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Abstract

Objective: The objective of the present study is to identify thematic evolution trends and map the
conceptual structure of the rehabilitation field in Iran from 2000 to 2024. In this regard, the central
research question is: What thematic evolution trends has rehabilitation research in Iran undergone
during these years, and what subfields shape its conceptual structure?

Materials & Methods: This study employed co-word analysis and network analysis
methodologies. The research corpus comprised 623 documents indexed in the Islamic World
Science Citation Center (ISC) database. Cluster analysis using VOSviewer software and strategic
diagram plotting in Excel were utilized to map the conceptual structure of research and identify
subfields and their interrelationships within this domain.

Results: Cluster analysis revealed ten distinct thematic clusters: (1) Edueation, evaluation, and
professional ethics in rehabilitation sciences; (2) Psychocardiological and exercise rehabilitation
in chronic dis eases; (3) Exercise therapy and pain management in musculoskeletal disorders and
disabilities; (4) Geriatric rehabilitation, occupational rehabilitation, and educational technologies;
(5) Rehabilitation of executive functions and developmental disorders; (6) Computerized cognitive
and neuropsychological rehabilitation in learning disorders; (7) Quality of life, mental health, and
disability rehabilitation policy; (8) Neuromotor rehabilitation and brain stimulation; (9) Mental
health and cognitive-auditory rehabilitation, and (10) /Cognitive and pharmacological
rehabilitation in ADHD. The highest number of clusters were positioned in Quadrant 3. The
concentration of a large portion of the ten clusters in Quadrant 3 indicates that a broad spectrum
of rehabilitation topics in Persian literature lacks internal methodological integration and a solid
theoretical framework, remaining scattered. or isolated from the mainstream of cognitive
rehabilitation.

Conclusion: This study highlights key research subfields and emerging trends within Persian
rehabilitation literature in the ISC database, offering valuable insights for future research. The
findings provide a comprehensive perspective on scientific shifts in rehabilitation and demonstrate
that the knowledge map in Iran is characterized by the maturity and centrality of cognitive
rehabilitation relative to-foundational and emerging subdomains. This underscores the imperative
for qualitative enhancement and balanced development across physical, managerial, and novel
therapeutic technelogy domains.

Keywords: “Rehabilitation, Cognitive Rehabilitation, Exercise Therapy, Quality of Life,
Knowledge Discovery.



Introduction

Rehabilitation, as an interdisciplinary domain within medical sciences and healthcare aimed at
restoring, maintaining, and promoting the physical, cognitive, and psychological function of
individuals with impairments, diseases, or disabilities, has witnessed remarkable growth in
scientific output in recent decades. This increasing growth in knowledge production underscores
the necessity of employing scientometric and bibliometric methods to map the intellectual
structure, identify thematic trends, and discover research hotspots. Furthermore, past studies show
that co-word analysis and network analysis have been utilized as effective tools across various
scientific fields, including information literacy [1], financial literacy [2], digital literacy [3],
throbbing headaches [4], literacy concepts [5], decision-making [6], and neuroscience ‘[Z];'to map
knowledge structures.

Looking at existing research, numerous bibliometric studies have been conducted across various
subfields of rehabilitation at the international level. For instance, Liu et.al.;“analyzing 5,607
documents from the Web of Science database between 1997 and 2016, demonstrated that topics
such as life satisfaction, muscle strength, wheelchair training, walking, and gait represent research
hotspots in spinal cord injury rehabilitation, whereas classification, exoeskeleton, plasticity, and old
adult were identified as the knowledge frontiers of this field [8]. Moral-Munoz et al., examining
articles in the rehabilitation field, identified topics suchras Intellectual-Disability, Neck-Pain, and
Pain as the main research axes [9]. Additionally, results‘from research by Yildiz revealed
collaboration networks and prevalent keywords such ‘as adaptive sports, disability, and
rehabilitation, which were frequently cited, reflecting the primary research focus on these themes

[10].

This method has also expanded into more specialized subfields. Pan et al., analyzing research on
sports rehabilitation in cancer patients, showed that research hotspots shifted from Quality of Life
(QoL), survival, Rehabilitation, Physical Training, cancer, Physiotherapy, Fatigue, and Breast
Cancer toward topics suchw as. exercise oncology, COVID-19, rehabilitation medicine,
implementation, telemedicine, multidisciplinary, and psycho-oncology [11]. Doluoglu et al., in an
analysis of articles related to voice rehabilitation after total laryngectomy, reported that dominant
keywords shifted from topics like laryngectomy and voice prosthesis prior to 2016 toward voice
assessment-related keywords such as voice rehabilitation, voice therapy, and voice assessment
thereafter [12].

Similarly, Xu et alsg, examining articles in the field of Transcranial Direct Current Stimulation
(tDCS). in cognitive impairment rehabilitation [13], and Li et al., analyzing perioperative
rehabilitation articles which identified keywords such as surgery, rehabilitation, outcome,
management, and complications as the most frequent topics, emphasize the growth of this
approach within clinical subfields of rehabilitation [14].

