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Abstract
Bibliometric analysis seeks to evaluate through statistical 
methods the scientific activity on the lines and trends 
of research, the evolution of studies, the relationships 
between publications, journals and collaboration between 
researchers. The use of these studies can guide researchers 
on the evolution of research processes related to injury 
prevention in soccer, using machine learning. The aim 
of this study is to analyze the scientific activity related to 
machine learning in the prevention of ankle injuries in 
soccer. The present study presents three moments: Data 
capture, Analysis of the information based on software 
(Scimat, VosViewer, Use of Text mining with R), discussion 
and conclusions. As for the results, the evolution of the 
words and networks generated shows an increase in 
studies relating the words “sport”, “ankle”, “risk factors” and 
“technology” (mobile applications, computational methods, 
wireless communication). An evolution of research in 
terms of the use of machine learning in injury prevention, 
visualization of knowledge networks and support among 
researchers in recent years is evident, as well as the growth 
of publications and the increase of networks and interaction 
between words.

Keywords: Injury sports, bibliometrics, soccer, artificial 
intelligence, ankle.

Resumen
El análisis bibliométrico busca evaluar a través de métodos 
estadísticos la actividad científica sobre las líneas y tenden-
cias de investigación, la evolución de los estudios, las rela-
ciones entre publicaciones, revistas y la colaboración entre 
investigadores. El uso de estos estudios puede orientar a 
los investigadores sobre la evolución de los procesos de 
investigación relacionados la prevención de lesiones en el 
fútbol, utilizando el aprendizaje automático. El objetivo de 
este estudio es analizar la actividad científica relacionada 
con el aprendizaje automático en la prevención de lesiones 
de tobillo en el fútbol. El presente estudio presenta tres mo-
mentos: Captura de datos, Análisis de la información basa-
do en software (Scimat, VosViewer, Uso de Text mining con 
R), discusión y conclusiones. En cuanto a los resultados, la 
evolución de las palabras y las redes generadas muestra un 
aumento de los estudios que relacionan las palabras “de-
porte”, “tobillo”, “factores de riesgo” y “tecnología” (aplica-
ciones móviles, métodos computacionales, comunicación 
inalámbrica). Se evidencia una evolución de la investigación 
en cuanto al uso del aprendizaje automático en prevención 
de lesiones, visualización de redes de conocimiento y apoyo 
entre investigadores en los últimos años, así como el creci-
miento de publicaciones y el aumento de redes e interac-
ción entre palabras. 

Palabras clave: Lesiones deportivas, bibliometría, fútbol, 
inteligencia artificial, tobillo.
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Introduction
The importance of recognizing and differentiating epidemiologically the most common injury in soccer is one of the steps 

to develop future prevention and treatment approaches by health professionals (Guldbrandsen et al., 2019; Olmedilla-
Zafra, Andreu-Álvarez, Ortín-Montero, et al., 2013). Among the injuries with the highest frequency in this sport (Olmedilla-
Zafra, Andreu-Álvarez, Abenza-Cano, et al., 2013), are those affecting the ankle (Kolokotsios et al., 2021), being 80% ligament 
sprains, and between 16 and 40% acute trauma (Halabchi & Hassabi, 2020), in addition, it is estimated that ankle and foot 
injuries in competition range between three to nine injuries per 1000 hours of play, producing high costs to the health 
system and sports clubs (Feria-Arias et al., 2018).

The public health burden of ankle injuries and long-term effects such as osteoarthritis and chronic instability has 
generated that primary prevention through prophylactic interventions by detecting risk factors is one of the most used 
tools by coaches and health professionals (Kaminski et al., 2019). Although, both intrinsic and extrinsic risk factors have 
been established, so far there is no clear consensus on the matter and the existing evidence is limited (Delahunt & Remus, 
2019). The above may be due to the use of explanatory causality models used and the limitation of linear analyses between 
variables, ignoring multifactorial interrelationships (Jauhiainen et al., 2021).

