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Abstract - Background: The toolkits of bibliometrics analysis enable the mapping and identification of trends
within a given research area. This study aims to conduct a bibliometric analysis to identify the evolution of the
“running performance” research field, focusing on publication characteristics and trends. Methods: We con-
ducted a search for original articles, using the “advanced search” feature of Web of Science Core Collection
(WoSCCQ). A predefined search strategy was developed using the PICO strategy. Studies were screened by titles
and abstracts. The information was used to map authors, organisations, countries, journals, and authors’ key-
words. VOSviewer software (version 1.6.18) was used to construct and visualise bibliometric networks. Results:
A total of 324 articles were included, with the publication data ranging from 1983 to 2023, with some variation
over time. The United States and Canada presented the strongest influence in this research field, followed by
European countries such as England, France, Switzerland, and Spain. The leading journals were the Interna-
tional Journal of Sports Medicine, followed by the Journal of Strength and Conditioning Research, and Medicine
and Science in Sports and Exercise. Temporal trends indicated that the earlier studies primarily focused on phy-
siological tests/variables, while more recent studies have shown a growing interest in biomechanics, pacing, and
technology (footwear). Conclusion: North America and European countries present a strong influence in this
field of study. Earlier investigations primarily focused on physiological tests/variables, while recent research has
focused on diverse topics such as technology (footwear). Researchers interested in this research area should
consider adopting a multidisciplinary approach in future studies.

Keywords: endurance, exercise, bibliometric analysis.

Introduction

Endurance running has played a significant role in
human evolution'. Nowadays, running is no longer a
survival strategy, but the number of runners has risen
over the last 20 years’’. This increase has been
observed among both non-professional runners* and
elite athletes who break records and reach the highest
human performance level>®. The popularity of run-
ning events has been related to the monetary prizes
and awards distributed for professional athletes com-
peting over continents, changes in women's participa-
tion rules, and challenges associated with endurance

events participation’. In parallel, new events, pro-
ducts®, and technologies have been developed to meet
the demands of this phenomenon”'°.

Simultaneously, the search for improving training
methods, technologies, and evidence-based training
has increased among researchers''"'?. For example, a
search using the words ‘marathon’ and ‘running per-
formance’ in the PubMed database showed a visual
linear increase in the number of studies over time.
These studies cover a wide range of topics, frequently
related to the understanding of performance pre-
dictors'""'3'*, been covered from different perspec-
tives. A recent narrative review highlighted that
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performance in both short- (i.e., 5 km and 10 km) and
long-distance events (i.e., half-marathon and mara-
thon) is determined by morphological variables, train-
ing characteristics, and physiological factors'?, with
the relative importance of these variables varying
according to the race distance. Also, genes associated
with marathoners’ performance were studied among
African runners', as well as summarised in a sys-
tematic review'®'”. The importance of maximal oxy-
gen uptake (VOmax), lactate threshold, running
economy, and oxygen uptake kinetics'®'? for runners’
performance is also well established in previous litera-
ture.

Beyond understanding the factors associated with
performance in runners, pacing strategies adopted
during events ranging from 5 km to the marathon have
been explored®®??. Also, researchers have investi-
gated the influence of weather on athletes’ perfor-
mance competing in the major marathon events®*??,
monetary and extrinsic factors related to the motiva-
tion to compete, and the psychological characteristics
related to runners’ motivation®?>'. The compiled find-
ings highlight performance in runners as a complex
phenomenon, influenced by different factors that
include both individual characteristics and its interac-
tion with the environment.

Despite the range of topics covered in the scien-
tific literature, no information is available regarding
the emerging hot topics, leading authors/countries,
and research trends within this field of study. Under-
standing the background and being able to identify
future trends is crucial for advancing the field of study,
especially for early-career researchers. Among the dif-
ferent research strategies to map a scientific field, bib-
liometric analysis has increased over the last few
years’>??, and allows identifying research topics, main
journals, authors, and countries in which research has
been developed®*>°. Therefore, this study aims to
conduct a bibliometric analysis to identify the evolu-
tion of the “running performance” research field,
focusing on publication characteristics and global
research trends.

