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ABSTRACT

This bibliometric analysis examines sports socks for running made from bamboo, cotton, and acrylic, with
a focus on comfort, durability, and sustainability in the sports field. This study analyzed the evolution of
publications using the Scopus database, reviewing 153 documents since 1990. Using bibliometric tools such
as Bibliometrix and VOSviewer, trends, patterns, and gaps in the scientific literature were identified, offering
a comprehensive view of the development of knowledge in this area. The results show that the main focus of
the research is on the relationship between the friction and thermoregulation properties of socks, aimed at
preventing blisters and improving performance, especially in high-friction sports such as running. The driving
themes identified include the impact on foot health, biomechanics, and athletic performance, while the basic
themes analyze friction and the interaction between materials. Likewise, niche topics such as product design
and antimicrobial properties emerge, reflecting a growing interest in the development of functional and
sustainable materials. The citation trend highlights the relevance of early studies addressing the structure
and properties of socks to prevent injuries and improve user comfort. The conclusions emphasize the need
for more comprehensive research on the use of alternative materials and their impact on health and athletic
performance, contributing to the advancement of sustainable, high-performance sports textiles.

Keywords: Bibliometrics; Sports Socks; Innovation in Sports Textiles; Sustainable Materials.
RESUMEN

Este analisis bibliométrico examina los calcetines deportivos para running (CDR) fabricados con bambu
(BB), algodon (CO) y acrilico (PAC), con un enfoque en los temas de confort, durabilidad y sostenibilidad
en el ambito deportivo. Este estudio analizé la evolucion de las publicaciones mediante la base de datos
Scopus, revisando 153 documentos desde 1990, mediante herramientas bibliométricas como Bibliométrix y
VOSviewer, se identificaron tendencias, patrones y vacios en la literatura cientifica, ofreciendo una vision
integral del desarrollo del conocimiento en esta area. Los resultados presentan que el origen principal de
la investigacion esta en la relacion entre las propiedades de friccion y termorregulacion de los calcetines,
orientada a prevenir ampollas y mejorar el rendimiento, especialmente en deportes como el running.
Los temas motores identificados incluyen el impacto en la salud del pie, la biomecanica y el rendimiento
deportivo, mientras que los temas basicos analizan la friccion y la interaccion entre materiales. Asimismo,
surgen temas de nicho como el diseno de productos y las propiedades antimicrobianas, lo que refleja un
interés creciente en el desarrollo de materiales funcionales y sostenibles. La tendencia de citas resalta la
relevancia de los estudios iniciales que abordan la estructura y las propiedades de los calcetines, con el fin
de prevenir lesiones y mejorar el confort del usuario. Las conclusiones destacan la necesidad de realizar

© 2025; Los autores. Este es un articulo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribucion y reproduccion en cualquier medio siempre que la obra original
sea correctamente citada



https://doi.org/10.56294/dm2025831
https://orcid.org/0000-0002-1279-2928
mailto:esmora@utn.edu.ec?subject=
https://orcid.org/0000-0003-2153-192X
mailto:jrposso@utn.edu.ec?subject=
https://orcid.org/0000-0001-5636-3351
mailto:erramirez@utn.edu.ec?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.56294/dm2025831
https://orcid.org/0000-0002-7811-2470
mailto:esmora@utn.edu.ec?subject=

Data and Metadata. 2025; 4:831 2

investigaciones mas exhaustivas sobre el uso de materiales alternativos y su impacto en la salud y el
rendimiento deportivo, contribuyendo al avance de los textiles deportivos sostenibles y de alto rendimiento.

Palabras clave: Bibliometria; Calcetines Deportivos; Innovacion en Textiles Deportivos; Materiales Sostenibles.

INTRODUCTION

In recent years, the textile industry has driven research into functional materials for sportswear, spurred on
by demand for sustainable, electronic, and high-performance products.™ Sports socks made from bamboo (BB),
cotton (CO), and acrylic (PAC) fibers have gained popularity for combining durability, comfort, and sustainability.
234 These materials not only improve comfort and fit, but also respond to the trends that dominate the textile
market.® However, scientific and academic research on this topic is recent and scattered, which has created a
need for an analysis of research trends and patterns in this area.