On the other hand, a segment of recent international literature has focused on evaluating the
standing of novel technologies alongside clinical and traditional approaches in rehabilitation
research. Ma et al., analyzing articles in Digital Therapeutics (DTx) in rehabilitation, identified
current research hotspots as the efficacy of DTx in rehabilitation with a focus on psychiatric
disorders, telerehabilitation, and Cognitive Rehabilitation [15]. AL-Quraishi et al., analyzing
articles on Brain-Computer Interface (BCI) based on Electroencephalography (EEG), identified
eight unexplored research areas and emerging directions such as continuous movement decoding
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and kinematics [16]. In a similar vein, research by Huang et al. highlighted prominent topics
centered around brain-computer interfaces, machine learning, EEG-based signal processing, and
real-time rehabilitation feedback systems; they also identified a paradigm shift from fundamental
neuro-investigations toward computational, Al-integrated rchabilitation frameworks [17].
Albarrati et al., reviewing articles in aging and exercise research, reported emerging topics such
as sarcopenia, telerchabilitation, and multicomponent exercise [18]. Furthermore, results from a
study by Trupin et al. demonstrated a significant increase in article output over 5-year periods. The
most prominent research themes centered around keywords such as humans, male, martial arts,
adult, female, older adult, Tai Chi, exercise, treatment outcome, and quality of life. Their
bibliometric network analysis identified nine key thematic clusters covering sports; €linical,
psychosocial, and preventive dimensions of rehabilitation, showing that leading research
orientations focused on recovery from sports injuries, improving musculoskeletal functional status,
quality of life, and mental health [19]. Ho et al., analyzing articles in dental prosthetics, identified
three emerging topics: 3D printing, accuracy-driven digital validation, and artificial intelligence
(AI) [20]. Taskaya & Taskaya, reviewing articles in robotic and artificial intelligence (Al)-assisted
neurorehabilitation, presented emerging areas such as Al-based.assessment systems, wearable
sensors, and tele-rehabilitation as future research directions [21].

In summary, the international literature shows that global rehabilitation research spans a broad
spectrum ranging from clinical, managerial, and assessment topics to domains grounded in modern
technologies such as artificial intelligence, telerehabilitation, digital therapeutics, and robotic
tools. Despite the breadth of international studies, a.review of domestic literature indicates that
mapping the conceptual structure and thematic ttends of rehabilitation in Iran has not yet been
comprehensively explored empirically. Domestie scientometric studies in this domain remain
largely limited; for example, the study conducted by Giti et al. [22] provided a scientometric
analysis and visualization of articles published in the Archives of Rehabilitation indexed in Web
of Science between 2005 and 2025, demonstrating that the keyword "Children" exhibited the
highest co-occurrence frequency. Beeause it is restricted to a single publication, this study cannot
provide a comprehensive national picture of the conceptual structure and thematic trends of
rehabilitation research in.Iran. Therefore, given the absence of a macro-level study mapping the
intellectual structure, thematic evelution, and hot and emerging spots of rehabilitation research in
Iran, and in order'to evaluate the alignment of domestic research with international dimensions,
there is an evidentneed for a bibliometric study to objectively examine the conceptual structure of
rehabilitation research in Iran. Such a study, by revealing the landscape of scientific output by
Iranian researchers, can uncover domestic thematic patterns and provide solid evidence for
research policy-making and future topic prioritization. Consequently, this study seeks to answer
the following question: What has been the thematic evolution trend of Iranian rehabilitation studies
in the ISC database during this period?

Materials-and Methods

This study was conducted using a bibliometric approach, co-word analysis, and network analysis.
Data were extracted on June 24, 2026, from the advanced search section of the Islamic World
Science Citation Center (ISC) database using the keyword "Rehabilitation" in the Title field,
limited to research articles written in Persian. This search yielded 623 documents.

Following data retrieval, in the first step, data were exported in Excel format from the ISC
database, and required fields were extracted and saved in plain text format. In the next step, this



text file was imported into BibExcel software. Using its natural language processing techniques,
main concepts were extracted based on keywords. A total of 2,202 concepts were identified across
these documents.

In the subsequent step, concept standardization and unification were performed, leaving 1,006
unique concepts. After standardization, a co-occurrence matrix was constructed. To capture an
overview of the main concepts while preserving the relational structure of the research domain, a
cut-off threshold of 3 was selected. Researchers have introduced various scientific methods for
selecting threshold cut-offs; one such method is Bradford's Law of One-Third, which was adopted
in this study [23]. Applying Bradford's Law to determine the cut-off threshold in a co-word matrix
provides a systematic, evidence-based approach for screening massive textual data. The primary
objective is to identify and retain core keywords that play the most significant role in shaping the
knowledge structure of a domain while filtering out low-frequency, peripheral terms that clutter
the network map and hinder interpretation. Although Bradford's Law originally describes the
distribution of articles across journals (where a small core of journals accounts for a major share
of publications), the same principle applies to keyword frequencies: a small core of keywords
accounts for a large proportion of total occurrences, whereas many other tetms appear only once
or twice. Using this rule, keywords were ranked in descending frequency order and divided into
zones. The cut-off threshold was set at the boundary covering the core zone and upper second zone
to capture high-frequency, impactful concepts.

