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Abstract

Warm-up strategies are widely used in soccer to prepare players for the physical demands of training and competition; however, the
development and intellectual structure of this research field have not been comprehensively mapped. This study aimed to examine the
scientific development, thematic structure, international collaboration patterns, citation structure, and intellectual foundations of research
on warm-up strategies and physical performance in soccer players. Bibliographic records were retrieved from the Web of Science Core
Collection from database inception to September 22, 2026. After applying document-type and language criteria, 363 records were included in
the analysis. Bibliometric and science-mapping analyses were conducted using the Bibliometrix package in R and included annual scientific
production, citation analysis, country collaboration networks, trend-topic analysis, thematic mapping, and reference co-citation analysis.
Scientific production increased markedly from the late 2010s onward. Trend-topic analysis showed a broadening from earlier themes related
to flexibility, static and dynamic stretching, and range of motion toward performance-oriented topics including post-activation potentiation,
sprint performance, strength, agility, FIFA 11+, and change of direction. The thematic map identified PAP as a motor theme, whereas football,
soccer, injury prevention, and flexibility represented basic themes; sprinting, neuromuscular warm-up, and women appeared as niche themes.
International collaboration and reference co-citation analyses revealed two visually distinct but interconnected clusters. These findings
indicate that warm-up research in soccer has evolved into a thematically diverse and increasingly performance-oriented field, while also
exhibiting identifiable patterns of international collaboration and intellectual organization.
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INTRODUCTION

Soccer is an intermittent team sport characterized by repeated transitions between low- and high-intensity activities,
requiring players to sustain substantial aerobic workloads while repeatedly performing explosive actions throughout match
play (Mohr et al., 2003; Dolci et al,, 2020). In addition to the overall running demands of competition, match performance
involves frequent bouts of sprinting, acceleration, deceleration, and rapid changes in movement intensity, which impose
considerable metabolic and neuromuscular demands on players (Harper et al., 2019). These physical demands are not uniform
across players, as the magnitude and type of high-intensity activity vary according to playing position and specific tactical
contexts, particularly during transitional and high-pressure phases of match play (Bortnik et al.,, 2024). Consequently, the ability
to perform and repeatedly reproduce high-intensity actions represents an important component of physical readiness in soccer,
highlighting the need for preparatory strategies that can optimize players’ performance before and during competition (Dolci
etal,, 2020; Bortnik et al., 2024).

Warm-up is commonly used to prepare athletes for subsequent exercise through a combination of temperature-dependent
and temperature-independent physiological mechanisms. Increases in muscle and core temperature can enhance nerve
conduction velocity, metabolic reactions, muscle perfusion, and rate-dependent contractile function, while reducing passive
resistance within the musculotendinous system (Bishop, 2003; McGowan et al,, 2015). These physiological changes may
facilitate rapid force development and power production, although their effects can vary according to the type of muscular
action and the characteristics of the warm-up stimulus (Wilson et al., 2025). In addition to thermal effects, active warm-up can
promote metabolic preparation by increasing baseline oxygen uptake and accelerating oxygen-uptake Kkinetics before
subsequent exercise (Bishop, 2003; McGowan et al.,, 2015). In team-sport settings, appropriately designed warm-up, post-
warm-up, and re-warm-up strategies may therefore contribute to maintaining or improving explosive performance, particularly
when periods of inactivity separate the warm-up from competition (Silva et al., 2018).

In soccer, warm-up practices encompass a range of strategies aimed at preparing players for subsequent physical activity.
These strategies may include dynamic and stretching-based exercises, neuromuscular warm-up protocols, sport-specific
activities, post-activation performance enhancement approaches, and re-warm-up interventions (Hammami et al., 2018;
Hernandez-Martinez et al., 2023). The acute effects of these approaches vary according to the content, intensity, duration, and
sequencing of the warm-up, with dynamic and movement-specific activities generally showing more favorable effects on
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explosive performance than prolonged static stretching performed in isolation (Hernandez-Martinez et al., 2023). Conditioning
activities designed to elicit post-activation performance enhancement may also improve subsequent explosive performance;
however, the magnitude of the response is influenced by the type of conditioning activity, loading characteristics, recovery
interval, and individual athlete characteristics (Ulloa-Sanchez et al,, 2024). Re-warm-up strategies are particularly relevant
when periods of passive recovery separate the initial warm-up or first half from subsequent activity, as appropriately designed
re-warm-up protocols may attenuate reductions in selected physical-performance outcomes (Hammami et al., 2018; Gonzalez
Fernandez et al.,, 2023).

