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Abstract. A higher frequency of sports injuries occurs due to the intense and physically
challenging training, especially in artistic gymnastics. Hence, the aim of this study was
to summarize the relevant literature on the incidence of injuries in artistic gymnasts.
The following index databases were used to collect adequate literature: Google
Scholar, PubMed, and MEDLINE, with the pre-defined inclusion criteria: studies on
the given topic written in English language, published until December 2022, the
participants sample consisted of competitive professional, semi-professional, elite and
junior gymnasts, as well as national teams were taken into consideration. A total of 15
studies have met the pre-defined criteria and were included in the systematic review.
According to the localization, the most common injuries are the lower extremities, with
a 30-60% frequency. Regarding the upper extremities, 14 of 15 studies have reported
approximately 20% injury frequency. Other injuries, such as shoulder, head, torso, and
back, have a frequency of 3-15%. Furthermore, according to the mechanisms of injury,
the most common causes were contact with the apparatus surface. Authors can
conclude that the training process, which is not reflected in technical preparation but in
the purpose of injury prevention, is crucial in this sport.
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1. INTRODUCTION

Artistic gymnastics is a sport that places high physical and mental demands on strength,
flexibility, endurance, coordination, etc. It is stated that gymnasts have an average of 7 to 36
hours of training, i.e., preparation, depending on their competitive level. Top-level gymnasts
typically train twice daily, 5 to 6 days a week, and up to 12 months a year (Caine, Russell, &
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Lim, 2013). Over the years, the difficulty of gymnastic routines and the range of skills
required to compete successfully have increased significantly. Hence, sports demands and
increased practice, starting early, likely increase the risk of injury. Most gymnasts (both male
and female), especially those who progress to the elite level, usually have at least one injury
during their sporting career (Wadley & Albright, 1993).

Many children join and stay in artistic gymnastics; over the years, they can reach a
high level of sport, i.e., elite rank. Consequently, performing heavy elements in early ages
may be associated with an increased risk of injury (Meeuwisse, 1994). Most top gymnasts
did not go through childhood or adolescence without injury, where the risk of injury
increases with the length of training and the difficulty of the elements performed (Tofler,
Stryer, Micheli, & Herman, 1996). Some authors consider artistic gymnastics a sport with a
high risk of injury (Kolt & Kirkby, 1995), and this higher frequency of sports injuries
probably occurs due to intense and physically challenging training (Daly, Bass, & Finch,
2001). In this regard, the high demands of this sport can lead to an injury if the gymnast's
body is pushed beyond the physiological and physical limits and does not respond with
corrective treatment at the right time. As the level of skills increases, so does the workload
and, thus, the frequency of acute injuries (Ashwell & Richardson, 2019).

An essential part of the prevention of gymnastic injuries is the identification and
analysis of risk factors, which could be both internal and external (Fu & Stone, 1994).
Internal risk factors include physical characteristics, particularly anthropometric
characteristics. Factors associated with an increased risk of injury include larger body
size, age, body fat, and periods of rapid growth. The most crucial external risk factor is
inadequate training, whereas 43.9% of traumas in artistic gymnastics are the result of
inadequate training methods, 17.4% - of specific performance, 9.6% - of training conditions,
and 8.4% - gymnasts' condition (Daly et al., 2001).

Although sports injuries are an indispensable part of any other sport, including sports
such as artistic gymnastics, the authors consider it necessary to summarize the relevant
literature on this topic. Therefore, the aim of this study was to collect and analyze research
from available sources dealing with injuries in artistic gymnastics.

2. METHODS
2.1. Literature identification

An electronic search of studies was performed in databases such as Google Scholar,
PubMed, and MEDLINE, which were published until December 2022. Also, keywords or
their combination were used during the search of relevant literature, such as gymnastics,
injuries, and incidence.

A descriptive method was used to analyze the obtained data, and all titles and abstracts
were reviewed for potential studies to be included in the systematic review. Also, lists of
references of previous reviews and original research were reviewed. Relevant studies were
obtained after a detailed review if they met the pre-defined inclusion criteria.