Given the above, the use of artificial intelligence (AI) has shown promising results in injury risk prediction (Ramkumar 
et al., 2022), with machine learning (ML) being one of the computational methods used in information processing by 
analyzing real-world datasets to establish relationships, recognize patterns, classify, predict, exchange data, and improve 
interconnectivity through incremental learning as data is input (Jauhiainen et al., 2021). Despite, finding current evidence 
of the use of AI, the strengths, limitations, and true applications are yet to be determined (Román-Belmonte et al., 2021).

One of the bases for the initiation of new research processes is the analysis of productivity, recognition of research 
activity, lines, and central trends (Adán et al., 2020). Among the strategies developed by researchers are bibliometric 
studies, which allow establishing an overview of maturity, growth, types of research, researchers related to the area, the 
most prominent journals, and the mapping of publications (Müller et al., 2018). 

To demonstrate interconnections and research networks, the VOSviewer software is a program that allows for the analysis 
and establishment of relationships of large amounts of data (Shah et al., 2020), with extensive text mining functionality 
through the creation, visualization, and exploration of bibliometric maps (Arruda et al., 2022).

Although there is general information on the use of machine learning in the prevention of sports injuries and the use of 
bibliometric analysis in sports science, so far there is no research that evidences the monitoring of scientific publications, 
the evolution of studies, the relationships between publications, journals, collaboration between researchers and co-
occurrence specifically in relation to ankle injuries in soccer. Therefore, the aim of this article is to provide a bibliometric 
approach that identifies and analyzes the scientific activity related to machine learning in the prevention of ankle injuries 
in soccer.

Materials and Methods
This study attempted to answer the following research questions:

What are the most critical and influential channels (authors, journals, and articles) in machine learning for ankle injury 
prevention in soccer?

What are the most emerging research streams in machine learning studies for ankle injury prevention in soccer?

What directions will open new avenues for future research using machine learning for ankle injury prevention in soccer?

The present bibliometric study, meso level, presents three moments: Data capture, Software-based information analysis, 
Discussion and Conclusions.

Data Capture
For data capture, a search was carried out in English in the Scopus and Web of Science (WoS) databases, Pubmed, 

Science Direct and SportDiscus. To perform the Boolean chain, four groups of search words were selected that correspond 
to the topics addressed in this article. Theme one corresponds to words associated with predictive technologies through 
algorithms, selecting the following search words: “artificial intelligence”, “Machine Intelligence”, “Machine learning”, “Neural 
network” and “learning algorithms”. Topic two deals with injuries in a part of the human body to be studied, the following 
words are then selected: “ankle sprain”, “ankle”, “ankle injury”, “ankle fracture” and “ankle injuries”. Theme three associates 
the search in terms of prevention, so the following words are used in the search: “prevention and control”, “preventive 
therapy”, “preventive measures”, “prevention” and “Injury prevention”. Finally, a sport is contextualized through the 
following words, “Soccer”, “Futsal”, “indoor soccer”, “five-a-side soccer”, “street soccer”, “street football”.
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For the creation of the search string, you considered that each topic contains complementary information, therefore, the 
Boolean operator used is “OR” to indicate the union in the associated words. To associate the different topics, matching 
information is used, so the “AND” operator is used for this purpose.

Use of Scientometric Software
Use of Scimat: since different databases were used to find the information, it was necessary to use a tool that would allow 

grouping the information to pre-process the data and visualize the data clearly. Scimat allows to read different types of files, 
so that it is possible to consolidate a bank of information from the databases. From this, it is possible to find the documents 
published for each year and the most cited articles by time (Lopez-Robles et al., 2021).

Use of VosViewer (VOSviewer - Visualizing Scientific Landscapes, n. d.): To find the topics that make up the scientific 
literature addressed, the bibliographic information visualization software VOSviewer was used, which, based on the 
density of the keywords of the documents found, makes a mapping that is translated into heat charts, which represent 
the frequency of repetition of the documents and the proximity to others, and graph charts, which represent the 
relationships between different topics as well as the creation of groupings based on the relationships and proximity of 
the keywords.

