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This study aimed to examine the association between scoliosis and musculoskeletal characteristics in 
young female gymnasts and to develop a model for predicting scoliosis. The study included 274 female 
gymnasts: 154 rhythmic, 60 acrobatic, and 60 artistic, aged 10–16 years. Participants were assessed for 
age, height, weight, and pubertal stage. Each participant was identified for scoliosis suspected status 
(Adam’s test and scoliometer) and examined for muscle strength, joint range of motion, hyperlaxity, 
bone strength, and skeletal age. Hours of training/week and years of training were recorded. The 
results revealed that 79/274 (28.8%) gymnasts had scoliosis suspected status without a significant 
difference between gymnast disciplines (p = 0.09). The scoliosis suspected status was associated 
with hyperlaxity (Brighton scale), smaller bone strength, higher training volume, and older age. No 
differences between gymnasts with and without scoliosis suspected status were found in range of 
motion and muscle strength. A logistic regression model for the prediction of scoliosis suspected status 
in gymnasts using age, bone strength, and hyperlaxity had a high predictive value (AUC = 0.87). The 
scoliosis suspected status was highly prevalent in young female gymnasts. Hyperlaxity, older age, high 
training load, and low bone strength are associated with scoliosis suspected status, while menarche 
and pubertal development are not. Predicting scoliosis development in young gymnasts can be 
important in preventing its pathogenesis.
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Scoliosis is a three-dimensional spinal deformity characterized by a lateral deviation of at least 10 degrees, 
accompanied by vertebra rotation1. In 80% of cases, scoliosis is idiopathic, occurring at pubescence without 
a definitive cause. Adolescent idiopathic scoliosis (AIS) is the most common type, and its prevalence in the 
population is 0.47–5.2%. The prevalence and severity are higher in girls than in boys1–3. In young athletes, 
the prevalence of scoliosis is higher than in the general population, with an estimated prevalence of 27%. The 
prevalence of scoliosis reported in gymnasts is 12%4 and 35% in ballet dancers5.

Several hypotheses have been proposed to explain the etiology of scoliosis, including hormonal disorders, 
biomechanical factors, deficits in neurosensory mechanisms, abnormal vestibular and proprioceptive systems, 
genetic components, and lack of synchronization in the maturation of the skeleton and nervous system6.

During puberty, there is a significant change in body proportion, body composition, increase in bone mass 
and density, rapid skeletal growth, hormonal changes, and development of secondary sex characteristics7–11. 
These changes also include growth in muscle mass and fatty tissue, and especially an increment in lower limb 
muscle mass12. During peak growth velocity which usually occurs around 11–13 years of skeletal age in girls 
and 13–15 years for boys, the spinal growth rate increases13 and the skeleton grows faster than the supporting 
muscles12. This lack of synchronization between the development of the skeleton and the development of muscles 
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further causes an imbalance between growth and strength. In addition, during this period, growth plates become 
more fragile and less able to resist forces14. This rapid and imbalanced growth and skeleton fragility is considered 
to be associated with the development and progression of scoliotic curves and increases the risk of injury14. 
Accordingly, it was found that girls with scoliosis were taller than healthy girls suggesting that rapid growth is a 
risk factor for scoliosis development15,16.

The changes that occur during adolescent growth combined with a high repetitive training load further 
increase the risk of injury and scoliosis development14. Gymnasts are subjected to high and repetitive loads 
during training and competitions17,18. All three types of gymnastics (rhythmic, acrobatic and artistic) entail 
intensive physical activity, including the repetition of extreme movements that apply force to the lower limbs and 
spine19,20. The extreme balance, strength, and flexibility required in these sports expose young gymnasts to loads 
and strains that exert high pressure on the immature spine and may increase the risk of scoliosis14,21.

This study aimed to examine the associations between scoliosis suspected status (measured via clinical 
tests) and anthropomorphic data, gymnastics discipline (rhythmic, acrobatic, artistic), and musculoskeletal 
characteristics in young (pre- and post-pubertal) female gymnasts, and to develop a model for the prediction 
of scoliosis to identify populations at risk. We hypothesized that gymnasts with scoliosis would have a greater 
ROM, hyperlaxity, and lower bone and muscle strength.

Materials and methods
Design
This cross-sectional observational study was approved by the Ethical Review Board of Adi-Negev Hospital 
(ADINEGEV-102_2022). All procedures were performed in accordance with relevant guidelines and 
regulations. All participants and their parents signed an informed consent form prior to participation. The study 
was registered prospectively on a public clinical trial database. Clinical trial registration no: NCT06318325 
(clinicalTrials.gov).

Participants
The study included 274 Caucasian female gymnasts (154 rhythmic, 60 acrobatic, 60 artistic) aged 10–16 (mean 
age, 11.8 ± 1.9 years). Inclusion criteria were training at least four times/week, for a minimum of 16 h/week, at a 
competitive level. The gymnasts exercised fully three months before the beginning of the study and had not been 
absent for more than three days from training due to pain, discomfort, or injury. The exclusion criteria were the 
presence of injury causing pain or missing training.

