
EDITED BY

Dennis-Peter Born,

Swiss Federal Institute of Sport Magglingen,

Switzerland

REVIEWED BY

Craig Staunton,

Halmstad University, Sweden

Xiao Qiu,

Hong Kong Sports Institute, Hong Kong SAR,

China

*CORRESPONDENCE

Tiago F. Venâncio

tiagovenancio@ipportalegre.pt

RECEIVED 31 March 2025

ACCEPTED 28 May 2025

PUBLISHED 19 June 2025

CITATION

Venâncio TF, Costa MJ, Santos CC, Batalha N,

Hernández-Beltrán V, Gamonales JM and

Espada MC (2025) Evolution of documents

related to strength training research on

competitive swimmers: a bibliometric review.

Front. Sports Act. Living 7:1603576.

doi: 10.3389/fspor.2025.1603576

COPYRIGHT

© 2025 Venâncio, Costa, Santos, Batalha,
Hernández-Beltrán, Gamonales and Espada.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Evolution of documents related
to strength training research on
competitive swimmers: a
bibliometric review

Tiago F. Venâncio
1,2,3,4*, Mário J. Costa

5
, Catarina C. Santos

6,7
,

Nuno Batalha
8,9
, Víctor Hernández-Beltrán

2
,

José M. Gamonales
2,10

and Mário C. Espada
1,3,9,11,12

1SPRINT Sport Physical Activity and Health Research & Innovation Center, Centro de Investigação e
Inovação em Desporto Atividade Física e Saúde (SPRINT), Rio Maior, Portugal, 2Training Optimization
and Sports Performance Research Group (GOERD), Faculty of Sport Science, University of Extremadura,
Cáceres, Spain, 3Life Quality Research Centre (CIEQV), Instituto Politécnico de Setúbal, Santarém,
Portugal, 4Biosciences Higher School of Elvas, Polytechnic Institute of Portalegre, Elvas, Portugal,
5Centre of Research, Education, Innovation, and Intervention in Sport (CIFI2D) and Porto Biomechanics,
Laboratory (LABIOMEP-UP), Faculty of Sport, University of Porto, Porto, Portugal, 6Higher Education
School (ESEC), Polytechnic of Coimbra, Coimbra, Portugal, 7Department of Sport Sciences, Exercise
and Health, University of Trás-os-Montes and Alto Douro (UTAD), Vila Real, Portugal, 8Departamento de
Desporto e Saúde, Escola de Saúde e Desenvolvimento Humano, Universidade de Évora, Évora,
Portugal, 9Comprehensive Health Research Centre (CHRC), Universidade de Évora, Évora, Portugal,
10Faculty of Education and Psychology, University of Extremadura, Badajoz, Spain, 11Instituto Politécnico
de Setúbal, Escola Superior de Educação, Setúbal, Portugal, 12Centre for the Study of Human
Performance (CIPER), Faculdade de Motricidade Humana, Universidade de Lisboa, Lisbon, Portugal

Background: The purpose of this study is to conduct a bibliometric and scoping
review to map the evolution of scientific literature on strength training in
competitive swimmers.
Methods: Web of Science database was used considering the time frame
between 1980 and 2024. The following terms were used to search
documents: “swimmers”, “strength”, and “training”. A total of 460 documents
were included for statistical analysis
Results: Until 2000, fewer than 5 manuscripts were published annually, and only
after 2011 did the number regularly exceed 20, peaking in 2021 with 43
publications. Among the top 10 authors, 7 are Portuguese, each with at least 7
published papers. A total of 726 institutions were identified, with 29 having
published at least 5 studies. The “Universidade da Beira Interior” had the most
publications (20), while the “University of Copenhagen” received the most
citations (619) with just 3 papers. Sixty countries contributed overall, with 10
publishing at least 20 documents; the United States of America led with 83.
The most prominent keywords over time were “sports performance,” “speed,”
and “swimming performance.”
Conclusion: These results highlight that bibliometric analysis provides pertinent
information, very useful regarding research trends and networks, aiming for
future research on the topic of strength in swimmers.
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1 Introduction

Swimming is the second most popular sport in the Olympic

Games based on the number of athletes (1). The goal in

competitive swimming is to cover a given distance in the shortest

possible time (2) and these days, due to the increased

professionalization of the sport, it has become increasingly

difficult for amateur athletes to reach finals or medal positions at

the international level (3). As the level of performance has

continuously improved, competition results reflect this shift.

Sports performance has been enhanced from decade to decade,

breaking previous records and reaching previously unreachable

performances recently (4, 5).

A podium finish in swimming competitions can be separated

by a 100 ms time difference (6), and dry-land performance has

been shown to contribute to overall swim performance in

different events (7). Human locomotion in water results from the

interaction of propelling limbs with the fluid. Swimmers’ capacity

to move through the water depends on the amount of applied

propulsive force and on the drag forces opposed to a forward

motion (8). Swimming performance is related to a deterministic

model since strength will influence the force, being this

determined by kinematics, which in turn is influenced by

anthropometrics, which in turn, influences the kinetics (9–12).

