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A B S T R A C T   

This study presents a scientometric analysis of the intersection between rehabilitation science and artificial in
telligence (AI) technologies, using data from the Web of Science (WOS) database from 2002 to 2022. The analysis 
employed a comprehensive search query with key AI-related terms, focusing on a wide range of publications in 
rehabilitation science. Utilizing the Citespace tool, the study visualizes and quantifies the relationships between 
key terms, identifies research trends, and assesses the impact of AI technologies in rehabilitation science. 
Findings reveal a significant increase in AI-related research in this field, particularly from 2017 onwards, peaking 
in 2021. The United States has been a leading contributor, followed by countries like England, Australia, Ger
many, and Canada. Major institutional contributions come from Harvard University and the Pennsylvania 
Commonwealth System of Higher Education, among others. A keyword co-occurrence network constructed 
through Citespace identifies nine distinct hot topics and various research frontiers, highlighting evolving focus 
areas within the field. Burst analysis of keywords indicates a shift from performance and injury-related research 
to an increasing emphasis on AI and deep learning in recent years. The study also predicts the potential impact of 
papers, spotlighting works by Kunze KN and others as significantly influencing future research directions. 
Additionally, it examines the evolution of knowledge bases in AI-related rehabilitation science research, 
revealing a multidisciplinary core that includes neurology, rehabilitation, and ophthalmology, extending to 
complementary fields such as medicine and social sciences. This scientometric analysis provides a comprehensive 
overview of AI’s application in rehabilitation science, offering insights into its evolution, impact, and emerging 
trends over the past two decades. The findings suggest strategic directions for future research, policy-making, 
and interdisciplinary collaboration in rehabilitation science and AI.   

1. Introduction 

Artificial Intelligence (AI), a multidisciplinary field drawing from 
computer science, control theory, information theory, systems science, 
and philosophy, has become a cornerstone in the evolution of modern 
technology [1,2]. Since its conceptualization at the Dartmouth Confer
ence in 1956, AI has aimed to emulate and enhance human cognitive 
processes by developing "intelligent agents" capable of problem-solving 
and learning [3]. The rise of AI signifies a crucial juncture in our efforts 
to understand and reshape the world around us, with branches such as 
cognitive AI, machine learning, and deep learning playing central roles 
in this pursuit [4]. In rehabilitation science, the integration of AI has 

transformed patient care, therapy customization, injury prevention, and 
rehabilitation methods. AI technologies, including machine learning and 
deep learning, have introduced precision and efficiency to rehabilitation 
procedures, leading to improved patient outcomes and recovery pro
cesses. For example, deep learning algorithms can analyze motion data 
from sensors or imaging modalities like motion capture systems, accel
erometers, or cameras, identifying patterns related to movement disor
ders, gait abnormalities, or motor function impairments. This aids in 
diagnosis and treatment planning. However, while the study identifies 
these trends, establishing more explicit connections between these 
trends and their practical implications could be advantageous. Certain 
sections lack specific examples or detailed case studies to validate these 
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assertions. 
Wearable technologies equipped with sensors and AI capabilities 

collect critical health data, which therapists and healthcare providers 
use to create personalized rehabilitation programs, optimizing recovery 
trajectories for patients [5]. AI’s ability to process and analyze extensive 
biomechanical and physiological data has facilitated a deeper under
standing of patient conditions, aiding in the development of more 
effective rehabilitation techniques. Research, such as that by Biró et al. 
[6], has shown how AI-assisted analyses can pinpoint areas for 
improvement in rehabilitation, leading to better patient outcomes. The 
emergence of AI marks a pivotal moment in our quest to understand and 
reshape the world. Its various branches, such as cognitive AI, machine 
learning, and deep learning, play crucial roles in this pursuit [4]. AI’s 
development reflects an ongoing effort to emulate human-like abilities 
in reasoning, learning, and adapting. In rehabilitation science, the 
integration of AI has been transformative, revolutionizing aspects like 
patient care, therapy customization, injury prevention, and rehabilita
tion methodologies. AI technologies, notably machine learning and deep 
learning, have brought unprecedented precision and efficiency to 
rehabilitation practices, significantly improving patient outcomes and 
the efficacy of recovery processes. Wearable technologies equipped with 
sensors and AI capabilities are pivotal in this transformation. They 
collect vital health data, enabling healthcare professionals to design 
personalized rehabilitation programs that better align with individual 
recovery paths [5]. This tailored approach is critical in rehabilitation, 
where patient-specific factors significantly influence recovery. Further
more, AI’s capacity to process and interpret extensive biomechanical 
and physiological data has led to a more profound comprehension of 
patient conditions. This capability is instrumental in devising more 
effective rehabilitation techniques. The research conducted by Biró et al. 
[6] exemplifies this, demonstrating how AI-assisted analysis can identify 
specific areas for improvement in rehabilitation protocols, thereby 
enhancing patient outcomes. Their work highlights the role of AI in 
generating personalized insights into patient rehabilitation needs, which 
can significantly influence treatment efficacy. 

