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Objective: To quantify the prevalence and nature of injuries and their risk factors in calisthenics to, therefore, inform the practitioner
what to expect from these athletes.

Methods: This study was an online cross-sectional survey of calisthenics athletes. Data were collected online and the survey was
distributed via social media over six months in 2020. The purpose-built survey consisted of demographic, training and loading
questions. Participants were provided with an injury definition and reported their total number of injuries sustained during calisthenics
including detailed information on three most significant injuries, along with mechanism of injury and risk factors. Multivariate
regression analyses were used to determine objective factors associated with the number of injuries.

Results: There were 543 participants describing 1104 injuries. Mean (standard deviation (SD)) injury prevalence was 4.5 (3.3) per
person. Of these injuries, 820 (74.3%) required training modification or treatment. Participants missed a mean (SD) 3.4 (5.1) weeks of
training and engaged in a mean (SD) 10.9 (9.1) health professional consultations. The most common injuries were upper leg (24.5%),
ankle/foot (22.8%) and lumbar spine (19.3%), with the majority being sprains/strains in nature (56.3%). Mechanism of injury included
elevated work (27.6%), overuse (38.0%) and specific calisthenics skills (38.9%) — such as lumbar (40.6%) and lower limb (40.3%)
extension-based movements. Subjective risk factors included load (66.8%), preparation (55.9%) and environmental factors (21.0%).
Objective risk factors associated with higher numbers of injuries included increased years of participation, left leg dominance,
increased training hours (regardless of training type) and state team participation (p<0.05).

Conclusion: Practitioners need to be aware that calisthenics athletes demonstrate a high proportion of strain/sprain injuries involving
the lower limb and lumbar spine with causative movements being extension-based. Addressing risk factors such as loading,
preparation, asymmetry, and the environment related to these movements are important for the treating practitioner.
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Introduction

The sport of calisthenics, originating in Australia, offers athletes the opportunity to perform in groups and individually.
Its unique design consists of several disciplines practiced to music, and usually performed on stage in competition, with
origins developed from American and European Physical Culture.'” Calisthenics adopts elements from gymnastics,
ballet, musical theater and dance, and also involves handheld apparatus (rods and clubs).' The disciplines consist of
a core group of routines including figure march, free exercises (similar to artistic gymnastics floor), club swinging
(similar to rhythmic gymnastics clubs), rod exercises and aesthetics (similar to contemporary style dance and ballet).'~
While these disciplines involve a wide range of skills and movement patterns, strength, flexibility, and coordination play
significant roles in determining athletes’ ability, along with non-physical factors such as musical interpretation and
rhythm. Calisthenics is taught during childhood development from the age of three, with pupils progressing through
Tinies (under 7s), Sub Juniors (7—10), Juniors (10—13), Intermediates (13—17), Seniors (18+) and Masters (26+) with no
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upper age limit set on participation.” It is predominantly a team-based sport where athletes compete with a local club and
can, in addition, compete at a national level, or once completing national examinations (called Levels) can perform as
a solo and/or duo competitor. Local clubs compete at varying levels of competition from elite championship level as the
highest, followed by division one through to division ten.® Calisthenics is taught competitively and recreationally across
Australia and New Zealand with growing numbers each year.>*

Despite its growing popularity, there are few sports and exercise (SEM) clinicians familiar with this sport and less
research to inform practitioners of the injury patterns involved. Only one study to date has focused on collecting data
from calisthenics athletes. Research conducted in 1996 found a participant injury rate of 27.8% across one year in elite
level athletes, with most injuries sustained at the lower-back, hip, thigh and groin.’

Due to the lack of data available for calisthenics athletes, clinicians must rely on research from other related sports.
For instance, gymnastics has one of the highest injury incidences among female sport with 0.3-3.6 injuries per artistic
gymnast,”’ while professional ballet dancers demonstrate an incidence of 1.24 injuries per 1000 dance hours.® In both
cases lower limb and lower back injuries demonstrate a high occurrence. In ballet, foot/toe and ankle injuries demonstrate
the highest prevalence with 25% and 21% respectively.® The prevalence of lower back injury, on the other hand, is 13—
15% in gymnastics and 17% in ballet.* '° These regions, therefore, should be of interest to the treating practitioner.

