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Background  
There is a large population of young athletes who participate in gymnastics, and the 
prevention of injury in junior athletes is considered important. However, few studies have 
prospectively investigated the relationship between physical factors and the occurrence 
of injury. 

Purpose  
To investigate the physical characteristics that are factors in the injury occurrence in 
elementary and junior high school gymnasts. 

Study Design   
Prospective observational study. 

Methods  
A total of 36 healthy young gymnasts (at national competition level) were enrolled in the 
study. Once a week for 23 weeks, injuries were prospectively investigated using 
self-report questionnaires under the supervision of a research staff. Joint range of motion 
(hip, ankle, shoulder, and wrist), tightness (Thomas test, Ely test, straight leg raise [SLR], 
triceps surae, combined abduction test [CAT], horizontal flexion test [HFT]), and muscle 
elasticity (multifidus) were assessed to compare differences in physical function between 
injured and non-injured participants. 

Results  
Injuries occurred most commonly in the wrist (42.1%), lower back (30.2%), and foot 
(9.5%) among males, whereas heel (22.2%), knee (16.0%), and lower back (12.8%) were 
the most common injury sites among females. Wrist injuries in male athletes showed 
decreased shoulder joint range of motion, and lower back injuries showed decreased hip 
and shoulder joint range of motion. Lower back injuries in female athletes showed 
decreased hip extension mobility. Heel and knee joint injuries in females also showed 
increased range of motion and decreased tightness. 

Conclusions  
The results of this study indicate that the factors related to flexibility differ according to 
injury location. Further studies are required to clarify the physical factors that influence 
injury occurrence by examining the effects of the gymnasts’ muscle strength, age, 
individual factors, and left–right differences. 
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Level of Evidence    
3 

INTRODUCTION 

Female and male elite gymnasts begin competing at ap
proximately six and nine years of age, respectively.1 The 
peak performance age for female and male gymnasts is 
16–18 years and early 20s, respectively.2 Gymnastics in
cludes a large population of young athletes, and many in
juries occur in gymnasts in elementary and junior high 
school. Previous studies on gymnastics injuries have cov
ered various ages, and few studies have focused on male 
gymnasts.3 Furthermore, most previous studies used lost 
practice and competition time as a reflection of injury 
severity. However, because gymnasts tend to modify their 
events and practice content to be able to continue practic
ing despite having injuries,1 conventional survey methods 
may not accurately identify chronic disabilities that are not 
severe enough to cause them to miss the practice sessions. 
Height, weight, body fat, age, rapid growth spurts, life 

stress, and high levels of practice and competition have 
been cited as risk factors for injury in gymnasts.1 Among 
female gymnasts aged 10–20 years, those with greater age, 
weight, and body mass index, smaller shoulder flexion an
gles, and greater lower back extension were reported to 
have a higher risk of injury than their counterparts.4 His
tory and hypermobility have also been shown to potentially 
contribute to injury risk estimates. In contrast, Wright et 
al.5 identified age, weight gain, greater height, and lack of 
flexibility as injury risks in female athletes aged 8–18 years. 
Flexibility is particularly difficult to define, and its associa
tion with injury remains speculative.1 

Previous studies have not prospectively investigated in
jury occurrence and physical factors in gymnasts, and only 
a few have examined physical assessment. Flexibility, an es
sential element for gymnasts, has also not been associated 
with injury. In addition, the relationship between phys
ical function and injury occurrence among male and fe
male elementary and junior high school gymnasts was not 
investigated. Therefore, the purpose of this study was to 
investigate the physical characteristics that are factors in 
the injury occurrence in elementary and junior high school 
gymnasts. 

MATERIALS AND METHODS 

The study enrolled healthy young gymnasts (at the level of 
national competition) from one gymnastics club. The in
clusion criteria required that participants were healthy and 
free from injuries that would prevent them from complet
ing the measurements. Exclusion criteria were refusal to 
cooperate in the study and inability to continue the ques
tionnaire. Questionnaires regarding the participant height, 
weight, age, and medical history were distributed at the be
ginning of the study. Prior to the start of the study, the 
purpose, methods, risks associated with participation in the 
study, and handling of personal information were explained 

in writing to the subjects and their guardians, and con
sent was obtained. In addition, consideration was given to 
anonymizing the data so that the subjects could not be 
identified. This study was conducted with the approval of 
the Research Ethics Committee of the author’s institution. 