The literature also suggests a growing trend in using AI for predictive 
analysis in rehabilitation. For example, studies have explored the use of 
machine learning algorithms to predict patient outcomes based on initial 
assessments and ongoing progress data [7–10]. This predictive capa
bility is crucial for anticipating potential complications or determining 
the most effective treatment approaches, thus optimizing the rehabili
tation process. Additionally, AI’s role in injury prevention and man
agement in rehabilitation science has been a focal point of recent 
research. Innovative AI applications have been developed to analyze 
movement patterns and predict the risk of injuries, enabling more 
effective preventative measures [11–14]. This proactive approach to 
injury prevention is particularly beneficial in rehabilitation, where the 
goal is not only to treat existing conditions but also to prevent future 
occurrences. 

AI’s strategic application extends beyond data analysis to the crea
tion of personalized therapy plans [15–17]. It uses predictive analytics 
and modeling to formulate effective rehabilitation strategies, addressing 
individual patient needs [18]. AI’s predictive capabilities are particu
larly valuable in injury prevention and management. For example, 
Claudino et al. [19] employed machine learning to anticipate injury 
risks, which can be adapted to preventive strategies in rehabilitation 
settings. Similarly, Rigamonti et al. [20] used AI for the early detection 
of conditions like concussions, crucial in both sports and rehabilitation. 
Feely et al. [21] demonstrated the use of AI in gait analysis, which is 
vital for injury recovery and prevention. Citespace offers temporal and 
spatial analysis tools to explore how AI research evolves over time and 
across different geographical regions. By tracking changes in citation 
patterns and research activity, it helps researchers understand the dy
namics of AI integration and adoption within physiological rehabilita
tion and exercise rehabilitation. 

The integration of AI in rehabilitation science represents a 

transformative shift, heralding new breakthroughs and redefining re
covery and treatment methodologies [22–25]. Recognizing AI’s rapid 
growth and its profound impact on rehabilitation science, this paper 
undertakes a scientometric analysis using the Citespace 6.2 Version. This 
comprehensive approach aims to dissect the expansive literature, map
ping the development, trends, and emerging areas in AI research within 
rehabilitation science. The scientometric method allows us to:  

• Chart the progression and intellectual landscape of AI applications in 
rehabilitation science.  

• Pinpoint key research domains, influential scholars, institutions, and 
nations driving advancements in this field.  

• Decipher the complex interactions between various AI technologies 
and their influences on rehabilitation science.  

• Anticipate future trends and potential areas of research in AI- 
enhanced rehabilitation science. 

This scientometric study not only deepens our understanding of AI’s 
current role in rehabilitation science but also guides future research 
paths and strategic directions in this rapidly evolving arena. By doing so, 
it contributes significantly to the advancement of rehabilitation science, 
leveraging the transformative power of AI to improve patient care and 
therapy outcomes. This exploration reveals the multifaceted nature of AI 
in rehabilitation science, including its role in enhancing diagnostic ac
curacy, enabling precision medicine, and improving patient engagement 
and adherence to rehabilitation programs. AI-driven tools such as virtual 
reality and gamified therapy platforms have shown potential in 
increasing patient motivation and engagement, essential for successful 
rehabilitation outcomes. Additionally, AI’s integration into tele- 
rehabilitation services has expanded access to care, especially in 
remote and underserved areas, democratizing healthcare delivery. 
These developments, coupled with ongoing research and innovation, 
underscore AI’s vital role in shaping the future of rehabilitation science, 
offering more effective, efficient, and personalized care solutions for 
patients worldwide. 

2. Methodology 

2.1. Data collection 

The study conducted a scientometric analysis within the domain of 
Rehabilitation Science by utilizing data from the Web of Science (WOS) 
database. The focus of this analysis was on publications from the years 
2002 to 2022, specifically categorized under "Rehabilitation" (WC =
Rehabilitation). To identify pertinent literature within this field, a 
search query was crafted targeting the intersection of physiological 
rehabilitation and artificial intelligence technologies. This query 
encompassed a range of keyword terms relevant to both rehabilitation 
and AI, such as "Computer Vision," "Machine Learning," "Convolutional 
Neural Networks," "Artificial Intelligence," "Image Processing," "Feature 
Extraction," "Biomechanical Analysis," "Gait Analysis," "Prosthetics 
Control," "Neurorehabilitation," "Knowledge Representation," "Auto
matic Reasoning," "Natural Language Processing," "Intelligent Rehabili
tation Systems," and "Robot-assisted Therapy." Inclusion criteria were 
set to encompass articles published within the specified timeframe, 
categorized under "Rehabilitation" in WOS, and containing one or more 
of the specified AI-related terms in their title, abstract, or keywords. 
Exclusions included duplicate and non-peer-reviewed sources, as well as 
proceedings articles, retrospective articles, and non-English articles, 
which could result in mixed data and poor results of software analysis 
and processing. 

Utilizing the scientometric analysis tool Citespace, the study per
formed data analysis to visualize and quantify relationships between key 
terms, identify research trends, and assess the impact of artificial in
telligence technologies within the Rehabilitation Science domain. The 
analysis also gathered bibliometric information, such as publication 
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year, authorship, citation counts, and co-citation networks, to track the 
evolution of research topics and pinpoint influential research clusters. 
Statistical analyses were conducted to explore trends in publications, 
collaboration patterns, and the overarching impact of artificial intelli
gence on Rehabilitation Science research. This systematic approach 
provided a comprehensive overview of the application and influence of 
artificial intelligence technology in Rehabilitation Science, offering in
sights into its development and impact over the study period. 