Since the early 20th century, there has been discussion over the

significance of strength or strength training (ST) for swimming

performance. This was linked to Robert Kiphuth, who was

probably among the first swimming instructors in the 1920s and

1930s to use dry-land training—training outside of a pool to build

the muscles necessary for swimming performance (13). The ST is

one method of training that helps athletes improve their muscular

force–velocity function and ability to enhance endurance athletes’

performance through neuromuscular adaptations, increasing

economy and endurance-specific muscle power components (14),

increasing the rate at which force is produced, which leads to

improved performance (15). Improvements in swimming sprint

performance ranging from 1.3% to 4.4% have been documented

when dry-land ST is used (16).

To reduce water resistance in short race distances, research has

specifically concentrated on the impact of force production and

strength on speed enhancement (7). Thus, it is important to

carry out programs to promote ST in swimmers and evaluate the

programs and their impact on the swimmers’ profiles and

performance. This demonstrates a steadfast commitment to

learning and a noteworthy contribution to literature. Previously,

Veiga and Roig (17) pointed out that underwater phases and

stroke efficiency are important factors that determine success,

which emphasizes the need for ST in swimming. Stronger core,

lower, and upper body muscles enable swimmers to exert more

force during each stroke’s pull phase, increasing stroke efficiency

and distance per stroke, according to scientific research (18). In a

similar vein, strong leg muscles help produce stronger, quicker

kicks, which are essential for sustaining high water velocity (19).

Swimmers can improve propulsion and body positioning by

overcoming hydrodynamic drag more successfully with both

strength and power (20). Furthermore, higher muscular power

improves the swimmer’s capacity to maintain high kick

frequencies and stroke rates, both of which are essential for

sustaining top speed during the sprint (7).

However, when ST is paired with aerobic stimulus, which is

frequently used in aquatic sports training, these improvements

appear to be adversely damaged (21). Studies to ascertain if ST

improves swimming competition performance are scarce (22),

while several studies have shown that muscle strength is strongly

linked to performance in short- and high-intensity efforts;

swimmers with greater strength also performed better over

longer distances (21). According to some previous studies,

strength plays a crucial part in swimming since it increases a

swimmer’s ability to generate force against water resistance,

which in turn improves their speed and, eventually, their

swimming performance (23).

A significant body of study in sprint swimming has surfaced

intending to comprehend the critical performance components.

Research has specifically examined the impact of force output and

strength on speed development to overcome the water resistance

in short race distances (24). Dry-land ST effect on performance,

however, varies depending on the kind of training and adaptations

made in addition to the exercises performed. Low-volume, high-

force, or high-velocity resistance training regimens are advised for

the best transfer to sprint performance (25).

A methodical approach to evaluating vast amounts of scientific

data, bibliometric reviews provide important insights into research

topics and future directions (26). By carefully analyzing publication

patterns, fundamental contributors, and emerging clusters in the

step test literature, they offer a unique perspective. They also

identify the nations, journals, institutions, and authors that are

most active in each field of study, as well as the current

partnerships between authors, institutions, and nations (27).

Through the review of abstracts obtained from the analysis of

numerous articles from the past to the present, bibliometric

studies allow researchers to effectively understand literature (28).

Research on swimming competitions can reveal networks of

collaboration among scientists, institutions, and countries. As far

as we are aware, no bibliometric research has been done on

strength training for competitive swimmers; this information is

useful in understanding the global scientific collaboration on this

subject (29). Therefore, the purpose of this study was to conduct

a bibliometric and scoping review to map the evolution of

scientific literature on strength training in competitive swimmers.

2 Materials and methods

2.1 Study design

The main objective of the present work was to develop a

bibliometric review of the existing literature, which is framed

within the Theoretical Studies (30). In addition, due to the

evaluation of existing information, it is classified within the

studies with retrospective methodology (31). This method allows

obtaining more information related to the research topic, as well

as understanding the state of the art (32). In the same way, it
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allows collecting documents from the same database, as well as

filtering and refining the search simply (33). Therefore, the

following phases were followed for the elaboration of the present

study: (1) selection of the topic, (2) selection of the research

method, (3) collection of information, (4) analysis of the

information, (5) visualization, and (6) interpretation.

The analysis of scientific production regarding the effect of the

ST on swimmers between 1980 and June of 2024 was conducted

using bibliometrics as a research technique with the assistance of

the Web of Science (WoS) database (34, 35).

2.2 Search strategy

The following terms were used to search documents:

“swimmers”, “strength”, and “training”, using the following

search equation (“swimmers AND strength AND training”) using

the WoS database. Firstly, J.M.G. and V.H.B. carried out the

search and selection of the documents. Secondly, if there was any

disagreement, M.C.E. and T.F.V. discussed whether the study was

valid and reliable to be selected for the bibliometric analysis.

