multiple scientific and applied interfaces. Thus, this study
was designed as a systematic mapping of the literature, with the aim of analyzing the main
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contemporary frontiers of scientific production in adapted physical activity and health, from

the perspective of the field’s recent transformations beyond traditional motor functioning.

2 METHODS
2.1 STUDY DESIGN

The manuscript was guided by the PRISMA 2020 recommendations (Page et al.,
2021), supported by the methodological principles of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins et al., 2019), particularly regarding transparency in the
search, selection, and reporting processes. Two complementary stages were carried out: (a)
an exploratory mapping of core journals in the field to identify predominant thematic fronts;
and (b) an expanded systematic search in databases aimed at verifying the recent density of
scientific production within these axes and defining the central fronts of the final synthesis.

Given the nature of this study, which differs from a classical systematic review focused
on a single intervention or outcome, the aim was to map the recent organization of the field,
identify prominent thematic axes, and discuss methodological and conceptual gaps. This
choice is justified by the diversity of populations, interventions, contexts, and outcomes, which
makes the quantitative aggregation of the entire corpus into a single effect estimate

conceptually and methodologically unfeasible (Higgins et al., 2019; Page et al., 2021).

2.2 SEARCH STRATEGY AND ELIGIBILITY CRITERIA

For the initial stage, the journals Adapted Physical Activity Quarterly (APAQ) and
European Journal of Adapted Physical Activity (EUJAPA) were selected because of their
established history and worldwide dissemination of scientific production in the field. This
stage had an exploratory and guiding character, functioning as a preliminary procedure for
identifying thematic axes and refining the expanded search. Searches were conducted in
February 2026, with the main time filter set from 2020 to 2026, as this study aimed to identify
contemporary trends. Articles with full text available, published in peer-reviewed journals, and
written in Portuguese, English, or Spanish were considered. The complete search strategies
(database-specific strings), as well as the applied filters, are fully described in Supplementary
Material 1, ensuring reproducibility.

In the second stage, searches were carried out in the following databases:
PubMed/MEDLINE, Scopus, and Web of Science, with the aim of verifying which of the
previously identified fronts showed greater recent density of scientific production, thus
supporting a feasible systematic synthesis. Publications from the last five years were
prioritized, in line with the objective of identifying the frontiers of knowledge, while earlier
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studies were retained only when relevant for conceptual contextualization or discussion of
methodological gaps.

Scientific articles addressing the interface between APA and health in special
populations were included, provided they were aligned with at least one of the central axes
defined for the final synthesis and contributed to the characterization of contemporary trends
in the field. Eligible populations included people with disabilities, neurodevelopmental
disorders, neurological conditions, chronic diseases, frailty, and functional limitations related
to aging. Opinion articles, documents without accessible full text, duplicates, and studies
without confirmed thematic relevance were excluded. Details of the search strategies are

presented in the supplementary material.

2.3 STUDY SELECTION PROCESS AND DATA EXTRACTION

After duplicate removal, studies were screened by title, abstract, and full text. Selection
was performed independently by two independent reviewers, with disagreements resolved
by consensus and, when necessary, by a third reviewer. Organization and traceability were
managed using the Rayyan platform (Ouzzani et al., 2016).

Before screening, a pilot calibration was conducted among reviewers to align eligibility
criteria. Data extraction involved cross-checking and consensus in cases of disagreement.
Thematic classification prioritized the central focus of each study’s objective and outcome; in
multithemed studies, classification was based on the emphasis of the design or intervention.

Data extraction was standardized based on full-text reading of the studies. For each
article, the following information was collected whenever available: (a) author and year; (b)
study type; (c) population and sample size; (d) mean age or age range; (€) inclusion criteria;
(f) exclusion criteria; (g) intervention or exposure group; (h) control or comparator group; (i)
primary outcomes; (j) main findings; and (k) predominant thematic frontier. Data were
extracted exclusively from information explicitly reported in the texts; when unavailable, they

were classified as not retrieved or not applicable, avoiding inferences.

2.4 SYNTHESIS STRATEGY AND METHODOLOGICAL CONSIDERATIONS

The axes of the final synthesis were defined by the convergence between the
exploratory mapping and the expanded search. Although the initial stage identified a broad
set of contemporary axes, the distribution of recent production showed greater density in five
central axes: (1) exercise as clinical therapy in special populations; (2) mental health and
exercise; (3) digital technologies and rehabilitation; (4) aging and functionality; and (5)
neuroplasticity and exercise. Axes such as high-performance Paralympic sport and functional
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assessment, although identified, were not retained as central axes because of insufficient
density in the expanded search.