2.2. Scientometric tool: CiteSpace 

2.2.1. Timeliness of visualized co-citation networks 
CiteSpace is a software specifically designed for scientific literature 

analysis. It simplifies complex co-citation networks through visualiza
tion techniques, aiding researchers in exploring development trends and 
research frontiers in academic fields [26]. CiteSpace’s core capability 
lies in revealing research trends of newly published articles, even if these 
articles have not yet garnered a large number of citations. This is made 
possible by CiteSpace’s burst detection algorithm, which can identify 
emerging specialized terms in literature, irrespective of how frequently 
the literature is cited. Therefore, even emerging research themes can be 
represented in CiteSpace’s co-citation network. CiteSpace’s timezone 
view is a unique visualization method that uses bar areas to represent 
different time periods, thus creating a view arranged in chronological 
order. These bar areas are aligned from left to right, with each area 
representing a specific time period. In this view, research frontiers (i.e., 
the latest research topics and trends) are typically located on the right, 
while the knowledge base (i.e., the early work and theories that form 
these research frontiers) is on the left. This layout intuitively displays the 
evolution and development of research topics over time. 

The timezone view in CiteSpace uses an improved spring model al
gorithm that restricts lateral movement of elements, ensuring they stay 
within their designated time areas. However, the vertical positioning of 
elements depends on their associations with elements in other time 
areas. This layout not only facilitates the identification of research areas 
within specific time periods but also showcases knowledge transfer and 
evolution across different time segments. In our study, we utilized Cit
eSpace’s timezone view to explore the progression of artificial intelli
gence in the field of Rehabilitation Science over time. Through this 
visualization, we can clearly see how AI technology has gradually been 
applied and developed in Rehabilitation Science, identifying which 
themes and concepts have become research hotspots in different time 
periods. Such analysis is crucial for understanding the history and future 
directions of AI in Rehabilitation Science. AI is profoundly impacting 
Rehabilitation Science by revolutionizing various aspects of assessment, 
treatment, and personalized care delivery. With its capacity to analyze 
vast amounts of complex data and extract actionable insights, AI enables 
clinicians and researchers to make more informed decisions, tailor in
terventions to individual needs, and enhance rehabilitation outcomes. 

2.2.2. Calculating and determining keypoints 
In scientometrics, the Burst Detection algorithm is an important 

method that is widely used to identify research hotspots and emerging 
frontier areas in academic literature. In analyzing the development of 
artificial intelligence technology in the field of rehabilitation, this study 
employed the algorithm to dynamically detect research hotspots in 
different time periods and discover the bursting pattern of keywords. 
The Burst Detection algorithm is based on the sudden change in the 
frequency of occurrence of words or phrases to discover potential 
research frontiers. Its core formula is: 

Ru(t) =
Bu(t)

1
nΣ

ʹ
tʹ=1Bu(tʹ)

(1)  

Where the calculation method for Bu(t) is as follows: 

Bu(t) =
∑

tʹ∈[t− Δ,t]

P(u|tʹ) (2) 

Here, Δ represents a time window that denotes the time span used to 
compute bursts. P(u|tʹ) represents the probability of word u occurring at 
time tʹ. In the context of AI in rehabilitation technology literature, these 
variables can be redefined using domain-specific terminologies: u de
notes rehabilitation technology or related terms like "rehabilitation AI" 
or "athletic technology." t represents time corresponding to publication 
dates or specific time intervals to observe the usage trend of specific 
terms. nu(t) signifies the frequency or count of a specific term appearing 
within a certain timeframe. N(t) represents the total occurrences or 
overall frequency within time segment t. Δ signifies the time window 
used to identify burst events. Understanding these variables aids in 
comprehending the frequency or bursts of specific terms in the field of 
rehabilitation technology, indicating potential surges in prominence or 
changes in research focus on certain technologies or concepts. 

In the initial CiteSpace I version, users relied on visual observation to 
identify nodes connecting different clusters in the network to determine 
key points. This method’s advantage lies in not requiring additional 
computation. However, it has a drawback in that it cannot guarantee the 
identification of all key points unless users devote time to observe all 
nodes in the entire network. Conversely, the latest version employed in 
this study, CiteSpace V, encompasses additional functionalities and 
improvements [27,28]. For instance, it offers enhanced support for 
large-scale data, stronger data processing capabilities, and exhibits more 
intuitive visualizations. Its distinct view effects make it easier for users 
to identify nodes with high intermediary centrality. This version iden
tifies key points through computation and visually emphasizes these key 
points using purple circles in the visualized network. By employing 
graph theory to identify these key points, researchers can simplify their 
study of the entire network by focusing solely on a few key points that 
hold explanatory significance. 

2.2.3. Operational procedures 
The specific operational steps for conducting literature measurement 

analysis using CiteSpace V in this study are outlined below:  

1. Building the search query. Initially, a search query containing AI- 
related vocabulary was constructed according to the research ob
jectives to collect literature in the target domain, covering keywords 
like "computer vision" and "machine vision."  

2. Literature collection. The search query was applied in the WOS core 
database to retrieve relevant literature categorized under "Rehabil
itation Science" published between 2002 and 2022, excluding du
plicates and non-peer-reviewed articles.  

3. Data preprocessing. Literature data was extracted, segmented, and 
subjected to word frequency statistics to construct a frequency ma
trix, focusing on high-frequency keywords in titles, abstracts, and 
keywords for analysis.  

