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Abstract: Objective: This study aims to analyze trends, hot topics, and influential research on
ballet-related injuries between 2000 and 2023, providing insights for prevention and
management strategies. Methods: Using the Web of Science Core Collection, 787 articles were
identified with subject terms related to ballet injuries. CiteSpace software (version 6.2.R2) was
employed to conduct visual analyses of trends, keyword co-occurrences, and co-citations. The
dataset was analyzed across dimensions such as time, geography, authorship, institutions, and
hot topics. Results and Conclusions: The publication volume of ballet injury research has
steadily increased, with the United States, England, and Australia leading in output. Central
topics include risk factors, musculoskeletal disorders, and injury prevention strategies. Key
clusters revealed five prominent research directions: risk factors, proprioception, physical
activity, jump-related injuries, and bone mineral density. Authors such as Wanke Eileen M.,
Steinberg Nili, and Ambegaonkar Jatin P. emerged as influential contributors. Institutions like
the University of Wolverhampton and Goethe University Frankfurt displayed significant
academic impact. The research objects of ballet injury research are mainly female ballet
dancers. Research on the causes of ballet injuries mainly focuses on physical activities and
incorrect training plans. The most studied part of ballet injuries is the ankle joint.

Keywords: dance injury; risk factors; Web search; neuromuscular injury; prevention

1. Introduction

Dancing is a high-injury risk activity [1,2], especially ballet, which has very high
requirements for dancers in all aspects [3—5]. Among many types of dance, ballet
practice is the basis for dancers to acquire dance techniques, such as modern dance
and Latin dance. Ballet dancers are often described as artists or athletes [6] because
they need to perform complex combinations of dance moves that require a high level
of physical athleticism [7,8]. Most ballet dancers start training in early childhood, and
the injuries they suffer may have an impact on their future health [2,9]. In addition,
the special body shape and aesthetic requirements of ballet may lead to various health
problems, such as musculoskeletal, metabolic and nutritional disorders [3,10]. Ballet
includes a series of classic difficult movements, such as Arabesque, Fouette, Grande
Cart, etc, these movements exceed the limitations of human anatomy and require long-
term training to meet performance requirements, therefore dancers are at a relatively
high risk of injury [11,12]. It is necessary to conduct targeted research on how to
prevent sports injuries caused by ballet dancers during training. This study uses
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CiteSpace visualization analysis software to conduct a comprehensive analysis of the
research literature on ballet training injuries from 2000 to 2023, exploring the literature
from multiple dimensions such as time, subject, hot spots, and content, to provide ideas
and references for future research on ballet injuries. At the same time, it provides ballet
dancers with relevant risk information about ballet injuries and will also provide ballet
students and their parents with more knowledge about ballet injuries to minimize the
incidence of ballet injuries.

2. Methods

2.1. Tools and sources

The obtained literature was analyzed by searching the Web of science™ core

collection, and the core search terms were TS = (Ballet) and TS = (injury OR damage
OR harm OR fracture OR sprain OR twist OR contusion OR bruise OR dislocation
OR strain OR Joint dislocation) for subject search. The time span was 20002023, and
the search time was 25 May 2024. The search process strictly adhered to the following
criteria: only studies related to ballet injuries were included; the included studies had
to be explicitly related to the topic of “ballet injuries”, including keywords such as
“Ballet”, “Injury”, “Risk Factor”, etc. Duplicates were de-duplicated and excluded
from the search process. Injury”, ‘Risk Factor’, etc. Literature not directly related to
the topic was excluded, and De-duplication was performed for duplicate literature. The
search finally obtained 787 documents, and the retrieved documents were downloaded
in “TXT” plain text format as research data.

2.2. Operation and analysis

This study uses CiteSpace [version number: 6.2.R2] software based on the JAVA
platform to draw a visual knowledge graph [13]. Enter the new page of the software,
set the parameters for the analysis of literature, select “Years per slice” as 1, “Time
Slicing” as 20002023, Pathfinder as the cropping method, and select “Pruning sliced
networks” and “Pruning the merged network” to streamline the network. Other
settings remain unchanged. Select the function buttons such as Author, Institution,
Keyword, and Reference for visual analysis.