INCIDENCE OF INJURY 

The incidence of injury was investigated using the Oslo 
Sports Trauma Research Center questionnaire,6 which was 
modified and translated into Japanese.7 Because the ques
tionnaire was designed for adult athletes, a modified ver
sion for elementary and junior high school gymnasts was 
used. Responses were made once a week for 23 weeks that 
began in September 2021, and participants completed the 
questionnaire under the supervision of the researcher. The 
presence or absence of injury and its severity (0: no injury; 
100: injury with maximum severity) were recorded from 
the responses. When a new injury occurred, the research 
staff (one identified physical therapist) directly checked the 
patient’s condition and recorded the distinction between 
acute trauma and chronic disability, the location, and the 
name of the diagnosis (if a medical facility was consulted). 
Acute trauma was defined as an injury that occurred sud
denly and had an injury mechanism, whereas chronic dis
ability was defined as an injury in which pain gradually in
creased or continued without any associated incident. 

PHYSICAL ASSESSMENT 

Baseline assessments for range of motion (hip flexion and 
extension, ankle plantar flexion, shoulder flexion, external 
rotation [upper extremity raising position], and internal ro
tation [upper extremity raising position], wrist active–pas
sive palmar flexion and dorsiflexion), tightness (Thomas 
test [iliopsoas muscle], Ely test [quadriceps], straight leg 
raise (SLR) [hamstrings], triceps surae, combined abduction 
test (CAT) [latissimus dorsi muscle], horizontal flexion test 
(HFT) [deltoid muscle and teres minor muscles]), and mus
cle elasticity [multifidus] were performed. Joint range of 
motion testing was performed using a goniometer in accor
dance with the method prescribed by the Japanese Society 
of Rehabilitation Medicine.8 Only passive range of motion 
of the joints were measured, except wrist joints. Tightness 
tests were performed using a ruler (Raymay–Fujii Corpo
ration, APJ188W) to measure the distance at the knee for 
the Thomas test and the heel-buttock distance for the Ely 
test.9 A goniometer was used to measure the SLR. The tri
ceps surae were measured using an angle meter (Digi-Pas 
® Pocket Digital Leveler DWL-80Pro) to measure the max
imum dorsiflexion angle of the ankle joint under a load 
in the standing position; the CAT10 assessed the shoulder 
joint abduction angle in the back supine, scapular fixation 
position (Figure 1); the HFT11 measured the shoulder joint 
horizontal flexion angle while lying on the back in supine, 
with scapular fixation, using an angle meter. 
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Figure 1. Combined abduction test (CAT) measures the       
shoulder joint abduction angle. The examiner is        
holding the scapula and restricting scapular       
movement.  

Muscle elasticity testing of the multifidus muscle at rest 
was performed using an ultrasound device with shear wave 
elastography (SuperSonic Imagine, Aixplorer, France) and 
a linear probe (50 mm, 4–15 MHz). The intraclass correla
tion coefficient (ICC) for intra- and interobserver reliability 
has been shown to be excellent for muscle elasticity testing 
of the multifidus muscle at rest by ultrasound elastography 
[ICC = 0.99 and ICC = 0.95, respectively].12 In this study, 
the authors used the method of Koppenhaver et al.13 Mea
surements were performed at the 4th–5th intervertebral po
sitions with the probe placed over the muscle belly of the 
bilaterally multifidus muscle. The probe was rotated coun
terclockwise approximately 10° from the front and tilted 
approximately 10° from the sagittal plane to ensure that it 
was parallel to the muscle fibers of the multifidus muscle. 
The shear modulus (kPa) was calculated by dividing the 
Young modulus obtained from the measurement by three. 
Three pictures were taken on each side, and the average 
was calculated since the average of the three measurements 
was considered better with respect to test–retest reliabil
ity.13 Three images were taken from each side, and the av
erage was calculated. 