After executing command sequences in BibExcel, a symmetric matrix in plain text format with
dimensions of 141*141 was generated. Diagonal cell values were set to zero. The co-occurrence
matrix was converted into a similarity matrix using the Association Strength index. Next, this
matrix was imported into VOSviewer, converted into a correlation matrix, saved in Excel format,
and re-imported into VOSviewer. The  software measures the association strength between
remaining concepts that meet the defined threshold. The association strength between two concepts
measures concept similarity, reflecting how frequently two concepts co-occur relative to other
concepts in the sample records [24, 25]. In this study, clustering was performed using the
software's default Louvain algorithm (which utilizes Newman-Girvan standard modularity)
alongside the VOS (Visualization of Similarities) algorithm.

To draw the strategic diagram, centrality and density scores of the conceptual network clusters
were computed. The strategic diagram adopted the framework established by Callon et al. [26].
This framework is a.standard, widely used analytical tool for knowledge structures that defines the
role of each.thematic cluster across four strategic quadrants using centrality and density. It allows
researchers to\identify not only the current status of topics but also their potential evolutionary
trajectories over time. In a strategic diagram, the horizontal axis represents centrality (inter-cluster
correlation and influence), while the vertical axis represents density (internal cohesion and
maturity) [27]. Melcer et al. describe the strategic diagram as an effort to better visualize and

display the maturity and structural cohesion of thematic clusters within a research field [28].

Results
Frequency Distribution of Rehabilitation Concepts Based on Co-word Analysis

The frequency distribution of high-frequency concepts during the period under review is presented
in Table 1.



Table 1. High-frequency concepts in Rehabilitation in order of frequency

No. Concept | Frequency | No. Concept | Frequency
1 Cognitive Rehabilitation 103 | 12 Response Inhibition 21
2 Rehabilitation 79 13 Stroke | 19
3 Working Memory 56 | 14 | Autism Spectrum Disorder 19

(ASD)
4 Attention-Deficit/Hyperactivity 45| 15 Attention 15
Disorder (ADHD)
5 Executive Function 43 | 16 | Transcranial Direct Current 15
Stimulation (tDCS)
6 Quality of Life (QoL) 31 17 Anxiety 15
7 Student 28 | 18 OlderAdult 15
8 Children 251 19 Dyslexia 13
9 Learning Disorder 24 | 20 Sustained Attention 13
10 Depression 23| 21 Rehabilitation Centers 12
11 | Computerized Cognitive 22| 22 Cardiac Rehabilitation 12
Rehabilitation Therapy (CCRT)

Table 1 presents the frequency distribution of the most frequent concepts and keywords in the field
of Rehabilitation within Persian publications™ by “domestic Iranian researchers, forming the
conceptual core of this domain. Data analysis reveals that Cognitive Rehabilitation, with 103
occurrences, ranks highest, surpassing even the general term Rehabilitation (79 occurrences). This
finding highlights a notable shift and specialized focus among Iranian researchers toward
neuropsychological domains and cognitive processing components such as Working Memory (56),
Executive Function (43), Response ‘Inhibition (21), and Computerized Cognitive Rehabilitation
Therapy (CCRT) (22). Furthermore, the frequency distribution indicates that the target research
populations primarily comprise age groups such as Children, Student, and Older Adult presenting
with conditions like Attention-Deficit/Hyperactivity Disorder (ADHD), Learning Disorder,
Depression, Stroke, and autism spectrum disorder (ASD). Finally, the presence of concepts like
Quality of Life (QoL) (31).as a vital outcome measure, alongside novel therapeutic methods like
Transcranial Direct Current Stimulation (tDCS) (15), demonstrates an outcome-oriented, modern,
and multidimensional approach among Persian rehabilitation researchers.

Table 2 displays the keyword pairs with the highest co-occurrence appearing simultaneously across
documents.

Table 2. High-frequency keyword pairs in Rehabilitation in order of frequency

No. Co-occurrence Pair | Frequency | No. Co-occurrence Pair | Frequency
1 | Working Memory - Cognitive 40 11 | Cognitive  Rehabilitation - 9
Rehabilitation Learning Disorder

2 | Executive Function - Cognitive 27 12 Disability - Rehabilitation 8
Rehabilitation

3 | Cognitive Rehabilitation - 18 13 Children - Rehabilitation 7
Attention-Deficit/Hyperactivity
Disorder (ADHD)