The following inclusion criteria were considered: (1) Published

articles (e.g., abstracts, presentations, not considered); (2)

Documents related to competitive swimmers; (3) Published in

English-language journals; and (4) Articles published up to June

2024. Exclusion criteria were: (i) articles written in languages

other than English; (ii) articles lacking information related to

competitive swimmers; and (iii) articles not retrieved or not

retrieved from WoS. All the documents identified were included

in the analysis to analyze the co-authorship of the studies

regarding different variables. Finally, a total of 460 documents

were included.

2.3 Data extraction

For the selection and extraction of information, the Web of

Science (WoS) database was used, since it allows obtaining

information related to the title, name of the publication

(journal), year, abstract, and/or keywords. For this reason, it is

one of the most widely used databases for the development of

these works (36, 37). Specifically, those documents indexed in the

WoS Core Collection database were considered, a series of

documents only indexed in this electronic platform. VOSviewer

software was used to carry out the analysis, create, and

visualization of the figures aiming to analyze keyword co-

occurrence, author collaboration networks and other relevant

information (38).

2.4 Data analysis

For the statistical analysis, the most relevant laws of

bibliometric reviews were considered (39). To evaluate the

exponential growth of the selected documents, Price’s law (40)

was used through the calculation of the coefficient R2. In this

way, the trend in the increase in the number of documents

published concerning the topic was deducted. In addition, two

time zones were established to categorize the documents in terms

of year of publication: older documents, as the documents

published before the median of the sample, which was 2009, and

newer manuscripts, for those documents published in or after 2010.

To identify those authors with the largest output of published

research documents on the topic, the Lotka analysis (41) was

carried out, extracting the H-Index for each author identified in

the search (42). All the authors of each study were extracted and

analyzed, independently of the position they had in the list of

authors consigned in the research document. The H-index was

defined as the maximum value of h, such that the given author

has published at least h papers that have each been cited at least

h times (43). The H-Index was employed to identify those

authors with higher potential contribution to the field under

scrutiny (44). Additionally, the affiliations of each author were

also collected and meta-analyzed to detect organizations with the

highest research output on the topic.

In addition, to analyse the keywords most used by the authors

in each of the papers (n = 372), Zipf’s law was used (45, 46). Finally,

for data analysis and visualization, Microsoft Excel (2006 version:

Microsoft Corporation, Redmond, WA, USA) and VOSviewer

(v.1.6.19 for macOS, Center for Science and Technology Studies,

Leiden, The Netherlands) were used. For the creation and

visualization of the results, a fragmentation analysis was used

(attraction: 3 and repulsion: −3), depending on the theme and

the temporality of the results (47).

3 Results

3.1 Evolution of the number of documents

Bearing in mind the number of publications since the

beginning in 1980, there is no continuity until 1992, with at least

one document published per year until 2024, in which 2021 was

the period with the highest number of published studies (n = 43),

followed by 2020 and 2022, each year with 41 studies (Figure 1).

3.2 Interactions between the authors

Table 1 shows the most prolific authors, seven were identified

with a minimum of 10 published manuscripts, with Marinho,

D.A., associated with the largest number, with 17. In this line,

Figure 2 shows the interactions between the most prolific authors

regarding the study’s aims.

3.3 Interactions between the institutions

Table 2 considering the institutions associated with the studies,

a total of 726 institutions were identified, with 29 of them with a

minimum of five published studies. In this regard, the

“Universidade da Beira Interior” is associated with the highest
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number of documents (n = 20). On the other hand, the “University

of Copenhagen” is the organization with the highest number of

citations (n = 619), with only three documents published.

Figure 3 shows the interactions between the most

prolific institutions.

3.4 Interactions between countries

Figures 4, 5 show that a total of 60 countries were identified, of

which 10 have a minimum of 20 published documents. The United

States of America is the country with the highest number of

documents (n = 83) (Table 3).

3.5 Most prolific keywords

A total of 1,019 keywords were identified; this number relates to

an average of 2.21 keywords for each document. 110 terms were

identified with an occurrence of 3 words, particularly “swimming”,

“training”, and “strength” the most prolific keywords with an

occurrence of 128, 42, and 36, respectively (Figure 6).

Figure 7 shows the interactions between the most prolific

keywords considering the timing of publication. In this case, the

most recurrent terms used by the authors are “sports

FIGURE 1

Evolution of the number of documents published by year between 1980 and 2024.

TABLE 1 Top 10 authors associated with the publication of manuscripts
within the ST topic.

Authors Documents % of 460

Marinho, D.A. 17 3.69

Barbosa, T.M. 13 2.82

Silva, A.J. 13 2.82

Pyne, D.B. 12 2.60

Toubekis, A.G. 11 2.39

Arellano, R. 10 2.17

Fernandes, R.J. 10 2.17

Batalha, N. 8 1.73

Costa, M.J. 7 1.52

Marques, M.C. 7 1.52

TABLE 2 Most prolific affiliations considering number of publications and
citations.