While evidence in similar sporting genres may exist, it can be a guide only for the clinician until further calisthenics
injury research is performed. The reasons for this are, firstly, calisthenics is unique; by contrast to ballet, calisthenics
athletes typically train and perform barefoot, and contrary to ballet and gymnastics, calisthenics athletes train on hard
flooring rather than sprung flooring or foam mats. Movement patterns are likewise unique, for instance, rod manipulation
has no analogous sport known to the authors. As such, evidence surrounding ballet and gymnastics injuries cannot be
directly transferred to calisthenics. Secondly, calisthenics is a rapidly growing recreational and competitive sport in both
numbers and locations. Peak bodies tracking athlete numbers have seen registrations grow with 13,265 registered athletes
in 2019 in Australia.> Additionally, calisthenics is being practiced internationally with New Zealand hosting clubs and
competitions since 2014.* Thirdly, the sport of calisthenics has significantly changed since the previous research into
calisthenics athletes was conducted.’ With athlete growth comes more competition and, therefore, in order to win there is
a natural evolution of routines with new movement patterns and skills being introduced (often with increased difficulty/
complexity). As a result, the sport appears very different when observing routines performed in 1996 compared with
currently. Lastly, the previous calisthenics injury study surveyed athletes in the two highest levels of competition (state
team and championship division), therefore no data to date exist for athletes competing in lower divisions.” These factors
cumulatively necessitate updated research on calisthenics injuries to inform SEM practitioners on current injury patterns
and how they can help address them.

This study aimed to quantify the prevalence and nature of calisthenics injuries and their risk factors. Understanding
these components will help inform the SEM practitioner on diagnosis, injury prevention and management in the
calisthenics athlete. The implications of this research will also benefit athletes, as it will provide necessary information
to clubs and governing associations to help improve safety within the sport and therefore injury prevention and athlete
longevity.

Materials and Methods
This study was an online cross-sectional survey which received ethics approval (Approval Number: 23859).

Eligible participants were current or retired calisthenics athletes in Australia or New Zealand. The survey was
distributed via social media (Facebook, LinkedIn, Twitter and Instagram) and calisthenics state organizations using
survey-linked Uniform Resource Locators (URLs) and Quick Response (QR) codes, providing a convenience sample via
snowballing technique. All participants provided online informed consent via a check box, or where the participant was
under 18, parents provided online informed consent and supported survey completion. Participants were able to withdraw
at any time by closing the browser.

Survey questions were initially pilot tested with three current or retired calisthenics athletes. Set one of the questions
asked demographic information (eg, gender, age, state, years of calisthenics participation, types of participation and
level). The second set of questions consisted of athletes’ training regimes and loading based questions (eg, hours class
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training, hours home training, hours other sports training). The final set of questions asked information pertaining to the
number of injuries sustained and details of athletes’ three most significant injuries. Injury significance was a self-
determined measure by the participants. These injury aspects included body region, diagnosis, laterality, acuity, severity,
mechanism of injury and risk factors. Severity was divided into mild or moderate/severe, with moderate/severe being
defined by an injury requiring either modification to training/choreography, health professional attendance or at least one
class absence. Mild injuries were defined as not requiring these interventions.

To standardize injury responses, participants were provided with an injury definition'' and asked to report the number
of different injuries they had sustained during calisthenics. This was to ensure a definitive number was given for each
participant and they were describing a different injury rather than one chronic injury with multiple exacerbations. The
upper limit of injuries was set at 20 injuries to minimize recall bias. Survey logic was used to minimize participants’
attrition rate, therefore depending on a participant’s answers only relevant questions were presented.

As this was the first survey of its kind, survey face validity was provided through researchers’ experience in injury
management, research team’s participation in calisthenics as coaches and competitors, evidence in similar sporting genres
and through pilot survey development. For instance, where a question asked for body region of injury, the upper and
lower back were split into two separate answers for body part injured due to the high incidence of lower back injuries
recorded in similar sporting genres such as gymnastics and ballet.>” Where applicable, participants were invited to
provide free text responses.

The online survey was open with three separate advertisement drives on the different social media platforms and
through club notices between 29/04/2020 and 17/09/2020. All data were collected through Qualtrics (Qualtrics Research
Suite, 2013: Appendix A — Calisthenics Survey). Any non-completion was treated as missing data for the remaining non-
completed variables. The CHERRIES (Checklist for Reporting Results of Internet E-Surveys) guided the reporting of
collected data'? (Appendix B). Data were cleaned and responses removed if they were consent-only or demographic-only
responses with no further data.