4. Time zone division. Publication times of literature were segmented 
into multiple time intervals, set at every 5 years in this study to 
capture the sequential changes in academic hotspots.  

5. Burst detection. Burst strength Bu(t) for words was calculated within 
each time interval to identify sudden growth in research hotspots. 
Bu(t) =

∑

tʹ∈[t− Δ,t]
P(u|t́ ), where the goal of burst detection is to identify 

suddenly growing research hotspots in different time periods. The 
term Bu(t) in the formula represents the burst strength of word u at a 
specific time t, obtained by summing the conditional probability 
P(u|tʹ) of word u within the time window [t − Δ, t].  

6. Plotting the burst word evolution graph to display research hotspots 
at different periods. Specifically, line graphs showing the variation of 
burst strength Bu(t) over time dynamically exhibit the burst patterns 
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of different keywords. This illustrates which keywords became hot
spots in different eras.  

7. Performing cluster analysis to detect word co-occurrences and 
identify disciplinary hotspots. The study set a threshold for cluster 
analysis to obtain several clustering categories, representing major 
AI hotspots in Rehabilitation Science research, such as physical 
training and musculoskeletal injuries.  

8. Generating keyword network diagrams, representing frequency 
through node size and color indicating clusters. The network dia
grams visually display word associations, with larger nodes repre
senting higher frequencies and colors differentiating research 
themes.  

9. Validating key points to confirm genuine research frontiers. Initially, 
influential literature was identified based on the Δ indicator, fol
lowed by validation through literature content review or expert 
consultation to ascertain if these publications represent research 
frontiers. This aids in pinpointing genuinely valuable research 
outcomes. 

3. Results 

3.1. Trends in output 

Analyzing the temporal trends of research papers over a specific 
period can yield deep insights into the scholarly focus and develop
mental trajectory of a particular field. In this study, we conducted a 
comprehensive search within the Web of Science (WOS) Core Collection 
to identify scholarly works related to the application of artificial intel
ligence (AI) in the field of Rehabilitation Science. The formulated search 
query encompassed a range of AI-related terms and focused on publi
cations from 2002 to 2022. The query was structured as follows: "(WC=
(Rehabilitation Sciences) AND (TS=(Computer Vision) OR TS=(Ma
chine Vision) OR TS=(Convolutional Neural Network) OR TS=(Artifi
cial Intelligence) OR TS=(Image processing) OR TS=(Feature- 
extraction) OR TS=(Image preprocessing) OR TS=(Target detection) OR 
TS=(Image segmentation) OR TS=(Knowledge representation) OR TS=
(Automatic reasoning and search methods) OR TS=(Machine learning 
and knowledge acquisition) OR TS=(Knowledge processing system) OR 
TS=(Natural language understanding) OR TS=(Intelligent robot) OR 
TS=(Intuitive program design))) AND (Date = 2002–2022)." This search 
within the WOS database yielded a total of 1499 papers. Our analysis of 

these AI-related publications in Rehabilitation Science uncovered a 
distinct growth pattern. From 2002 to 2016, the field saw relatively 
modest growth, averaging about 50 publications per year. However, a 
significant acceleration in research activity was observed from 2017 
through 2021, characterized by an exponential increase in publications. 
This upsurge reached its peak in 2021 with a record of 178 documents, 
as depicted in Fig. 1. This trend indicates a growing interest and in
vestment in integrating AI technologies within the domain of Rehabili
tation Science. 

The global landscape of artificial intelligence (AI) research in 
Rehabilitation Science is marked by significant contributions from 
various countries, with the United States leading in terms of publication 
volume. Analyzing data from the Web of Science, the United States 
emerges as the foremost contributor, having authored 512 papers, which 
constitute 34.16 % of the global literature in this niche. This dominant 
position underscores the country’s pivotal role in advancing AI appli
cations within Rehabilitation Science. In comparison, England, another 
significant contributor, has produced 133 papers, representing 8.87 % of 
the global discourse, followed by Australia with 128 papers (8.54 %) 
(Fig. 2). 

Germany’s contribution to AI research in Rehabilitation Science is 
also notable, with 122 papers accounting for 8.14 % of the worldwide 
literature. Canada, not far behind, has generated 103 papers (6.87 %), 
reflecting its active engagement in this field. Italy, with its 80 papers 
(5.34 %), and France, with 60 papers (4.00 %), further demonstrate 
Europe’s robust involvement in AI Rehabilitation Science research. 
Additionally, the Netherlands and Brazil have made significant contri
butions, producing 53 (3.54 %) and 51 (3.40 %) papers, respectively, 
underlining the global reach of this research area. 

At the institutional level (Fig. 3), Harvard University and the Penn
sylvania Commonwealth System of Higher Education (PCSHE) are 
prominent, each with 35 publications, accounting for 2.34 % of the total 
literature. Their contribution signifies a strong academic interest and 
capacity in AI Rehabilitation Science research. The University of Cali
fornia System, with 29 publications (1.94 %), is another key player. 
Noteworthy too is the role of specialized institutions like HOSP SPECIAL 
SURG, contributing 26 papers (1.73 %), and French Research Univer
sities, with 25 papers (1.67 %). 