2.2. Inclusion criteria

The literature for analysis is research on the given topic written and published in
English. Also, only published studies in the period until December 2022 were taken into
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consideration. We have included a sample of competitive gymnasts (professional, semi-
professional, elite, junior categories, and national teams were considered). Likewise,
studies included in this review had to include data on the type of injury and its frequency.
Studies were not included if the participants were recreationists or studies that did not
determine the injury localization, only the incidence.

3. RESULTS

After a general database search, 33 598 potential studies were identified. At the very
beginning, 324 studies were eliminated based on duplicates. Furthermore, a total of 33 231
studies were eliminated based on the inclusion criteria, with an additional 28 studies
eliminated based on irrelevant outcomes, editorials, and executive summaries. In the end, 15
studies met the pre-defined criteria and were included in the systematic review. Figure 1
represents a detailed presentation of the study identification and selection process.

Studies identified by database search Eliminated studies based on
(n=33598) duplicates (n=324)

v

Studies reviewed (n=33274)

A 4

Eliminated studies based on inclusion
criteria (n=33231)

A 4

Electronically (n=32964)
Manually (n=267)

A 4

Eliminated studies (n=28)

Studies reviewed (n=43)

A 4

Irrelevant outcomes (n=21)
Editorial articles (n=3)
Executive summaries (n=4)

y

Studies included in the systematic
review (n=15)

Fig. 1 Process of collecting adequate studies based on pre-defined criteria

Table 1 presents a detailed description of the studies included in the systematic review.
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Table 1 Overview of included studies

Authors Participants
and year of sam Iep Study aim Injury localization Conclusion
publication P
The increased
0, 0,
_ They examined the UE 2.0/‘” LE 35%, trunk number of hours of
Snook n=70(F) S injuries 11%, and L
frequency of injuries . s training before the
(1979) 14-21 years traumatic acute injuries .
among F gymnasts competition caused
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Determining the 36% of LE injuries (ankle
. e 9ine 109, 8% foot, 8% -
Garrick & n=3049 (F) incidence of injuries groin) 95% of injuries
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Injuries of the LE 64%,
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. A is a sport with a high
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(1994) 8-25 years different ages most frequent injuries of Jury
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Knee 34%, lower back
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Caineetal. n=79(F) frequency of injuries (both 14.5%). 114 injuries injuries was higher
(2003) 7-18 years among elite F (59.4%) were acute, while during competition
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- frequency of injuries during training
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Bolling & 26 (F) and artistic P 22.3% wrist injuries and g¥0 ortion to the
Leite (2012) 7 (M) : 12.1% shoulder injuries.  ProPOrto
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of sport gymnastics is . .
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The authors
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Authors Participants
and year of P Study aim Injury localization Conclusion
. sample
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Authors Participants
and year of P Study aim Injury localization Conclusion
. sample

publication
The authors collected In the period of
data from the adolesf:)ence M had

Tisano, _ "National Electronic  12.19% ankle, 8.33% . ’

.. N'=34000 - - - a higher rate of
Zynda, Ellis, > 7 vears Injury Surveillance  wrist, knee 11.5%, 3.88% iniuries compared to
& Wilson y System" and fingers, 3.01% neck, ) pare
old Lo F (ankle and wrist),
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Garcia-éoll n =160 determined injury injuries), knee (14.2% of injuries was

Molina- " 89 (F) rates in gymnasts of  all injuries) and lower increased with a
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Romero- ranks injuries) competition

Franco

(2022)

Legend: n — number of participants, M — male, F — female, LE — lower extremities, UE — upper extremities

This study includes 15 original scientific studies. All papers have dealt with the same
problem, and all presented studies have evaluated the frequency (rate) of gymnasts injuries
with data presented on percentage and numerical frequency, localization, and mechanism of
gymnasts' injuries.

All studies contained the basic characteristics of the participants and complete data on
injuries, mechanisms, and localization. Some studies have examined the frequency of injuries
during 1 season (Bak et al., 1994; Bolling & Leite, 2012; 'O'Kane et al., 2011; Rodriguez-
Camacho et al., 2016; Sastre-Munar et al., 2022; Westermann et al., 2015), during 3-5 seasons
(Caine et al., 2003; Garrick & Requa, 1980; Snook, 1979; Westermann et al., 2015), but also
during ten seasons (Kruse et al., 2021; Paxinos et al., 2019; Tisano et al., 2022). The sample
size varied from study to study, with the lowest number of participants being 14 (Rodriguez-
Camacho et al., 2016), while the highest was 34000 (Tisano et al., 2022). The total number of
participants was 42 068, 22 482 female gymnasts and 19586 male gymnasts. Also, the
participants ranged from 11-36 years old, which shows that this problem of injuries is present
in gymnasts of different ages.