This review did not aim to estimate a mean effect, but rather to critically map the
contemporary organization of scientific production in the field of APA, identify robust axes,
and discuss gaps that may guide its future agenda. Thus, the inclusion of different study
designs was considered appropriate to the proposal. It should be noted that the analysis
prioritized transparency in selection, consistency in extraction, and critical organization of the
evidence. A single risk-of-bias tool was not applied due to methodological heterogeneity.
However, recurring limitations were discussed throughout the synthesis. The results were

organized into narrative synthesis, tables, and figures.

3 RESULTS AND DISCUSSION
3.1 SELECTION AND GENERAL CHARACTERIZATION OF THE STUDIES

After the screening process, 45 studies composed the final synthesis of this review.
These studies can be accessed in the supplementary material, and the process of
identification, screening, eligibility, and inclusion is presented in the PRISMA flow diagram

(Figure 1).
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Figure 1
PRISMA flow diagram of the study selection process

Identification of studies via databases and registers 1

P
Records identified through
database searching (n = 14.726) Records removed befors
screening
PubMed/MEDLINE (n = —_— . o
3.524) Duplicates (n = 10.663)
Scopus (n=6.976 )
Web of Science (n=4.226)
| N

Records excluded
Records screened Title screening (n = 1.927)
(n=4.063) Abstract screening (n = 1.924)
l Total Exclued (n = 3.851)

Records sought for retrieval Records not retrieved
(n=212) (n=17)

Screening

l Full-text articles exclued from
assessment (n =150)

Publications assessed for
eligibility =

(n =195) Publications excluded

Reason 1 - outside the
thematic scope (n = 58)
Reason 2 - not a special
population (n = 27)
Reason 3 - not physical
— activity/exercise (n = 21)
Reason 4 - incomplete /
unavailable full text (n = 12)
Reason 5 - residual duplicate
(n=9)

other reason (n = 23)

Total studies in the qualitative
synthesis (n = 45)

Source: Prepared by the authors.

The included studies were then subjected to standardized data extraction and thematic
coding by frontiers (axes), with one predominant frontier defined for each study, as described

in Section 2. The general characteristics of the studies are summarized in Table 1.

Table 1
Summary synthesis of the thematic frontiers
. Predominant _Predoml_nant Predominant
Frontier n - Study types interventions /
populations outcomes
exposures
ID, NDD, CP,
MS, SCl, . . . -
Exercise T2DM. frail _ RCTs,_ aquatl_c, resistance, function, mo_blllty,
L 1 intervention multicomponent, strength, fatigue,
as clinical older adults, . . . -
therapy 1 visual studies, SR, focal V|bra.t_|on, balance,_ quality of
. ; MA Baduanijin life
impairment,
post-stroke
ASD, ADHD, sleep, executive
Mental NDDs, SR MA PA, cycling, martial ~ functions, inhibition,
healthand 9 athletes with ’ ’ arts, exergames, cognition,
: o RCTs .
exercise disabilities, sports programs psychological well-
post-stroke being
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- adherence,
Digital telehealth, remote feasibility. mobilit
technologi IDD, ID, frail SR, MA, support, home- Y. Y.

; . strength,
es and older adults, trials, based video, cardiorespirator
rehabilitati SCI, TBI, CP protocols robotics, FES, : P y
fithess, motor
on RAGT .
function
hospitalized,
. institutionalize  RCTs, pooled supervised in- intrinsic capacity,
Aging and : . \ X
; . d, and analyses, hospital resistance physical function,
functionalit . X .
community- SR, exercise, coaching falls, steps/day,
y dwelling older consensus + monitoring cognition, mood
adults
post-stroke, T, deroDie BDNF, VEGF,
Neuroplast SCI, adults : o) lactate, cortical
.. . SR, pilot training, L .
icity and with : excitability, brain
. . study exergaming, - .
exercise neurological . activation, functional
. robotics,
disorders, CP . recovery
neuromodulation
: SR, - .
Inclusion, s accessibility, social
o . qualitative school factors,
participatio people with . support,
e meta- mainstream sports, L
n, and disabilities of . S participation,
. synthesis, outdoor activities,
contextual different ages SCODIN adapted cvclin structural and
barriers revigwg P yeling contextual barriers