Despite the growing body of research on warm-up practices in soccer, the literature encompasses a wide range of
intervention types, performance outcomes, and methodological approaches. Existing systematic reviews have primarily
synthesized the effects and practical characteristics of warm-up and re-warm-up strategies, whereas bibliometric studies in
soccer have tended to address broader performance-related domains or specific research topics such as small-sided games
(Hammami et al, 2018; Martinez Benitez et al., 2024). Bibliometric approaches have demonstrated their usefulness for
examining the conceptual organization, thematic relationships, and intellectual structure of soccer research (Vermaut et al,,
2024). However, a focused bibliometric synthesis integrating the temporal development, thematic structure, international
collaboration patterns, citation landscape, and intellectual foundations of research specifically linking warm-up strategies with
physical performance in soccer remains limited. Such an approach may provide a more comprehensive perspective on the
development and organization of this research field.

Accordingly, this study aimed to map the scientific development, thematic structure, collaboration patterns, citation
structure, and intellectual foundations of research on warm-up strategies and physical performance in soccer players using
bibliometric and science-mapping techniques. Specifically, the study examined annual scientific production, the most cited
documents, international collaboration networks, temporal trends in research topics, thematic organization, and reference co-
citation patterns. By integrating these complementary analyses, the study sought to provide a structured overview of how this
field has evolved, which research topics have characterized its development, and how its scientific knowledge base is organized.

METHOD

This study employed a bibliometric and science-mapping approach to examine the development, thematic structure, and
intellectual foundations of research on warm-up strategies and physical performance in soccer players. Bibliographic data were
retrieved from the Web of Science Core Collection and analyzed using the Bibliometrix package in R, which provides an
integrated framework for quantitative bibliometric analysis and science mapping (Aria & Cuccurullo, 2017). The analysis
included annual scientific production, citation analysis, country collaboration networks, trend-topic analysis, thematic mapping,
and reference co-citation analysis. The search, filtering, data retrieval, and analytical procedures were systematically
documented to enhance the transparency and reproducibility of the study.

Study Design and Data Source

This study was designed as a bibliometric and science-mapping analysis of research on warm-up strategies and physical
performance in soccer players. Bibliographic records were retrieved from the Web of Science Core Collection (WoSCC). The
search was conducted on September 22, 2026, and covered all records indexed from database inception to the search date, with
no restriction on publication year. Only documents classified as Articles or Review Articles and published in English were
retained. The selected records were exported from WoSCC in plain-text format using the Full Record and Cited References
option and subsequently imported into R for bibliometric analysis.

Search Strategy and Eligibility Criteria

The search strategy was developed to identify publications addressing warm-up strategies and physical performance in
soccer players. Two complementary search sets were constructed in the Web of Science Core Collection using the Topic (TS)
and Title (TI) fields. The first search set was designed to identify publications in which warm-up or re-warm-up terminology
appeared explicitly in the title. The second search set was designed to capture publications referring to specific warm-up-related
approaches in the title, including dynamic stretching, static stretching, ballistic stretching, neuromuscular warm-up, post-
activation potentiation, post-activation performance enhancement, re-warm-up, and FIFA 11/FIFA 11+. In both search sets,
soccer-related terms were combined with physical-performance-related terms, including sprint, jump, agility, acceleration,
speed, power, strength, change of direction, repeated sprint, balance, and flexibility. The first search set retrieved 207 records,
whereas the refined second search set retrieved 248 records. The two sets were combined using the Boolean operator OR,
resulting in 386 unique records. Database-level inclusion criteria were subsequently applied to retain only documents classified
as Articles or Review Articles and published in English. No publication-year restriction was imposed. After applying these
criteria, 363 records constituted the final dataset used for bibliometric analysis.