STATISTICAL ANALYSIS 

Injury was defined as a severity of ≥1 on the questionnaire. 
The injury retention rate was calculated as the 23-week av
erage of the ratio of the number of injured participants di
vided by the number of respondents per week. The injury 
retention rate (%) and injury retention rate by location (%) 
were calculated using the collected data, and 95% confi

Table 1. Demographic characteristics of the     
participants  

Male 
(average ± SD*) 

Female 
(average ± SD) 

Age 12.4 ± 1.9 11.5 ± 1.7 

Height 150.7 ± 10.3 143.3 ± 10.6 

Weight 41.5 ± 9.3 35.4 ± 6.9 

Number of 
practice days 
(days/week) 

5.7 ± 0.7 5.9 ± 0.3 

Time spent 
practicing 

(hours/day) 

3.8 ± 1.1 3.5 ± 0.4 

*Abbreviations: SD, standard deviation 

dence intervals (CI) were obtained. Next, the relationships 
between the top three most frequently injured locations 
and physical function were examined according to sex. Par
ticipants with injuries at each location (wrist, lower back, 
and foot for males; heel, knee, and lower back for females) 
were defined as the injury group, and those without injuries 
were defined as the noninjury group. Differences in physi
cal assessment according to injury location were examined 
using unpaired t-tests. The significance level was set at 5%. 
SPSS ver. 22 (IBM Corporation, Chicago, USA) was used for 
statistical processing. 

RESULTS 

Thirty-six gymnasts (19 males and 17 females, mean age 
12.0 ± 1.8 years) consented to participate. Participant de
tails are presented in Table 1. Of the 19 males, 18 partic
ipated in six events (floor exercise, pommel horse, rings, 
vault, parallel bars, and high bars) and one participated in 
three events (floor exercise, vault, and high bars). In the fe
male competition, 15 of 17 athletes competed in four events 
(vault, uneven bars, balance beam, and floor exercise), and 
two competed in three events (vault, floor exercise, and bal
ance beam). 
The average overall injury incidence was 65.9% (95% CI: 

62.3–69.5), with averages of 70.0% (65.3–74.8) and 61.7% 
(57.8–65.6) for males and females, respectively. Overall, 
21.2% (19.8–22.7) of the injuries occurred in the lower 
back, 21.2% (19.2–23.1) in the wrist, and 13.8% (12.4–15.2) 
in the heel. Among males, common injury locations were 
the wrist (42.1% [38.1–46.1]), lower back (30.2% 
[26.9–33.5]), and foot (9.5% [6.5–12.5], whereas for fe
males, injuries occurred most often in the heel (22.2% 
[19.8–24.6]), knee (16.0% [14.0–18.0]), and lower back 
(12.8% [10.9–14.7]). 
Among male participants, the wrist injury group showed 

a significantly decreased range of motion in the internal ro
tation of the left and right shoulder joints (Table 2). 
Among male participants, the lower back injury group 

had significantly lower values for left hip flexion, right hip 
extension, right and left shoulder external rotation, right 
and left wrist active palmar flexion, and right and left wrist 
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Table 2. Wrist injuries and physical assessments in male athletes         

Measurements Side Injury group 
(Mean ± SD†) 

Noninjury group 
(Mean ± SD) 

p-value 

Range of motion 

Hip flexion 
(degrees) 

Right 148.3 ± 7.8 148.5 ± 7.1 0.96 

Left 143.9 ± 9.9 147.0 ± 5.1 0.44 

Hip extension 
(degrees) 

Right 30.6 ± 7.2 34.5 ± 6.5 0.25 

Left 32.2 ± 6.3 33.0 ± 7.5 0.82 

Ankle plantar flexion 
(degrees) 

Right 73.9 ± 9.4 74.5 ± 6.5 0.88 

Left 73.9 ± 9.4 76.0 ± 5.8 0.58 

Shoulder flexion 
(degrees) 

Right 185.0 ± 5.3 186.5 ± 5.0 0.56 

Left 186.1 ± 6.6 190.0 ± 3.9 0.17 

Shoulder external rotation 
(degrees) 

Right 65.6 ± 19.9 74.0 ± 15.1 0.34 

Left 72.8 ± 21.4 84.0 ± 16.7 0.24 

Shoulder internal rotation 
(degrees) 

Right 47.8 ± 10.0* 60.5 ± 13.1 0.04 

Left 40.6 ± 9.8* 53.0 ± 13.6 0.047 

Active wrist palmar flexion 
(degrees) 

Right 65.6 ± 8.8 71.0 ± 4.9 0.38 

Left 68.9 ± 7.4 71.2 ± 6.2 0.49 

Passive wrist palmar flexion 
(degrees) 

Right 82.5 ± 11.7 86.5 ± 5.9 0.39 

Left 80.0 ± 11.3 87.0 ± 5.1 0.11 

Active wrist dorsiflexion 
(degrees) 

Right 60.6 ± 8.1 68.0 ± 6.0 0.053 

Left 66.1 ± 6.1 70.0 ± 5.9 0.20 

Passive wrist dorsiflexion 
(degrees) 