Note: PA = physical activity; ASD = autism spectrum disorder; BDNF = brain-derived
neurotrophic factor; ID = intellectual disability; T2DM = type 2 diabetes mellitus; MS = multiple
sclerosis; FES = functional electrical stimulation; HIIT = high-intensity interval training; IDD =
intellectual and developmental disabilities; SCI = spinal cord injury; MA = meta-analysis; NDD
= neurodevelopmental disorders; CP = cerebral palsy; RAGT = robot-assisted gait training;
RCT = randomized controlled trial; SR = systematic review; TBI = traumatic brain injury;
ADHD = attention-deficit/hyperactivity disorder; VEGF = vascular endothelial growth factor.
Source: Prepared by the authors.

The included studies showed heterogeneity in terms of methodological design,

populations investigated, application contexts, and outcomes analyzed. Protocols,
systematic reviews, meta-analyses, scoping reviews, qualitative meta-syntheses, and
consensus documents were identified (Shen, Liang, & Sit, 2024a; Shen, Liang, & Sit, 2024b;
Formica et al., 2025; Martinez-Velilla et al., 2019; Valenzuela et al., 2025). A predominance
of studies involving children and adolescents with neurodevelopmental disorders was
observed, with particular emphasis on autism spectrum disorder (ASD), intellectual and
developmental disabilities, hospitalized or institutionalized older adults, people with spinal
cord injury, and individuals with neurological conditions, especially post-stroke.

A greater concentration was observed in five main axes, which constituted the core of
the final synthesis. Four other themes, with lower consistency across studies, were grouped
as a complementary frontier of inclusion, participation, and contextual barriers (Figure 2). The
thematic synthesis of these frontiers is presented in Table 2, and the main methodological

limitations by axis are shown in Table 3.

7)
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Distribution of studies by thematic frontier

Quality of life

Functional assessment
Educational inclusion

Public policies / participation
Neuroplasticity and exercise

Aging and functionality

Digital technologies
Mental health and exercise I

Exercise as clinical therapy I

0 2 4 6 8 10 12
Source: Prepared by the authors.
Table 2
Thematic synthesis of the knowledge frontiers
Main Predominant Predominant | . Ma.m .
. n . interventions/exp Main outcomes
frontier populations study types
osures
aquatic exercise,
ID, NDD, CP, resistance training, motor function,
Exercise MS, SCI, T2DM, multicomponent mobility, strength,
L frail older adults, RCTs, SRs, exercise, focal fatigue, balance,
as clinical | 11 . . ;
therapy _ V|_sual meta-analyses V|b_r_at|o_n, QoL, mood,
impairment, Baduanijin, lifestyle biomarkers,
post-stroke programs, physical functionality
rehabilitation
sleep, executive
ASD, ADHD, struqtured P_A, functions, |nh|_b'|tory
Mental SRs, meta- aerobic exercise, control, cognition,
NDDs, athletes . . .
healthand | 9 e analyses, cycling, martial psychological well-
. with disabilities, . ;
exercise RCTs arts, exergaming, being,
post-stroke . o
sports programs internalizing/external
izing symptoms
telehealth, remote
Digital family-school adherence,
. . SRs, meta- feasibility, mobility,
technologi ID, IDD, frail analvses support, home- strenath
es and 7 older adults, trigls ’ based DVD, cardioresgirétor
rehabilitati SCl, TBI, CP : robotics, FES, A piratory
protocols . . fitness, motor
on robot-assisted gait f .
o unction
training
in-hospital
o exercise, s .
hospitalized, resistance trainin intrinsic capacity,
Aging and institutionalized, | RCTs, pooled . 9 overall physical
; . ) supervised .
functionalit | 5 | and community- | analyses, SRs, oo function, falls,
: exercise in o
y dwelling older consensus X . steps/day, cognition,
residential care,
adults . mood, QoL
coaching +
monitoring
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post-stroke, ooiiT, Boroblo BDNF, VEGF,
Neuroplast SCI, adults with . s lactate, cortical
.. . SRs, pilot training, L .
icity and 5 neurological Z excitability, brain
. . study exergaming, o .
exercise disorders, . activation, functional
. . robotics,
children with CP ; recovery
neuromodulation
Public p(_aoplfal\_mth ; adherence to 24- prevalence of
- disabilities, SRs, scoping o adherence,
policies / ; . hour guidelines, .
L 3 adults with review, psychosocial health,
participatio . L outdoor PA, . .
mobility guideline . barriers/facilitators,
n C accessibility . .
disabilities universal design
physical/social
Education children and SRS’. school factors, enV|ron_rr_1ent,
. qualitative L opportunities for
al 2 | adolescents with barriers in ) o
. . o meta- . practice, attitudinal
inclusion disabilities . mainstream sports
synthesis and structural
barriers
adolescents with
Functional ID, TGMD, physical
children/adolesc ICF-based APA, fitness, participation,
assessme | 2 . RCT, SR o
nt ents with pediatric APA QolL, motor
neuromotor performance
disabilities
. le with .
Quality of _peop! ) . . . . physical health,
life 1 | disabilities using | scoping review adaptive cycling mental health, QoL
adapted cycling