Free text responses were reviewed by two researchers independently and agreed upon coding the participant’s
response to existing categories or creating new categories. New categories were created if multiple participants gave
the same response (Appendix C — Coding rules). Categories were subsequently grouped together based on common
themes decided by two researchers independently — these are listed in brackets, where relevant, in Table 1 and Table 2
and the breakdown can be found in Supplementary Data Table 1. Text responses where a specific calisthenics skill was

named were reviewed and each component used as a search term to look for other responses containing the same answer.
This provided a total number of participants who stated a specific skill as the mechanism of injury.

Table | Injury Features®

All Injuries Mild Moderate/Severe
N=1104 n=284 (26%) n=820 (74%)
(%=No. (%=No. Injuries/n) | (%=No. Injuries/n)
Injuries/N)
Diagnosis

Sprain/strain (muscular or ligamentous) 622 (56.3) 159 (56.0) 463 (56.5)

Bone pathology (Fracture/stress fracture/ 187 (16.9) 20 (7.0) 167 (20.4)

Dislocation/subluxation)

Tendonitis/Tendinopathy 81 (7.3) 22 (7.8) 59 (7.2)

Bruise or laceration/cut 39 (3.5) 27 (9.5) 12 (1.5)

Impingement 42 (3.8) 1 (0.4) 41 (5.0

Bursitis 54 (4.9) 932 45 (5.5)

Concussion 5 (0.5) 2 (0.7) 3 (04)

Unsure 157 (14.2) 57 (20.1) 100 (12.2)

Other including disc/cartilage/ganglion injuries 119 (10.8) 15 (5.3) 104 (12.7)

(Continued)
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Table | (Continued).

All Injuries Mild Moderate/Severe
N=1104 n=284 (26%) n=820 (74%)
(%=No. (%=No. Injuries/n) | (%=No. Injuries/n)
Injuries/N)
Side of Injury
Right 421 (38.1 112 (39.4) 309 (37.7)
Left 380 (34.4) 93 (32.8) 287 (35.0)
Midline/Both/Other 303 (27.5) 79 (27.8) 224 (27.3)
Type of Participation at Time of Injury
Team/Solo/Duo training 871 (78.9 230 (81.0) 641 (78.2)
Team/Solo/Duo competition 199 (18.0) 44 (15.5) 155 (18.9)
State team/National’s week 128 (11.6) 26 (9.2) 102 (12.4)
Independent training 129 (11.7) 30 (10.6) 99 (12.1)
Other including levels, camp, skills/flexibility classes | 134 (12.1) 19 (6.7) 115 (14.0)
Injury Acuity
Acute 537 (48.6) 128 (45.1) 409 (49.9)
Gradual Onset 435 (394) 114 (40.1) 321 (39.2)
Exacerbation/Recurrence 118 (10.7) 38 (13.3) 80 (9.8)
Other 14 (1.3) 4 (1.4) 10 (1.2)

Notes: A breakdown of injury diagnosis, laterality, type of participation when the injury was acquired and injury acuity. These factors are in
relation to injury severity. The highest number/percentage for each category is underlined and bolded.

Table 2 Risk Factors of Injury®

All Injuries Mild Moderate/Severe
N=1104 n=284 (26%) n=820 (74%)
(%=No. Injuries/N) (%=No. Injuries/n) (%=No. Injuries/n)

Mechanism of Injury

Elevated work 305 (27.6) 87 (30.6) 218 (26.6)
Stretching 164 (14.9) 49 (17.3) 115 (14.0)
Apparatus/Prop 39 3.5) 15 (5.3) 24 (2.9)
Collision 36 (3.3) 11 (3.9) 25 (3.1)
Overuse 419 (38.0) 107 (37.7) 312 (38.1)
Specific skill inc. new/challenging skill 429 (38.9) 68 (23.9) 361 (44.0)

o Skill ® 376 (34.1) ® 60 (21.1) ® 316 (385)

o New/challenging skill e 53 (4.8) ® 8(2.8) ® 45 (5.5)