3. Results and discussion

3.1. The time of publication of ballet injury articles

Using Excel to plot the number of papers published each year and make a linear
prediction, we found that the number of papers has a linear exponential trend over time,
with the formula y = 2.763x — 1.913, and R? = 0.8049, indicating that there is a strong
linear relationship between the number of papers published and the year. As can be
seen from Figure 1, the number of papers published in this research field is on the rise,
Especially after 2015, there has been a significant acceleration in the growth of annual
publications. This growth is closely related to the background of the continuous
integration and development of dance medicine and sports science in recent years. On
the one hand, the attention of professional dance companies and educational
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institutions to the health and injury management of dancers has continued to rise, and
researchers have paid more attention to providing a scientific basis for training safety
and the career development of dancers; on the other hand, the advancement of
technological means, such as biomechanics and medical imaging, has contributed to
the rapid accumulation of academic results.
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Figure 1. Trend chart of the number of articles per year.

3.2. The country (regions) of publication of ballet injury articles

Through Citespace software analysis, we obtained a knowledge graph of country
(regions) distribution as shown in Figure 2 and a list of the top 10 countries (regions)
in terms of publication volume as shown in Table 1. The United States ranks first with
266 papers published, followed by the England with 127 papers and Australia with 88
papers published.

Table 1. Distribution of published papers on ballet injury research.

Ranking Quantity Country (region)
1 266 USA

2 127 ENGLAND

3 88 AUSTRALIA

4 48 CANADA

5 39 GERMANY

6 32 GREECE

7 31 ISRAEL

8 30 BRAZIL

9 25 SWITZERLAND
10 23 NETHERLANDS

Centrality means betweenness centrality, which is an indicator to measure the
importance of a node in a network (in addition, common indicators to measure the
importance of a node include degree centrality, closeness centrality, etc.). CiteSpace
uses this indicator to discover and measure the importance of documents and uses
purple circles to highlight such documents (or authors, journals, and institutions, etc.,
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and the betweenness centrality of nodes with purple circles is not less than 0.1).
Documents with high betweenness centrality are usually key hubs connecting two
different fields, and are also called turning points in CiteSpace [14]. Through
Citespace software analysis, we obtained a knowledge graph of centrality distribution
as shown in Figure 2 and a list of the top 10 centrality in terms of publication volume
as shown in Table 2. Canada has the highest centrality, followed by the England and
Greece. This distribution reflects the leadership of countries such as the United States,
the United Kingdom, and Australia in the field of dance medicine and ballet injury
research. Thanks to a strong research infrastructure, a diverse dance education system,
and an emphasis on dance medicine. The United States has a number of research
institutes and associations focused on dance medicine, such as the International
Association for Dance Medicine and Science (IADMS), which plays an important role
in advancing the prevention and treatment of dance injuries. Australian researchers
have conducted an in-depth study of musculoskeletal injuries in professional ballet
companies, shedding light on the health challenges dancers face in training and
performance [15]. In addition, a team of researchers in the United Kingdom conducted
an epidemiologic study of foot and ankle injuries in professional ballet dancers,
providing valuable data to support the study [16].
E s ST s
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Figure 2. Country (region)/centrality knowledge graph.
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Table 2. The centrality of published papers on ballet injury research.

Ranking Centrality Country (region)
1 0.79 CANADA

2 0.68 ENGLAND

3 0.47 GREECE

4 0.43 AUSTRALIA

5 0.39 QATAR

6 0.31 NORWAY

7 0.26 TUNISIA

8 0.23 SWITZERLAND
9 0.23 NETHERLANDS
10 0.22 USA

3.3. The author of publication of ballet injury articles

Select “Author” as the node type in the CiteSpace control panel, keeping all other
settings unchanged. Next, generate the corresponding knowledge graph (Figure 3) and
identify the top 10 authors with the highest number of publications (Table 3). The top
three authors—Wanke Eileen M, Steinberg Nili, and Ambegaonkar Jatin P—each have
published more than 15 articles. These prolific scholars have accumulated deep
research on injury prevention, rehabilitation strategies, and training methods for
professional dancers. Echoing existing studies, the work of scholars such as Wanke
focuses more on the areas of dance injury prevention and health assessment of
professional dancers; Steinberg et al. focuses on the interaction between growth and
development and movement patterns of adolescent dancers; and Ambegaonkar’s
research has a wide range of research directions, including healthy quality of life of
dancers and performing artists, and strategies for movement training and rehabilitation.
The research ideas of the prolific group of authors are highly instructive to subsequent
scholars. However, these authors are mainly concentrated in Europe and the United
States, and dance medicine researchers from Asia and other emerging countries have
not yet been fully integrated into this international academic network. With the
increase of international academic exchanges, it is expected that the global coverage
of dance medicine research will be broadened in the future.