Bibliometrics, as an analytical tool,® allows us to analyze the evolution of research on BB, CO, and PAC
running socks (CDR), facilitating the identification of driving themes, emerging areas, and collaboration
networks between authors and disciplines. Several studies have examined specific topics, such as blister and
friction prevention, foot thermoregulation®®, and the antimicrobial properties of materials.”® However, to
date, no bibliometric analysis has been conducted to examine the research and, in turn, understand the
dynamics and relationships among the different areas of knowledge in RSR.

Through the use of bibliometric tools and thematic map analysis,® this research explores the main thematic
areas from multiple disciplinary perspectives, such as materials science, textile engineering, biomechanics, and
sports medicine. The analysis of scientific output shows that studies in this area focus on user comfort and health,
as well as the development of durable, functional textile materials, topics presented in the semantic map.
Furthermore, the analysis of citations from initial documents shows that the most relevant publications have
focused on improving friction and thermoregulation properties to prevent injuries in high-performance athletes.

This study aims to provide a holistic view of research into BB, CO, and PAC CDR through bibliometric analysis.
The results identify trends, gaps, and opportunities that guide future research, advancing understanding of the
field’s evolution and driving innovation toward more sustainable, efficient textile products.

General research question
How has scientific research on running socks evolved, and what are the trends and main contributions in
terms of comfort, performance, and sustainability according to bibliometric analysis?

Specific questions
a) How many studies have been published over the years?
b) Who are the most active authors in the field?
c) What are the most relevant journals on the subject?
d) From which areas of knowledge has research been conducted?
e) What is the semantic development around the phenomenon under study?
f) What are the driving themes surrounding the phenomenon under study, niche perspectives, and
emerging topics?
g) What are the historical roots of the central concept or construct of the subject under study?

METHOD

Abibliometric analysis was used to examine advances in knowledge about running socks. This method involves
systematic steps: formulating questions, identifying databases, developing an advanced search equation, and
analyzing metadata.

The research adopted a quantitative approach at an exploratory and descriptive level. A non-experimental
longitudinal design was chosen. A canonical search equation was constructed with key terms: (“running socks” OR
“sports socks” OR “athletic socks” OR “performance socks” OR “running stockings”) AND (“cotton” OR “bamboo”
OR “acrylic” OR “natural fibers” OR “synthetic fibers” OR “textiles”) AND (“comfort” OR “performance” OR
“usability” OR “breathability” OR “fit” OR “thermoregulation” OR “moisture management”). It should be
noted that this search strategy was not limited to a specific time period, as the aim was to understand the
topic’s development from its emergence in the scientific field to the present day. Scopus data was obtained
for its multidisciplinary approach, identifying 153 scientific publications. The Scopus data was exported in
text format and converted to Excel for processing. The raw and processed data are available at the links
provided. Scientific map visualizations were created in the form of semantic and co-authorship networks, using
specialized software such as Bibliometrix and VOSviewer. 10
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Bibliometrix is a tool developed in R, supported by the R Core Team and the R Foundation for Statistical
Computing. It requires installing R and RStudio." VOSviewer, developed by Leiden University, is open-source
software for creating and visualizing bibliometric networks. It provides text-mining functionality to build co-
occurrence networks of key terms.” The data are available in Mendeley Data and can be consulted at the
following link: Mendeley Data, V1, doi: 10.17632/85sxdkzvx5.1. Table 1 sets out the inclusion and exclusion
criteria to ensure the validity of the analysis

RESULTS

This section presents the results of the bibliometric review based on the research questions, providing a
detailed overview of the trends and patterns identified in the field of study. In relation to the main information
on the topic identified in the Bibliometrix collection, table 2 presents the scientific approach to CDR developed
with BB, CO, and PAC threads, reviewed from 1990 to the present, as reported in the Scopus multidisciplinary
database. The 153 documents were published in 101 sources, including scientific journals, books, and other
sources, and demonstrate interdisciplinary interest. With an average of 7 citations per document and a total
of 5535 references, the published works have had a significant impact on the academic community. The set
of documents shows an annual growth rate of 7 %, demonstrating a growing interest in the area over time. On
average, the documents have had an impact for 9 years and are generating both citations and discussions. All
of this suggests that the study preferences of CDRs have become an important area of research. Participation
among authors includes 400 researchers and 20 % international collaboration, which is a good indicator of the
level of cooperation in the scientific community. An average of 3 co-authors per document shows a moderate
level of collaboration between researchers. The thematic diversity of the author’s keywords, 442 terms and
1157 in Keywords Plus, suggests a variety of approaches and subtopics within the area of study, reinforcing its
interdisciplinary richness.
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Documents by a single author 23
Co-authors per Doc 3,44
International co-authorships % 20,26

Evolution of Publications

Figure 1 shows the evolution of scientific publications on CDR from 2011 to June 2025, revealing significant
trends and characteristics.