Risk Factors

Environmental Factors (Flooring/Stage/Prop/Cold/Dust etc) 232 (21.0) 72 (25.4) 160 (19.5)
Preparation Factors (not warm/not stretched/strength related/fatigue) | 617 (55.9) 150 (52.8) 467 (56.7)
Load factors (increasing loading, repetitions, increased hours) 737 (66.8) 182 (64.1) 555 (67.7)
Skills-based (new/challenging movement, partner work, technique 161 (14.6) 42 (14.8) 119 (14.5)
related)

Coach/Supervision Factors 49 (4.4) 932 40 (4.9)
Accident including landing injuries 75 (6.8) 17 (6.0) 58 (7.1)
Intrinsic Factors (inc. age or perceived congenital related factors) 35 3.2) 3 (L) 32 (3.9)
Other 133 (12.1) 21 (7.4) 112 (13.7)

Notes: “A breakdown of the mechanism of injury as well as contributing risk factors to the injury. The highest number/percentage for each
category is underlined and bolded.

Data were analyzed in Stata 15 (StataCorp, College Station, TX, USA). Descriptive statistics were used to report on
each variable of interest. Chi-square statistics were used to determine if hand or leg dominance was associated with side
of injury, and significance set at p<0.05.
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Multivariate regression analyses were used to determine objective risk factors independently associated with the
number of injuries. Intrinsic factors were age, years of training, arm or leg dominance. Data transformations were
investigated to improve model fit. Log transformations were applied where residuals from regression analysis were
visually inspected and not normally distributed, as this was identified as the most appropriate transformation to improve
model fit. Extrinsic factors were the number of hours of different training forms (formal training, home training or other
sport) and participation types (eg, levels, solos, nationals). The regression model was built through a purposeful selection
process. This included investigating the univariate analysis of each variable. Where p<0.2, this variable was included in
the model to ensure we could identify if that variable was an important covariate or confounder to another variable.'?
A backwards step multivariate regression analysis was then conducted for intrinsic and extrinsic variables. The
preliminary multivariable model was reduced by removing variables one at a time, based on the highest p-value variable.
This backward step removal continued until all remaining model variables had a p-value <0.05."* Standardized beta
coefficients were also calculated to give a measure of the contribution of each variable to the model.

Results
There were 680 survey responses. Following data cleaning there were 543 participant responses included within the
analysis.

The majority of participants were Victorian (59.7%), current athletes (75.0%), in the Seniors age-group (18yrs and
over; 58.4%). All but one participant identified as female and was removed for privacy purposes. There was an even
divide of both elite (championship/championship reserve, 47.3%) and non-elite (division 1-10/recreational, 45.9%)
athletes. In addition to mandatory team training, most participants took part in further solo training/competition
(73.5%) or Levels training/examinations (69.1%). Right-sided dominance of both upper and lower limbs was also
reported in large numbers (79.9%, 56.9%, respectively). Demographic data are tabulated in Supplementary Table 2.

Participants described 1104 injuries, with a mean (standard deviation (SD)) of 4.5 (3.3) injuries per participant. The
mean (SD) recency since their injury was 7.3 (6.9) years. From the total injuries, 820 (74.3%) were deemed moderate/
severe. Of the moderate/severe injuries, participants missed a mean (SD) 3.4 (5.1) weeks of training, had a mean (SD) 6.7
(6.2) weeks of modified choreography and engaged in a mean (SD) 10.9 (9.1) health professional consultations. Table 1
provides a breakdown of injury diagnosis, laterality, acuity, type of participation at time of injury acquisition. Figure 1
describes the body regions affected by injury while Figure 2 demonstrates the timing of injury relative to the calisthenics
season.
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Figure | Body region injured: the percentage of injuries in each body region comparing severity and total.
Notes: tUpper limb comprised of shoulder, elbow, wrist, hand. $Upper leg comprised of hip, thigh, quadricep, groin, adductor, buttock/gluteal region, hamstring. *Lower leg
comprised of calf, tibia/shin, achilles.
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Timing of Injuries
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Figure 2 Timing of injury: the number of injuries acquired relative to the training season during the year with a trendline present.
Notes: tEarly team training represents the first 6 weeks of training. $Pre-competition season is 7th week of training until commencement of competitions.

Subjective factors identified by participants as the mechanism of injury as well as risk factors contributing to their
injury are detailed in Table 2. Perceived calisthenics skills listed by participants >10 times are listed in Table 3 and
divided by the body region the participant injured. Remaining responses can be found in Supplementary Data Table 3.