Study Selection and Data Retrieval

The records identified through the two complementary search sets were combined within the Web of Science Core
Collection. Because the two search sets partially overlapped, duplicate records were consolidated during the Boolean
combination process, resulting in 386 unique records. Database-level eligibility filters were subsequently applied to retain only
publications classified as Articles or Review Articles and written in English. Following these filters, 363 records remained and
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constituted the final dataset used for the bibliometric analyses. The eligible records were exported from the Web of Science
Core Collection in plain-text format using the Full Record and Cited References option. This format preserves the bibliographic
and citation metadata required for science-mapping analyses, including information on authors, document titles, publication
years, source titles, author keywords, abstracts, affiliations, citation counts, and cited references. The exported dataset was
subsequently imported into R and converted into a structured bibliographic data frame using the Bibliometrix package, which
provides an integrated framework for bibliometric analysis and science mapping (Aria & Cuccurullo, 2017). The identification
and filtering process was documented using a PRISMA-style flow diagram to provide a transparent summary of the records
identified, combined, filtered, and retained for the final bibliometric dataset. PRISMA 2020 provides updated guidance for
transparently reporting the identification and selection of records in evidence-synthesis workflows (Page et al., 2021). In the
present study, the PRISMA framework was used primarily to structure and transparently report the bibliographic record-
selection process rather than to indicate that a full systematic review or meta-analysis was conducted.

Flow diagram of record identification, filtering, and inclusion
for the bibliometric analysis (adapted from PRISMA 2020)

Records retrieved from Search Set A Records retrieved from Search Set B
(n=207) (n=248)

L )
I

‘ Records before consolidation ’

(n = 455)
Overlapping records removed
(n=69)

\ Unique records after combination J

A
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v

Records included in bibliometric analysis
(n=363)

Database-level filters retained only Ariicles and Review Aticles published in English.

Figure 1. Flow diagram of record identification, filtering, and inclusion for the bibliometric analysis (adapted from
PRISMA 2020).

Bibliometric Analysis

Bibliometric analyses were conducted to examine the temporal development, citation structure, international collaboration
patterns, thematic organization, and intellectual structure of research on warm-up strategies and physical performance in
soccer players. Six complementary analyses were performed using the Bibliometrix framework (Aria & Cuccurullo, 2017).

First, annual scientific production was analyzed to describe changes in publication output across years. Second, citation
analysis was used to identify the ten most cited documents in the dataset according to total global citation counts. Third, a
country collaboration network was constructed to examine international co-authorship relationships among contributing
countries. To investigate the conceptual development of the literature, trend-topic analysis was performed using author
keywords (DE) to examine the temporal distribution of frequently occurring terms. A thematic map was also generated from
author keywords to position research themes according to centrality and density, thereby distinguishing motor themes, basic
themes, niche themes, and emerging or declining themes. Finally, reference co-citation analysis was conducted to examine the
intellectual structure of the field by identifying references that were frequently cited together. For network analyses, association
normalization was applied and the Fruchterman-Reingold layout was used for visualization where appropriate. In the country
collaboration and reference co-citation networks, node size was proportional to the degree of the corresponding node, while
links represented collaboration or co-citation relationships, respectively. Author keywords were used for both the trend-topic
and thematic analyses to maintain consistency in the examination of the conceptual structure of the literature.

Software and Visualization

All bibliometric analyses were conducted in R version 4.5.2 within the RStudio environment (version 2026.9.0.174).
Bibliographic data exported from the Web of Science Core Collection were imported and converted into a structured
bibliographic data frame using the convert2df() function of the Bibliometrix package (version 5.5.0). Bibliometrix was used for
bibliometric and science-mapping analyses, including country collaboration, trend-topic, thematic-map, and reference co-
citation analyses (Aria & Cuccurullo, 2017). Visualizations were generated using functions available in Bibliometrix and, where
appropriate, ggplot2 (version 4.0.3). Annual scientific production was visualized using a line chart, whereas the most cited
documents were presented using a horizontal bar chart. Network visualizations were generated for country collaboration and
reference co-citation analyses using association normalization and the Fruchterman-Reingold layout. Trend-topic and
thematic-map analyses were based on author keywords (DE). Visualization parameters, including the number of displayed
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nodes or terms, label sizes, and minimum term-frequency thresholds, were adjusted to improve graphical readability without
modifying the underlying bibliometric data or relationships.

FINDINGS

Humber of Pubicabons

Year

Figure 2. Annual scientific production on warm-up strategies and physical performance in soccer players.

Figure 2 shows the annual scientific production on warm-up strategies and physical performance in soccer players.
Publication activity was limited during the early years of the study period, followed by an overall increase over time. A marked
increase in the number of publications was observed from the late 2010s onward, although annual output showed considerable
fluctuations. The highest number of publications was recorded in 2026; however, this figure represents a partial year because
the literature search was conducted in September 2026.
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Figure 3. Most cited documents on warm-up strategies and physical performance in soccer players.