Note: PA = physical activity; APA = adapted physical activity; ASD = autism spectrum disorder;
BDNF = brain-derived neurotrophic factor; ICF = International Classification of Functioning,
Disability and Health; ID = intellectual disability; T2DM = type 2 diabetes mellitus; MS =
multiple sclerosis; FES = functional electrical stimulation; HIIT = high-intensity interval
training; IDD = intellectual and developmental disabilities; SCI = spinal cord injury; NDD =
neurodevelopmental disorders; CP = cerebral palsy; QoL = quality of life; RCT = randomized
controlled trial; SR = systematic review; TBI = traumatic brain injury; ADHD = attention-
deficit/hyperactivity disorder; TGMD = Test of Gross Motor Development; VEGF = vascular
endothelial growth factor.

Source: Prepared by the authors.

Regarding study types, systematic reviews predominated, followed by clinical trials

and protocols, as shown in Figure 3.
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Distribution of studies by study type
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Table 3

Systematic
reviews with
meta-analysis
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Scoping
reviews

Guidelines /
consensus
statements

Recurrent methodological limitations and implications for the future agenda by thematic axis

Main methodological weaknesses

Frontier observed

Suggested future agenda

Heterogeneity of protocols; small
samples; low comparability between
interventions; frequent combination

of multiple components

Exercise as clinical
therapy

Multicenter trials; minimum
standardization of dose, frequency,
and duration; more studies by
specific clinical condition

High diversity of outcomes; multiple
instruments; predominance of
ASD/NDDs; few longitudinal studies
with follow-up

Mental health and
exercise

Expand populations and contexts;
standardize mental health outcomes;
investigate mediating mechanisms

Many feasibility/protocol studies; cost
and accessibility of technologies; low
standardization of implementation

Digital technologies
and rehabilitation

Pragmatic trials; cost-effectiveness
assessment; comparisons between
remote and in-person formats

Some diffuse overlap with general
geriatrics and not only APA,; varied
outcomes; large differences across
hospital, community, and institutional
contexts

Aging and
functionality

Stratification by context; greater
integration with frailty, intrinsic
capacity, and participation

Varied neurobiological markers; few
studies; strong methodological
heterogeneity; difficulty comparing
techniques

Neuroplasticity and
exercise

More robust mechanistic studies;
comparable protocols; integration
between biomarkers and functional
outcomes

Predominance of qualitative or
scoping studies; lower density of
effect studies

Inclusion/participati
on

More mixed-methods and
implementation studies; evaluation
of interventions in real-world settings

Public Limited intervention research;
policies/accessibilit predominance of cross-sectional
y studies and ecological reviews

Implementation studies, institutional
policies, and program impact
evaluation

Source: Prepared by the authors.

3.2 EXERCISE AS CLINICAL THERAPY IN SPECIAL POPULATIONS

This axis included the largest number of studies in the review and encompassed

populations with intellectual disability (ID), neurodevelopmental disorders, cerebral palsy,
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multiple sclerosis, spinal cord injury, type 2 diabetes, visual impairment, and frail and/or
hospitalized older adults.