Objective risk factors examined for significant associations with number of injuries were divided into extrinsic and
intrinsic variables. Intrinsic factors associated with a higher number of injuries included longer participation years
(Coef=0.13, 95% CI=0.07 to 0.20, p<0.001) or if the athlete had a definite leg side dominance (Right Coef=0.015, 95%
CI10.01, 0.28, p=0.034, Left Coef=0.04, 95% CI=0.01, 0.28, p=0.034). Extrinsic factors associated with a higher number

Table 3 Skills and Region of Injury®

Total Injuries Upper Leg Ankle/Foot Lower Back Other

Lumbar Extension Movements 174 (40.6) 7 (4.0) 9(5.2) 80 (46.0) 78 (44.8)
Walkover 87 (20.3) 5(5.7) 4 (4.6) 40 (46.0) 38 (43.7)
Back 72 (16.8) 2 (2.8) 342 34 (47.2) 33 (44.4)
® |nc. backbend ® 20 (4.7) ® 0 ® | (5.0 ® || (55.0) ® 3 (40.0)
Bridge 15 (3.5) 0 2 (13.3) 6 (40.0) 7 (46.7)
Lower-Limb Movements 173 (40.3) 105 (60.7) 8 (4.6) 13 (7.5) 47 (27.2)
Split 101 (23.5) 72 (71.3) 7 (6.9) 7 (6.9) 15 (14.9)
® |nc. standing split ® |6(3.7) ® |0 (62.5) ® 0 ® 5(31.3) ® | (6.3)
Leg 52 (12.1) 32 (61.5) I (1.9) 5(9.6) 14 (26.9)
® |nc. leg mount ® 24 (5.6) ® |7 (70.8) ® 0 ® 2(83) ® 5(20.8)
Kneel 20 (4.7) 1 (5.0) 0 1 (5.0) 18 (90.0)°
Elevated movements 31(7.2) 9 (29.0) 10 (32.3) 2 (6.5) 10 (32.3)
Leap 19 (4.4) 8 (42.1) 4 (21.1) 2 (10.5) 5(26.3)
Jumpljete 12 (2.8) 1 (8.3) 6 (50.0) 0 5 (41.7)
Other

Headstand/Tigerstand 20 (4.7) 4 (20.0) I (5.0) 6 (30.0) 9 (45.0)
Turn 12 (2.8) 2 (16.7) 2 (16.7) 0 8 (66.7)
Handstand 10 (2.3) 2 (20.0) 0 2 (20.0) 6 (60.0)

Notes: *Breakdown on the different skillssmovements named by participants as a mechanism of injury relative to body region injured. The italicized is
the collective totals for the row. The highest body region injured in the different movement patterns is underlined and bolded. °This figure represented
16 knee injuries.
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Figure 3 Common calisthenics skills: from top left going clockwise; |. Split, 2. Tigerstand Split or Headstand Split, 3. Tigerstand or Headstand, 4. Standing Split or Held
Arabesque, 5. Bridge.

of injuries included higher hours of calisthenics training during the week (Coef=0.12, 95% CI=0.02 to 0.21, p=0.014),
higher home training hours (Coef=0.17, 95% CI=0.07 to 0.28, p=0.001), higher training hours in other sports (Coef=0.08,
95% CI=0.03 to 0.14, p=0.005) and participation at national level/state team (Coef=0.19, 95% CI=0.06 to 0.32,
p=0.004). Laterality had no association with side of injury for either arm or leg (p>0.05).

Discussion

This insight into injuries relating to participation in calisthenics is essential for health care professionals who work with
calisthenics athletes. Our research is the second only examination of injuries relating to this unique sport and the first to
include all competition levels. The even divide of elite and non-elite athletes means the SEM clinician can apply this
research to all calisthenics athletes.

Calisthenics is a competitive and evolving sport, that, like many similar aesthetic-based sports, introduces new
movements. As such, there is potential for such “new” or “challenging” movements to be contributing to injury
development. However, this was not supported by the results with few participants selecting this option. Whereas
movements considered core to calisthenics (walkovers, backbends, standing splits, bridges and tigerstands/headstands, as
demonstrated in Figure 3) were considerably perceived to cause injuries in this and the only other calisthenics study.’
This demonstrates despite 20 years between the historic and present, calisthenic studies, together with an increased focus

of strength and conditioning,'*'

these movements remain common skills perceived as causing injury within the sport.