The development of scientific research on CDR fluctuated from 2010 to 2018, with publications remaining
low in the early years. However, since 2013, there has been an increase in publications, albeit with variations;
these peaks and troughs may reflect periods of initial exploration, where research advanced experimentally in
this field.

Between 2018 and 2020, the average number of publications declined, which may be related to changes
in research topics or external factors that affected publication rates. This decline may indicate a phase of
research approach review before a new impetus.

In the period 2021-2024, it reached a maximum average number of publications. This peak suggests a
research boom, driven by renewed interest in sustainable materials and the application of new technologies in
sports textiles. This boom may be driven by a focus on functionality and sustainability in the textile industry,
which has gained prominence in recent years.

— Articulos

Rango de mayor dinardismo el
publicaciones en Scopus

Rango de bajo di

2010 2012 2014 2016 2018 2020 2022 2024

Evolucién de las publicaciones indexadas en Scopus sobre calcetines deportivos hasta junio de 2025.

Created with Datawrappe

Figure 1. Annual evolution of publications processed in Bibliometrix

Contribution of authors according to Lotka’s law

The contributions of researchers to the field of study demonstrate the application of Lotka’s law, a theory
that describes the distribution of academic productivity."® Figure 2 presents the analysis of the distribution
of authors, showing that 340 authors (85 %) have contributed one article. Researchers in this field are not
recurrent, which could reflect that the topic is of specific interest to researchers working in different areas
of materials, textiles, or sports applications. Author participation decreases: only 26 authors have published
two articles (7 %); 20 have contributed three articles (5 %), and seven have published four articles (2 %). This
trend confirms that most research in this area is carried out by individual authors, with a limited number of
researchers specializing in continuous, in-depth work on the subject.

Lotka’s law model shows a significant decline in the frequency of authors as the number of publications
increases. This indicates that the field is mainly analyzed by authors with occasional contributions rather than
by recurring specialists. This evolution presents an opportunity for new researchers to position themselves and
become leaders, thereby promoting the sustained development of knowledge in BB, CO, and PAC sports socks.

https://doi.org/10.56294/dm2025831 ISSN: 2953-4917


https://doi.org/10.56294/dm2025831

5 Mora-Munoz ES, et al

85y
80 4
% 85% de la produccion cientifica
4 fue realizada por un autor
70 "
]
Kl
60 | ]
L)
50— MR
.
40 =
L]
"
30 L
.
"
20 o
z El 6,5% de la produccion cientifica fue realizada por dos autores
10
Baa.'? 1 03 03
0 S - o N° Autores Doc. Proporcion
03 redactados N. Autores autores
2 4 6 8 10 12 1 340 85
2 26 7
La Ley de Lotka se cumple al observar que el 85 % de los autores publicé un solo documento. 3 20 s
Creado con Datawrapper
4 7 2

Figure 2. Lotka’s Law developed from metadata obtained from Scopus
Analysis of Author Productivity

Table 3 presents the most influential authors according to bibliometric indicators: h-index, g-index, m-index,
total number of citations, and number of publications, also considering the year in which they began their
scientific production.

The author Rossi RM is positioned as the primary reference in the field, with an h-index of 6 and 8 publications,
obtaining 185 citations since 2010. His academic production and high impact consolidate him as a reference in
studies on friction, thermal comfort, and textile design applied to CDR.

He is followed by Derler S and Laing RM, with an h-index of 4, who began publishing in 2010 and 2015,
respectively, and have received between 105 and 150 citations, reflecting significant contributions to the area.