Table 1 - PICO strategy to search and eligibility criteria.
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Methods

Bibliometric data source and acquisition process

Bibliometric analysis is an approach used to map
scientific fields and production, and evaluate their
quality, impact, and time trends®>. During August/
2022, we performed a search of original articles, using
the “advanced search” of Web of Science 65 Core
Collection (WoSCC). Among the scientific databases
available for the study of global trends and research
hotspots, we selected the WoSCC database due to its
extensive collection, especially in the field of sports
science™’.

Search strategy and eligibility criteria

A predefined search strategy was developed for
trials. We used the PICO strategy to refine the search
strategy (Table 1), combining terms using the Boolean
operators “OR”, “AND”, and “NOT”. The first equa-
tion used was “((Runners) NOT (Ultramarat* OR
swim* OR cyclists OR animal))”, considering the topic
(the title, abstract, or key words) as a filter. Following,
we added the second equation “((Running OR “Long-
distance running” OR marathon OR half-marathon OR
5km OR 10km) NOT (Soccer OR football OR cycling
OR swimming OR triathlon OR Rowing))”, combined
by the Boolean operator “AND”. Thirdly, we searched
for “Performance OR prediction” NOT “team analysis”
OR “match analysis” in titles. All records retrieved by
the search query were imported into EndNote X7
(Thompson Reuters, Carlsbad, CA, USA), exporting
complete information.

Eligibility criteria

Inclusion criteria comprised original articles pub-
lished in English, in peer-reviewed journals, using both
qualitative and quantitative approaches. Studies
developed with untrained subjects, ultramarathons,
cross-country events, and skiers were excluded. Stu-
dies assessing the effect of running in specific out-

Terms Inclusion

Exclusion

P Runners; Ultramarat*; swim*; cyclists; animal

I Running; Long-distance running; marathon; half-
marathon; 5 km; 10 km; soccer; football; cycling;
swimming; triathlon; rowing

C No applied No applied

Performance; prediction; team analysis; match
analysis
prediction

Studies report running as the main
activity, including marathons; half-
marathons; 5 km; 10 km

Studies reporting performance/perfor-
mance prediction or associated factors; clubs

Runners competing in half-marathon or Ultramarathoners (> 42.195 km or > 6 hours
marathon distances

durations); swimmers; cyclists; animal studies

Not assessing endurance running outcomes
(e.g., soccer; football; cycling; swimming;
triathlon; Rowing)

Not applied

Studies performed in the context of sports
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comes, investigating time-limited events, trail runs,
and simulated races were not considered.

Study selection and data extraction strategy

Titles and abstracts of potentially relevant papers
were screened, and those selected were screened
independently in full text by two reviewers (MT, TNG).
When discrepancies arose, they were solved by dis-
cussion.

Data analysis

Descriptive information was presented in abso-
lute and relative frequencies (%). To assess trends of
the number of studies over time, we estimated a one-
equation model. Based on the r* values of the different
equations created (i.e., linear model, polynomial), the
trend was best explained by a polynomial line, since
some fluctuations in the number of studies were
shown over the years. For the bibliometric analysis, we
considered the authors’ names, organizations (top 10),
and countries, the authors” keywords, and the leading
journals used to report the results. For all analyses, the
threshold considered to be included in the final report
was at least five. When possible, information was clus-
tered by association (links between documents), and
colours were indicated. Information regarding coun-
tries was presented considering the entire period and
stratified into the following intervals: 1953-1989;
1990-2010, and 2011-2023. VOSviewer software
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Figure 1 - Number of publications by year.
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(version 1.6.18) was used to construct and visualize
bibliometric networks.

Results

A total of 564 original studies were identified
from the WoSCC. A total of 240 studies were excluded
based on title and abstract screening. The studies sam-
pled different target populations (e.g., untrained sub-
jects, ultramarathoners), assessed the effects of running
on health outcomes, used different running events,
simulated races, sky, or cross-country running, or were
not original studies. A total of 324 studies were inclu-
ded in this bibliometric review. The publication data
ranged from 1983 (n = 1) to 2023 (n = 9). Since 1990,
the number of studies published has grown across the
years, indicating a trend of increasing (Figure 1). The
highest number of published studies was shown in
2021 (n = 36). A polynomial trend line was the best
adjustment for the data (r* = 60%).