Right 81.3 ± 11.1 88.5 ± 8.4 0.16 

Left 80.0 ± 10.5 87.5 ± 6.8 0.10 

Length (tightness) tests 

Thomas test (cm) Right 1.1 ± 0.3 1.1 ± 0.5 0.81 

Left 1.3 ± 0.2 0.9 ± 0.5 0.050 

Ely test (cm) Right 2.2 ± 3.4 0.8 ± 1.0 0.26 

Left 2.2 ± 3.2 0.9 ± 1.1 0.27 

SLR (degrees) † Right 125.0 ± 14.3 124.0 ± 13.9 0.89 

Left 114.9 ± 15.4 120.5 ± 13.7 0.88 

Triceps surae (degrees) Right 42.3 ± 4.2 45.0 ± 6.2 0.31 

Left 41.6 ± 4.1 44.0 ± 6.0 0.36 

CAT (degrees) † Right 159.2 ± 14.3 165.2 ± 7.6 0.29 

Left 159.0 ± 12.9 160.9 ± 14.0 0.78 

HFT (degrees) † Right 159.0 ± 7.0 156.9 ± 6.2 0.50 

Left 155.4 ± 4.6 154.0 ± 6.3 0.39 

*Measurements with significant differences. 
†Abbreviations: SD, standard deviation; SLR, straight leg raise; CAT, combined abduction test; HFT, horizontal flexion test 

passive palmar flexion range of motion (Table 3). There was 
no significant difference in the shear modulus of the mul
tifidus muscle between males with and without lower back 
injury. No significant differences in physical function were 
observed between males with and without foot injuries. 

Regarding physical function in females with injury, the 
heel injury group had a significantly higher left SLR and a 
significantly lower left CAT than the noninjury group (Table 
4). 
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Table 3. Lower back injuries and physical assessments in male athletes          

Measurements Side Injury group 
(Mean ± SD†) 

Noninjury group 
(Mean ± SD) 

p-value 

Range of motion 

Hip flexion 
(degrees) 

Right 145.0 ± 7.5 150.9 ± 6.3 0.10 

Left 140.0 ± 7.5 * 149.5 ± 5.4 0.01 

Hip extension 
(degrees) 

Right 27.5 ± 4.3 * 36.4 ± 6.4 0.01 

Left 30.0 ± 4.3 34.5 ± 7.8 0.18 

Ankle plantar flexion 
(degrees) 

Right 73.8 ± 9.9 74.5 ± 6.2 0.84 

Left 74.4 ± 10.4 75.5 ± 5.0 0.78 

Shoulder flexion 
(degrees) 

Right 183.1 ± 4.3 187.7 ± 4.9 0.061 

Left 185.6 ± 5.3 190.0 ± 5.2 0.11 

Shoulder external rotation 
(degrees) 

Right 58.1 ± 12.7 * 78.6 ± 16.4 0.01 

Left 65.0 ± 17.5 * 88.6 ± 14.9 0.01 

Shoulder internal rotation 
(degrees) 

Right 54.4 ± 13.1 54.5 ± 13.6 0.98 

Left 46.9 ± 11.2 47.3 ± 15.0 0.95 

Active wrist palmar flexion 
(degrees) 

Right 62.9 ± 6.5 * 70.5 ± 6.9 0.04 

Left 66.3 ± 4.1 * 72.7 ± 6.2 0.03 

Passive wrist palmar flexion 
(degrees) 

Right 78.6 ± 9.5 * 88.6 ± 6.4 0.02 

Left 77.5 ± 8.3 * 88.2 ± 7.2 0.01 

Active wrist dorsiflexion 
(degrees) 

Right 63.6 ± 8.7 65.5 ± 7.2 0.65 

Left 66.3 ± 7.0 69.5 ± 5.4 0.29 

Passive wrist dorsiflexion 
(degrees) 