In populations with neuromotor disabilities, APA was associated with improvements in
motor function, participation, and quality of life (Faccioli et al., 2025). In children with cerebral
palsy, aquatic exercise showed improvements in gross motor function and reduced muscle
tone when compared with routine rehabilitation (Li et al., 2025). In neurodevelopmental
disorders, hydrotherapy showed positive effects on motor, social, and adaptive domains,
although methodological heterogeneity was observed (Shariat et al., 2024).

In adolescents with ID, APA interventions promoted improvements in fundamental
motor skills, components of physical fitness, and quality of life (Shen, Liang, & Sit, 2024a)
and, when articulated with school and remote family support, increased moderate-to-vigorous
physical activity levels and reduced sedentary behavior (Shen, Liang, & Sit, 2024b). In adults
with relapsing-remitting multiple sclerosis, focal muscle vibration was associated with
improvements in fatigue, balance, functional mobility, walking, and some cognitive and
quality-of-life outcomes (Formica et al., 2025). In hospitalized older adults, studies have
shown benefits of multicomponent programs for physical performance, functionality,
cognition, mood, quality of life, and intrinsic capacity (Martinez-Velilla et al., 2019; Valenzuela
et al., 2025).

In patients with post-stroke depression, the combination of Baduanjin exercise,
pharmacological treatment, and rational-emotive therapy produced improvements in sleep,
mood, inflammatory biomarkers, and functionality (Liu et al., 2024). In visual impairment, the
favorable effects of physical activity were observed in functional capacity, mobility, and fall-
related outcomes (Sweeting et al., 2020). In people with spinal cord injury, meta-analytic
reviews indicated positive effects of resistance training on muscle strength (Santos et al.,
2022), as well as advances in early cardiometabolic rehabilitation and functional training
(Balthazaar et al., 2025; Handlery et al., 2024).

Therefore, APA appears to be consolidating itself as a therapeutic resource, taking
shape not only as a variety of protocols, but also as a measurable intervention that is
increasingly aligned with an evidence-based practice model, in which adaptation is not merely
an operational adjustment of the task, but a constitutive component of therapeutic
prescription.

3.3 MENTAL HEALTH AND EXERCISE IN SPECIAL POPULATIONS
This axis focused particularly on studies addressing neurodevelopmental disorders,
sleep, executive functions, cognition, and psychological well-being. A multilevel meta-
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analysis in children and adolescents with neurodevelopmental disorders showed positive
effects of physical activity on overall mental health, cognitive function, psychological well-
being, and the reduction of internalizing and externalizing problems (Liu, Liang, & Sit, 2024).

In systematic reviews and meta-analyses on ASD, favorable effects of physical activity
were identified on executive functions, especially cognitive flexibility and inhibitory control
(Liang et al., 2022), as well as on motor skills, social competence, communication, and overall
executive function (Li et al., 2025), in addition to improvements in sleep, including sleep
resistance, duration, and efficiency (Liang et al., 2024; Qiu & Liang, 2024). Similarly, in
children with attention-deficit/hyperactivity disorder (ADHD), Qiu and Liang (2024) reported
that, after physical activity, reduced sleep latency was associated with improved cognitive
flexibility. In athletes with physical disabilities, the available systematic review showed a
positive association between sports participation and psychological well-being, particularly
regarding autonomy and environmental mastery (Zabala-Dominguez et al., 2024).

Furthermore, the recurrence of studies on sleep, cognition, and psychological well-
being indicates that APA is not limited to physical or motor gains (Liu, Liang, & Sit, 2024;
Liang et al., 2024; Zabala-Dominguez et al., 2024), which may represent one of the most
remarkable shifts in the recent literature, reinforcing a more multidimensional understanding
of health.

3.4 DIGITAL TECHNOLOGIES AND REHABILITATION

The strategies identified in this axis included telehealth, audiovisual home-based
programs, remote support between school and family, robotics, functional electrical
stimulation, and robot-assisted gait training (Dawson et al., 2024; Banyai & Brisan, 2024;
Maté et al., 2023). In older adults with frailty, mobility limitations, or cognitive impairment, the
systematic review with meta-analysis on telehealth interventions demonstrated good
adherence, feasibility, and acceptability, with modest effects on mobility, strength, and
balance (Dawson et al., 2024). In adolescents with intellectual and developmental disabilities,
remote support between school and family was shown to increase physical activity levels and
reduce sedentary behavior (Shen, Liang, & Sit, 2024b), and home-based video programs
produced greater volumes of physical activity than audio-only formats, suggesting the
relevance of the visual component and behavioral modeling (Banyai & Brisan, 2024).