Affiliations Documents % of
460

Citations

Universidade da Beira Interior 20 4.34 410

Universidade do Porto 16 3.47 200

University of Granada 16 3.47 184

National Kapodistrian University

of Athens

14 3.04 27

University of Tras os Montes Alto

Douro

14 3.04 333

Instituto Politecnico de Braganca 11 2.39 164

University of Canberra 11 2.39 259

University of Evora 11 2.39 184

University of North Carolina 11 2.39 190

Australian Institute of Sport 10 2.17 282
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FIGURE 2

Node map for the relationship between the co-authorships.

FIGURE 3

Node map for the relationship between the organization.
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FIGURE 4

Node map regarding the relationship between the countries.

FIGURE 5

Node map of the relationship between the countries, considering the temporality.
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performance”, “speed”, and “swimming performance”. These terms

exhibit a change in the scientific paradigm since the lines of

research have evolved to the evaluation of swimmers’

performance, considering speed as a determinant variable for a

better performance.

4 Discussion

The purpose of this study was to conduct a bibliometric and

scoping review to map the evolution of scientific literature on

strength training in competitive swimmers. The primary

conclusions of this scoping and bibliometric review show that,

particularly after 2010, there was a notable increase in the amount

of research on strength training for competitive swimmers, with a

peak in publications in 2021. The University of Beira Interior and

the University of Copenhagen were found to have made significant

contributions to the field in terms of publications and citations,

respectively. A change in the research paradigm toward variables

directly related to competitive performance was reflected in the

keyword analysis, which showed an evolution in the thematic

focus with increasing emphasis on terms like “sports

performance,” “speed,” and “swimming efficiency.”

The results showed that the first document was published in 1980.

However, there was no regular publication until 1992, which was the

first year with at least one document published. We identified

Marinho, D.A., associated with 17 publications and “Universidade

da Beira Interior” with more citations (n = 410), followed by the

“University of Trás os Montes Alto Douro” with 333. Nonetheless,

the University of Copenhagen possesses the highest citation count

(n = 619), despite having published only three documents. The

United States of America is the country with more published

documents (n = 83), followed by Spain and Portugal, with 57 and

53, respectively. The keywords “swimming”, “training”, and

“strength” were found to be the most prolific keywords.

The ramifications of these classifications in the context of ST in

swimming research were examined, extending the classification

within the WoS database. The classification sheds light on the

study and emphasizes how multidisciplinary the field is,

including connections to sports science, physiology,

biomechanics, and training techniques (48).

TABLE 3 Countries with more published documents.

Country Documents % of 460

United States of America 83 18.04

Spain 57 12.39

Portugal 53 11.52

Australia 50 10.87

Brazil 37 8.04

England 33 7.17

France 29 6.30

Greece 27 5.87

China 20 4.34

Poland 20 4.34

FIGURE 6

Node map for the relationship between the co-occurrences for keywords.
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When the participating institutions were analysed, 726 were

found, indicating a wide research network. The “University of

Copenhagen” has the highest number of citations (n = 619) with

just three publications, whereas the “University of Beira Interior”

stands out for having the highest number of published documents

(n = 20). The disparity between the quantity of publications and

citations seems to indicate that the productions from the

University of Copenhagen are of particularly high caliber and

influence, and thus, were mainly for long years the focus of

citations, with other institutions such as the “University of Beira

Interior” or the “University of Trás os Montes Alto Douro”

associated to more recent research, years with globally more

scientific production, as consequently, a more distributed citation

between research. The contacts between the most active institutions

are depicted in Figure 3, which shows global cooperation and

information sharing important contributors, including researchers

from Australia, Spain, Portugal, and Switzerland.

The present results identified 60 countries, which underlines

the research topic’s worldwide significance, particularly in the

United States of America (n = 83). This country plays a pivotal

role in Sports Science research, as evidenced by its high level of

international cooperation (Figure 4). The increasing body of

research demonstrates the value of ST for swimmers and the

ongoing pursuit of better training methods (Table 3). The main

themes of the study are revealed by examining the most popular

terms (Figure 6). Based in the findings of this study, in our

perspective, the distinguished factor regarding scientific

production in strength training in competitive swimmers is the

network between authors and institutions, not the international

level of athletes’ or results in international events such as the

Olympic Games, in which, countries such as the United States of

America, China and Australia have dominated over the years.

A variety of methods and interests within the area are suggested

by the discovery of 1,019 keywords, with an average of 2.21 per

document, that lead us to observe a range of approaches and

interests within the field (48). The chronological history of the

keywords (Figure 7) indicates a shift in the scientific perspective.

Terms such as “sports performance,” “speed,” and “swimming

performance” have gained popularity due to the increased

emphasis on assessing swimmers’ performance and the importance

of speed as a determining factor. This change in focus can be

connected to the creation of more precise measurement

instruments (8), and the growing demand for high-performance

results in competitive sports, something Morouco et al. (49)

previously stated whether ST improves swimming performance

and how such training should be planned to maximize

performance are not well understood from a scientific standpoint.

The results of the research have significant implications for the

training of swimmers. The importance of ST has been recognized,

and the advances in performance evaluation methods have allowed

for the creation of more customized and effective training

programs. Collaboration between academic institutions and

FIGURE 7

Node map for the relationship between the co-occurrences for keywords considering the timing.
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foreign organizations regarding ST in swimming facilitates the

sharing of best practices and expertise (50).