Right 82.9 ± 10.3 86.8 ± 10.1 0.46 

Left 80.6 ± 11.0 86.4 ± 7.4 0.22 

Length (tightness) tests 

Thomas test (cm) Right 1.1 ± 0.5 1.0 ± 0.4 0.76 

Left 1.1 ± 0.5 1.1 ± 0.5 0.89 

Ely test (cm) Right 2.4 ± 3.6 0.7 ± 1.0 0.16 

Left 2.1 ± 3.3 1.0 ± 1.4 0.35 

SLR (degrees) † Right 121.3 ± 16.7 126.8 ± 11.3 0.43 

Left 116.3 ± 15.4 122.7 ± 13.2 0.37 

Triceps surae (degrees) Right 41.9 ± 3.6 45.1 ± 6.3 0.24 

Left 41.9 ± 4.2 43.5 ± 5.8 0.55 

CAT (degrees) † Right 160.8 ± 15.3 163.5 ± 7.9 0.64 

Left 159.1 ± 13.7 160.7 ± 13.3 0.81 

HFT (degrees) † Right 157.3 ± 5.3 158.4 ± 7.5 0.74 

Left 156.2 ± 5.6 154.3 ± 5.5 0.51 

*Measurements with significant differences. 
†Abbreviations: SD, standard deviation; SLR, straight leg raise; CAT, combined abduction test; HFT, horizontal flexion test 

The knee injury group had significantly lower values for 
left hip flexion and left wrist passive dorsiflexion range of 
motion, significantly higher values for left shoulder flexion 
range of motion, and significantly lower values for the right 

iliopsoas test than the females without knee injury (Table 
5). 
Although the lower back injury group had significantly 

higher values for the right Thomas test than the noninjury 
group (Table 6), there was no significant difference in the 
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Table 4. Heel injuries and physical assessments in female athletes         

Measurements Side Injury group 
(Mean ± SD†) 

Noninjury group 
(Mean ± SD) 

p-value 

Range of motion 

Hip flexion 
(degrees) 

Right 155.7 ± 3.2 155.5 ± 6.1 0.95 

Left 155.7 ± 3.2 152.0 ± 6.4 0.19 

Hip extension 
(degrees) 

Right 38.6 ± 4.4 32.0 ± 4.6 0.10 

Left 39.3 ± 4.2 33.0 ± 4.6 0.10 

Ankle plantar flexion 
(degrees) 

Right 79.3 ± 1.7 73.5 ± 18.3 0.38 

Left 80.0 ± 2.7 74.0 ± 18.4 0.39 

Shoulder flexion 
(degrees) 

Right 187.9 ± 4.5 185.5 ± 5.2 0.55 

Left 187.1 ± 5.2 188.5 ± 6.3 0.52 

Shoulder external rotation 
(degrees) 

Right 82.9 ± 9.9 78.0 ± 11.7 0.38 

Left 92.1 ± 7.5 82.0 ± 15.8 0.14 

Shoulder internal rotation 
(degrees) 

Right 52.9 ± 7.0 56.0 ± 16.9 0.60 

Left 40.0 ± 11.3 52.5 ± 21.1 0.13 

Active wrist palmar flexion 
(degrees) 

Right 72.9 ± 6.5 74.5 ± 7.9 0.56 

Left 74.3 ± 6.8 75.5 ± 5.7 0.60 

Passive wrist palmar flexion 
(degrees) 

Right 95.7 ± 7.3 93.5 ± 12.3 0.68 

Left 95.7 ± 5.6 93.0 ± 10.0 0.48 

Active wrist dorsiflexion 
(degrees) 

Right 71.4 ± 5.2 74.0 ± 8.9 0.55 

Left 70.7 ± 5.6 72.5 ± 7.5 0.55 

Passive wrist dorsiflexion 
(degrees) 

Right 94.3 ± 7.3 91.5 ± 6.3 0.54 

Left 91.4 ± 5.2 89.5 ± 8.8 0.60 

Length (tightness) tests 

Thomas test (cm) Right 0.8 ± 0.2 1.0 ± 0.4 0.26 

Left 0.7 ± 0.2 1.1 ± 0.7 0.12 

Ely test (cm) Right 0.0 ± 0.0 0.5 ± 0.9 0.13 

Left 0.0 ± 0.0 0.3 ± 0.5 0.13 

SLR (degrees) † Right 144.3 ± 4.9 141.5 ± 10.3 0.24 

Left 147.1 ± 2.5 * 134.5 ± 10.6 0.002 

Triceps surae (degrees) Right 41.5 ± 8.4 39.6 ± 5.9 0.66 

Left 39.9 ± 7.3 38.6 ± 2.7 0.70 

CAT (degrees) † Right 162.8 ± 7.3 165.3 ± 6.2 0.42 

Left 158.7 ± 7.5 * 166.0 ± 4.9 0.02 

HFT (degrees) † Right 159.8 ± 4.4 155.6 ± 6.6 0.15 

Left 152.2 ± 6.1 154.1 ± 7.1 0.71 

*Measurements with significant differences. 
†Abbreviations: SD, standard deviation; SLR, straight leg raise; CAT, combined abduction test; HFT, horizontal flexion test 

shear modulus of the multifidus muscle between the two 
groups. 