4. DISCUSSION

The aim of this study was to collect and analyze research from available sources dealing
with injuries in artistic gymnastics. The primary study findings are that 15 studies have met
the pre-defined criteria and are included in the systematic review. According to the
localization, the most common injuries are the lower extremities, with a 30-60% frequency.
Regarding the upper extremities, 14 of 15 studies have reported approximately 20% injury
frequency. Other injuries, such as shoulder, head, torso, and back, have a frequency of 3-15%.
Furthermore, according to the mechanisms of injury, the most common causes were contact
with the apparatus surface.
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4.1. Systematization of research based on the quantity

Starting with the oldest published studies, three of them were in the past decade (Bak
et al., 1994; Garrick & Requa, 1980; Snook, 1979). The following study from the table
was published in 2003 (Caine et al., 2003). Furthermore, one published paper was
recorded in 2011 (O'Kane et al., 2011) and 2012 (Bolling & Leite, 2012). Two studies
were published in 2015 (Saluan et al., 2015; Westermann et al., 2015) and 2016 (Goulart
et al., 2016; Rodriguez-Camacho et al., 2016). In 2019, only one study was published
(Paxinos et al., 2019), while two studies were published in 2021 (Chandran et al., 2021;
Kruse et al., 2021) and 2022 (Sastre-Munar et al., 2022; Tisano et al., 2022).

2022
2021
2019
2016
2015
2012
2011
2003
1994
1980
1979

g

(=]
<
n
—

1.5
® Number of papers

\S]

2:5

Fig. 2 Number of studies by year

4.2. Systematization of research based on a sample size

The number of participants varied from study to study, with the smallest number of
competitors being 14, as seen in the work of Rodriguez-Camacho et al. (2016), while the
largest was 34000 in the study of Tisano et al. (2022). The participants' ranged from 11-
36 years old, which shows that this problem of injuries is common among gymnasts of
different ages. In the ten presented studies, there was a mixed sample size (Garrick &
Requa, 1980; Bak et al., 1994; Bolling & Leite, 2012; Westermann et al., 2015; Saluan et
al., 2015; Paxinos et al., 2019; Chandran et al., 2021; Tisano et al., 2022; Kruse, Nobe &
Billimek, 2021; Sastre-Munar et al., 2022), in four studies the participants were only
female (Snook, 1979; Caine et al., 2003; 'O'Kane et al., 2011; Rodriguez-Camacho et al.,
2016), while in one study (Goulart et al., 2016) the participants were only male.

4.3. Systematization of research based on localization of injuries

When we explore the results of the presented studies, it can be seen that most of the
studies reported the highest rate of injuries of lower extremities, respectively: Garrick &
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Requa (1980) - 36% injuries of lower extremities (ankle — 10%, 8% foot, 8% groin); Snook
(1979) reported a lower extremity injury rate of 35% of all recorded injuries; Caine et al.
(2003) reported 48.5% lower extremity injuries; Bak et al. (1994) reported a 64% frequency
of lower extremity injuries (with equal frequency in the knee and ankle joint); 'O'Kane et al.
(2011) reported a 59% incidence of lower extremity injuries; while Bolling & Leite (2012)
reported a slightly lower rate of injuries than some previously presented research (33.68%),
but again this rate of injuries of the lower extremities is at a statistically significant level.
All these results indicate that artistic gymnastics is a sport with frequent injuries of the
lower extremities, which has already been seen in previously published studies (Gram,
Clarsen, & B, 2021; Jakse, Jakse, Cuk, & Sajber, 2021; Saluan et al., 2015). All the studies
presented and listed in this paragraph agreed on the exact localization of the injury and
showed that the ankle and the knee were the most frequently injured body parts.