These findings demonstrate a maturing understanding of

strength training in the context of competitive swimming, in

addition to reflecting the rise in scientific output on the topic.

The fact that the most productive nations include the USA,

Portugal, and Spain indicates that efforts to comprehend the

mechanisms underlying elite performance are becoming more

widespread. However, the high concentration of inter-institution

collaborations suggests that networks of cooperation are crucial

to scientific advancement in this field. The increasing emphasis

on words like “speed” and “performance” as key terms points to

an effort by the scientific community to convert strength

training’s benefits into quantifiable and objective gains. This

marks a significant shift from studying ST as a stand-alone

element to incorporating it into applied and deterministic

performance models. Furthermore, the findings highlight the

necessity of standardizing procedures to more effectively compare

effects across studies and conducting longitudinal research to

examine the long-term effects of ST. These results highlight how

crucial it is to incorporate strength training into swimmers’

regimens while honoring the unique characteristics of each

swimmer and the particulars of the events. As a result,

bibliometric analysis offers a strategic roadmap to direct future

research, enabling us to pinpoint areas of application, possible

partnerships, and gaps that have the biggest effects on

sports practice.

In summary, this review is important since it thoroughly

examines and compiles the literature showing the substantial

impact of ST on swimmers. Additionally, it shows how the

scientific community is becoming more interested in this

research topic. These results offer direction for further

research and targeted interventions meant to persuade all

coaches not to fear swimmers’ dry-land training, targeting

interventions designed to persuade all coaches that swimmers’

dry-land training is not a source of apprehension and may

serve as a crucial factor in enhancing swimming performance.

One of the limitations of the study is the selection of

keywords, and another, the consideration of only manuscripts

written in English. Aiming the correct progress of the study,

we selected those words that are closest to the topic,

eliminating biases in the results, therefore, ensuring that the

studies identified were specifically related to the study topic.

Future research may also use different databases, not only

WoS and consider different areas closely related to

swimming performance.

5 Conclusion

The findings revealed that the initial document was published

in 1980. However, there were no regular publications of such

documents until 1992, which marked the first year with at least

one document published.

The country with the highest number of documents published

was the United States of America, with a total of 83. It should be

emphasized that Portuguese authors and institutions are among

those who have focused the most on this research topic.

These results highlight that bibliometric analysis provides

pertinent information, very useful regarding research trends and

networks, aiming for future research on the topic of strength

in swimmers.

Author contributions

TV: Conceptualization, Methodology, Formal analysis,

Investigation, Data curation, Writing – original draft, Writing –

review & editing, Visualization, Funding acquisition. MC: Formal

analysis, Visualization, Writing – review & editing. CS: Formal

analysis, Supervision, Visualization, Writing – review & editing.

NB: Visualization, Writing – review & editing. VH-B:

Conceptualization, Data curation, Formal analysis, Investigation,

Methodology, Visualization, Writing – original draft, Writing –

review & editing. JG: Conceptualization, Data curation,

Formal analysis, Investigation, Methodology, Visualization,

Writing – original draft, Writing – review & editing. ME:

Conceptualization, Data curation, Formal analysis, Funding

acquisition, Investigation, Methodology, Visualization, Writing –

original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was supported

by the Portuguese Foundation for Science and Technology, I.P.

under Grant UID04045/2020 and Instituto Politécnico de Setúbal.

Also, the research was partially funded by the Optimization of

Training and Sports Performance Research Group (GOERD)

of the University of Extremadura and the Research Vicerectory of

Universidad Nacional. This study was partially supported by the

funding for research groups (GR21149) granted by the

Government of Extremadura (Employment and Infrastructure

Office—Consejería de Empleo e Infraestructuras), with the

contribution of the European Union through the European

Regional Development Fund (ERDF) by the GOERD of the

Faculty of Sports Sciences of the University of Extremadura.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Venâncio et al. 10.3389/fspor.2025.1603576

Frontiers in Sports and Active Living 09 frontiersin.org

https://doi.org/10.3389/fspor.2025.1603576
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Mountjoy M, Junge A, Alonso JM, Clarsen B, Pluim BM, Shrier I, et al.
Consensus statement on the methodology of injury and illness surveillance in
FINA (aquatic sports). Br J Sports Med. (2016) 50(10):590–6. doi: 10.1136/
bjsports-2015-095686

2. Ruiz-Navarro JJ, Santos CC, Born DP, López-Belmonte Ó, Cuenca-Fernández F,
Sanders RH, et al. Factors relating to sprint swimming performance: a systematic
review. Sports Med. (2025) 55:899–922. doi: 10.1007/s40279-024-02172-4

3. Pelayo P, Alberty M. The history of swimming research. In: Seifert L, Chollet D,
Mujika I, editors. World Book of Swimming: From Science to Performance. Ronchin:
Nova Science Publishers, Inc (2011).