DISCUSSION 

The assessment of incidence of injury in male and female 
young gymnasts indicates that wrist injuries in males were 
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Table 5. Knee injuries and physical assessments in female athletes         

Measurements Side Injury group 
(Mean ± SD†) 

Noninjury group 
(Mean ± SD) 

p-value 

Range of motion 

Hip flexion 
(degrees) 

Right 153.0 ± 6.8 156.7 ± 3.7 0.15 

Left 149.0 ± 6.6 * 155.4 ± 3.8 0.03 

Hip extension 
(degrees) 

Right 34.0 ± 4.9 35.0 ± 5.8 0.60 

Left 32.0 ± 4.0 37.1 ± 5.2 0.08 

Ankle plantar flexion 
(degrees) 

Right 70.0 ± 25.1 78.3 ± 3.1 0.59 

Left 70.0 ± 25.1 79.2 ± 3.4 0.54 

Shoulder flexion 
(degrees) 

Right 190.0 ± 3.2 185.0 ± 5.0 0.13 

Left 194.0 ± 2.0 * 185.4 ± 5.2 0.001 

Shoulder external rotation 
(degrees) 

Right 76.0 ± 13.2 81.7 ± 9.9 0.37 

Left 86.0 ± 15.0 86.3 ± 13.6 0.90 

Shoulder internal rotation 
(degrees) 

Right 49.0 ± 11.6 57.1 ± 13.9 0.25 

Left 41.0 ± 10.2 50.0 ± 20.8 0.31 

Active wrist palmar flexion 
(degrees) 

Right 72.0 ± 2.4 74.6 ± 8.5 0.45 

Left 76.0 ± 4.9 74.6 ± 6.6 0.77 

Passive wrist palmar flexion 
(degrees) 

Right 88.0 ± 10.3 97.1 ± 9.5 0.11 

Left 94.0 ± 9.7 94.2 ± 8.1 0.96 

Active wrist dorsiflexion 
(degrees) 

Right 71.0 ± 5.8 73.8 ± 8.2 0.54 

Left 71.0 ± 6.6 72.1 ± 6.9 0.72 

Passive wrist dorsiflexion 
(degrees) 

Right 90.0 ± 7.7 93.8 ± 6.2 0.27 

Left 84.0 ± 8.6 * 92.9 ± 5.2 0.02 

Length (tightness) tests 

Thomas test (cm) Right 0.6 ± 0.2 * 1.0 ± 0.3 0.01 

Left 0.9 ± 0.4 1.0 ± 0.6 0.73 

Ely test (cm) Right 0.4 ± 0.8 0.2 ± 0.7 0.63 

Left 0.2 ± 0.4 0.1 ± 0.4 0.74 

SLR (degrees) † Right 137.0 ± 8.7 145.0 ± 7.4 0.32 

Left 132.0 ± 7.5 142.9 ± 9.7 0.22 

Triceps surae (degrees) Right 41.5 ± 4.7 39.9 ± 7.9 0.73 

Left 40.5 ± 2.2 38.5 ± 5.9 0.53 

CAT (degrees) † Right 163.9 ± 7.1 164.4 ± 6.6 0.83 

Left 164.3 ± 4.5 162.4 ± 7.8 0.75 

HFT (degrees) † Right 159.3 ± 4.8 156.5 ± 6.4 0.37 

Left 157.3 ± 5.5 154.1 ± 7.1 0.10 

*Measurements with significant differences. 
†Abbreviations: SD, standard deviation; SLR, straight leg raise; CAT, combined abduction test; HFT, horizontal flexion test 

associated with decreased shoulder joint internal rotation 
range of motion, and lower back injuries were associated 
with decreased hip flexion and extension range of motion, 
shoulder joint external rotation range of motion, and wrist 
joint palmar flexion range of motion. Male gymnasts often 

support themselves with their upper extremities; the wrist 
joints in particular are subjected to excessive physical load
ing, including compression, rotation, and traction, which 
have been reported to be twice their body weight and up 
to 16 times their weight by different authors.14,15 DiFiori et 
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Table 6. Lower back injuries and physical assessments in female athletes          

Measurements Side Injury group 
(Mean ± SD†) 