Therefore, it is logical to conclude that artistic gymnastics is a sport with a high frequency
of injuries of lower extremities. Mechanical stress arising from technical elements requiring
landings explains these results (Campbell, Bradshaw, Ball, Pease, & Spratford, 2019). These
physical demands are similar in all disciplines of artistic gymnastics, so the study by Chandran
et al. (2021) did not observe any differences in the mechanism and anatomical location of
injuries based on the discipline (floor, pommel horse, rings, etc).

When talking about the second most common place of injury, it can be seen that the
upper extremities are also often injured, and the presented studies found the following:
the authors of two studies (Garrick & Requa, 1980; Snook, 1979) reported 20-21% of
upper extremity injuries; consistent with studies (Caine et al., 2003; Bak et al., 1994;
O'Kane et al., 2011; Bolling & Leite, 2012) that reported a similar rate ranging from
19.63% to 23% of upper extremity injury, as well as studies (Goulart et al., 2016; Kruse
et al., 2021; Paxinos et al., 2019; Rodriguez-Camacho et al., 2016; Saluan et al., 2015;
Tisano et al., 2022) who reported upper extremity injury rates ranging from 20-24%.
Namely, only one study by Westermann et al. (2015) reported an upper extremity injury
frequency of 55% of all injuries occurring, and this can be attributed to the fact that the
sample did not consist of gymnasts with long experience in training or competition.

When looking at other injuries in artistic gymnastics, the researches presented showed
the following: Garrick & Requa (1980) recorded 2.1% of head injuries in the tested
sample, and O'Kane et al. (2011) recorded 10.01% of head injuries, while Caine et al. (2003)

; mE B =
0

Injuries of the Injuries of the Head injuries Trunk injuries Back injuries
lower upper
extremities extremities

= Number of papers with certain injuries

Fig. 3 Number of papers showing injuries in a specific part of the body
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recorded 17.86%-21% of spinal injuries. The studies of Kruse et al. (2021) reported 17% of
head injuries of all injuries, and the study of Tisano et al. (2022) reported 3.01% of head
injuries. Finally, a study by Sastre-Munar et al. (2022) reported 10.04% of lumbar back
injuries.

4.4, Study systematization based on the place of injury — apparatus on which the
injury occurred

The following two figures show the results (percentage) about the place — apparatus
where the injury occurred. The data were obtained by extracting data from all the
analyzed studies, where there was information on injuries systematized by discipline, i.e.,
apparatus for males and females.

High bar

10%
Parallel bars
8%

Fig. 4 Frequency of injuries by apparatus — male

Fig. 5 Frequency of injuries by apparatus — female

4.5. Study systematization based on the period of occurrence of the injury

When talking about how the volume and frequency of training affect injuries, the
following can be seen: Caine et al. (2003) reported an overall rate of 2.5 injuries per 1000
hours of training/competition; O'Kane et al. (2011) reported a rate of 1.9 injuries per 1000
hours of training/competition; while the study by Chandran et al. (2021) reported a staggering
8 injuries per 1000 hours of competition/training in a sample of elite gymnasts. A wide range
of other studies have reported similar injury rates per 1000 hours of training or competition.

Zetaruk (2000) found that injury rates among female gymnasts ranged from 65 to 200 per
100 gymnasts per year or less than 1 to 3.66 per 1000 hours of training or competition. Cupisti
et al. (2007) reported an injury rate of 1.08 injuries per 1000 hours of training or competition,
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which shows that the research presented in the table is consistent with the previous literature.
When looking at these injury rates per 1000 hours of competition or training, there is evidence
that most injuries occur during training (Garrick & Requa, 1980; O'Kane et al., 2011), but also
some evidence shows that most injuries occur during competition (Caine et al., 2003: Bolling
& Leite, 2012; Chandran et al., 2021; Sastre-Munar et al., 2022).

A study by O'Kane et al. (2011) explained this higher frequency of training injuries as
a proportional number between hours of training and competition. Namely, the number of
hours spent in training is much greater than in the competition, and this results in a more
significant number of injuries during training, while the authors Kruse et al. (2021) state
that the frequency of injuries is proportionally higher with the rank of the competition.
They emphasize motivation for achievement as a risk factor of injury caused by
performing elements beyond the technical reach of the competitor and thus justify the
more significant number of injuries caused during the competition compared to training.
Although the evidence is mixed, it can be seen that artistic gymnastics is undoubtedly a
sport with a high incidence of injuries, regardless of competition.