Our study identified a similar prevalence of ankle/foot injuries compared to a previous systematic review of injuries in
ballet dancers.® Calisthenics has balletic foundations and maintains similarities in terminology and steps,' however, in
relation to ankle/footwork it diverges with training without footwear and training on different floor types to those most
commonly used in ballet (which is further explored in the next paragraphs). Therefore demonstrating, despite these
footwear and environmental differences, calisthenics athletes’ prevalence of ankle/foot injuries remains similar to ballet
dancers.

Other lower-limb injuries with high prevalence included upper leg and knee. These regions are involved in leg split-
based movements, which was the most common lower limb skill reported as causing participants’ injuries. A finding

which was confirmed in a recent prospective cohort study looking at injuries in the aesthetic-based sport of pole
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dancing.'® This movement pictured in Figure 1 is common within calisthenics in multiple forms and involves great
flexibility of the hamstring and hip flexor muscle groups. It is possible, that overuse and preparation (identified as
contributing factors for injury), in the form of excessive repetitions and poor warm-up respectively, of this highly
predominant movement could be contributing to injury rate and severity, of the upper leg and knee regions.

Increase in elevated footwork, landing or take-off, is another possible mechanism of injury contributing to the high
rates of lower limb injuries within calisthenics athletes. While elevated skills (eg, leaps/jumps) was a perceived
mechanism of injury identified by participants in this study, the first calisthenics injury study did not state elevation
throughout its questionnaire or in its open-ended text responses.” This suggests in 1996, either there was less elevation
content or elevation was less likely to cause injury. The former is more likely given injury-provoking movements
identified by participants have, otherwise, remained the same. Therefore, evolving calisthenics choreography with
increased elevation may be contributing to lower limb injuries seen in this study.

Unlike the comparable prevalence of ankle/foot injuries, lower back injuries were found to have a higher prevalence
reported by participants compared with those in ballet and gymnastics.® '® The lumbar extension-based movements
which were represented in the data as the highest direct cause of participants’ injuries are also commonly performed in
gymnastics — a sport known for its extreme lumbar hyperflexion, hyperextension and high axial load forces.'” Therefore,
the training strategies which gymnastics adopt in relation to these movements may be of interest to the SEM clinician and
coaches as a means of injury prevention.

The pathology of injuries occurring in calisthenics athletes is useful information for health practitioners. Being a self-
reported measure, these data may be limited in that regard, however, are beneficial in highlighting the understanding of
an injury by the calisthenics athlete, which in turn demonstrates, the education an SEM clinician may need to provide.
This study identified a significant proportion of athletes who were uncertain about their diagnosis. Factors that may be
contributing to this and warrant further investigation include injury education of athletes, health literacy and destinations
athletes refer to for injury diagnosis. Additionally, without athletes having a clear injury diagnosis they cannot
subsequently undertake best practice management, possibly affecting not only the athlete’s ability to participate in
calisthenics, but also their overall participation in daily living. This demonstrates the necessity for a future study using
health practitioner reporting for this measure as well as exploring factors contributing to diagnostic uncertainty in this
athletic population.

Overuse and increased loading as a factor for injury was a theme identified throughout the study (eg, mechanism of
injury, risk factor, increased training hours regardless of training type). This would confirm similar previous findings

718220 while also

related to load and injury in other sports (including analogous sports such as gymnastics and dance)
confirming overuse as a risk factor regardless of injury acuity®' given the relatively even divide between acute and
gradual onset injuries identified. Additionally, there was a documented increase in injuries as the calisthenics year
progressed, alongside an increase in injury number for those participating in state team/national level. These injury
rates can likely be explained by the increased loading required for training and performance. For instance, as the
calisthenics year progresses, more repetitions of the same routine/movements are needed to improve execution and
uniformity within a team (both key scoring criteria),”” while clubs may also schedule additional classes in the lead-up
to competitions. Furthermore, state team participation requires competitors to train simultaneously for both their local
club and state (effectively doubling their loading). Other factors potentially contributing to an increased risk of injury
at a state team level are the higher pressure environment and the increased difficulty in movement — the latter is less
likely given few participants attributed their injury to a new or challenging skill. These elements highlight overuse as
a significant factor contributing to injury development within calisthenics. Therefore, SEM clinicians should consider
a careful loading history and addressing of this factor as vital to their treatment of the calisthenics athlete.
Additionally, given the majority of injuries occurred at training, this also provides a convenient location where
overuse can be effectively targeted, with the SEM clinician providing clear load management to both their patient as
well as coaches.