Other influential institutions include Harvard Medical School, Mayo 
Clinic, the University of Minnesota System, University of Minnesota 
Twin Cities, and the University of Pittsburgh, each producing 23 

Fig. 1. Literature output distribution, 2002–2022.  
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publications and collectively contributing 1.53 % to the global body of 
literature. These figures, as represented in Fig. 3, reflect a diverse and 
geographically widespread academic involvement in AI research within 
Rehabilitation Science, highlighting the interdisciplinary and interna
tional nature of this evolving field. 

3.2. Research hotspot analysis 

In this comprehensive analysis of artificial intelligence in Rehabili
tation Science, the CiteSpace visualization software was employed to 
construct an intricate keyword co-occurrence network. This network, 
visualized in Fig. 4, features 606 nodes and 2826 lines, representing the 
interconnected research themes over two decades (2002–2022). The 
network’s complexity, governed by the g-index K = 25, reveals the depth 

and breadth of AI research within this field. 
The analysis identified the top 20 keywords based on their frequency 

of co-occurrence in the literature, as detailed in Table 1. These keywords 
provide a snapshot of the dominant research topics, illustrating the focus 
areas that have captivated scholars’ interests. 

The clustering functionality of CiteSpace revealed nine distinct 
research themes, each characterized by a group of related keywords. 
These themes, visualized in Fig. 5, represent the diverse applications and 
research angles of AI in Rehabilitation Science. The following are the 
identified themes and their associated keywords:  

1. Physical Activity: This theme, centered around keywords like 
"performance," "sport," "exercise," and "physical activity," highlights 

Fig. 2. Distribution of literature output by country or region, 2002–2022.  

Fig. 3. Institutional distribution of literature output, 2002–2022.  

R. Yang et al.                                                                                                                                                                                                                                    



SLAS Technology 29 (2024) 100162

6

the role of AI in enhancing athletic performance and tracking phys
ical activity metrics.  

2. Rotator Cuff: Keywords such as "injury," "classification," and "knee" 
define this theme, focusing on injury analysis, rehabilitation, and 
AI’s role in diagnosing and treating rotator cuff injuries.  

3. Cerebral Palsy: This theme, encompassing keywords like "children," 
"system," and "movement," reflects the application of AI in managing 
and understanding cerebral palsy, particularly in sports and physical 
activity contexts.  

4. Skeletal Muscle: Keywords including "model," "magnetic resonance 
imaging," and "skeletal muscle" signify the focus on AI’s application 

Fig. 4. Timezone view of keyword co-occurrence network.  

Table 1 
Information table of main keywords.  

No. Keyword Frequency Centrality Affiliation Clustering 

1 performance 75 0.15 0 
2 artificial intelligence 74 0.02 6 
3 injury 62 0.13 1 
4 machine learning 49 0.01 6 
5 reliability 47 0.07 5 
6 anterior cruciate ligament 46 0.06 4 
7 sport 46 0.06 0 
8 model 45 0.13 3 
9 exercise 42 0.09 0 
10 physical activity 42 0.1 0 
11 magnetic resonance imaging 39 0.13 3 
12 risk factor 37 0.08 7 
13 classification 35 0.05 1 
14 strength 34 0.11 8 
15 knee 33 0.05 1 
16 reconstruction 31 0.05 4 
17 risk 28 0.04 0 
18 in vivo 27 0.04 3 
19 children 27 0.05 2 
20 system 25 0.05 2  
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in muscle imaging and modeling, crucial for training and injury 
prevention. 

5. Anterior Cruciate Ligament (ACL): Central to this theme are key
words like "ACL," "recovery," and "surgery," pointing to AI’s role in 
ACL injury analysis, surgical planning, and rehabilitation. 

6. Physical Therapy: This theme, with keywords like "ultrasonogra
phy," "reliability," and "prevalence," indicates the integration of AI in 
physical therapy, enhancing techniques and outcomes.  

7. Machine Learning: Keywords such as "algorithm," "data analysis," 
and "prediction" suggest the use of machine learning techniques in 
sports analytics and performance prediction.  

8. Injury Prevention: Focusing on "prevention," "risk assessment," and 
"training," this theme highlights AI’s preventive role in sports in
juries, risk assessment, and training optimization.  

9. Achilles Tendon: This theme, including keywords like "tendon 
injury," "rehabilitation," and "biomechanics," showcases AI’s appli
cation in understanding and treating Achilles tendon injuries. 

The TimeZone view of the keyword co-occurrence network (Fig. 4) 
offers a dynamic representation of how academic interests have shifted 
over time, with the themes shifting in prominence. Notably, "perfor
mance" and "artificial intelligence" emerged as significant keywords 
with high frequencies and centralities, indicating their central role in the 
field. This reflects the continuous focus on enhancing performance and 
integrating AI technologies in Rehabilitation Science. 

In sum, the analysis through CiteSpace reveals a rich tapestry of 
research themes, from injury analysis and prevention to performance 
enhancement and rehabilitation, underpinned by AI technologies. These 
themes not only encapsulate the current state of AI research in Reha
bilitation Science but also hint at future directions and potential areas 
for further exploration. 

3.3. Research frontier analysis 

Our analysis identified 24 keywords with notable burst strength 
(Table 2). In the initial period from 2002 to 2010, the research frontier 

was dominated by keywords such as "performance," "information," 
"joint," "movement," "force," "activation," "response," and "magnetic 
resonance imaging." This selection of keywords suggests a focus on 
biomechanics, physiological responses, and imaging technologies in 
Rehabilitation Science, reflecting an era where foundational research in 
these areas was gathering momentum. 