Table 3. The author of published papers on ballet injury research.

Ranking Quantity Country (region)

1 20 Wanke, Eileen M

2 19 Steinberg, Nili

3 15 Ambegaonkar, Jatin P
4 14 Koutedakis, Yiannis
5 12 Wyon, Matthew

6 11 Bronner, Shaw

7 11 Wyon, Matthew A

8 Groneberg, David A
9 Shaw, Joseph W

=
o

Siev-ner, Itzhak




Molecular & Cellular Biomechanics 2025, 22(2), 1117.

CiteSpace, v. 6.3.R1 (64-bit) Advanced

May 30, 2024, 2:58:47 PM KST

Wo'S: D:\GLE \citespace 3 §\2023.12.31(5.25 )data

Timespan: 2000-2024 (Slice Length=1)

Selection Criteria: g-index (k=25), LRF=2.5, L/IN=10, LBY=5,e=1.0 J
Network: N=639, E=803 (Density=0.0039) -

Nodes Labeled: 1.0% .
Adan@oge\r"”
(@) ©

Pruning: None
é@i:@, Nili

Excluded:
Zee@iva
iev-rGDItzhak
O
Bron®$haw
e 9

@ Wyo thew
Ambega@r{ Jatin'F o
® o O o
. . @)

Figure 3. Author knowledge graph.

3.4. The institutions of publication of ballet injury articles

As shown in Table 4 and Figure 4, the primary institutions publishing research
on ballet injuries are universities. The University of Wolverhampton leads with the
highest number of publications, followed by Goethe University Frankfurt and the
University of Thessaly. Notably, the University of Wolverhampton also ranks first in
centrality (Table 5), highlighting its leadership in both publication volume and
academic influence, with the University of Thessaly and Harvard University following
closely behind. Despite the centrality of these institutions in the research network, the
global distribution of research remains uneven. The United States and European
countries dominate the academic network of dance medicine.
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Figure 4. Institutions knowledge graph.

Table 4. Distribution of published papers on ballet injury research.

Ranking Quantity Institutions

1 52 University of Wolverhampton
2 27 Goethe University Frankfurt
3 20 University of Thessaly

4 18 Harvard University

5 17 Chaim Sheba Medical Center
6 17 University of London

7 16 Boston Children’s Hospital

8 15 La Trobe University

9 15 University College London
10 15 George Mason University

Table 5. The centrality of published papers on ballet injury research.

Ranking Centrality Institutions

1 0.12 University of Wolverhampton

2 0.11 University of Thessaly

3 0.11 Harvard University

4 0.11 University of California System
5 0.1 Feinberg School of Medicine

6 0.07 Academic Medical Center Amsterdam
7 0.06 University of London

8 0.06 Monash University

9 0.06 University of Southern Denmark
10 0.05 Chaim Sheba Medical Center
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3.5. Analysis of hot spots in ballet injury research
3.5.1. Keyword co-occurrence analysis of ballet injury research

Keyword co-occurrence analysis examines the relationships between keywords
provided by authors and databases within a dataset. When using CiteSpace to perform
this analysis, set the Node Type to “Keyword.” After configuring the necessary
parameters in the function settings, click “GO!” to generate the keyword co-
occurrence network.

In this part of the analysis, we merged synonymous keywords, such as “ballet
dancer” and “dancer,” into a single term, “ballet dancer,” and so on. After running the
software, a knowledge graph of keyword co-occurrence in the field was generated
(Figure 5). Using CiteSpace, we extracted the top 20 keywords in this research area
and further organized the data in Excel to create a table of high-frequency keywords
in the field (Table 6) and the ranking of centrality (Table 7). It is evident that, in
addition to search terms like “ballet dancers” and “injury,” the most frequently
occurring term is “risk factor,” followed by “stress fractures” and “pain”. High-
centrality keywords include “bone mineral density” “exercise” and “children”. These
keywords highlight the main concerns of ballet injury research. The frequent
occurrence of the keyword “risk factor” suggests that researchers are not only focusing
on the incidence of injuries, but are further attempting to quantify and identify specific
causative factors for injuries in order to propose targeted preventative measures; the
occurrence of “stress fractures” and “pain” appear to indicate that skeletal and
muscular system health issues are key areas of research in dancer injuries. At the same
time, the high frequency of “pain” reflects the importance of pain management after
injury, which is a key factor in determining a dancer’s ability to return to training and
performance [17].