Figure 3 presents the ten most cited documents in the dataset according to total global citations. The highest citation count
was observed for the study entitled “Comprehensive Warm-Up Programme to Prevent Injuries in Young...”. Other highly cited
documents addressed neuromuscular injury-prevention programmes, muscle temperature and sprint performance, the FIFA
11+ programme, re-warm-up strategies, and warm-up or flexibility interventions. Citation counts varied substantially among
the ten documents, with the leading publication receiving markedly more citations than the remaining studies.

et

Figure 4. Country collaboration network in research on warm-up strategies and physical performance in soccer
players.

Figure 4 illustrates the country collaboration network in research on warm-up strategies and physical performance in soccer
players. Node size is proportional to the degree of each country within the collaboration network, while the connecting lines
represent international co-authorship links. The network is visually divided into two main clusters. Spain, the United Kingdom,
Turkey, Portugal, Italy, Brazil, and Australia are located within one cluster, whereas the United States, Iran, Canada, Germany,
and Switzerland are grouped within another. The figure demonstrates multiple international collaboration links among
countries within and across these clusters.
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Figure 5. Trend topics in research on warm-up strategies and physical performance in soccer players.

Figure 5 presents the temporal distribution of frequently occurring author keywords. Earlier-positioned terms included
flexibility, dynamic stretching, range of motion, and static stretching, whereas terms such as warm-up, post-activation
potentiation, sprint performance, strength, and agility were centered in later years. More recent terms included FIFA 11+,
change of direction, sprint, and team sports. The pattern indicates a temporal broadening of the literature from flexibility- and
stretching-related topics toward more performance-oriented and applied warm-up themes.
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Figure 6. Thematic map of research on warm-up strategies and physical performance in soccer players.

Figure 6 presents the thematic structure of the literature based on author keywords. Themes in the upper-right quadrant
represent motor themes with high centrality and density, whereas those in the lower-right quadrant represent basic themes
characterized by high centrality but lower density. PAP was located in the motor-theme quadrant. Football, soccer, injury
prevention, and flexibility were positioned within the basic-theme quadrant. Sprinting, neuromuscular warm-up, and women
appeared in the niche-theme quadrant, while training was located in the emerging or declining themes quadrant. Sprint was
positioned near the intersection of the centrality and density reference lines.
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Figure 7. Reference co-citation network in research on warm-up strategies and physical performance in soccer
players.

Figure 7 presents the co-citation network of the references included in the analysis. Two visually distinct clusters were
identified, indicating two major groups of references that tend to be cited together within the literature. References within the
same cluster show denser co-citation relationships, while links between the clusters indicate cross-cluster citation connections.
Node size is proportional to the degree of each reference within the network, and the connecting edges represent co-citation
relationships between references.
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DISCUSSION AND CONCLUSION

The present study showed a clear increase in scientific production on warm-up strategies and physical performance in
soccer, particularly from the late 2010s onward. This pattern is consistent with the broader growth of soccer-related research
reported over recent decades, including performance analysis and other applied areas of sports science (Kirkendall, 2020;
Plakias, 2025). A similar upward trend has also been documented in soccer training-load research, suggesting that the increase
observed in the present study forms part of a broader expansion of performance-oriented soccer research (Apriantono et al.,
2024). Overall, the findings indicate that warm-up and physical-performance research has become an increasingly visible
component of the wider soccer science literature.

The most-cited-document and trend-topic analyses suggest a clear evolution in research on warm-up strategies and physical
performance in soccer. Earlier research themes were more strongly associated with stretching, flexibility, and range of motion,
whereas later topics increasingly included post-activation potentiation, sprint performance, strength, agility, FIFA 11+, and
change of direction. This development is consistent with experimental evidence showing that dynamic stretching can provide
more favorable preparation for high-speed motor performance than static stretching in soccer players (Little & Williams, 2006).
The increasing prominence of PAP/PAPE-related themes also reflects growing interest in conditioning activities designed to
acutely enhance explosive performance, although the magnitude of these responses depends on factors such as conditioning
intensity, recovery interval, and individual characteristics (Petisco etal., 2019; Xu et al., 2025). Similarly, the emergence of FIFA
11+ among more recent topics is consistent with increasing attention to the physical-fitness effects of structured warm-up
programmes in addition to their established injury-prevention applications (Kambitta Valappil et al,, 2026). Overall, these
findings indicate a broadening of the literature from stretching- and flexibility-oriented topics toward more performance-
oriented and structured warm-up approaches.