In the subsequent phase from 2011 to 2019, there was a noticeable 
shift in scholarly attention. New frontier keywords emerged, including 
"skeletal muscle," "high school," "expertise," "strength," "surgery," 
"follow-up," "repair," "knowledge," and "physical education." This shift 
indicates a broadening of research scope to encompass educational as
pects, surgical interventions, and muscle physiology within Rehabilita
tion Science. These topics point to a deeper integration of 
multidisciplinary approaches in Rehabilitation Science, merging 
educational theories, clinical practices, and physical training 
methodologies. 

The most recent period, from 2020 to 2022, marked another signif
icant shift with an increased focus on "artificial intelligence," "deep 
learning," "risk," "health," and "computer vision." The prominence of 
these keywords underscores the escalating integration of advanced AI 
technologies in Rehabilitation Science. This trend reflects a paradigm 
shift towards more sophisticated, data-driven approaches in sports an
alytics, injury risk assessment, and health management. The emergence 
of ’deep learning’ and ’computer vision’ as frontier keywords indicates a 
growing reliance on these AI technologies for complex tasks such as 
motion analysis, performance tracking, and predictive analytics in 
sports. 

These evolving trends captured through burst analysis indicate the 
dynamic nature of Rehabilitation Science research, continually adapting 
to technological advancements and emerging scientific inquiries. This 
progression is not only a testament to the field’s resilience and adapt
ability but also highlights the increasing importance of AI as a trans
formative tool in Rehabilitation Science. As AI technologies continue to 
evolve, they are expected to further revolutionize research methodolo
gies and applications in Rehabilitation Science, shaping the future tra
jectory of the field. 

Fig. 5. Keyword co-occurrence clustering mapping.  
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3.4. Potential impact forecast 

The concept of Structural Variation Analysis (SVA), as introduced by 
Professor Chaomei Chen in 2012, provides a sophisticated means of 
assessing the influence of new academic contributions on the existing 
knowledge network. Within SVA, the Rate of Modal Change (ΔM) stands 
as a key metric. It essentially measures the degree to which new liter
ature enhances the interconnectedness of the existing knowledge base. A 

higher ΔM value indicates a more significant potential impact of the 
cited work on the network’s structure, often suggesting that the work 
lies at the forefront of its field. 

Applying this concept to our study of artificial intelligence (AI) in 
Rehabilitation Science, we calculated the ΔM values for a range of 
relevant research literature. The results, listed in Table 3, identify the 
top 20 publications that have made the most substantial contributions to 
this field, as measured by their ΔM values. Among these, a paper by 

Table 2 
Top24 Keywords with the strongest citation bursts.  
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Kunze KN, published in 2021, titled "Diagnostic Performance of Artifi
cial Intelligence for Detection of Anterior Cruciate Ligament and 
Meniscus Tears: A Systematic Review" stands out with a ΔM value of 
64.4294. This significant score indicates the paper’s considerable in
fluence in shaping current understanding and future directions of AI 

applications in Rehabilitation Science, especially in injury diagnosis and 
management. Furthermore, other papers authored by Kunze KN also 
exhibit high ΔM values, underscoring their pivotal role in advancing AI 
research in Rehabilitation Science. These works provide critical insights 
into the practical applications of machine learning algorithms for 

Table 3 
The model change rate of English literature(Top20).  

No. △M Title Author Publication 
Date 

Journal 

1 100 Diagnostic Performance of Artificial Intelligence for Detection of Anterior 
Cruciate Ligament and Meniscus Tears: A Systematic Review 

Kunze KN 2021 ARTHROSCOPY V 

2 100 Application of Machine Learning Algorithms to Predict Clinically Meaningful 
Improvement After Arthroscopic Anterior Cruciate Ligament Reconstruction 

Kunze KN 2021 ORTHOP J SPORTS MED V 

3 100 Three-Dimensional Quantification of Glenoid Bone Loss in Anterior Shoulder 
Instability: The Anatomic Concave Surface Area Method 

Launay M 2021 ORTHOP J SPORTS MED V 

4 100 Hip joint space width in an asymptomatic population: Computed tomography 
analysis according to femoroacetabular impingement morphologies 

Nehme A 2021 ASIA-PAC J SPORT MED V 

5 100 Verification of validity of gait analysis systems during treadmill walking and 
running using human pose tracking algorithm 

Ota M 2021 GAIT POSTURE V 

6 100 In Vivo Visualization of Tissue Damage Induced by Percutaneous Muscle 
Biopsy via Novel High-Resolution MR Imaging 

PREISNER 
FABIAN 

2021 MED SCI SPORT EXER V 

7 100 Clinical and Research Medical Applications of Artificial Intelligence Ramkumar PN 2021 ARTHROSCOPY V 
8 100 A novel dataset and deep learning-based approach for marker-less motion 

capture during gait 
Vafadar S 2021 GAIT POSTURE V 

9 100 An exploration of doping-related perceptions and knowledge of disabled elite 
athletes in the UK and Austria 

Weber K 2021 PSYCHOL SPORT EXERC V 

10 100 Forecasting football injuries by combining screening monitoring and machine 
learning 