Figure 5. Keyword co-occurrence analysis knowledge graph.
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Table 6. The top 20 statistics of high-frequency keywords for ballet injuries.

Ranking Quantity Keyword

1 445 Ballet dancers
2 238 Injury

3 97 risk factors

4 90 Stress fractures
5 85 Pain

6 74 musculoskeletal injury
7 65 Foot

8 59 Performance

9 58 Prevalence

10 49 Strength

11 49 Patterns

12 48 Motion

13 46 Risk

14 43 Hip

15 36 Reliability

16 34 Exercise

17 28 Ankle

18 27 Young

19 25 Injury prevention
20 23 low back pain

Table 7. The top 20 statistics of centrality keywords for ballet injuries.

Ranking Centrality Keyword

1 0.25 Bone mineral density
2 0.21 Exercise

3 0.18 Children

4 0.16 Diagnosis

5 0.15 Biomechanics

6 0.14 Ankle

7 0.14 Anterior cruciate ligament
8 0.13 Back pain

9 0.12 Classification

10 0.11 Strength

11 0.11 Lower extremity

12 0.11 Acrticular mobility

13 0.1 Pain

14 0.1 Foot
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Table 7. (Continued).

Ranking Centrality Keyword

15 0.1 Delayed menarche
16 0.09 Adolescents

17 0.08 Flexibility

18 0.08 Bone density

19 0.08 Laxity

20 0.07 Stress fractures

3.5.2. Keyword cluster analysis of ballet injury research

The Log-Likelihood Ratio (LLR) method is a statistical approach used to
evaluate the significance of the association or difference between two events or two
sets of data. In fields such as text analysis and data mining, the LLR method is
commonly applied to keyword extraction, word frequency analysis, and co-occurrence
analysis of terms. In visualization tools like CiteSpace, LLR is used to identify
keywords or terms with significant characteristics in a specific research area. By
calculating the log-likelihood ratio of keywords, it can determine which keywords
appear more frequently than would be expected by chance, thereby identifying
research hot topic or key concepts. The higher the LLR value, the stronger the
association between the two events or keywords.

Table 8. Main clusters and keywords of ballet injury research.

Cluster labels  Number of nodes Clipping value Label Keywords

musculoskeletal disorder, ballet dancing, lumbar flexion, total days,
injury, muscle strength, young, motion, ankle range, dance, body

#0 9 0.685 Risk factors composition, bone density, induced osteoporosis, MR imaging, single
leg heel rise test, jump
performance, balance, rehearsal, players, injury risk, postural control,
# 39 0743 proprioception risk factor_s, mpvement, varlaplllty, ankle,_lmplngement syn_drome,
ankle sprain, single leg heel rise test, profile, supple-mentation,
posterior cruciate ligament injury, plyometric
hvsical exercise, injury, life style, cells, validity, sports, imaging, injuries,
#2 39 0.933 gct)i/vity bone mineral density, exercise, bone density, ballet, female athlete

triad, genetic damage, wrestling, inflammation

performance stress, classical ballet, students, association, eating
#3 33 0.983 jump disorders, life stress, model, athletic injury, trait anxiety, coping skills,
beighton hypermobility score, occupational stress

ballet dancers, fatigue, density, geometry, strength, stress fracture,
bone mineral  bone mineral density, sex steroids, parathyroid hormone, bone
content markers, density, bone density, induced osteoporosis, midfoot, rat
model, nonunion, forefoot

#4 36 0.900

Using the LLR method to cluster keywords, five research directions in ballet
injury studies were identified: #0 Risk factors, #1 proprioception, #2 physical activity,
#3 jump, and #4 bone mineral content (as shown in Table 8). The keyword clustering
analysis reflects the hot topics in the field of ballet injury research, which is of great
significance for revealing the development of the discipline and its future directions.
From Table 8, information such as the number of nodes and silhouette values for each
cluster can be observed. The number of nodes is directly proportional to the research

10
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intensity of the cluster, while the silhouette value is closely related to the importance
of the cluster. The higher the value, the more focused the research theme. The overall
clustering effect of ballet injury research is quite good, with a high level of reliability
(average silhouette value = 0.8488 > 0.6).