4. Stanula A, Maszczyk A, Roczniok R, Pietraszewski P, Ostrowski A, Zając A, et al.
The development and prediction of athletic performance in freestyle swimming.
J Hum Kinet. (2012) 32:97–107. doi: 10.2478/v10078-012-0027-3

5. Costa MJ, Quinta-Nova L, Ferreira S, Costa AM, Santos CC. Trend forecasting in
swimming world records and in the age of world record holders. Appl Sci. (2024)
14(20):9492. doi: 10.3390/app14209492

6. Da Silva JK, Enes AA, Sotomaior BB, Barbosa MAR, De Souza RO, Osiecki R.
Analysis of the performance of finalist swimming athletes in Olympic games:
reaction time, partial time, speed, and final time. J Phys Educ Sport. (2020)
20(2):539–45. doi: 10.7752/jpes.2020.02080

7. Keiner M, Wirth K, Fuhrmann S, Kunz M, Hartmann H, Haff GG. The influence
of upper- and lower-body maximum strength on swim block start, turn, and overall
swim performance in sprint swimming. J Strength Cond Res. (2021) 35(10):2839–45.
doi: 10.1519/JSC.0000000000003229

8. Santos CC, Marinho DA, Neiva HP, Costa MJ. Propulsive forces in human
competitive swimming: a systematic review on direct assessment methods. Sports
Biomech. (2024) 23(10):1263–83. doi: 10.1080/14763141.2021.1953574

9. Barbosa TM, Bragada JA, Reis VM, Marinho DA, Carvalho C, Silva AJ.
Energetics and biomechanics as determining factors of swimming performance:
updating the state of the art. J Sci Med Sport. (2010) 13(2):262–9. doi: 10.1016/j.
jsams.2009.01.003

10. Barbosa TM, Marinho DA, Costa MJ, Silva A. Biomechanics of competitive
swimming strokes. In: Klika V, editor. Biomechanics in Applications. Rijeka: Intech
(2011). p. 367–88.

11. Barbosa TM, Costa MJ, Marinho DA. Proposal of a deterministic model to
explain swimming performance. Int J Swim Kinet. (2013) 2(1):1–54.

12. Costa MJ, Santos CC. Modelos determinísticos em natação pura desportiva:
agregação de fatores para um melhor processo de treino. In: Santos CC, Costa MJ,
editors. Avaliação e Controlo do Treino na Natação: Um Guia Para Treinadores e
Investigadores, 1st ed. Lisboa, Portugal: Prime Books (2024). p. 23–36.

13. Cureton TK. Factors governing success in competitive swimming: a brief review
of related studies. Swimming II (1975). p. 9–42

14. Paavolainen L, Nummela A, Rusko H. Muscle power factors and VO2max as
determinants of horizontal and uphill running performance. Scand J Med Sci
Sports. (2000) 10(5):286–91. doi: 10.1034/j.1600-0838.2000.010005286.x

15. Marques MC, Zajac A, Pereira A, Costa AM. Strength training and detraining in
different populations: case studies. J Hum Kinet. (2011) 29A:7–14. doi: 10.2478/
v10078-011-0052-7

16. Amaro NM, Marinho DA, Marques MC, Batalha NP, Morouço PG. Effects of
dry-land strength and conditioning programs in age group swimmers. J Strength
Cond Res. (2017) 31(9):2447–54. doi: 10.1519/JSC.0000000000001709

17. Veiga S, Roig A. Underwater and surface strategies of 200 m world level
swimmers. J Sports Sci. (2016) 34(8):766–71. doi: 10.1080/02640414.2015.1069382

18. Keiner M, Yaghobi D, Sander A, Wirth K, Hartmann H. The influence of
maximal strength performance of upper and lower extremities and trunk muscles
on different sprint swim performances in adolescent swimmers. Sci Sports. (2015)
30(6):e147–54. doi: 10.1016/j.scispo.2015.05.001

19. Argun B, Demirci N, Umutlu G. The effects of lower extremity muscle strength
characteristics on grab and track start performance in young competitive swimmers.
Isokinet Exerc Sci. (2023) 31(2):77–85. doi: 10.3233/IES-210208

20. Takagi H, Nakashima M, Sengoku Y, Tsunokawa T, Koga D, Narita K, et al.
How do swimmers control their front crawl swimming velocity? Current knowledge
and gaps from hydrodynamic perspectives. Sports Biomech. (2023) 22(12):1552–71.
doi: 10.1080/14763141.2021.1959946

21. Espada MC, Costa MJ, Costa AM, Silva AJ, Barbosa TM, Pereira AF.
Relationship between performance, dry-land power and kinematics in master
swimmers. Acta Bioeng Biomech. (2016) 18(2):149–50.

22. Haycraft J, Robertson S. The effects of concurrent aerobic training and maximal
strength, power and swim-specific dry-land training methods on swim performance: a
review. J Aust Strength Cond. (2015) 23(2):91–9.

