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Objective  
To systematically evaluate the global research landscape and identify key trends, 
influential contributors, and emerging themes in studies on stress fractures in athletes 
using bibliometric methods. 

Methods  
A comprehensive bibliometric analysis was conducted using the Web of Science Core 
Collection database. Publications from 1969–2026 were analyzed using the topic search 
terms “stress fracture” or “fatigue fracture” and “athlete” or “sport” or “runner” or 
“physical training”. Key bibliometric indicators included publication trends, country and 
institutional productivity, collaboration networks, and keyword co-occurrence. Data 
visualization and network mapping were performed using the VOSviewer software and 
Google Sheets. 

Results  
A total of 2547 publications were identified. The annual research output demonstrated a 
marked increase beginning in the early 2000s, peaking in 2021, followed by a slight 
decline in recent years. The United States, Japan, and England were the leading 
contributors. Keyword co-occurrence analysis revealed three primary research clusters: 
(1) clinical diagnosis and management of stress fractures, (2) risk factors, epidemiology, 
and prevention, and (3) biomechanics and mechanisms of stress fractures, particularly in 
running-related activities. Collaboration networks indicated strong contributions from 
high-income countries, with relatively limited global research integration. 

Conclusion  
Research on stress fractures in athletes has expanded substantially over the past several 
decades, driven by advancements in diagnostic imaging, increased sports participation, 
and growing awareness of overuse injuries. These factors also led the field to develop 
more specialized investigations in prevention and biomechanics of injury. Although a 
recent decline in publication count is observed, this is likely due to indexing delays rather 
than a true reduction in research activity. Despite recent progress, important gaps 
remain. Future research should prioritize long-term outcomes, standardized 
methodologies, and multicenter collaborations. Addressing these gaps will be essential to 
improving the generalizability of findings and optimizing clinical management strategies 
for athletic populations. 

INTRODUCTION 

Stress fractures are among the most common overuse in
juries encountered in athletic populations, resulting from 
repetitive submaximal loading that exceeds the bone’s ca
pacity for remodeling and repair.1 These injuries account 
for approximately 10-20% of all sports medicine-related 
conditions and are particularly prevalent in high-impact 

activities such as running,2 track and field, and military 
training.3 The mechanisms behind stress fractures involve 
an imbalance between bone resorption and formation, 
which leads to the accumulation of microdamage and even
tual structural failure if repetitive stress persists without 
adequate recovery.4,5 

There are many causes of stress fractures, spanning both 
intrinsic and extrinsic risk factors. Intrinsic factors include 
sex, hormonal imbalances, bone mineral density, and bio
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mechanical alignment, while extrinsic factors involve train
ing intensity, sudden increases in activity, or footwear.6 

Despite extensive research, variability in study design and 
population characteristics have limited the establishment 
of universal risk profiles or standardized prevention strate
gies. Additionally, certain subpopulations, such as female 
athletes and endurance runners, demonstrate dispropor
tionately higher risk, highlighting the need for more tar
geted investigation.1 

Over the past several decades, advances in imaging 
methods, particularly magnetic resonance imaging, have 
improved the early detection and classification of stress 
fractures. By being able to detect fracture lines quickly, 
MRI’s help reduce the risk of progression to complete frac
tures. Additionally, increased global participation in or
ganized sports and recreational physical activity has con
tributed to a rising number of overuse injuries, further 
emphasizing the clinical and public health importance of 
stress fractures in athletes and the need for broader preven
tion strategies.4 

Along with these novel clinical developments, the vol
ume of scientific literature of stress fractures has expanded 
substantially. However, the growth of research output has 
made it increasingly difficult to identify key trends, influ
ential publications, and emerging areas of focus within the 
field. Bibliometric analysis provides valuable insights into 
the structure and evolution of scientific research by ex
amining publication patterns, citation networks, and col
laborative relationships. Bibliometric approaches have in
creasingly been used to map research landscapes and guide 
future investigations in orthopedics and sports medicine 
research.7 Accordingly, this study aims to analyze the 
global scientific landscape of stress fractures in athletes. 