4 | Working Memory - Attention- 12 14 | Executive Function - Response 7
Deficit/Hyperactivity Disorder Inhibition
(ADHD)
5 | Attention - Cognitive 10 15 | Working Memory - Response 7
Rehabilitation Inhibition
6 Depression - Anxiety 10 16 | Dyslexia - Cognitive 7
Rehabilitation
7 | Executive Function - Working 10 17 | Neurorehabilitation - Learning 6
Memory Disorder
8 | Executive Function - Attention- 10 18 | Working Memory - 6
Deficit/Hyperactivity Disorder Computerized Cognitive
(ADHD) Rehabilitation Therapy (CCRT)
9 | Computerized Cognitive 9 19 | Cognitive  Rehabilitation - 6
Rehabilitation Therapy (CCRT) - Cognitive Flexibility
Attention-Deficit/Hyperactivity
Disorder (ADHD)
10 | Cognitive Rehabilitation - 9 20 Stroke - Working Memory 6
Response Inhibition

Findings in Table 2 demonstrate that the strongest thematic linkage revolves around Cognitive
Rehabilitation and fundamental cognitive constructs, specifically Working Memory (40 co-
occurrences) and Executive Function (27 co-occurrences), confirming the centrality of these
constructs in cognitive intervention design by domestic researchers. Furthermore, examining
frequent word pairs indicates that cognitive rehabilitation interventions, particularly computerized
protocols, have been predominantly targeted at neurodevelopmental disorders in pediatric
populations, notably Attention-Deficit/Hyperactivity Disorder (ADHD), Learning Disorder, and
Dyslexia. Simultaneously, significant co-occurrences among cognitive sub-constructs (Working
Memory, Executive Function, Response Inhibition), psychiatric comorbidities (Depression -
Anxiety), and neurological conditions (Stroke) demonstrate that Persian rehabilitation literature
focuses on understanding underlying brain mechanisms and clinical comorbidities alongside
applying modern therapeutic modalities.

Topography of Knowledge: Ten Conceptual Clusters in Rehabilitation

To determing: the thematic' clusters, the cluster analysis module of VOSviewer software was
employed, as illustrated in Figure 1 and Table 3.

The co-word network map in Figure 1 categorizes rehabilitation concepts into ten distinct clusters:
(1) Education; evaluation, and professional ethics in rehabilitation sciences; (2)
Psychocardielogical and exercise rehabilitation in chronic diseases; (3) Exercise therapy and pain
management in musculoskeletal disorders and disabilities; (4) Geriatric rehabilitation,
occupational rehabilitation, and educational technologies; (5) Rehabilitation of executive functions
and developmental disorders; (6) Computerized cognitive and neuropsychological rehabilitation
in learning disorders; (7) Quality of life, mental health, and disability rehabilitation policy; (8)
Neuromotor rehabilitation and brain stimulation; (9) Mental health and cognitive-auditory
rehabilitation; and (10) Cognitive and pharmacological rehabilitation in ADHD.
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Figure 1. Co-word network map of rehabilitation documents

Table 3 presents the cluster labels, key concepts, and node weights.

Table 3. Cluster names and key subfields in Rehabilitation

Clus | Cluste | Key Concepts Weigh | Clus+| “Cluste | Key Concepts Wei
ter r t ter r ght
No. Name No. Name