Hecksteden A 2022 SCI MED FOOTBALL V 

11 100 Radiographic findings involved in knee osteoarthritis progression are 
associated with pain symptom frequency and baseline disease severity: a 
population-level analysis using deep learning 

Kunze KN 2022 KNEE SURG SPORT TR A V 

12 64.4294 Association Between Preoperative Patient Factors and Clinically Meaningful 
Outcomes After Hip Arthroscopy for Femoroacetabular Impingement 
Syndrome: A Machine Learning Analysis 

Kunze KN 2022 AM J SPORT MED V 

13 64.4294 Machine Learning Algorithms Predict Achievement of Clinically Significant 
Outcomes After Orthopaedic Surgery: A Systematic Review 

Kunze KN 2022 ARTHROSCOPY V 

14 64.4294 A Survey on the Use of Artificial Intelligence for Injury Prediction in Sports Tedesco S 2022 IEEE INTERNATIONAL WORKSHOP ON 
SPORT TECHNOLOGY AND RESEARCH 

15 46.6441 Artificial Intelligence in Elite Sports-A Narrative Review of Success Stories and 
Challenges 

Hammes F 2022 FRONT SPORTS ACT LIV V 

16 46.6441 Machine learning in knee arthroplasty: specific data are key-a systematic 
review 

Hinterwimmer F 2022 KNEE SURG SPORT TR A V 

17 46.6441 Artificial intelligence algorithms accurately predict prolonged length of stay 
following revision total knee arthroplasty 

Klemt C 2022 KNEE SURG SPORT TR A V 

18 46.6441 Machine learning algorithms predict extended postoperative opioid use in 
primary total knee arthroplasty 

Klemt C 2022 KNEE SURG SPORT TR A V 

19 46.6441 Identifying modifiable and nonmodifiable cost drivers of ambulatory rotator 
cuff repair: a machine learning analysis 

Lu Y 2022 J SHOULDER ELB SURG V 

20 41.9476 DETERMINATION OF CONTRACTION-INDUCED CHANGES IN ELBOW 
FLEXOR CROSS-SECTIONAL AREA FOR EVALUATING MUSCLE SIZE- 
STRENGTH RELATIONSHIP DURING CONTRACTION 

Akagi R 2015 J STRENGTH COND RES V  

Fig. 6. Visualization of Knowledge Base Evolution in AI Applications within Rehabilitation Science (2002–2022).  
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predicting clinically meaningful outcomes, highlighting their potential 
to transform sports medicine and rehabilitation practices. The promi
nence of these papers underscores a shifting focus within the field, 
increasingly oriented towards leveraging AI for enhanced diagnostic 
accuracy and treatment efficacy in sports-related injuries. 

3.5. Knowledge base evolution 

The exploration of knowledge base evolution in research is pivotal 
for understanding the development and adaptation of a field over time. 
Within any research domain, subject areas act as foundational pillars, 
embodying core concepts, principles, and a wealth of scientific knowl
edge. Utilizing subject knowledge bases allows researchers to draw 
connections and unravel complex development patterns, linking diverse 
knowledge systems within a specific domain. In this context, the JCR- 
based classification map within CiteSpace software emerges as an 
instrumental tool for visualizing and examining the evolution of 
knowledge bases through various research phases. 

This tool highlights two critical dimensions of knowledge evolution: 
the ’existing research domain’ and the ’knowledge base domain.’ The 
existing research domain, depicted on the left side of the map, signifies 
the current research trends and ongoing studies within a specific disci
plinary area. Conversely, the knowledge base domain, situated on the 
right, represents the foundational knowledge and established principles 
cited in the research, providing the underpinnings for current scholarly 
pursuits. 

Delving into the subject areas of cited references offers insights into 
the temporal evolution of the knowledge base. By tracking shifts within 
the knowledge base domain, researchers can pinpoint changes in 
fundamental principles and ideas shaping the direction of the field. This 
dynamic perspective reveals how novel discoveries and evolving para
digms become integrated into the established body of knowledge. 

Furthermore, examining the subject area of the target dataset illu
minates the diffusion of knowledge within the field, showcasing how 
research in a particular domain influences and is influenced by related 
disciplines. This interplay fosters interdisciplinary collaboration and 
innovation, underscoring the symbiotic nature of knowledge exchange 
across disciplinary boundaries. 

In our study focusing on the application of artificial intelligence in 
Rehabilitation Science from 2002 to 2022 (Fig. 6), we identify a core 
knowledge base centered around the theme "Neurology, Sports, 
Ophthalmology." This central theme encapsulates the foundational 
concepts and principles driving research in this area. Surrounding this 
core are complementary domains like "Medicine, Medicine, Medical, 
Clinical," offering additional insights and perspectives. 

The core knowledge base further diversifies into subcategories such 
as "Molecular Biology, Genetics," "Health, Nursing, Medicine," "Sports, 
Rehabilitation, Sport," and "Psychology, Education, Social." These sub
categories collectively forge the groundwork for AI research in Reha
bilitation Science. They highlight the field’s multidisciplinary character 
and the importance of cross-disciplinary collaboration in advancing AI 
applications in Rehabilitation Science. This intricate network of inter
connected knowledge not only facilitates the assimilation of novel ideas 
but also cultivates a comprehensive understanding of the field, driving 
its ongoing evolution. 