Ballet, as a highly technical dance art, carries a significant risk of injury beneath
its graceful movements [18-20]. In the pursuit of technical perfection and artistic
expression, dancers often overlook the strain placed on their bodies [21,22]. In recent
years, with the advancement of scientific research, ballet-related injuries have become
a prominent topic in dance medicine and sports science [11,23-26].

The risk factors for ballet injuries are complex and diverse, encompassing various
dimensions such as body structure, training intensity, and psychological state [27,28].
According to clustering data analysis, risk factors (Cluster Label 0) are among the
most prominent themes in ballet injury research [9,29]. These factors include
musculoskeletal disorders [30], lumbar flexion movements [31], injury frequency [20],
and muscle strength [32], among others. Young dancers, in particular, are more
susceptible to injuries due to incomplete physical development [33]. Due to the
incomplete development of the body, the bones, cartilage and tendons are not yet fully
mature, when faced with high intensity or movements exceeding the physiological
range of the joints, it is easier to produce an unbalanced distribution of stress, which
may lead to stress fracture, cartilage injuries or ligament strains. In addition,
inconsistent development of various parts of the body can also lead to insufficient
muscle strength and joint stability. For example, incomplete formation of the foot arch
can easily lead to repeated sprains or plantar fasciitis in the ankle area, while the
curvature of the lumbar spine has not yet been finalized, which is prone to disc-related
problems during repeated large-scale backward tilting or flexion movements.
Additionally, ankle mobility, body structure, and bone density are critical factors
affecting ballet dancers’ health [34,35]. In the design of specific training programs, it
is necessary to reasonably control the total amount and intensity of training according
to the age, skill level and individual differences of the dancers; if the training program
is not properly designed, too high a training load and too short a fatigue recovery time
may cause musculoskeletal disorders and joint problems, which may significantly
increase the risk of injury. Therefore, early identification and intervention targeting
these risk factors are essential [36]. It is important to emphasize that risk factors do
not exist independently, but are closely intertwined with the other four research
directions. In training and performance, if dancers have insufficient proprioception (#1)
to accurately perceive joint mobility and body loading, this can exacerbate uneven
stress distribution during high-intensity or over-range maneuvers, amplifying the
impact of risk factors on injury [37]. Similarly, when the frequency of physical activity
(#2) or jump training (#3) is too high and recovery from fatigue is inadequate [38],
can also constrain each other through cumulative mechanical loading and declining
bone health (#4), creating multiple risk stacks.

Proprioception is essential for ballet dancers’ movement control and injury
prevention. Data indicates (Cluster Label 1) that proprioception is closely linked to
dancers’ performance, balance abilities, and injury risk [39,40]. Studies show that
specific training can enhance dancers’ proprioception, thereby reducing injury
occurrence [41,42]. In particular, proprioceptive training for the ankle joint has proven

1
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effective in preventing landing impact injuries and ankle sprains [43,44].
Proprioceptive ability is also correlated with overall stability and postural control,
which are critical in dance performance [8,45,46]. Research suggests that
proprioception deficits may contribute to increased injury susceptibility, making
targeted training vital for injury prevention [47,48]. Therefore, proprioceptive training
should be an integral part of the ballet training system. It is important to note that
proprioceptive deficits not only increase injury risk alone, but also interact with
training intensity and movement technique. If dancers are fatigued (related to the
theme of “risk factors”), their self-perception of physical activity is reduced and they
are more susceptible to joint sprains or postural errors during high-impact maneuvers
such as jumping and landing, which can further affect the maintenance of bone density
or bone mass (#4).

Cluster Label 2 reveals that physical activity is another key factor influencing
ballet dancers’ health. Studies have shown that high-intensity dance training and
performances can lead to fatigue, which is considered one of the primary causes of
dance injuries [5,22]. While injury causes are multifaceted, injuries seem more
common when dancers are fatigued. For instance, ballet dancers often experience
fatigue toward the end of training sessions or performances [18,49]. Studies suggest
that when fatigue affects the ankle muscles, delayed muscle response time and reduced
muscle strength can lead to greater postural sway, thereby increasing the likelihood of
ankle injuries [50,51]. Moderate training activity can enhance dancers’ physical fitness
and reduce injury risk [29,52]. However, excessive physical activity may cause fatigue
and training injuries, increasing the risk of inflammation and stress fractures [18,53].
Therefore, developing a reasonable training plan and balancing the dancer’s physical
activity and recovery time is crucial to maintaining the dancer’s health. Inappropriate
physical activity (too much frequency or intensity, not enough rest) can lead to fatigue
or injury, and can also affect overall health by weakening proprioception, exacerbating
bone mineral loss, and other pathways.