Authors such as Abbas A, Anas MS, and Azam Z, who began in 2023, stand out for having achieved an
h-index of 3-4 in a short period, which, together with an m-index of 1, suggests rapid visibility and potential

for consolidation in the future. In particular, Abbas A, with 13 publications and a h-index of 6, has shown
remarkable growth in recent productivity.
Escamilla-Martinez E, Kaplan S, and Lewis R have an h-index of 3, with publications beginning between

2016 and 2018. Although their m-index values are low (0), they maintain a constant participation in the field,
contributing relevant and specialized publications.

Analysis according to Bradford’s Law, main specialized journals in Zone 1

Figure 3 shows the distribution of the leading journals in Zone 1 according to Bradford’s Law. This bibliometric
model shows that a small number of journals account for most of the relevant publications.

The Revista de Investigacion Textil (Textile Research Journal), with 13 publications, is the primary source of
information on the subject, specializing in friction, comfort, design, and sustainability in functional textiles.
The following journals are: Textiles Industriales (Industrial Textiles) and Revista del Instituto Textil y Procedia
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Ingenieria (Journal of the Textile Institute and Engineering Proceedings), both with six publications, focusing
on applied research in manufacturing, textile engineering, and physical properties.

They are followed by journals such as Fangzhi Xuebao, Tejido Internacional, Revista de Pruebas y Evaluacion
e Investigacion de Materiales Avanzados, which have between 2 and 4 publications, and which contribute to
specialized approaches in mechanical analysis, thermal behavior, material innovation, and functional finishes
in sportswear.

This distribution confirms that Zone 1 journals constitute the specialized core of sports textiles research and
are key to positioning new research, enhancing scientific visibility, and guiding the dissemination of knowledge
in sustainable functional textiles.

13 q¢— . — i
Revista de Investigacion Textil Revistas especializadas
12
Revista de Textiles Industriales
Zona 1
10 Revista del Instituto Textil
Procedia Ingenieria
8 Fangzhi Xuebao/Revista de
Investigacion Textil
Tejido Internacional
6 Revista de Pruebas y
Evaluacion
4 Investigacion
de Materiales
Avanzados
2 2
0 L I L
Revista de Investigacion Textil Procedia Ingenieria Tejido Internacional Investigacion de Materiales Avanzados

Area especializada en revistas cientificas.
Creado con Datawrapper

Figure 3. Main specialized journals in Zone 1 according to Bradford’s Law

Productivity of the top 10 journals

Table 4 shows the Revista de Investigacion Textil (Textile Research Journal), which ranks as the primary
academic source in the study of functional socks, with the highest bibliometric impact, including an h-index
of 8266 citations, and 13 publications since 2010. Its m-index of 1 confirms continued productivity over time,
especially in topics related to comfort, friction, and textile sustainability.

The journal Procedia Ingenieria ranks with an h-index of 5, 41 citations, and six publications, demonstrating
an applied approach to textile engineering processes. However, its m-index of 0 indicates low continuity in the
subject area.

Other journals with minimal impact, such as Revista de Fibras y Telas de Ingenieria, Revista de Textiles
Industriales, and Revista del Instituto Textil, have an h-index of 3 and a production of between 3 and 6 articles,
with a range of 19 to 38 citations, which shows moderate but constant interest in the area of textile materials
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for sports performance.

Journals such as Investigacion de Materiales Avanzados, Pie, Revista Internacional de Investigacion Ambiental
y Salud Piblica, and Cartas de Tribologia participate at a lower level, although still relevant, all with an
h-index of 2 and two publications each. These contribute specific approaches from biomechanics, tribology,
and environmental assessment.

Finally, the ACS journal Applied Materials & Interfaces, with an h-index of 1 and a single publication, reflects
emerging interest in functional textiles among high-impact materials science journals.

Analysis of the Main Areas of Knowledge

Figure 4 presents the analysis of research on CDR, carried out in a multidisciplinary framework led by
Materials Science (31 %) and focused on the physical and functional properties of textiles. This is followed by
Engineering (23 %), which contributes knowledge on the design and manufacture of functional socks; in third
place is Chemical Engineering (10 %), which contributes to the design, manufacture, and treatment of technical
fibers. Areas such as Business (8 %) and Medicine (6 %) offer perspectives on sustainability, the market, and
user health. Other complementary disciplines, such as Physics, Biology, Chemistry, and Environmental Sciences,
address specific aspects ranging from structural behavior to environmental impact. Finally, the Social Sciences
(1,6 %) reflect an interest in the user experience and sociocultural acceptance of functional sports textiles.