In the field of physical rehabilitation, systematic reviews showed that robotic systems
have been applied in different scenarios, with significant results for motor function,
coordination, dexterity, and autonomy, although still limited by issues related to cost,
accessibility, and the need for specialized training (Banyai & Brisan, 2024). In people with
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spinal cord injury or other neurological conditions, the combination of functional electrical
stimulation and arm crank exercise demonstrated improvements in cardiorespiratory
indicators compared with some isolated modalities (Maté et al., 2023). In a pilot study with
children with cerebral palsy, robot-assisted gait training showed functional improvements and
changes in patterns of brain activation (Picelli et al., 2026).

The studies in this axis addressed technologies applied to rehabilitation, access,
monitoring, and continuity of care. The incorporation of digital and assistive technologies has
emerged as one of the main frontiers of innovation in the field (Dawson et al., 2024; Jamieson
& Wijesundara, 2025; Banyai & Brisan, 2024). More than therapeutic tools, these
technologies act as mediators of access, adherence, and continuity of care, shifting the focus
toward issues of implementation, feasibility, and sustainability (Dawson et al., 2024; Dawson
et al., 2024, Balthazaar et al., 2025).

3.5 AGING AND FUNCTIONALITY

This axis brought together evidence from clinical trials, systematic reviews, meta-
analyses, and consensus documents. For example, it was found that adults over 80 years of
age who received individualized interventions involving resistance exercise, balance training,
and walking during hospitalization had better health outcomes compared with standard care
(Martinez-Velilla et al., 2019). Likewise, in-hospital exercise was also associated with
improvements in total intrinsic capacity and its domains (Valenzuela et al., 2025).

In institutionalized older adults, one systematic review showed that exercise may
improve overall physical function (Valenzuela et al., 2023), as well as depressive symptoms,
quality of life, and muscle strength (Khodadad Kashi et al., 2023). Among community-dwelling
older adults, interventions involving coaching, home visits, and monitoring may increase the
number of steps per day, moderate-to-vigorous physical activity, and well-being, while
reducing disability (Oliveira et al., 2024).

Taken together, this axis highlights a relatively consolidated field. However, the studies
indicate a paradigm shift, moving the focus away from decline and frailty (Martinez-Velilla et
al., 2019; Valenzuela et al., 2023; Valenzuela et al., 2025) and bringing the field closer to an
agenda that is less centered on decline and more oriented toward preserving capacity and
promoting participation.

3.6 NEUROPLASTICITY AND EXERCISE
The neuroplasticity frontier was concentrated on neurological conditions, especially
stroke and spinal cord injury. Systematic reviews indicate that moderate-to-vigorous aerobic
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exercise and high-intensity interval training (HIIT) are associated with changes in biomarkers
and neurophysiological measures related to neural reorganization (Cardoso et al., 2024,
Montero-Almagro et al., 2024; Penna et al., 2021). In people after stroke, these same forms
of exercise showed positive effects on biomarkers and neurophysiological measures related
to functional recovery (Montero-Almagro et al., 2024; Penna et al., 2021). Notably, protocols
with longer session duration, higher weekly frequency, and greater total intervention duration
tend to show more consistent results (Cardoso et al., 2024).

In spinal cord injury, there is evidence of both spontaneous and induced brain plasticity
through different neurorehabilitation strategies, including motor training, virtual reality,
neuromodulation, and paired stimulation (Calderone et al., 2024; Santos et al., 2022). In
children with cerebral palsy, the pilot study using robot-assisted gait training also indicated
functional and brain activation changes, suggesting growing interest in the interface between
motor rehabilitation and neuroimaging (Picelli et al., 2026).

The studies in this axis focus on biomarkers, neurophysiological measures, and
outcomes related to neural reorganization and functional recovery, configuring a
contemporary frontier that is still in the process of consolidation. They highlight APA as a
potential modulator of physiological, neuromotor, and functional processes related to
functional recovery (Cardoso et al., 2024; Penna et al., 2021). Although limited by protocol
variability and small samples, this axis broadens the understanding of the neurophysiological
bases of APA (Cardoso et al., 2024; Penna et al., 2021).