Jumping is a core skill in ballet but also a high-risk area for sports injuries
(Cluster Label 3). Jumping requires complex motion coordination, including lower
limb muscle explosiveness, joint stability, and functional arch support. Prolonged
jump training can exert excessive stress on joints and soft tissues, increasing the risk
of knee and ankle injuries [54,55]. Studies reveal that performance pressure and trait
anxiety may reduce coordination, making dancers more prone to injuries [56,57], at
the same time, anxiety also impairs on-stage decision-making, leading to technical
errors [58]. Therefore, scientific training plans, stress management, and physical
fitness monitoring for ballet dancers play a key role in reducing jump-related injuries.
In jump-related injuries, proprioception plays an important “protective” role. When
dancers have good body perception, even in high-impact movements, they can reduce
stress concentration; on the contrary, if the proprioception is insufficient or the amount
of physical activity does not match the fatigue state, then it is easy to superimpose risk
factors, leading to deviations in the landing posture and further increasing the burden
on the skeletal system. increase the burden on the skeletal system.

From cluster label 4, Bone mineral content in ballet dancers is closely related to
training intensity, nutritional status, and hormonal levels. Changes in bone mineral
density not only reflect the skeletal health of the dancer, but are also closely linked to

12
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the mechanism of injury (risk factor #0). High-intensity training can result in bone
mineral loss, particularly among adolescents and female dancers [3,35]. Low bone
density may lead to stress fractures, especially under prolonged training and
inadequate recovery [59]. Additionally, hormonal imbalances, such as reduced sex
steroids, further compromise bone strength [60]. Monitoring bone markers allows for
a dynamic assessment of dancers’ bone health, providing insights into early signs of
bone demineralization [61]. Nutritional supplementation, such as calcium and vitamin
D, is considered an effective approach to improve bone mineral content [62]. Regular
bone density screenings and tailored training plans that balance physical load and
recovery help prevent bone loss and reduce the risk of fractures [63,64].

3.6. Co-citation analysis of literature on ballet injuries

The citation of a literature is a key indicator of the quality of an academic paper.
The number of citations shows the influence of a literature and the degree of attention
it has received. We used CiteSpace software to analyze the co-citation map of literature
with 761 nodes and 3716 links (Figure 6). The rankings of the citation frequencies are
Kenny SJ, Ekegren CL, and Smith TO (Table 9). The contents of the literature
involved are the incidence, main types, and severity of injuries of ballet dancers. At
the same time, combined with Burst analysis (Figure 7), the citation frequencies of
literature in the areas of risk factors for dance injuries, fatigue and psychological
factors caused by physical activities, and knee and ankle injuries caused by jumping
increased. We predict that in the future, the research hot topic of ballet injuries will
mainly focus on the above directions.

Bronner S (2018) ®
Kenny SJ (2018) )

Lee L (2017) 9 VAR + AV

: .

Kenny SJ (2016) ® .
Ramkumar Prem N, (2016) 8

Smith TO (2016) . . 2 £ B

@ y &° °° e o
EkegrenCL (2014) 56 . ® o o°°  * *. g o .

Figure 6. Co-citation knowledge graph of ballet injury literature.
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Table 9. Top 3 most-cited authors in ballet injury research.