The thematic map further clarified the conceptual organization of research on warm-up strategies and physical performance
in soccer. PAP appeared as a motor theme, indicating a relatively well-developed and central research area within the field. This
positioning is consistent with soccer-specific research examining the effects of post-activation potentiation protocols on
repeated-sprint performance (Sdnchez-Sanchez et al., 2018). In contrast, football, soccer, injury prevention, and flexibility were
positioned as basic themes, suggesting that these topics represent broad and central components of the literature. The
prominence of injury prevention is consistent with the substantial evidence base surrounding structured neuromuscular warm-
up programmes in soccer (Barengo et al., 2014; Stergiou et al.,, 2025). Sprinting, neuromuscular warm-up, and women were
located within the niche-theme quadrant, indicating more specialized themes characterized by relatively strong internal
development but lower integration with the broader thematic structure. The positioning of women as a niche theme is also
consistent with the existence of a distinct body of research examining exercise-based warm-up and injury-prevention strategies
specifically in female soccer players (Crossley et al., 2020).

The country collaboration and reference co-citation analyses provide complementary insights into the social and intellectual
organization of the field. The international collaboration network revealed two visually distinct country clusters, with multiple
links both within and between them, indicating that research on warm-up strategies and physical performance in soccer
involves substantial cross-national collaboration. Similar international collaboration patterns have also been reported in
broader bibliometric analyses of soccer research (Liu et al., 2023). The reference co-citation network likewise identified two
major clusters of frequently co-cited references, suggesting that the field is organized around partially differentiated but
interconnected bodies of knowledge. Comparable bibliometric studies in soccer have shown that co-citation and science-
mapping approaches can reveal distinct intellectual groupings and relationships within the research literature (Apriantono et
al,, 2024; Plakias, 2025). Taken together, these findings indicate that the field has developed through both international research
connections and an intellectual structure characterized by distinct but interconnected knowledge clusters.

Taken together, the findings demonstrate that research on warm-up strategies and physical performance in soccer has
expanded considerably and developed into a thematically diverse field. The literature has progressively broadened from
traditional stretching- and flexibility-related topics toward performance-oriented approaches involving potentiation, sprint
performance, neuromuscular warm-up, and structured programmes such as FIFA 11+. At the same time, the thematic,
collaboration, and co-citation analyses indicate that the field is organized around distinct but interconnected research themes,
international networks, and intellectual knowledge clusters. Collectively, these findings provide a structured overview of the
development and current organization of warm-up research in soccer and may help guide future investigations toward areas
that remain less integrated within the broader literature.

Practical Implications and Future Research

The present findings may help researchers and practitioners understand how warm-up research in soccer has developed
and how its major themes are currently organized. Future studies should place greater emphasis on research areas that
appeared more specialized or less integrated within the broader thematic structure, particularly women, neuromuscular warm-
up, and sprinting. Further investigation of emerging and evolving performance-oriented topics, including potentiation, sprint
performance, change of direction, and structured warm-up programmes, may also contribute to a more integrated
understanding of the field. Greater methodological consistency in the reporting of warm-up protocols and participant
characteristics would further facilitate comparison across studies.
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Limitations

Several limitations should be considered when interpreting the findings of this study. First, the analysis was based
exclusively on records indexed in the Web of Science Core Collection and was restricted to English-language Articles and Review
Articles, which may have excluded relevant publications indexed in other databases or published in other languages. Second,
the search strategy required warm-up-related terminology to appear in the title, which may have limited the retrieval of studies
addressing warm-up interventions without explicitly identifying them in the title. Third, citation-based indicators may be
affected by publication age, while the 2026 publication count represents only a partial year because the search was conducted
in September. Finally, the appearance and interpretation of thematic and network structures may be influenced by keyword
selection, indexing practices, normalization procedures, and visualization thresholds.

Conclusion

This bibliometric and science-mapping study provides a structured overview of the development of research on warm-up
strategies and physical performance in soccer players. Scientific production increased markedly, particularly from the late
2010s onward, while the thematic focus of the literature broadened from stretching- and flexibility-related topics toward
performance-oriented approaches involving post-activation potentiation, sprint performance, neuromuscular warm-up, FIFA
11+, and change of direction. The thematic analysis identified both central and specialized research areas, and the collaboration
and co-citation analyses revealed distinct but interconnected international and intellectual structures. These findings indicate
that warm-up research in soccer has developed into a thematically diverse and increasingly structured field. Future studies
should further examine specialized and less integrated research areas while improving methodological consistency in the
reporting of warm-up protocols and participant characteristics.
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