3.7 INCLUSION, PARTICIPATION, AND CONTEXTUAL BARRIERS

Finally, this axis showed lower quantitative density but high conceptual relevance. In
the school context, a qualitative meta-analysis identified that physical activity participation
among children and adolescents with disabilities is associated with the physical and social
environment, opportunities for practice, and the characteristics of the activity itself (Deng et
al.,, 2025). In addition, prejudice and ableism, insufficient professional training, poor
accessibility, transportation limitations, as well as costs and failures in information circulation,
stand out as barriers to sports participation in this population (Elipe-Lorenzo et al., 2025).

Scoping reviews on outdoor physical activity and adapted cycling further highlighted
the importance of social support, universal design, accessible infrastructure, appropriate
equipment, and institutional support for participation (Derakhshan et al., 2024; Mosser et al.,
2025). From a population perspective, the review on 24-hour movement guidelines showed
low overall adherence among people with disabilities, especially when physical activity,
sedentary behavior, and sleep were considered simultaneously (Huang et al., 2024).
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Moreover, the studies indicate that the effectiveness of APA depends not only on the
technical quality of the intervention, but also on conditions of access, retention, and belonging
(Deng et al., 2025; Huang et al., 2024; Liang et al., 2022; Mosser et al., 2025), reinforcing an
approach that goes beyond the biomedical perspective and must involve greater accessibility,
social support, professional training, and responsive environments.

The asymmetry in maturity among the identified frontiers constitutes one of the most
relevant findings of the review, since while axes such as mental health, therapeutic exercise,
and functional aging already show greater consolidation of syntheses and relatively
convergent findings, others, such as neuroplasticity, advanced technologies, and the
participation agenda, still depend on exploratory studies, protocols, or scoping reviews (Liu,
Liang, & Sit, 2024; Dawson et al., 2024; Banyai & Brisan, 2024).

Another relevant aspect concerns the concentration of production in
neurodevelopmental disorders, older adults, spinal cord injury, and neurological conditions
(Liu, Liang, & Sit, 2024; Martinez-Velilla et al., 2019; Valenzuela et al., 2025). This pattern
reveals where the field has invested most intensively, but it also points to gaps. Populations
with sensory disabilities, rare diseases, contexts of greater social vulnerability, specific
modalities of adapted sport, and less structured community environments remain
underrepresented. This suggests that progress in the field will require not only deepening the

already consolidated cores, but also expanding the diversity of populations and contexts.

4 FINAL CONSIDERATIONS

In light of the results, it was possible to observe that recent scientific production is not
only expanding, but also reorganizing itself around more integrated scientific and applied
priorities, indicating that the frontier of knowledge in the field tends to move beyond
adaptation to functional limitations and begins to articulate functionality, cognition, well-being,
accessibility, and personalization. In addition, it is worth noting that the two-stage
methodological strategy proved useful by combining exploratory mapping and an expanded
search based on thematic density, thereby avoiding dependence on a single descriptor and
the dispersion of broad searches, and favoring the identification of a more consistent thematic
core aligned with the recent literature.

As a contribution, this review organizes a still dispersed body of production into a more
coherent interpretative framework, highlighting an agenda centered on the articulation
between therapeutic intervention, mental health, technological innovation, functionality, and
participation, while providing support for more equitable research, practices, and policies. It
also reinforces the need for personalized and contextually feasible interventions, pointing to
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a field that is progressively more interdisciplinary, translational, and sensitive to the multiple
dimensions of health.

Finally, it was possible to identify that the literature presents limitations, such as
methodological heterogeneity, low comparability between protocols, and concentration of
evidence in specific populations, indicating that the challenge is not only to expand
production, but also to consolidate APA as a social and clinical technology for the promotion
of health, autonomy, and inclusion.

However, it should be emphasized that this study chose to include only the journals
Adapted Physical Activity Quarterly (APAQ) and European Journal of Adapted Physical
Activity (EUJAPA), which naturally limits the mapping of the entire scientific production in
Adapted Physical Activity (APA), given that this field is also represented in numerous other
journals across subareas such as sport, rehabilitation, education, among others, especially
within the biological sciences, social sciences and applied social sciences, and medicine and
health. Nevertheless, it is understood that focusing on APAQ and EUJAPA makes it possible
to qualitatively identify some of the main current trends at the frontier of knowledge in APA

worldwide, given their consolidated histories and their capacity for scientific dissemination.
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