Noninjury group 
(Mean ± SD) 

p-value 

Range of motion 

Hip flexion 
(degrees) 

Right 158.8 ± 2.2 154.6 ± 5.4 0.20 

Left 156.3 ± 4.1 152.7 ± 5.8 0.28 

Hip extension 
(degrees) 

Right 33.8 ± 6.5 35.0 ± 5.2 0.59 

Left 35.0 ± 3.5 35.8 ± 5.8 0.68 

Ankle plantar flexion 
(degrees) 

Right 76.3 ± 2.2 75.8 ± 16.4 0.90 

Left 76.3 ± 2.2 76.5 ± 16.6 1.0 

Shoulder flexion 
(degrees) 

Right 186.3 ± 6.5 186.5 ± 4.6 0.80 

Left 185.0 ± 6.1 188.8 ± 5.6 0.22 

Shoulder external rotation 
(degrees) 

Right 81.3 ± 6.5 79.6 ± 12.3 0.79 

Left 82.5 ± 11.5 87.3 ± 14.5 0.52 

Shoulder internal rotation 
(degrees) 

Right 58.8 ± 13.4 53.5 ± 13.6 0.55 

Left 50.0 ± 21.5 46.5 ± 17.8 0.87 

Active wrist palmar flexion 
(degrees) 

Right 77.5 ± 4.3 72.7 ± 7.7 0.32 

Left 75.0 ± 3.5 75.0 ± 6.8 0.92 

Passive wrist palmar flexion 
(degrees) 

Right 97.5 ± 5.6 93.5 ± 11.5 0.51 

Left 93.8 ± 6.5 94.2 ± 9.2 0.98 

Active wrist dorsiflexion 
(degrees) 

Right 77.5 ± 4.3 71.5 ± 7.9 0.17 

Left 71.3 ± 5.4 71.9 ± 7.2 0.82 

Passive wrist dorsiflexion 
(degrees) 

Right 93.8 ± 4.1 92.3 ± 7.5 0.81 

Left 91.3 ± 4.1 90.0 ± 8.3 0.77 

Length (tightness) tests 

Thomas test (cm) Right 1.3 ± 0.3 * 0.8 ± 0.2 0.01 

Left 0.8 ± 0.3 1.0 ± 0.6 0.38 

Ely test (cm) Right 0.0 ± 0.0 0.3 ± 0.8 0.42 

Left 0.0 ± 0.0 0.2 ± 0.5 0.43 

SLR (degrees) † Right 147.5 ± 5.6 141.2 ± 8.8 0.18 

Left 138.8 ± 11.4 140.0 ± 10.0 0.88 

Triceps surae (degrees) Right 38.2 ± 3.4 41.1 ± 7.8 0.47 

Left 37.6 ± 0.7 39.6 ± 5.8 0.48 

CAT (degrees) † Right 168.4 ± 5.0 163.0 ± 6.8 0.18 

Left 166.2 ± 3.5 162.0 ± 7.6 0.39 

HFT (degrees) † Right 157.1 ± 3.8 157.4 ± 6.7 0.97 

Left 151.7 ± 3.3 153.8 ± 7.4 0.67 

*Measurements with significant differences. 
†Abbreviations: SD, standard deviation; SLR, straight leg raise; CAT, combined abduction test; HFT, horizontal flexion test 

al.14 reported that wrist joint injuries were the most com
mon injury among gymnasts aged 10–14 years, with high 
weekly practice volume and high skill level as risk factors, 
but no association with physical function was shown. It is 
likely that reduced shoulder joint mobility and high lev

els of support during upper extremity loading places more 
stress on the wrist joint, and the demonstrated association 
between reduced shoulder joint range of motion and wrist 
joint injury may help in intervention　 for wrist joint in
jury prevention. The results also suggested that a lack of 
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overall range of motion was associated with the develop
ment of lower back injuries in male gymnasts. In this study, 
the results indicated that lower back injury was associated 
with decreased hip flexion and extension range of motion, 
shoulder joint external rotation range of motion. Males 
have more upper limb supportive techniques and well-de
veloped upper limb muscles, which may be related to the 
lack of shoulder joint range of motion, which therefore may 
be relevant. When swinging on the rings and high bar, in 
order to extend the trunk in during the swinging motion 
or during shoulder return (from forced shoulder joint flex
ion to shoulder joint extension), decreased range of mo
tion of the scapulohumeral joint may compensate for the 
decreased range of motion caused by extension of the tho
racolumbar spine. The internal rotation alignment of the 
humerus characteristic seen in gymnasts may lead to in
jury,16 and the results of the current study suggest that a 
decrease in the external rotation range of motion of the 
shoulder joint during upper limb elevation position may 
lead to excessive extension of the lumbar spine as a com
pensation, which may lead to lower back injuries. (Fig
ure 2) Additionally, since hip extension is required during 
the swinging motion,17 inadequate hip extension range of 
motion may cause excessive extension stress on the lower 
back, leading to the onset of the injury. 
Heel injuries in female gymnasts were associated with 