c Student 68 o 0 Multiple Sclerosis (MS) 40
1 % s Evaluation 32 2| €3 Cognitive Function 34
=3 Rehabilitation Centers 28 .g 5 Coronary Artery Bypass Grafting (CABG) 26
8 Community-Based Rehabilitation 22 - Psychiatric Rehabilitation
o (CBR) = Cardiac Rehabilitation 24
= Occupational Therapy (OT) 22 5 Sports Rehabilitation 24
A Empowerment 20 s Qualitative Study 22
£ Awareness 18 s Hemodialysis 20
= University 18 2 Nursing 20
S Developmental Coordination 16 = Exercise Capacity 18
2 Disorder (DCD) 3 Sleep Quality 16
S Ethics 16 g Schizophrenia 16
S Job Satisfaction 12 %3 Patient 14
2 Prevalence 12 - Social Rehabilitation 14
z. Play 10 ] Fatigue 12
2 Patient Rights 10 = Chronic Psychiatric Patients 12
E Staff 10 5 Postural Control 10
[ Service Quality 10 S Adolescents 6
R Faculty Members 8 5 Interval Training 4
S Academic Burnout 8 S 2
S Physiotherapy 8 5
-U-?J Rehabilitation Sciences 6 z
Therapist 4
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c o Rehabilitation 252 =9 Older Adult 54
é = Disability 50 | 4 s = Academic Achievement 28
T 5 Low Back Pain (LBP) 38 = % Questionnaire 24
éﬁ Prospective Memory 34 3 £ Software 24
g3 Pain 28 8 & | Clinical Training 22
g ] Physical Training 22 = Self-Efficacy 20
c = Rehabilitation Exercises 20 -2 Bipolar Disorder 18
g Hydrotherapy 18 &5 Vocational Rehabilitation 16
-2 Education 18 § § Spinal Cord Injury (SCI) 14
s = COoVID-19 16 =] E-Learning ) 10
>0 Hemiplegia 16 & Students' Perception 10
g% Transfer Movements 10 g s Vertigo 8
£=L Breast Cancer 10 g Vestibular Rehabilitation 6
S s
9 3 Exercise Therapy 4 2= Validity 6
g E Anterior  Cruciate  Ligament 4 = Emotional Intelligence (EQ) 4
X (ACL) S
« Elbow Joint 2 ©
5@ Executive Function 228 S cw Cognitive Rehabilitation 468
=K Attention 82| 6 & T 8| Working Memory 306
25 Autism Spectrum Disorder (ASD) 52 c S| Learning Disorder 104
% S Cognitive Rehabilitation 48 .2 © | Computerized Cognitive Rehabilitation 96
SE Memory 48 o £ 2| Therapy (CCRT)
o 2 Emotion Regulation 34 2 S £ Dyslexia 68
2 s Problem Solving 32 &3 2| Pupil 58
§ T Virtual Reality (VR) 22 3 Neurorehabilitation 44
38 Traumatic Brain Injury (TBI) 18 = Selective Attention 42
5 Reading Efficiency 18 =4 Processing ‘Speed 42
c Dyscalculia 14 - 8 Neurofeedback 24
'% Hearing Impairment 14 & % Cognitive-Behavioral ~ Play ~ Therapy 22
= Music Therapy 14 :“::-‘ @ (GBPT)
2 Visual Processing 12 g ? Reading Performance 20
E Cognitive Rehabilitation Program 10 S 3 Reading Disorder 16
= Phonological Awareness 14
o > Quality of Life (QoL) 116 Children 102
& % Persons with Disabilities 38(.8 == Stroke 74
Py, Iran 34 < ‘—; Transcranial Direct Current Stimulation 58
=5 Mental Health 22 2E (tbCs)
28 Rehabilitation Services 14 2’ Treatment 22
=2 Policy Making 14 S Social Support 18
e Family 12 = Aging 18
1S i Chronic Obstructive ‘Pulmonary 10 = Cerebral Palsy (CP) 14
g Disease (COPD) £ Motor Function _ 12
=2 Satisfaction 10 = Psychological Well-Being 10
5 = Activities of Daily Living (ADL) 10 S Communication Skill 6
H o
> Hospital 8 IS
= Nurse 8 g
3 Rehabilitation:Nursing 8 2
Visual Impairment 4
o »>c Depression 100 o= Attention-Deficit/Hyperactivity ~Disorder 192
&S % Cognition 52 | 10 & 27| (ADHD)
< 3 = | Anxiety 46 % Response Inhibition 108
= To| Stress 32 =) Sustained Attention 76
© ©
& £ 5 | Cognitive Rehabilitation Training 20 £ .8/ Cognitive Flexibility a4
.5 Emotion 16 § & £| Pharmacotherapy 30
g 3 Auditory Rehabilitation 12 T = 5 | Response Time 22
§ Coronary Artery Disease (CAD) 10 § S | Psychostimulant 18
Cochlear Implant 10 ~ | Cognitive-Motor Rehabilitation (CMR) 12

Table 3 illustrates the knowledge map and thematic structure of this scientific domain by
categorizing key concepts into ten distinct clusters based on term weights and importance. Concept
weight refers to the numerical value associated with network nodes and edges, indicating the
strength, volume, and importance of connections within the network. In co-occurrence networks,
node weights evaluate the intensity of interactions; weighted networks provide richer data for
granular structural analysis, where higher node weight signifies a central, key position within the
network topology [29]. Table 3 covers a broad spectrum of rehabilitation topics, spanning macro
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foundational dimensions such as higher education, evaluation, professional ethics, policy making,
and quality of life among persons with disabilities, extending to specialized clinical interventions.

Weight analysis reveals two major research axes: first, physical and motor rehabilitation in patients
with musculoskeletal disorders, chronic diseases (e.g., Multiple Sclerosis), cardiac conditions, and
neurological injuries (e.g., Stroke, Cerebral Palsy); second, a prominent focus on cognitive
rehabilitation and neurorehabilitation utilizing emerging technologies like Virtual Reality (VR),
software applications, and brain stimulation across conditions including Autism Spectrum
Disorder (ASD), ADHD, learning disorders, depression, and hearing impairment. Overall, Table 3
reflects the multidisciplinary, comprehensive, and evolving nature of rehabilitation research,
encompassing educational, physical, cognitive, psychological, and social policy dimensions
simultaneously.

Strategic Position of Research Clusters

After generating matrices for each cluster and importing them into UCINET, centrality and density
scores were calculated, and the strategic diagram was plotted. The origin.of the diagram was set at
6.7 for centrality and 0.658 for density, based on cluster mean scores. Density and centrality scores
are detailed in Table 4.