23. Bompa TO, Buzzichelli C. Periodization: Theory and Methodology of Training.
Champaign, IL: Human Kinetics (2018).

24. Dominguez-Castells R, Izquierdo M, Arellano R. An updated protocol to assess
arm swimming power in front crawl. Int J Sports Med. (2013) 34(04):324–9. doi: 10.
1055/s-0032-1323721

25. Crowley E, Harrison AJ, Lyons M. The impact of resistance training on
swimming performance: a systematic review. Sports Med. (2017) 47:2285–307.
doi: 10.1007/s40279-017-0730-2

26. Jiang Z, Zhao X, Wang Z, Herbert K. Safety leadership: a bibliometric literature
review and future research directions. J Bus Res. (2024) 172:114437. doi: 10.1016/j.
jbusres.2023.114437

27. Van Eck N, Waltman L. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics. (2010) 84(2):523–38. doi: 10.1007/s11192-009-
0146-3

28. Yan S, Zhang L. Trends and hot topics in linguistics studies from 2011 to 2021: a
bibliometric analysis of highly cited papers. Front Psychol. (2023) 13:1052586. doi: 10.
3389/fpsyg.2022.1052586

29. Birkle C, Pendlebury DA, Schnell J, Adams J. Web of science as a data source for
research on scientific and scholarly activity. Quant Sci Stud. (2020) 1(1):363–76.
doi: 10.1162/qss_a_00018

30. Montero I, León OG. A guide for naming research studies in psychology. Int
J Clin Health Psychol. (2007) 7(3):847–62.

31. Ato M, López-García JJ, Benavente A. A classification system for research designs
in psychology. Ann Psychol. (2013) 29(3):1038–59. doi: 10.6018/analesps.29.3.178511

32. van Eck NJ, Waltman L. Citation-based clustering of publications using
CitNetExplorer and VOSviewer. Scientometrics. (2017) 111(2):1053–70. doi: 10.
1007/s11192-017-2300-7

33. Maier D, Maier A, Așchilean I, Anastasiu L, Gavriș O. The relationship between
innovation and sustainability: a bibliometric review of the literature. Sustainability.
(2020) 12(10):4083. doi: 10.3390/su12104083

34. Becerra-Patiño BA, Varón-Murcia JJ, Cárdenas-Contreras S, Castro-Malaver
MA, Ávila-Martínez JD. Scientific production on the relative age effect in sport:
bibliometric analysis of the last 9 years (2015-2023). Retos. (2024) 52:623–38.
doi: 10.47197/retos.v52.101944

35. Martínez Benítez CF, Becerra-Patiño B, Rada-Perdigon DA. Mapping the
research trend in the web of science on small-sided games in soccer: a bibliometric
study between 2010 and 2023. Retos. (2024) 55:363–78. doi: 10.47197/retos.v55.102437

36. Cabo CA, Hernández-Beltrán V, Gamonales JM, Fernandes O, Espada MC,
Parraca JA. Evolution of documents related to the influence of physical activity and
functional capacity throughout the aging process: a bibliometric review. Front
Physiol. (2024) 15:1427038. doi: 10.3389/fphys.2024.1427038

37. Cabo CA, Hernández-Beltrán V, Gamonales JM, Parraca JA, Fernandes O,
Espada MC. Evolution of research related to how a sedentary lifestyle influences the
aging process: a bibliometric review. J Public Health. (2024) 32:2–3. doi: 10.1007/
s10389-024-02327-7

38. Yan L, Chen Z, Zhang X, Han Q, Zhu J, Wang Q, et al. Themes and trends in
marathon performance research: a comprehensive bibliometric analysis from 2009 to
2023. Front Physiol. (2024) 15:1388565. doi: 10.3389/fphys.2024.1388565

39. Contreras-Barraza N, Madrid-Casaca H, Salazar-Sepúlveda G, Garcia-Gordillo
MÁ, Adsuar JC, Vega-Muñoz A. Bibliometric analysis of studies on coffee/caffeine
and sport. Nutrients. (2021) 13(9):3234. doi: 10.3390/nu13093234

40. Price DDS. A general theory of bibliometric and other cumulative advantage
processes. J Am Soc Inf Sci. (1976) 27(5):292–306. doi: 10.1002/asi.4630270505

41. Coile RC. Lotka’s frequency distribution of scientific productivity. J Am Soc Inf
Sci. (1977) 28(6):366–70. doi: 10.1002/asi.4630280610

42. Hirsch JE. An index to quantify an individual’s scientific research output. Proc
Natl Acad Sci U S A. (2005) 102(46):16569–72. doi: 10.1073/pnas.0507655102