METHODS 

To facilitate reproducibility and transparency of the analy
sis, this study reports the database source, search query, 
date of retrieval, bibliometric software used, and variables 
analyzed. A comprehensive bibliometric study was con
ducted using the Web of Science Core Collection database. 
Publications related to stress fractures in athletes were re
trieved using topic-based search terms and Boolean opera
tors: “stress fracture” or “fatigue fracture” and “athlete” or 
“sport” or “runner” or “physical training”. Web of Science 
was chosen due to its extensive indexing of peer-reviewed 
biomedical literature and its compatibility with bibliomet
ric analysis software. 
No restrictions were applied to document type or publi

cation year to ensure the full evolution of the research field 
could be captured. The database was examined on a sin
gle date to avoid possible changes to due database updates 
and ensure the dataset remained consistent. All retrieved 
records were exported in plain text format. Extracted in
formation included publication title, authors, year of pub
lication, country of origin, institutional affiliation, journal, 
keywords, and citation count. Duplicate records were iden
tified and removed prior to analysis. Search results were ex
ported in batches of up to 1,000 records as text-delimited 

files containing full records and cited references. The com
bined dataset was then imported into Google Sheets for or
ganization, cleaning, and descriptive statistical analysis. 
Bibliometric network analysis was conducted using 

VOSviewer (version 1.6.20; Leiden University, Nether
lands). This software was chosen because of its ability to 
map bibliometric networks and allow visualization of rela
tionships between authors, institutions, and keywords.8Co-
authorship, co-citation, and keyword co-occurrence net
works were generated to illustrate relationships among 
authors, institutions, and research topics. In these maps, 
nodes represent individual items, while links indicate rela
tionships or collaborations. The size of each node reflects 
its relative frequency or influence, and clusters represent 
groups of closely related items. 
Descriptive statistical analysis was performed to summa

rize publication trends by journal, country, institution, and 
funding organization. Publication trends and distribution 
patterns were graphically illustrated using Google Sheets. 

RESULTS 

Figure 1 illustrates the distribution of publications 
across academic journals. The American Journal of Sports 
Medicine and the British Journal of Sports Medicine lead 
with 88 and 71 publications, respectively. This figure shows 
1015 publications out of a total of 2547. 
The international collaboration network of the top 30 

contributing countries, visualized using VOSviewer, 
demonstrates a highly interconnected global research land
scape with several dominant hubs. The United States occu
pies a central position within the network, exhibiting the 
highest number of collaborations and the strongest link 
strengths with multiple countries such as Australia, 
Canada, Japan, and England. Distinct regional clustering 
patterns are evident. For example, European countries in
cluding Germany, Switzerland, and Austria form a closely 
connected cluster, while another cluster includes France, 
Italy, Spain, and Netherlands. A separate cluster compris
ing China, South Korea, and New Zealand highlights grow
ing contributions from Asia-Pacific regions. Additionally, 
countries such as Sweden, Denmark, and Israel demon
strate strong interconnections within a smaller collabo
rative network. Overall, the visualization reveals that re
search on stress fractures in athletes is driven by a core 
group of highly collaborative, high-income countries, with 
the United States acting as the primary hub facilitating in
ternational research partnerships. 
The institutional collaboration network of the top 30 

contributing organizations, visualized using VOSviewer, 
demonstrates a highly interconnected research landscape. 
Harvard Medical School appears as the most central in
stitution, exhibiting the highest number of collaborations 
and strongest link strength, particularly with affiliated cen
ters such as Massachusetts General Hospital and Spaulding 
Rehabilitation Hospital. Other prominent institutions, in
cluding Stanford University, Hospital for Special Surgery, 
University of California, Los Angeles, and Johns Hopkins 
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Figure 1. Top 30 journals publishing research related to the stress fractures in athletes, ranked by number of                 
publications in the Web of Science database.        

Figure 2. International collaboration network of the top 30 countries contributing to research in stress fractures               
in athletes, visualized using VOSviewer      

University, also demonstrate strong connectivity within the 
network. 
Distinct clustering patterns reflect both geographic and 

collaborative relationships. For example, institutions such 
as University of British Columbia, University of Calgary, 
and University of Melbourne form an internationally con
nected cluster, while Indiana University and University of 
North Carolina are part of a predominantly domestic col
laboration group. Overall, the network highlights the con
centration of research activity within a core group of highly 
collaborative institutions, with major U.S.-based centers 
playing a central role in driving global research efforts. 
Figure 4 outlines the major funding bodies supporting 

research in this field. The United States Department of Hu
man Health Services leads with 70 publications funded, fol
lowed by the National Institutes of Health (NIH) USA and 
the US Department of Defense, with 68 and 28 publications 
funded, respectively. 