Use of text mining with R (R: The R Project for Statistical Computing, n. d.): Text mining was used, where a word 
cloud graph (RPubs, n. d.) was constructed from the abstracts downloaded with the different articles, which represents, 
according to size, the words with the highest frequency of use, and according to centrality, represents how close they 
are in relation to the other words. A hierarchical clustering graph of the H-Clust words was also constructed (Murtagh & 
Legendre, 2014).

Once the results obtained from the data capture and analysis with scientometric software are considered, we proceed to 
examine the findings, assessing trends and emphasizing the literature in greater detail, performing a systematic mapping, 
to find from articles of interest, trends in the field of machine learning for the prevention of ankle injuries in soccer.

Results
Based on the results, 144 articles were found, of which three presented duplicities, so the Scopus and Web Of Science 

databases were considered to continue with the analysis.

Results With Scimat
A quick establishment of groups of words was made by joining those in singular and plural, and after a manual review, it 

was not found to be necessary to join other groups of terms.

From the documents and using Scimat software, the information summarizing the publications per year, the most 
cited articles, and the number of publications per journal was constructed. For this purpose, a total of five periods were 
established for analysis. Period one corresponds to publications up to the year 2010; period two, corresponds from the 
year 2011 to the year 2015; period three contains the publications from the year 2016 to the year 2020; period four has the 
publications for the year 2021 and period five covers the publications for the year 2022, the results can be seen in Figure 1.

Figure 1
Publications found by year and period
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Table 1 shows the most cited articles, disaggregated by year of publication.

Table 1
Most cited articles from 1998 to 2022

Table 2 shows the journals with the number of published papers.
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Table 2
Journals with the most published articles
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In the analysis of the five periods established from 1998 to 2022, the study yielded the following results. Analysis 
Configuration:
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Unit of analysis: Words (authorRole = true, sourceRole = true, addedRole = true)

Kind of network: Co-occurrence

Normalization measure: Equivalence index

Cluster algorithm: centers simples

Max cluster size: 6

Min cluster size: 1

Evolution measure: Jaccard index

Overlapping measure: Inclusion index

The overlapping map generated with Scimat shows that for period one there were three relevant words, but in the 
transition to period two, two words leave the map and only one continues, i.e. 33% of the words remain on the map. In 
period two, there are 17 relevant words, of which 16 are new, in the transition between period two and period three, four 
words leave the map and 13 remain in the map, while 76% of the words move to period three (Figure 2).

Meanwhile, in period three, there are 47 relevant words, of which 34 new words entered the map, and in the transition 
between period three and period four, 21 words are lost and 26, i.e. 79%, pass. In period four, 33 relevant words are 
observed, of which 7 new words enter, nine words leave in the transition to period five, while between period four and 
period five, 24 words are lost, i.e. 73%. Finally, in period five, there are 43 relevant words, 19 of which are new. Figure 1 
shows the evolution of the words over the five periods, corroborating what was shown in the overlapping map.

Figure 2
Map of overlapping and evolution of words generated with Scimat

Figure 3 shows the strategic diagram (upper left figure) and the clustering networks associating the words (upper right 
figure and lower right and left figures) for period three (2016-2020), in this case only the clustering networks with more than 
two associated words are observed.
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Figure 3
Strategic diagram (upper left figure) and clustering networks for the period 2016-2022

Figure 4 shows the strategic diagram (upper left figure) and the clustering networks that associate the words (upper right 
figure and lower right and left figures) for period four and five (2021- 2022), in this case only the clustering networks with 
more than two associated words are shown.
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Figure 4
Strategic diagram (upper left figure) and clustering networks for the period 2021-2022