Rank Citations Year Author

Title

1 53
2 46
3 37

2018 Kenny SJ

Ekegren

2014 CL

2016 Smith TO

The Influence of Injury Definition on Injury Burden in Preprofessional Ballet and Contemporary
Dancers

Injuries in pre-professional ballet dancers: Incidence, characteristics and consequences

Prevalence and profile of musculoskeletal injuries in ballet dancers: A systematic review and meta-
analysis

Liederbach M, 2008, AM J SPORT MED, V36, P1779, DOI 10.1177/0363546508323644. DOL 2008 9.58 2009 2013
Hincapie CA, 2008, ARCH PHYS MED REHAB, V89, P1819, DOI 10.1016/j.apmr 2008.02.020, DOI 2008 147 2010 2013
Gamboa JM, 2008, T ORTHOP SPORT PHYS, V38, P126, DOI 10.2519/jospt.2008.2390, DOI 2008 9.56 2011 2013
Allen N, 2012, J ORTHOP SPORT PHYS, V42, P781, DOI 10.2519/jospt.2012.3893, DOL 2012 17.14 2013 2017
Jacobs Craig L, 2012, J DANCE MED SCI, V16, P74 2012 832 2014 2017
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3.7. Current status, hotspots and future directions of ballet injury
research

This study systematically combed the ballet injury literature from multiple
dimensions, such as time trend, geographical distribution, authors and institutions,
keyword co-occurrence, cluster analysis, and co-citation, and the results revealed the
rapid development of the field in recent years and its increasingly prominent research
hotspots. In view of these findings, their significance and implications need to be
discussed in depth from the following perspectives.

First, ballet injury research has shown continuous growth at the temporal level,
indicating that dance medicine and exercise science are gaining wider attention. In
terms of geographic distribution, the high productivity and centrality of the United
States, the United Kingdom, and Australia reflect both their investment in dance
medicine and health research; however, the centralized nature of this research
landscape may have led to insufficient attention being paid to the injury characteristics
and protection needs of dancers in other regions. Through increased international
collaboration and cross-regional research, not only can data sources be broadened to
enhance the comprehensiveness of research, but also incorporate the characteristics of
different training systems to provide more scientific and adaptive injury prevention
strategies for diverse populations. Such collaborations can help break the limitations
of a single cultural background for the health and professional development of dancers,
as well as promote the globalization of ballet medical research.

Second, the authors and publishers analysis shows the influence of the core group
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and key units in the field of ballet injury. The clustering of the core group of authors
helps to drive cross-disciplinary and in-depth cooperation, leading to better
intervention and management systems. However, this “core-periphery” pattern may
also hinder the participation of new research teams, resulting in a relative
concentration of knowledge dissemination and innovation in the field of dance
medicine. In the future, a multidisciplinary platform can be established to encourage
emerging research groups to work with the core team to explore the latest technologies
and methods in ballet injury prevention, further promoting the academic prosperity
and practical application of the field.

Keyword co-occurrence and clustering analyses highlighted that the themes of
risk factors, proprioception, physical activity, jumping, and bone mineral content have
become the focus of ballet injury research, and that they do not exist independently,
but are intertwined and synergistic. For both adolescent and professional dancers,
inappropriate training programs (high intensity, lack of recovery) and psychological
stresses often amplify joint and bone loads through fatigue and decreased
proprioception, while bone mineral loss accelerates the development of injuries under
prolonged, high-load conditions, creating a “compounded” risk. This complex
association reveals that it is difficult to prevent or minimize injuries with a single
intervention, and it is necessary to integrate sports medicine, psychology, nutrition,
and rehabilitation to form a comprehensive preventive strategy in order to protect the
physical and mental health of dancers more effectively.

Finally, the co-citation analysis reflects the evolution of the core literature and
basic theories in this field, which provides theoretical support for the related research,
and also indicates the remaining deficiencies of the current research and the direction
of future extension. The high frequency of citation of key findings indicates that these
findings have been widely recognized at the practical level; however, more
longitudinal follow-up and larger sample sizes are needed to test the stability and
feasibility of the interventions in different populations, cultures, and periods of
training and prevention. Only through continuous revision and improvement on a
broader and more diversified basis can ballet injury research truly protect the health
and professional development of dancers.

4. Conclusions

This study used CiteSpace software to analyze 787 articles on ballet injuries from
2000 to 2023, presenting the research hot topic and development trends in the field of
ballet injuries. The research in this field is mainly reflected in the following points: a:
There are many articles published worldwide from 2000 to 2023, and the attention will
continue to increase; b: Research institutions on ballet injuries are mainly concentrated
in Europe and America; c: The research objects of ballet injury research are mainly
female ballet dancers, which may be related to the fact that injuries in female dancers
are more prominent; d: Research on the causes of ballet injuries mainly focuses on
physical activities and incorrect training plans; d: The most studied part of ballet
injuries is the ankle joint.
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