Figure 5, which demonstrates the top 13 publication lan
guages shown in research relating to stress fractures in ath
letes, shows an overwhelming representation of English. 
The second most frequent publication language was Ger
man, followed by French and then Spanish. The presence 
of other languages, including Korean, Portuguese, Turkish, 
Italian, Croatian, Japanese, and Polish, proves that research 
regarding stress fractures in athletes has been conducted 
globally, although the vast majority has been published 
through English language journals. 
As can be seen from Figure 6, there has been an ex

ponential increase in the number of yearly publications 
that address stress fractures in athletes. The data shows 
a general upward trend in publication numbers, with very 
low numbers per year until the early 2000s, when publica
tion numbers began to rapidly increase. Although there are 
some slight variations in the number of publications among 
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Figure 3. Institutional collaboration between the top 30 institutions on research regarding stress fractures in              
athletes  

Figure 4. Top 20 funding agencies supporting research on stress fractures in athletes            

different years, the overall pattern is a growing interest in 
this area of research. 
Figure 7  displays the keyword co-occurrence network, 

identifying three primary research clusters. 

These clusters demonstrate that the field is structured 
around three major themes: clinical management, preven
tion and risk factors, and biomechanical mechanisms. 

DISCUSSION 

This bibliometric analysis demonstrates that research on 
stress fractures in athletes has undergone substantial ex
pansion, with a notable inflection point in the early 2000s.9 

Rather than reflecting a purely academic trend, this in
crease likely corresponds to parallel developments in clini
cal orthopedics, including heightened awareness of overuse 
injuries and the widespread adoption of advanced imaging 
modalities. Magnetic resonance imaging (MRI) has enabled 
earlier detection of bone stress injuries, often prior to ra
diographic changes, thereby shifting clinical focus toward 
early diagnosis and intervention.10 This evolution has im
portant implications for orthopedic practice, as timely 
identification may prevent progression to complete frac
tures and reduce time away from sport. 
A central finding of this study is the geographic concen

tration of research output within high-income countries, 
with the United States serving as the dominant contribu
tor and collaborative hub. While this reflects the availabil
ity of funding and institutional infrastructure, it raises im
portant concerns regarding the external validity of current 
evidence. Orthopedic injury patterns, including stress frac

• Cluster 1 (Clinical focus): Includes terms such as 
“stress fracture,” “diagnosis,” “management,” “pain,” 
and “injuries,” reflecting emphasis on clinical presen
tation and treatment. 

• Cluster 2 (Epidemiology and prevention): Includes 
“risk factors,” “epidemiology,” “exercise,” “preven
tion,” and “bone mineral density,” highlighting re
search on risk assessment and injury prevention. 

• Cluster 3 (Biomechanics): Includes “biomechanics,” 
“running,” “ground reaction forces,” and “fatigue,” 
indicating a focus on mechanical mechanisms and 
running-related injuries. 
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Figure 5. Top 13 publication languages in research on stress fractures in athletes            

Figure 6. Annual publication trends in research on stress fractures in athletes based on Web of Science records                 

tures, are influenced by population-specific variables such 
as training practices, nutrition, and access to care. The un
derrepresentation of low- and middle-income regions may 
therefore limit the applicability of existing prevention and 
management strategies.11 Similar disparities have been de
scribed in global musculoskeletal research, where economic 
resources strongly influence research productivity.12 From 
a clinical perspective, expanding international collabora
tion will be essential to developing more generalizable and 
equitable orthopedic guidelines. 