Venâncio et al. 10.3389/fspor.2025.1603576

Frontiers in Sports and Active Living 10 frontiersin.org

https://doi.org/10.1136/bjsports-2015-095686
https://doi.org/10.1136/bjsports-2015-095686
https://doi.org/10.1007/s40279-024-02172-4
https://doi.org/10.2478/v10078-012-0027-3
https://doi.org/10.3390/app14209492
https://doi.org/10.7752/jpes.2020.02080
https://doi.org/10.1519/JSC.0000000000003229
https://doi.org/10.1080/14763141.2021.1953574
https://doi.org/10.1016/j.jsams.2009.01.003
https://doi.org/10.1016/j.jsams.2009.01.003
https://doi.org/10.1034/j.1600-0838.2000.010005286.x
https://doi.org/10.2478/v10078-011-0052-7
https://doi.org/10.2478/v10078-011-0052-7
https://doi.org/10.1519/JSC.0000000000001709
https://doi.org/10.1080/02640414.2015.1069382
https://doi.org/10.1016/j.scispo.2015.05.001
https://doi.org/10.3233/IES-210208
https://doi.org/10.1080/14763141.2021.1959946
https://doi.org/10.1055/s-0032-1323721
https://doi.org/10.1055/s-0032-1323721
https://doi.org/10.1007/s40279-017-0730-2
https://doi.org/10.1016/j.jbusres.2023.114437
https://doi.org/10.1016/j.jbusres.2023.114437
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.3389/fpsyg.2022.1052586
https://doi.org/10.3389/fpsyg.2022.1052586
https://doi.org/10.1162/qss_a_00018
https://doi.org/10.6018/analesps.29.3.178511
https://doi.org/10.1007/s11192-017-2300-7
https://doi.org/10.1007/s11192-017-2300-7
https://doi.org/10.3390/su12104083
https://doi.org/10.47197/retos.v52.101944
https://doi.org/10.47197/retos.v55.102437
https://doi.org/10.3389/fphys.2024.1427038
https://doi.org/10.1007/s10389-024-02327-7
https://doi.org/10.1007/s10389-024-02327-7
https://doi.org/10.3389/fphys.2024.1388565
https://doi.org/10.3390/nu13093234
https://doi.org/10.1002/asi.4630270505
https://doi.org/10.1002/asi.4630280610
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.3389/fspor.2025.1603576
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


43. Crespo N, Simoes N. Publication performance through the lens of the h-index:
how can we solve the problem of the ties? Soc Sci Q. (2019) 100(6):2495–506. doi: 10.
1111/ssqu.12696

44. Campos-Soto N, Navas-Parejo MR, Moreno-Guerrero AJ. Realidad virtual y
motivación en el contexto educativo: estudio bibliométrico de los últimos veinte
años de scopus. Alteridad. (2019) 15(1):47–60. doi: 10.17163/alt.v15n1.2020.04

45. Valderrama-Zurián JC, García-Zorita C, Marugán-Lázaro S, Sanz-Casado E.
Comparison of MeSH terms and keywords plus terms for more accurate
classification in medical research fields. A case study in cannabis research. Inf
Process Manag. (2021) 58(5):102658. doi: 10.1016/j.ipm.2021.102658

46. Vega-Muñoz A, Salazar-Sepúlveda G, Contreras-Barraza N, Araya-Silva L.
Scientific mapping of coastal governance: global benchmarks and trends. J Mar Sci
Eng. (2022) 10(6):751. doi: 10.3390/jmse10060751

47. Uribe-Toril J, Ruiz-Real J, Haba-Osca J, de Pablo Valenciano J. Forests’ first
decade: a bibliometric analysis overview. Forests. (2019) 10(1):72. doi: 10.3390/
f10010072

48. Morais JE, Barbosa TM, Arellano R, Silva AJ, Sampaio T, Oliveira JP, et al. Race
analysis in swimming: understanding the evolution of publications, citations and
networks through a bibliometric review. Front Sports Act Living. (2024) 6:1413182.
doi: 10.3389/fspor.2024.1413182

49. Morouco PG, Marinho DA, Amaro NM, Pérez-Turpin JA, Marques MC. Effects
of dry-land strength training on swimming performance: a brief review. J Hum Sport
Exerc. (2012) 7(2):553–9. doi: 10.4100/jhse.2012.72.18

50. Fone L, van den Tillaar R. Effect of different types of strength training on
swimming performance in competitive swimmers: a systematic review. Sports Med
Open. (2022) 8(1):19. doi: 10.1186/s40798-022-00410-5

Venâncio et al. 10.3389/fspor.2025.1603576

Frontiers in Sports and Active Living 11 frontiersin.org

https://doi.org/10.1111/ssqu.12696
https://doi.org/10.1111/ssqu.12696
https://doi.org/10.17163/alt.v15n1.2020.04
https://doi.org/10.1016/j.ipm.2021.102658
https://doi.org/10.3390/jmse10060751
https://doi.org/10.3390/f10010072
https://doi.org/10.3390/f10010072
https://doi.org/10.3389/fspor.2024.1413182
https://doi.org/10.4100/jhse.2012.72.18
https://doi.org/10.1186/s40798-022-00410-5
https://doi.org/10.3389/fspor.2025.1603576
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Evolution of documents related to strength training research on competitive swimmers: a bibliometric review
	Introduction
	Materials and methods
	Study design
	Search strategy
	Data extraction
	Data analysis

	Results
	Evolution of the number of documents
	Interactions between the authors
	Interactions between the institutions
	Interactions between countries
	Most prolific keywords

	Discussion
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