Results With VosViewer
Results With VosViewer Based on the Keywords
Figure 5 shows the associated words and their different relationships based on the publication date. Additionally, 3-word 

clusters (green, blue and red) can be observed. The green cluster revolves around gender and age of people, while the blue 
cluster revolves around biomechanics and the red cluster revolves around the word’s human and humans.
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Figure 5
Words associated with date of publication, and Cluster of words generated

From the Boolean chains, the words “Ankle”, “Injury”, “Machine Learning”, “Prevention” and “Sport” are selected. The 
mentioned words are focused to visualize the relationship with other keywords (Figure 6).
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Figure 6
Focus on the words “Ankle”, “Injury”, “Machine Learning”, “Prevention” and “Sport”

Results with VosViewer based on the authors
Figure 7 shows the results obtained based on the authors with the highest number of publications for the analyzed 

articles. In the upper part, the relationship of the authors is shown based on the publication dates, and the heat diagram 
based on the frequency of citations.
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Figure 7
Clusters generated by Authors (top), authors in relation to publication dates (middle), 

authors’ citation frequency (bottom)

Results with text analysis using R language
Using the R programming language, text mining is performed on the abstracts of the articles. A word cloud diagram is 

generated from the frequency and centrality in the use of the words, where its size indicates the frequency of repetition of 
the word, and the centrality indicates the closest relationship with the surrounding words. This is shown in Figure 8.
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Figure 8
Word dendrogram generated from the abstracts

As can be seen in Figure 8, there is a relationship between the words “studies” and “injuries”, as well as a close interaction 
with the word “injuries” and “sports”.

Discussion
Regarding the number of articles published on this topic, a growth in the number of publications from 2016 can be 

evidenced. In this regard, Llamas (2021) states that the use of technological tools in sport is increasing for the training 
and control of athletes, in terms of injury prediction, the use of mathematical models can provide relevant information on 
prevention strategies, however, it is necessary to continue creating and implementing specific computer applications for 
each sport. This may explain the increase in the research carried out, given that a greater number of studies are required 
to consolidate these tools as injury prediction instruments.

In reference to the most cited articles, the study “Foot Plantar Pressure Measurement System: A Review” by the authors 
Abdul Razak et al. (2012) is the article with the highest number of citations, which reviews the features of the sensors and 
systems for measuring the plantar pressure of the foot and the proposal of a wireless system to measure high pressure 
distributions under the foot. Wilzman et al. (2022) mention that the measurement of plantar pressure in runners can 
help predict overuse injuries with the assistance of machine learning, although further research should be done on the 
characteristics and relationships between healthy and injured subjects to make the model more interpretable.

Additionally, the study by Razak et al. (2021) presented as keywords: “plantar foot pressure”, “pressure sensor”, “wireless 
system”, such terms have been used in studies looking for predictive results using plantar pressure distributions for risk 
estimation and prevention strategies in overuse bone injuries (Wilzman et al., 2022), on the other hand, pressure sensors 
play an important role in the modeling of sports shoes to decrease the complex biomechanical and footwear interactions 
(Song et al., 2022). Plantar pressure systems have been used in different studies related to diagnosis, injury prevention and 
rehabilitation of the foot (Zhao et al., 2020), which may explain the references of this research.

The journal “Sensors” presents the highest number of published articles, followed by the journal “Sports Medicine”; the 
former specializes in presenting contributions of authors related experimental and theoretical results on sensor technology 
and its applications, while “Sports Medicine” publishes on topics related to injury prevention, exercise for health, training, 
nutrition, and drugs in sport. Advances in sensor technology and greater ease of availability and acquisition have led to an 
increase in research related to the evaluation and monitoring of athletes’ performance to help control the risk of injury (De 
Fazio et al., 2023), a situation that may be related to the increase in publications on sensors and sport.