4. Conclusion 

This comprehensive scientometric study, focused on the intersection 
of artificial intelligence (AI) and Rehabilitation Science from 2002 to 
2022, marks a significant stride in understanding the evolution and 
impact of AI in this dynamic field. Employing the Web of Science Core 
Collection and the advanced capabilities of CiteSpace visualization 
software, this research offers a nuanced, temporal, and spatial analysis 
of AI’s integration into Rehabilitation Science. 

A key innovation of this study lies in its temporal trend analysis, 

revealing an exponential increase in AI-related Rehabilitation Science 
research, particularly since 2017. This uptick, as illustrated in Fig. 1, 
signals a burgeoning interest and recognition of AI’s critical role in 
Rehabilitation Science. The research also sheds light on the global 
landscape of AI contributions in Rehabilitation Science, highlighting the 
United States’ dominance in publication volume. The wide geographical 
spread of these contributions, as shown in Fig. 2, underscores the global 
reach and collaborative nature of this field. Furthermore, the study 
delves into institutional contributions, identifying leading academic 
institutions that are at the forefront of AI research in Rehabilitation 
Science, as presented in Fig. 3. 

The study’s main findings reveal a robust growth of AI applications 
within Rehabilitation Science, indicating a significant shift towards 
more data-driven and technologically advanced research and practices. 
CiteSpace analysis uncovers various emerging research themes, 
emphasizing AI’s multifaceted roles in enhancing athletic performance, 
injury prevention, and rehabilitation strategies. Additionally, the iden
tification of keywords with notable burst strength points to the evolving 
frontiers and future trajectories of AI in Rehabilitation Science, sug
gesting a growing focus on areas like deep learning and computer vision. 
Our research highlights several important applications of artificial in
telligence technology in Rehabilitation Science, including motion anal
ysis, predictive modeling, activity recognition and monitoring, assistive 
technologies, and neurorehabilitation. These applications provide more 
precise and personalized assessment, treatment, and care plans for 
Rehabilitation Science, with the potential to significantly improve 
rehabilitation outcomes and patient quality of life. 

However, the study is not without its limitations. The reliance on the 
Web of Science Core Collection may exclude some relevant research not 
indexed in this database. The analysis’s dependence on specific key
words and search queries might not fully capture all aspects of AI’s 
application in Rehabilitation Science. Additionally, it is important to 
acknowledge that interpretations of the CiteSpace visualizations are not 
absolute and can vary among researchers. This subjective element in 
data interpretation highlights the need for careful consideration and 
cross-referencing with other studies.Furthermore, it is essential to 
recognize the potential biases inherent in AI algorithms and their impact 
on research findings. Biases in data collection, preprocessing, and al
gorithm design can inadvertently skew results, leading to erroneous 
conclusions or reinforcing existing stereotypes. For instance, if AI al
gorithms are trained on biased datasets, they may perpetuate societal 
inequalities or exhibit discriminatory behavior, particularly in sensitive 
areas like healthcare. Moreover, the lack of diversity in the development 
teams or the data used to train AI models can further exacerbate these 
biases.Addressing these biases requires a concerted effort to enhance 
algorithm transparency, accountability, and fairness. Researchers must 
critically evaluate the datasets and algorithms used in their studies, 
actively identify and mitigate biases, and transparently report any lim
itations or potential sources of bias in their research. Additionally, 
interdisciplinary collaborations involving experts in ethics, sociology, 
and other relevant fields can provide valuable insights into the ethical 
implications of AI technologies in Rehabilitation Science. Moving for
ward, future research in this area should prioritize addressing these 
biases and ensuring the ethical use of AI in Rehabilitation Science. 
Engaging with and building upon existing studies that explore the 
ethical dimensions of AI, such as those by Mishra & Singh [29], Cheng 
et al. [30], Maiden et al. [31], Livingston et al. [32], and Turdaliyev 
et al. [33], can offer valuable guidance and frameworks for navigating 
these complex ethical challenges. By doing so, researchers can work 
towards developing more equitable, transparent, and ethically respon
sible AI systems that advance the goals of Rehabilitation Science while 
minimizing potential harms to vulnerable populations. 

Moving forward, several strategic directions emerge as particularly 
beneficial or necessary. Firstly, there is a need to further explore the 
ethical implications of AI integration in Rehabilitation Science. This 
includes addressing biases in AI algorithms, ensuring fairness and 
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transparency in AI applications, and promoting equity in healthcare 
access. Such investigations need future studies to integrate qualitative or 
interdisciplinary methods [34,35]. Additionally, research efforts should 
focus on enhancing the interpretability and explainability of AI models 
to foster trust among clinicians and patients. Secondly, future studies 
should prioritize the development of AI-driven personalized rehabilita
tion interventions. This involves leveraging AI technologies to tailor 
treatment plans to individual patient needs, optimize therapy outcomes, 
and improve patient engagement and adherence. Moreover, there is a 
growing opportunity to integrate AI with wearable sensors and Internet 
of Things (IoT) devices to enable continuous monitoring of patients’ 
progress and facilitate remote rehabilitation services. By pursuing these 
strategic directions, researchers and practitioners can harness the full 
potential of AI to advance the field of Rehabilitation Science, ultimately 
improving patient outcomes and quality of life. 
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