Table 4. Density and centrality of clusters resulting from co-word analysis in. Rehabilitation

No. ClusterName | Density | Centrality
1 Education, evaluation, and professional ethics.in rehabilitation sciences 0.224 4.476
2 Psychocardiological and exercise rehabilitation in chronic diseases 0.257 4.632
3 | Exercise therapy and pain management in smusculoskeletal disorders and 0.558 8.375

disabilities
4 | Geriatric rehabilitation, occupational rehabilitation, and educational technologies 0.257 3.600
5 Rehabilitation of executive functions and developmental disorders 0.524 7.333
6 | Computerized cognitive and neuropsychological rehabilitation in learning 1.725 22.429
disorders
7 Quality of life, mental health, and disability rehabilitation policy 0.319 4.143
8 Neuromotor rehabilitation and brain stimulation 0.444 4.000
9 Mental health and cognitive-auditory rehabilitation 1.028 8.222
10 Cognitive and pharmacological rehabilitation in ADHD 1.250 8.750

Cluster 6 exhibits the highest centrality score (22.429) and the highest density score (1.725). This
indicates stronginternal connections within the concept co-occurrence network of this cluster, as
well as the highest centrality in terms of bridging, inter-cluster influence, and connectedness with
other domain topics.

As evident from Diagram 1, the strategic diagram is divided into four sections, each constituting a
quadrant. Clusters positioned in the first quadrant are cohesive and central to the research domain;
these core clusters dominate a major portion of the network. Clusters in the second quadrant remain
cohesive but lack centrality, each representing smaller, highly specialized subfields of the research
domain. In the third quadrant, clusters decline in prominence; the clusters in this quadrant represent
emerging or declining segments of the network. Finally, the fourth quadrant contains clusters that
have not yet reached maturity but possess the potential to evolve into core research areas [28, 30].
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Diagram 1. Strategic diagram of the rehabilitation field

According to the strategic diagram framework: Quadrant 1 contains mature, cohesive, and central
clusters that dominate the core of the research network: Cluster 6.(Computerized cognitive and
neuropsychological rehabilitation in learning disorders), Cluster 9 (Mental health and cognitive-
auditory rehabilitation), and Cluster 10 (Cognitive and pharmacological rehabilitation in ADHD).
Quadrant 2 (specialized, internally cohesive, but peripheral themes) contains no clusters. Quadrant
3 contains low-density, low-centrality clusters representing emerging, peripheral, or declining
research areas: Cluster 1 (Education, evaluation, and professional ethics in rehabilitation sciences),
Cluster 2 (Psychocardiological and exercise rehabilitation in chronic diseases), Cluster 4 (Geriatric
rehabilitation, occupational rehabilitation, and educational technologies), Cluster 5 (Rehabilitation
of executive functions and developmental disorders), Cluster 7 (Quality of life, mental health, and
disability rehabilitation policy), and Cluster 8 (Neuromotor rehabilitation and brain stimulation).
Quadrant 4 contains high-centrality, low-density clusters representing foundational, generalizable
topics with substantial evolutionary potential: Cluster 3 (Exercise therapy and pain management
in musculoskeletal disorders and disabilities).

Discussion

Analysis of the strategic diagram revealed that Quadrant 1 contains core, well-developed clusters
characterized by ‘high density (strong internal cohesion among concepts) and high centrality
(strong inter-cluster ‘connectivity and systemic influence) [28, 30]. In Persian rehabilitation
literaturey. three . clusters reside in Quadrant 1: Cluster 6 (Computerized cognitive and
neuropsychological rehabilitation in learning disorders), Cluster 9 (Mental health and cognitive-
auditory-rehabilitation), and Cluster 10 (Cognitive and pharmacological rehabilitation in ADHD).
The establishment of these three clusters in Quadrant 1 demonstrates that cognitive rehabilitation
and neurorehabilitation constitute the driving core and backbone of rehabilitation research in Iran.
Their positioning indicates that studies on neurodevelopmental disorders (such as ADHD and
learning disorders) and mental health possess methodological maturity and solid theoretical
frameworks; they serve as a bridge connecting cognitive neuroscience, pharmacotherapy, and
rehabilitation interventions, exerting the strongest influence on the broader scientific network in
the country.

Comparing this finding with existing literature reveals both alignment and notable divergences.
On one hand, the centrality of cognitive themes in Iran's rehabilitation knowledge core aligns with
the growing global emphasis on cognitive research; for instance, Xu et al. showed that tDCS
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studies primarily target cognitive impairment rehabilitation [13], and Ma et al. highlighted
cognitive rehabilitation as a major hotspot in digital therapeutics [15]. Furthermore, this finding
aligns with Giti et al., who reported "Children" as the most frequent co-occurring keyword in Iran's
Archives of Rehabilitation, confirming that focus on pediatric and neurodevelopmental
populations is an enduring characteristic of domestic research [22]. On the other hand, this finding
diverges from Moral-Munoz et al., who identified intellectual disability, neck pain, and pain as the
main core topics in Spain [9], where the knowledge core was primarily physical-clinical rather
than cognitive-psychological. This divergence can be attributed to differences in demographic
structures and healthcare system priorities: in Iran, the heavy involvement of clinical psychology
and educational sciences departments in pediatric developmental research has anchotred these
themes in the network core, whereas in international literature, cognitive rehabilitation is
frequently structured around pathological aging in older adults rather than'children:

Quadrant 2 represents high-density, low-centrality clusters, specialized, well-developed, yet
peripheral or isolated subdomains [28, 30]. The complete absence of clusters in Quadrant 2
indicates that isolated, self-contained specialized subdomains do“not standalone in Persian
rehabilitation literature. Any topic that achieves internal cohesion«(e.g., cognitive interventions in
learning disorders and ADHD) naturally establishes strong interdisciplinary ties across the field
due to the inherently multidisciplinary nature of rehabilitation, drawing it into Quadrant 1.
Alternatively, this absence suggests that traditional. specialized subfields (such as vestibular
rehabilitation, vocational rehabilitation, hydrotherapy, and specialized physiotherapy) have not yet
attained sufficient internal density and methodological integration. Rather than forming
autonomous, cohesive hubs in Quadrant 2, they ‘remain dispersed across Quadrants 3 and 4.
Ultimately, this reflects an unbalanced evolutionary pattern in Iranian rehabilitation research:
efforts are heavily concentrated on high-centrality hot topics (cognitive rehabilitation), while
physical and clinical subdomains lack the'internal integration needed to mature into independent
specialized hubs.

This finding (an empty Quadrant 2) contrasts with international literature, where distinct
specialized subfields frequently mature independently without occupying the primary network
core. For example, Taskaya “& Taskaya demonstrated that robotic- and Al-assisted
neurorehabilitation, focused on'stroke and exoskeletons, has established itself as an autonomous
specialized subfield with.a distinct structural identity [12]. The absence of such mature specialized
clusters in Persian literature indicates that Iranian research in specialized technological and clinical
subfields has not yet reached the volume or concentration required to build dense independent
networks, largely due to research resource constraints and technological infrastructure limits.
Quadrant 3 contains low-density, low-centrality clusters representing emerging, peripheral, or
declining research areas [28, 30]. In this study, the majority of clusters, 6 out of 10 reside in
Quadrant'3: Cluster 1 (Education, evaluation, and professional ethics in rehabilitation sciences),
Cluster 2 (Psychocardiological and exercise rehabilitation in chronic diseases), Cluster 4 (Geriatric
rehabilitation, occupational rehabilitation, and educational technologies), Cluster 5 (Rehabilitation
of executive functions and developmental disorders), Cluster 7 (Quality of life, mental health, and
disability rehabilitation policy), and Cluster 8 (Neuromotor rehabilitation and brain stimulation).
This distribution shows that a broad spectrum of rehabilitation topics, from macro
managerial/ethical dimensions to specific physical/psychiatric subfields (aging, cardiac rehab,
cerebral palsy), lacks internal methodological cohesion and is conducted separately from
mainstream cognitive research. Nevertheless, the presence of modern technologies in Quadrant 3,
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such as tDCS and Virtual Reality (VR), confirms that these represent emerging subfields with high
evolutionary potential that could integrate into the core network as research density increases.
Comparing Quadrant 3 themes with literature reveals nuanced alignments and divergences. A key
divergence is the peripheral, low-density positioning of geriatric rehabilitation (Cluster 4), which
contrasts with Albarrati et al., who identified aging and exercise as a steadily growing domain
driven by emerging topics like sarcopenia and telerchabilitation [18]. This divergence reflects
Iran's historically younger population structure and lower research prioritization for geriatric
health relative to developed nations. Conversely, the positioning of neuromotor rehabilitation and
brain stimulation (Cluster 8) as an emerging direction aligns with global trajectories documented
by Xu et al. (steady growth in tDCS publications over 25 years) [13] and Taskaya & Taskaya
(exponential growth in robotic/Al neurorehabilitation) [21]. The presence ‘of tDCS and VR in
Quadrant 3 indicates that Iranian rehabilitation research is moving in step with globaltechnological
trends, albeit with a temporal lag and from an early, non-dense baseline. Furthermore, the
peripheral placement of disability policy and quality of life (Cluster 7) partially contrasts with Pan
et al., who identified QoL as a core hotspot in sports oncology rehabilitation [11]. This difference
highlights a relative lack of empirical focus in Iran on managerial, policy, and disability service
delivery frameworks.

Quadrant 4 features high-centrality, low-density clusters representing foundational, generalizable
topics that form the bedrock of the field but lack internal structural cohesion due to broad scope or
methodological dispersion [28, 30]. In this map, only. Cluster 3" (Exercise therapy and pain
management in musculoskeletal disorders and disabilities) resides in Quadrant 4. Encompassing
fundamental concepts such as Rehabilitation (weight . 252), Disability, Low Back Pain, Pain, and
Exercise Therapy, its presence in Quadrant 4 underscores physical rehabilitation as the classic
cornerstone of rehabilitation sciences in Iran, maintaining strong structural connections across all
subfields (aging, stroke, chronic disease, QoL). However, the inclusion of highly heterogeneous
concepts (ranging from hydrotherapy and ACL injuries to COVID-19 and breast cancer) dilutes
its internal density. This indicates that.while exercise therapy and motor disorders represent the
most central domain of rehabilitation; greater methodological standardization and research focus
are required for it to evolve into a mature Quadrant 1 core cluster.