Regarding the evolution of words and networks generated, this study shows an increase in studies that relate words such 
as: sport, ankle joint, risk factors and technology (mobile applications, computational methods, wireless communication). 
This trend may be due, as mentioned by Li and Kang (2022) that foot joints generate 10- 30% of all sports injuries, 
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furthermore, Kobayashi et al. (2016) stated that, although, there are different intrinsic risk factors related to ankle ligament 
injuries, no consensus has been reached so far on the predictive value that each of these has on the incidence of injury. 
Despite recognizing the importance of incorporating technology into ankle rehabilitation processes, and although advances 
in the use of AI in ankle and foot surgery are promising, new predictive models that present greater external validation and 
clinical benefit should continue to be explored through research (Gupta et al., 2023).

Regarding the evolution of words, the relationship between risk factors and prospective studies should be highlighted, 
as well as the relationship between ankle injury, knee injury and hip injury. Regarding the former, prospective studies have 
the advantage that the registration of data is more efficient, since at the beginning of the study the exposure factor may 
or may not have been present (Moreno & Gutiérrez, 2020), but the research effect has not yet been presented, requiring 
a follow-up period forward (Salazar et al., 2019), which may be easier for the control of measurements and the analysis of 
the different relationships between variables understanding their complexity (Pizarro & Masson, 2020). The above, may 
represent an advantage in the use of this type of methodologies for the researcher who seeks to predict ankle injuries from 
the analysis of the interaction between the different risk factors.

Regarding the relationships between ankle injury and the other joints of the lower limbs, research has focused its efforts 
on understanding the involvement and relationship that each of the joints has in different biomechanical actions that allow 
better decisions to be made in the training and rehabilitation of athletes through a more efficient and integrative clinical 
reasoning (Kotsifaki et al., 2021).

For their part, the word foci allow us to establish a trend in recent years of networking and interaction between “Ankle”, 
“Injury”, “Machine Learning”, “Prevention” and “Sport”. This may be mainly due to individual differences, multiple variables 
and factors and non-linear relationships between them (de Leeuw et al., 2022), have allowed research progress to focus its 
efforts on machine learning as a tool to identify patterns and create predictive models from the analysis of large data sets, 
however, research is currently required to incorporate this technology in the prediction of sports injuries (Luu et al., 2020), 
which makes it an attractive topic for researchers and professionals in sports science.

On the other hand, the scientific collaboration networks show the relationship between authors, publication dates and 
citation frequency, being the centrality of the network marked by two authors: “Rácz” and “Grand”, who present the highest 
number of links, identifying leadership and being “star” nodes within the established links. It is important to mention that 
the greater the number of nodes and relationships, the greater the density of scientific collaboration, generating greater 
access to information, favoring the availability of resources and scientific productivity (Achury-Saldaña et al., 2022).

Additionally, this analysis shows the dendrogram from the abstracts, it is important to remember that this type of diagram 
creates clusters in the form of a tree that allows organizing the data, relating the sets, and hierarchizing them (Backhaus et 
al., 2023). From the graph it can be interpreted that injuries and studies have a more relevant relationship, just as studies 
on this subject are developed in sport, where there is a relationship with performance and training. This may be due to 
the increase in studies that seek to predict not only injuries but also the level of performance presented by the athlete, an 
example of this is the study by Hoog et al. (2021) where they used machine learning to determine the age-related decline 
in performance.

Conclusions
The present bibliometric analysis allows establishing that there is an increase in research trends towards the prevention 

of ankle injuries, using neural networks, algorithms and computational methods that facilitate the prediction of sports 
injuries.

The increase of studies in this area relates words such as: sport, ankle joint, risk factors and technology (mobile 
applications, computational methods, wireless communication), showing the importance and progress in the use of 
technological resources, such as machine learning. However, there is still much to be developed and researched in this 
field, being an opportunity for sports science professionals to explore, innovate and research on the management, control, 
evaluation, and training of athletes through AI.  

The analysis of scientific evidence establishes the importance of prospective studies, which may occur due to the 
interaction between the words “Ankle”, “Injury”, “Machine Learning”, “Prevention” and “Sport”, non-linear and differential 
variables within a context, allowing a more efficient data recording, a forward tracking that allows a better understanding 
of the complex interaction between different risk factors.
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