Table 2 shows the top 10 organizations in which
the running performance predictors have been stu-
died, based on the total of documents and a minimum
occurrence of five. A total of 509 organizations were
listed. The University of Zurich (n = 10), the University
of Cape Town (n = 9), the James Cook University
(n=7), and the University of Zaragoza (n = 7) were the
top three organizations, representing 42.30% of the
publications among the top 10 organizations. Figure 2
presents the leading authors in the field. Authors posi-
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Table 2 - Main organizations with at least five documents.
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Ranking Organization Total of documents Total of citations Country
1st University Zurich 10 116 Switzerland
2nd University Cape Town 9 670 South Africa
3rd James Cook University 7 142 Australia
4th University of Zaragoza 7 219 Spain
5th Australian Institute of Sport 6 79 Australia
6th University of the Basque Country 6 104 Spain
7th State University of Maringd 6 27 Brazil
8th University of Jyvéskyla 6 196 Finland
9th University of Porto 6 57 Portugal
10th Ritsumeikan University 5 33 Japan
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tioned in the centre of the network present a significant
influence, acting as connectors between different
researchers.

Of the total of 51 countries, a total of 22 coun-
tries, with at least five documents, were presented in
Figure 3. The North American countries (i.e., the Uni-
ted States and Canada) presented the highest influence
in this field of study, followed by European countries,
such as England, France, Switzerland, and Spain.
Countries tend to be clustered based on geographical
distribution. Data were stratified into three periods
(1953-1989; 1990-2010, 2011-2023). Across all peri-
ods, the United States led in the number of published
documents. The United States and England are the
leading countries among the top five, throughout the
stratification. Over time, the number of countries with
published documents has increased. Brazil appears in
the top five only in the 201-2023 period, while no
African countries were shown during this frame.
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Figure 3 - Countries’ distribution over time (number of occurrences, n = 5).
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Table 3 presents the leading scientific journals.
With a total of 27 published papers, the International
Journal of Sports Medicine was the first, followed by
the Journal of Strength and Conditioning Research
(n = 22), and Medicine and Science in Sports and
Exercise (n = 18).

The most cited journals were the Journal of
Applied Physiology (n = 1743), Medicine and Science
in Sports and Exercise (n = 1048), International Journal
of Sports Medicine (n = 745), Journal of Sports Sci-
ences (n = 700), and European Journal of Applied Phy-
siology and Occupational Physiology (n = 623),
respectively. The authors’ keywords are presented in
Figure 4. A total of 752 authors’ keywords were identi-
fied, with 41 meeting the threshold of appearing at
least five times. The most frequently used words were
“exercise”, “running”, “performance”, “endurance”,
and “fatigue”. The temporal trends (2006 - blue co-
lours to 2014 - yellow colours) indicate a shift in
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Table 3 - Top 20 scientific journals publishing about running perfor-
mance predictors (number of occurrences, n > 5).

Ranking Journal name Total of
documents

15t International Journal of Sports Medicine 27

2nd Journal of Strength and Conditioning 22
Research

3rd Medicine and Science in Sports and 18
Exercise

4th Journal of Sports Sciences 16

5t International Journal of Sports Physiology 14
and Performance

6" Journal of Applied Physiology 14

7th International Journal of Environmental 13
Research and Public Health

8th Journal of Sports Medicine and Physical 11
Fitness

9th European Journal of Applied Physiology 10
and Occupational Physiology

10" Frontiers in Physiology 10

1t Plos One 7

12t International Journal of Sport Nutrition 6
and Exercise Metabolism

13t Journal of Science and Medicine in Sport 6

14 Research Quarterly for Exercise and 6
Sport

15t Sport Sciences for Health 6

16" Applied Physiology Nutrition and Meta- 5
bolism

17t European Journal of Applied Physiology 5

18" Journal of Human Kinetics 5

19" Nutrients 5

20" Scandinavian Journal of Medicine & Sci- 5

ence in Sports

research focus. Earlier studies were centred on physio-
logical tests/variables (e.g., lactate threshold, VO,max,
ventilatory threshold), while more recent studies have
shown a trend to include investigation of bio-
mechanics, pacing, and technology (footwear). Most
of the keywords highlight the individual-centred
approach in endurance running studies.

Discussion

Analyzing the trend in a field of study is challen-
ging, and understanding the development of a field of
study implicates a broad and contextual approach,
considering historical background, economic devel-
opment, research paradigms, and technological
advances. This study used a bibliometric analysis to
identify the evolution of the “running performance”

A monodisciplinary approach to study running performance

research field, focusing on publication characteristics
and temporal trends. The main findings showed fluc-
tuations in the number of studies over time; the field
was firstly influenced by North American and Eur-
opean countries; and most of the keywords used by
researchers  highlighted the individual-centered
approach in endurance running studies.