The content of Cluster 3 aligns‘with international findings by Moral-Munoz et al. (pain and neck
pain as major axes) [9]'and Liu etal. (gait, walking, muscle strength in spinal cord injury) [8].
Structurally, however, it diverges: while physical/pain topics formed dense core clusters in
international studies, they exhibit low internal density in Iran due to thematic heterogeneity. The
inclusion of COVID-19 in this foundational cluster aligns with Pan et al., who noted COVID-19
as an influential 'emerging topic that disrupted and reshaped traditional rehabilitation research
structures-globally [11].

Overall, comparing these findings with global literature demonstrates that while international
rehabilitation research is rapidly advancing toward modern technologies such as Artificial
Intelligence, Telerehabilitation, Robotic Exoskeletons, Digital Therapeutics, and Brain-Computer
Interfaces as major independent hubs [21, 15, 16, 20], these technologies in Iranian literature
remain peripheral and emerging within Quadrant 3. The core of Iran's domestic knowledge
network continues to revolve around cognitive-psychological rehabilitation. This temporal and
structural gap between Iranian and global research trajectories stems from technological resource
constraints, differing healthcare and higher education priorities, and a stronger research volume
generated by clinical psychology and special education departments relative to biomedical
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engineering and computer science. Additional factors contributing to the maturity of cognitive
rehabilitation in Iran include academic curricula emphasizing cognitive models, the dominance of
cognitive-behavioral paradigms, and lower infrastructure cost requirements for cognitive
interventions compared to advanced robotic or hardware-intensive rehabilitation technologies.

Conclusion

Structural analysis and visualization of the rehabilitation knowledge map in Persian scientific
literature reveal a clear paradigmatic shift toward neuropsychology and cognitive rehabilitation.
Findings demonstrate that domestic rehabilitation literature has expanded beyond purely physical
domains, achieving maturity, internal cohesion, and network centrality around cegnitive
rehabilitation, executive functions, working memory, and technology-assisted interventions in
neurodevelopmental disorders (notably ADHD and learning disorders). Meanwhile, classical
physical rehabilitation, exercise therapy and pain management in Quadrant 4 ‘remains the
foundational baseline connected deeply to all subdomains, though its conceptual dispersion calls
for greater internal integration. Furthermore, the concentration of numerous clusters in Quadrant
3 (geriatric rehabilitation, vocational rehabilitation, ethics, policy making, psychiatric-cardiac
rehab) alongside an empty Quadrant 2 reflects a dynamic, multidisciplinary landscape where
specialized areas emerge as growing subfields rather than isolated niches. Ultimately, this
knowledge map underscores the imperative for balanced development: researchers must maintain
quality in mature cognitive fields while applying rigorous, integrated methodologies to advance
emerging physical, managerial, and novel therapeutic. technology domains toward structural
maturity.

Research Suggestions

1. Given the peripheral placement of geriatric rehabilitation (Cluster 4) in Quadrant 3 despite Iran's
rapidly aging demographic profile, health. system policymakers and university research vice-
chancellorships are advised to prioritize research funding and grants for geriatric rehabilitation and
age-related chronic disorders to move this domain into the mainstream.

2. The location of exercise therapy and musculoskeletal pain management in Quadrant 4 highlights
it as the cornerstone of domestic rehabilitation that suffers from conceptual dispersion. Scientific
associations should formulate standardized clinical guidelines and therapeutic protocols to
enhance the internal cohesion and methodological rigor of physical interventions.

3. To foster the'growth of emerging clusters in Quadrant 3 and facilitate their evolution toward
Quadrant 1, establishing joint research centers and interdisciplinary collaborations among
researchers in rehabilitation sciences, biomedical engineering, and computer science is strongly
recommended.

Suggestions for Future Research

1. To increase the density and structural cohesion of Cluster 3 (exercise therapy and pain
management), researchers are encouraged to conduct mixed-methods studies and systematic
reviews to synthesize and harmonize clinical data in this domain.

2. Conducting comparative co-word analysis on international scientific outputs by Iranian
researchers indexed in Scopus and Web of Science versus domestic ISC publications is
recommended to identify publication patterns and cross-database thematic differences.

3. Conducting empirical research in underdeveloped peripheral areas such as disability service
policy, professional ethics, and vocational rehabilitation (currently situated in Quadrant 3) is
recommended for health management and rehabilitation researchers.
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Limitations

This study faced several limitations, including language restriction (focusing exclusively on
Persian literature) and document type restriction (limiting the corpus to original research articles).
Furthermore, technical limitations in the search functionality of the ISC database, specifically the
inability to isolate or restrict searches strictly to author keywords or abstract concepts represent
operational constraints. Caution should be exercised when generalizing these findings to all facets
of scientific production in rehabilitation.
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