Otros (6%)

Ciencias sociales
(1,6%)

Bioquimica, genética y
biologia molecular
(1,9%)

Ciencias ambientales
(2,5%)

Quimica (2,8%)

Fisica y astronomia
(3,5%)

Ciencias agricolas y
biolégicas (3,5%)

Medicina (6%)

Negocios, gestion y
contabilidad (8%)

Ciencia de los
materiales (31%)

Ingenieria quimica

(10%) Ingenieria (23%)

Areas del conocimiento desde las cuales se desarrolla la investigacién sobre calcetines deportivos para running.

Creado con Datawrapper

Figure 4. Areas of knowledge addressed by sports running socks

Cluster Analysis and Research Patterns

Figure 5 shows the semantic map created with VOSviewer, which provides an overview of the main thematic
areas and the relationships among frequently used terms in research on CDRs conducted with BB, CO, and PAC.
The co-occurrence map identifies five thematic clusters of CDRs.

The green cluster: shows the topic of biomechanics and user health, addressing terms such as fit, foot
temperature, and injury prevention.

The blue cluster, which forms the map’s densest core, addresses terms such as friction, tribology, and
materials, highlighting fabric-skin interactions and moisture absorption.

The red cluster is related to topics in the textile industry, thermal comfort, sports socks, and knitted fabrics.

The yellow cluster studies topics such as design, fibers, and structures, addressing properties such as
compression and elasticity.

The central cluster (multicolored intersection) serves as a connecting node for all clusters related to the
terms “socks” and “comfort.”
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Figure 5. Semantic map generated by VOSviewer

Thematic Map

Figure 6 shows the thematic map from the bibliometric analysis, which classifies CDR research terms by
density and centrality. This representation allows the status and function of the different research topics to be

identified.

The driving themes (high centrality and density), such as human, foot, and humans, indicate a strong focus

on biomechanics and user health.

Basic themes, such as friction, sports, and textiles, are essential but still under development, related to the

functional behavior of materials.

Emerging topics, such as antimicrobial property, design, and product development, represent underdeveloped
areas that could be losing relevance or presenting new lines with innovative potential. Finally, niche topics,
such as knitting technologies and the finite element method, demonstrate advanced technical approaches with
internal development, although less closely connected to the general thematic core.

Niche Themes

®

patterns

!
h
\
i
I
i
\
|
\
:
knitting technologie:
i
energy
|
|

distribution

shrinkage

Development degree
(Density)

company information
cost
product development
hosiery
economic information
garment manufacture
antimicrobial property
design
resgarchiancbdevelopment
Declining Themes

finite element method

Motor Themes

human
humans
foot

friction
sports
textiles

Basic Themes

Relevance degree
(Centrality)

Figure 6. Structural thematic map (Direct map from Bibliometrix)

Spectroscopy of the year of the cited reference

Spectroscopy reveals the citation trend in CDR research documents, focusing on topics such as friction,
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blister prevention, thermal properties, and comfort in sports footwear. The contributions of each of the papers
presented in figure 7 are analyzed below.

According to ), the fabric structures were evaluated for blister prevention in running socks. Six models of
cotton socks with different textures were assessed. Double-knit terry and plain knit fabrics performed better
and provided greater foot protection.(

According to ® Tribology of human skin and mechanical equivalents of skin in contact with textiles. This
research examined the friction between the skin and a reference textile, finding that the coefficients vary with
skin hydration and are due to a combination of adhesion and hysteresis. The polyurethane-coated polyamide
fabric revealed the best behavior, similar to dry skin. They conclude that the use of skin models and testing
methods can optimize the design of textiles appropriate for sports and medical applications.

For, © Effects of sock type on foot skin temperature and thermal demand during exercise. This research
compared standard and ergonomic socks during exercise and found no significant physiological differences.
However, the ergonomic sock was perceived as cooler and more cushioned, indicating that subjective perception
may influence physiological data when choosing socks for prolonged use.