Laboratory testing of endurance athletes dates
back at least 100 years of history, and North American
and European countries made important contributions
to this development. In 1955, one of the most impor-
tant research studies in the field of exercise physiology
was published in the Journal of Applied Physiology by
USA researchers, and this study has provided an
important base for subsequent researches’”. The men-
tioned journal ranked in the 4" position among the
leading scientific journals, with a total of 422 docu-
ments, and held the 2" position in the total of cita-
tions.

Similarly, the interest in “fatigue” research is also
related to a pioneering study developed by Hill in
1925, which pointed out fatigue as an important factor
for race speed’®. In this sense, the presence of North
American (i.e., USA, Canada) and European countries
(England) in the field is closely linked to the develop-
ment of running and physiology laboratories over
time. This influence created deep roots in the field,
which can be observed through the keywords used in
the studies, since most of them are related to the phy-
siological/medical approach and highlight the focus
on understanding running performance through an
athlete-centred approach. This focus is related to the
relationship between physiological indicators and ath-
letes’ performance™”.

Based on the terms used by the authors (“fatigue”,
“heart rate”, “oxygen consumption”, “running econ-
omy”, “training”) it suggests the maintenance of inter-
est in understanding the physiological aspects of
running performance, with recent years showing an
increase in the number of words related to the bio-
mechanics, technology, and shoes. The interest in
covering these topics can be related to the advanced
footwear technology introduced by Nike in 2016/
2017. Since then, the number of studies related to the
influence of shoes in athletic performance, movement
patterns, and running records has increased.

Furthermore, the USA and England host four of
the world's six major marathon events (Boston Mara-
thon; Chicago Marathon; New York City Marathon;
London Marathon), with the USA holding one of the
oldest marathon events worldwide - the Boston Mara-
thon. These factors can be related to the interest and
the culture of running in these places, their influence
on scientific research, and technological development,
which also allows laboratories to investigate emerging
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Figure 4 - Network visualization map of author keywords (minimum occurrences, n = 5).

topics. In another way, the increasing number of stu-
dies published by countries such as Brazil, Greece,
Switzerland, and Ireland may be related to the interna-
tional networks established between researchers. Run-
ning events participation also showed an increase in
some of these countries over the last 20 years. A report
showing the results of 1,298,725 finishers between
2008 and 2018 indicated an increase in participation
in India and Ireland*®, similar to trends observed in
Brazil*'.

This study is not free of limitations. Our approach
presents insights into the field of running performance
predictors; however, it was not purposed to present an
exhaustive and historical perspective of the field. First,
we only used the WSCC database to search. Second,
we presented a general analysis of the field and did not
provide information about the development of the
field in specific countries, which could have indicated
study trends considering geographical distribution.
Also, we did not stratify the results based on the sam-

ple, which means that this topic can be covered in the
context of elite athletes or related to the general popu-
lation of runners.

In another way, to the best of the author's
knowledge, this is the first study to present a biblio-
metric analysis in this field of study. Results have the
potential to guide the next years of research. More-
over, early career researchers interested in studying
running performance are encouraged to advance the
field by exploring topics beyond those usually cov-
ered in the scientific literature. This can be achieved
through the integration of disciplines (such as psy-
chology, biomechanics, and technology), which
could provide additional research questions. Finally,
international collaboration could further drive pro-
gress and allow the sharing of expertise among
researchers of different fields and varying levels of
experience. It can foster innovative approaches, pro-
vide mentorship opportunities for early-career
researchers, and facilitate the development of com-



prehensive solutions to complex questions in the
field of running performance.

Conclusion

The hot topics derived from the authors’ key-
words suggest an interest in physiological (running
economy, maximum oxygen uptake, anaerobic
threshold, fatigue) and biomechanical factors (kinetics,
gait analysis). Most recently, words that highlight the
interest in technological aspects (footwear, technique,
minimalist) can be explained by the shoes’ technologi-
cal development in recent years. North American and
European countries present a high influence in this
field of study. These findings highlight the pre-
dominance of a monodisciplinary approach used in
studies investigating endurance sports and underline
the need to move the field through a multidisciplinary
approach.
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