The thematic structure of the literature—comprising 
clinical management, epidemiology/prevention, and bio
mechanics—reflects the multidimensional nature of stress 
fractures. Notably, the prominence of prevention-focused 
research suggests a shift in orthopedic practice toward 
proactive injury mitigation. This aligns with increasing 
recognition of modifiable risk factors, including training 
errors, bone mineral density, and hormonal influences.9 

However, despite extensive investigation, the absence of 
standardized predictive models highlights a persistent 
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Figure 7. Keyword co-occurrence map of research on stress fractures in athletes based on Web of Science records,                 
visualized using VOSviewer    

challenge in translating epidemiologic findings into clinical 
decision-making tools. This gap underscores the need for 
more uniform study designs and prospective validation 
studies. 
The biomechanics cluster further illustrates the growing 

integration of engineering principles into orthopedic re
search. Advances in gait analysis, ground reaction force 
measurement, and computational modeling have enhanced 
understanding of stress distribution and fatigue failure in 
bone. These approaches are particularly relevant for high-
risk populations such as runners and military recruits, 
where repetitive loading patterns are central to injury 
pathogenesis. Importantly, the emergence of wearable 
technologies and data-driven modeling offers potential for 
individualized risk assessment, although current bibliomet
ric patterns suggest that such innovations remain concen
trated within select academic centers. 
Another important observation is the predominance of 

English-language publications, which, while facilitating 
dissemination, may introduce publication bias and limit the 
visibility of region-specific data. This linguistic centraliza
tion reinforces the influence of Western academic systems 
on the direction of orthopedic research and may further 
contribute to the underrepresentation of diverse popula
tions. 
From a clinical orthopedic standpoint, one of the most 

significant gaps identified is the relative paucity of longi
tudinal outcome data. While diagnostic and acute manage
ment strategies are well described, there is limited high-
quality evidence addressing recurrence, long-term 
functional outcomes, and return-to-play optimization. This 
is particularly relevant given the association of stress frac
tures with underlying conditions such as Relative Energy 

Deficiency in Sport (RED-S), especially among female ath
letes.13 The lack of longitudinal data limits the ability of 
orthopedic surgeons to provide evidence-based prognostic 
guidance. 
Future research directions should therefore emphasize: 

(1) standardized definitions and reporting frameworks to 
improve comparability across studies; (2) prospective and 
interventional designs to evaluate prevention and rehabil
itation strategies; (3) expansion of global research partic
ipation to enhance generalizability; and (4) integration of 
multidisciplinary approaches combining orthopedics, en
docrinology, and biomechanics. These priorities are essen
tial to advancing both the scientific understanding and 
clinical management of stress fractures. 
In summary, this bibliometric analysis highlights a 

rapidly evolving field characterized by increasing special
ization and technological integration. However, persistent 
disparities in global representation and limitations in lon
gitudinal evidence remain significant barriers. Addressing 
these gaps will be critical to optimizing prevention, diag
nosis, and management strategies within contemporary or
thopedics. 

LIMITATIONS 

This study has several limitations inherent to bibliometric 
methodology. First, the analysis was limited to the Web of 
Science Core Collection database, which, although compre
hensive, may not capture all relevant publications indexed 
in other databases such as PubMed, Scopus, or regional 
repositories.14 This may result in underrepresentation of 
certain journals, particularly those from low- and middle-
income countries. 
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Second, the use of predefined search terms introduces 
the possibility of selection bias, as relevant studies that did 
not explicitly include the chosen keywords may have been 
excluded. Variability in terminology across studies (e.g., 
“bone stress injury” versus “stress fracture”) may further 
contribute to incomplete retrieval.15 

Third, bibliometric analyses emphasize publication and 
citation metrics rather than study quality or clinical rel
evance. As such, highly cited articles are not necessarily 
indicative of higher methodological rigor or stronger evi
dence, limiting the ability to draw conclusions regarding 
best clinical practices.16 

Fourth, citation-based metrics are subject to temporal 
bias, favoring older publications that have had more time to 
accumulate citations. Additionally, recent declines in pub
lication counts may reflect indexing delays rather than true 
reductions in research activity. 
Finally, the analysis does not account for patient-level 

data, clinical outcomes, or heterogeneity in study popula

tions, limiting the direct translational applicability of find
ings to orthopedic practice.17 

CONCLUSION 

Overall, research on stress fractures in athletes has ex
panded substantially over the past several decades, the bib
liometric trends indicate that the field is still evolving. De
spite recent progress, important gaps remain. Future 
research emphasis representing diverse populations, longi
tudinal and interventional studies, and stronger integration 
between sports science research and clinical practice. Ex
panding collaboration across underrepresented regions and 
specialties will be essential to improving prevention, early 
identification, and management strategies for athletes. 
Addressing these gaps will be essential to improving. 
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