According to ", “Liquid transport in textile structures.” This study evaluates liquid transport in cotton and
polyester fabrics, showing that moisture absorption and retention depend on capillary action, wetting, and the
porous structure of the material, influenced by the surface properties of the fibers and the geometry of the
pores, evidencing the behavior of moisture in socks.

— Citas
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Figure 7. Spectroscopy from the referenced year

DISCUSSION

The bibliometric analysis allowed us to establish in detail the status and evolution of the scientific production
of CDRs made with BB, CO, and PAC threads. The general information showed sustained annual growth of 7 %,
demonstrating the scientific community’s interest in this line of research. Likewise, Lotka’s Law showed that
most authors have contributed only one publication, suggesting that this is still an expanding field with few
established specialists.

Publications between 1990 and 2024 show an upward trend with fluctuations. Between 2011 and 2019,
progressive increases were observed; the period 2021-2023 recorded significant growth, probably driven by the
demand for functional and sustainable textiles. This trend aligns with global research on ecological fibers and
the development of high-performance technical garments.

Regarding authors, the study identified" as the most cited researcher, with a continuous track record since
2010. Authors such as ™ have had a significant impact, while new players such as ('® show recent and promising
development.

Regarding leading journals, the Textile Research Journal strengthened its position as the primary
dissemination channel, with 13 articles and the highest h-index, followed by Procedia Engineering and the
Journal of Industrial Textiles. This concentration of publications in specialized journals confirms the centrality
of the topic in the field of functional and high-performance textiles. There is also diversification towards
multidisciplinary journals that investigate health, design, and engineering.

The areas of knowledge show a multidisciplinary approach. Materials Science accounts for 31 % of production,
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followed by Engineering (23 %) and Chemical Engineering (10 %), indicating that the study of socks extends
beyond textile design to encompass fiber modification processes, physical-mechanical properties, and advanced
manufacturing technologies. Areas such as Medicine, Environmental Sciences, and Social Sciences, with a lesser
presence, provide a comprehensive view that encompasses user health, environmental impact, and perception
of comfort.

Semantic development, as revealed by cluster analysis, yielded five thematic clusters. Friction, moisture,
compression, biomechanics, and functional fabric design are the axes that structure the semantic network.
The term “comfort” appears as a central node, which shows that, regardless of the technical or physiological
approach, the common goal of this line of research is to optimize the user experience in sports conditions.

In the thematic map, driving themes such as human, foot, and humans were identified, which show a high
level of development and centrality with respect to foot biomechanics and user health. Basic themes such as
friction and textiles underpin the area but still require further exploration. Themes such as design, antimicrobial
properties, and functionality were classified as emerging, suggesting new lines of research. On the other hand,
areas such as knitting technologies and finite element method appear as niche topics, developed but still
peripheral to the central axis of knowledge.

Spectroscopy from the reference year cited allowed for analysis of historical developments in the field,
emphasizing advances such as the studies by Herring® on friction and blister formation, and the work of (4,
which established a shift toward more technical and physiological approaches. The period 2010-2017 represents
the phase of most significant impact, followed by a decline, possibly due to thematic diversification into new
areas such as sustainability or smart textiles.

CONCLUSIONS

The bibliometric study shows sustained development in research on sports socks (CDR) made with BB,
CO, and PAC. The subject has evolved from a technical focus on friction and fit to a broader approach that
incorporates thermal comfort, user health, and material sustainability, thereby consolidating the orientation
toward functional textiles for sports performance.

There is a diversification of authors and approaches, with established and emerging researchers driving new
lines in functional design and innovative materials. Publications are concentrated in materials and textiles
journals but are increasingly moving into transdisciplinary fields such as applied engineering, sports medicine,
and ergonomics, reflecting the field’s expansion.

Semantic and thematic analyses highlight friction, comfort, moisture, biomechanics, and fit as established
themes, along with emerging lines in product design and antimicrobial properties, which have high development
potential. Likewise, initial studies based on spectroscopy laid the foundations for current research by relating
skin and textiles in friction, blister prevention, and thermal regulation.

The sports socks of the future will need to integrate optimized textile structures, sustainable materials, and
emerging technologies that reduce friction, prevent injuries, and enhance performance. Their development
is geared toward dual purposes: protecting athletes’ health and addressing environmental sustainability
challenges in the textile industry.
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