Furthermore, the studies shown (Bak et al., 1994; Bolling & Leite, 2012; Saluan et al.,
2015; Paxinos et al., 2019; Kruse et al., 2021; Sastre-Munar et al., 2022) in addition to
the issue of the frequency of injuries in gymnastics, dealt with determining the rate of
injuries based on the competition rank. Namely, all studies agreed and determined that a
higher number of injuries was associated with a higher competition rank (the frequency
of injuries was directly proportional to a higher competition rank and vice versa). When
we delve into the gender differences in the frequency of injuries, the following can be
observed: Tisano et al. (2022) determined that in the period of adolescence, the male
population has a higher rate of injuries in general compared to the female population (in
the ankle and wrist), while in the same period, the female population has a higher rate of
injuries of the upper extremities, and these are data that have already been seen in
previous literature (Singh, Smith, Fields, & McKenzie, 2008), which indicates that the
difference in the frequency of injuries based on gender has not changed with age, or with
different requirements of artistic gymnastics. Several studies presented in the paper
suggest that there are no gender differences in the frequency of injuries between male and
female gymnasts but that these differences add to the level of competition. Namely,
injuries are more frequent in higher competition ranks, and competition rank is an
essential factor in increasing the frequency of injuries concerning gender (Orces & Orces,
2020; Pettrone & Ricciardelli, 1987), as the abovementioned studies have shown.

Our study's strength is reflected in the fact that it indicates which injuries are the most
common in artistic gymnastics and the localization of injuries. This study can be
beneficial for the athletes themselves, but also for the coaches, and knowing which
apparatus most often causes injuries, which parts of the body are most often injured, as
well as in which period injuries occur, can be of great benefit to coaches in designing
training in order to prevent injury.

5. CONCLUSION

Considering all the information presented in this paper, we can conclude that the highest
frequency of injuries occurs in the lower extremities, where studies have shown a frequency
range of 30-60% of injuries of the lower extremities. Regarding the upper extremities, 14 out
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of 15 studies reported results of approximately 20% incidence of upper extremity injuries.
Other injuries, with a low frequency of 3-15%, were shoulder, head, trunk and back injuries.

Speaking about the mechanisms of injury, the most common causes of injury were
contact with the surface of the apparatus. The majority of injuries did not require
hospitalization (given that the injuries were of an acute type), but it was noted that a more
significant number of women's injuries required hospitalization compared to men's. With
this, it can also be concluded that the training process, which is not reflected in technical
preparation but in injury prevention, is vital in this sport, given that it has been proven
that artistic gymnastics is a sport with a high frequency of injuries.
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UCESTALOST POVREDA U SPORTSKOJ GIMNASTICI -
SISTEMATSKO PREGLEDNO ISTRAZIVANJE

Veca ucestalost sportskih povreda nastaje usled intenzivnog i fizicki zahtevnog treninga, posebno
kod gimnasticara. Stoga je cilj ovog istraZivanja bio da sumira relevantnu literaturu o ucestalosti
povreda gimnasticara. Za prikupljanje adekvatne literature koriséene su sledece indeksne baze
podataka: Google Scholar, PubMed, MEDLINE, sa unapred definisanim kriterijumima ukljucivanja:
studije na datu temu napisane na engleskom jeziku, objavljene do decembra 2022. godine, za uzorak
ispitanika uzeti su u obzir poluprofesionalaci, vrhunski gimnasticari, kao i juniori i reprezentativci.
Ukupno je 15 studija ispunilo unapred definisane kriterijume i ukljuceno u sistematski pregled. Prema
lokalizaciji, najcesée su povrede donjih ekstremiteta sa ucestaloséu od 30-60%. Sto se tice gornjih
ekstremiteta, 14 od 15 studija izvestilo je o priblizno 20% ucestalosti povreda. Ostale povrede, poput
ramena, glave, trupa i leda imaju ucestalost od 3-15%. Takode, prema mehanizmima povredivanja,

ne ogleda u tehnickoj pripremi, ve¢ u cilju prevencije povreda, kljucan u ovom sportu.

Kljuéne re¢i: gimnastika, povrede, ucestalost