decreased hamstring tightness, knee injuries were associ
ated with increased shoulder joint range of motion and de
creased　 iliopsoas tightness. These findings indicate that 
the lack of joint range of motion and mobility may not 
be the only problems contributing to injury. In this study, 
heel injuries were more common in gymnasts diagnosed 
with Sever’s disease and were more common in elementary 
school gymnasts. Mackie et al.18 reported that Sever’s dis
ease was the most common overuse disorder in female 
gymnasts aged 7–18 years. The primary risk factors include 
obesity and high-intensity physical activity, with high-im
pact sports being the primary cause.19 It is necessary to 
consider age-related characteristics, including muscle 
strength, due to the age of predilection and athleticism in 
developing athletes. 
Furthermore, lower back injuries were associated with 

reduced hip extension mobility among female gymnasts. 
Desai et al.20 reported that a general anterior pelvic tilt in 
gymnasts influences the development of chronic low back 
pain and requires improvements in hip flexor group, 
quadriceps flexibility, trunk muscle strength, and ham
string muscle strength. The results of the current study 
support the findings of Desai et al.20 that flexibility of the 
hip flexor group is necessary. Sweeney et al.21 reported 
decreased iliotibial ligament tightness as a risk factor for 
lower back pain in female gymnasts, indicating that limited 
joint flexibility was not associated with lower back pain. 
However, Sweeney et al.21 also included high school gym
nasts, whereas the current study only included elementary 
and middle school gymnasts. The results of the current 
study also included participants who reported a history of 
lower back pain, suggesting that decreased hip extension 
mobility, which was also associated with a history of lower 

Figure 2. Swinging motion of the men’s high bars        
requires a large extension of the trunk, which affects          
the shoulder and hip joint ranges of motion, and the           
thoracic spine. A lack of these ranges of motion may           
lead to excessive extension of the lumbar spine,         
increasing the risk of injury.      

back pain, may be also related to the occurrence of lower 
back injuries (Figures 3 and 4). 
There was no association between lower back injury and 

multifidus muscle elasticity in either sex. Masaki et al.22 

showed that adults with lower back pain had significantly 
greater muscle stiffness in the multifidus muscle (L4 level) 
at rest in the supine position compared to those without 
the same. These results differed because the age group of 
the participants in the current study was prone to matu
rity, and the results may have reflected a variation in mus
cle elasticity. In addition, Murillo et al.23 found a lower 
increase of muscular stiffness with contraction of the mul
tifidus muscle in the group with lower back pain than in 
the group without, suggesting a deficit in multifidus activa
tion. Therefore, there may be a relationship between mus
cle elasticity during multifidus contraction and lower back 
injuries in elementary and junior high school athletes, and 
future studies are warranted. 

LIMITATIONS 

It is difficult to identify physical factors that influence the 
occurrence of injury based on joint range of motion, tight
ness, and muscle elasticity alone. Regression analysis 
should be used to consider the effects of muscle strength, 
age, individual factors, and left–right differences as well. In 
this study, there were some items in which left–right differ
ences occurred; the characteristics of gymnasts that tend to 
cause left–right differences, such as the kicking and pivot 
leg, as well as the direction of twisting, should be examined 
in the future. 
Moreover, the results of this study were limited by its du

ration, which did not cover the entire competitive season, 
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Figure 3. Hip and thoracic extensions should be       
performed during trunk extension.     

and scope, as the injury incidence survey and intervention 
were conducted in only one club. 

CONCLUSIONS 

The results of this study indicate that the factors related to 
range of motion and flexibility differ according to injury lo
cation and between males and females. Further studies are 
required to clarify the physical factors that influence injury 
occurrence by examining the effects of the gymnasts’ mus
cle strength, age, individual factors, and left–right differ
ences. 

Figure 4. Lack of hip extension during trunk extension        
increases lumbar kyphosis and may increase injury        
risk.  
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