Preparation factors such as strength and conditioning were, prior to this study, anecdotally thought to be contributing
to injuries among the calisthenics community.'*'> This was addressed when the Australian peak body introduced a new
module in coaching accreditation in 2014 solely focused on strength and conditioning education.'*'> Our study confirms
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athletes view preparation-related factors (eg, inadequate warm-up/stretching/strength) as major risk factors to their
injuries. It is unknown if the peak body’s intervention has been effective in addressing these factors, as the mean
recency of injury was prior to this module being introduced. In either instance, the high prevalence of responses stating
lack of preparation as a risk factor warrants the SEM clinician focusing on warm-up, activation and strengthening in both
their clinical history as well as their management advice.

Following individual preparation-related factors, environmental elements (eg, flooring, dust, cold) were key variables
identified by participants as injury contributors. Unfortunately, while this demonstrates an important area of questioning
for the SEM practitioner, these factors are likely to be the most difficult to modify. Flooring should be a key
consideration to minimize injury given the increase in elevation work since the previous calisthenics study.” While
comparable sports (eg, gymnastics and ballet) train on foam mats or sprung flooring, calisthenics is a community-based
sport occurring largely in local school/community halls where sprung flooring is less common. The lack of sprung
flooring in training settings (where the majority of injuries are occurring) leads to higher stress impact through the lower

limb on landing®-**

and may be contributing to the high lower limb injury rates. Numerous barriers may exist to
changing calisthenics training facilities, including sprung flooring expense or lack of input/control over the space due to
third-party ownership. This research should highlight to governing bodies as well as SEM clinicians the impact of
training environments and the importance of advocating for change where able.

With regards to objective risk factors identified in the multivariate regression analyses not previously discussed, the
finding that higher participation years are associated with higher injuries is logical given causal links between time, load
and injury are well established.”'®*° Therefore, reducing the number of injuries occurring in the sport may prolong
participation which has benefits for long-term health and wellbeing.*’

In contrast, finding left leg dominance and its association with injury should be further explored, particularly as these
participants (in the minority) were at an increased risk of injury regardless of which side of the body they injured.
Movement uniformity is a key component of adjudication.”? This study identified a majority of participants are right-
dominant and, therefore, the need for uniformity likely leads to a bias of choreography toward the right side. This bias
may contribute to injury either by the aforementioned factors of preparation (ie, increased preparation on the right at the
expense of the left, leading to left-sided injury) or overuse (ie, increased repetition on the right, leading to right-sided
injury). In either instance, symmetrical preparation and use of the whole body (also a scoring criterion for adjudicators)**
should be a focus for the SEM practitioner in prescribing rehabilitation for the injured athlete, to both reduce injury rates
as well as improve performance.

Limitations of this study include its retrospective nature and reliance on self-reported data. This introduces potential
recall bias. Furthermore, recall may be influenced due to the unknown health literacy of participants. We aimed to reduce
recall bias through providing a clear injury definition, setting a maximum injury rate and asking for detailed information
on only three most significant injuries. An additional limitation of the retrospective study is that the data cannot be
transferred to a rate-based measure of injury incidence. As this is only the second study to date investigating calisthenics
injuries it can provide a baseline for future development of a prospective study. Peak bodies may also consider injury
database preparation to gather real-time data to inform the effect of training modules, judging criteria changes or
introduction of skills on injury rates. Future research should also consider using triangulating data between the athlete,
health professionals and coach for injury reporting data to minimize recall bias, improve diagnostic accuracy and
improve data collection on activities which may have contributed to the injury.

Conclusion

Calisthenics demonstrates a high proportion of strain/sprain injuries involving the lower limb and lumbar spine with
causative movements described being extension-based movements and elevation work. Addressing overuse, preparation
and environmental factors related to these movements is important for the consulting SEM practitioner and may reduce
overall injury prevalence, classes missed, and health professional sessions. Organizational bodies should provide coaches
and participants with training and resources to enable the implementation of evidence-based injury prevention strategies
into practice across the season.
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