Research procedure
Gymnasts were recruited by contacting sports associations and coaches. The gymnasts were asked about 
anthropomorphic details (age, height, weight) and training intensity (age at onset of training, total h/week of 
practice). Body composition parameters were assessed using the TANITA- BC-545  N device (Tanita Corp., 
Tokyo, Japan). The TANITA is a bioelectrical impedance analysis device that accurately measures fat-free mass 
and total body water. It is validated for assessing body composition in both adults and younger populations22–24.

Pediatric physicians assessed pubertal signs as the time of first menarche and Tanner’s pubertal stage (breast 
development and pubic hair development) (< 3, ≥ 3)25.

Each gymnast was screened once by an experienced physical therapist for the following:

Scoliosis suspected status
To determine the scoliosis suspected status, first, the Magee skyline view assessment was performed for posture 
assessment. The examiner assessed the gymnast’s posture while standing in an anatomical position and examined 
any deviation or asymmetry from the normal posture (e.g. head position, symmetry of: levels of shoulders, levels 
of iliac crest, waist angles, carrying angles, sternum and ribs, knees, arches of the feet)26,27. Secondly, the Adams 
forward-bend test was utilized. Scoliosis was indicated if trunk asymmetry was observed during forward flexion 
of the spine from a standing position28. The Adams test is considered the best non-invasive clinical test for 
scoliosis screening with a sensitivity of 50.8%, and high specificity of 94.4% with a positive predictive value of 
79%29. Combining a few diagnostic methods ensures accurate scoliosis detection. These two clinical tests have 
been previously applied in a screening study on a large number of dancers by the researchers in the current 
study26.

When a positive Adam’s test was detected, the scoliosis was measured using a scoliometer. The scoliometer 
is an inclinometer that measures the asymmetries between the sides of the trunk in axial rotation degrees30. 
The scoliometer was found to have high intra and inter-rater reliability, with a good correlation between the 
scoliometer measurements and radiograph analyses of Cobb angle (r = 0.7, p < 0.05). and high sensitivity value 
of 87% for a trunk rotation of 5º30. Measurements were performed at the levels of the vertebrae T4, T7 and T12. 
The presence of scoliosis was defined as scoliosis > 5°, as measured by the scoliometer at any level measured31.

Since we did not use radiographic imaging to assess scoliosis, we can characterize our methods as indicating 
a suspected status of scoliosis.

All examinations to assess the scoliosis suspected status were performed by the same physical therapist, who 
is experienced in evaluating posture and treating scoliosis.

Joint range of motion (ROM)
Joint ROM measurements were performed following previously described techniques, adjusted for gymnasts 
using a goniometer. The following angles were measured: (1) ankle plantar-flexion and dorsi-flexion in the 
supine position (the angle between the tibia bone to the first metatarsophalangeal joint)32,33 (2) anterior and 
posterior split (the angle between the two femur bones while one leg is in flexion and the other in extension), 
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and (3) hip abduction with side turnout and extension in standing position (the angle between the two femur 
bones)33,34.

Lower extremity muscle strength
The following muscles were measured using a portable handheld dynamometer (MicroFET2TM, Hoggan 
Scientific LLC., Salt Lake City, UT). The test positions were chosen according to the instrument manual and 
previous studies35–37 as follows: hip abduction/adduction in a side-lying position, hip extension-prone position-
long Lever, Hip flexion-sitting position, knee extension in sitting, knee flexion in prone position, and ankle 
plantar/dorsi flexion in a supine position. The “make” test was used in which the examiner gives an isometric 
contraction for a few seconds38.

Each movement was performed three times with a 30-second rest interval between each effort within the test 
condition and a 2-minute rest interval between the different movements. The average of the three measurements 
was used for the final analysis.

Hyperlaxity
Was assessed using the Beighton 9-Point Hypermobility Test. Beighton’s test consisted of five items, of which 
four were conducted bilaterally. The items included first-finger opposition, fifth-finger extension, elbow 
extension, knee extension, and back forward bending. The minimum total score is 0 and the maximum of 9 
points represents hyperlaxity39. Hyperlaxity was determined if the gymnast had a score ≥ 6 40. Beighton scale is 
the most common and reliable tool to identify general hypermobility and demonstrated substantial to excellent 
inter- and intra-rater reliability40,41.

Bone strength
Was assessed using a quantitative ultrasound (QUS) Sunlight MiniOmni Ultrasound Bone Sonometer (Sunlight 
Medical, Somerset, NJ). The QUS is designed to measure the speed of sound (SOS) in various skeletal areas42. 
The QUS was found to be a valid tool for assessing bone status, and bone measurements were found to correlate 
significantly with bone mineral density measurements by Dual Energy X-ray Absorption (DXA) in both adults 
and children43,44. Measurements were conducted on the nondominant side at the distal one-third of the radius 
and the midshaft of the tibia42.

Skeletal age
Was measured using the BAUSportTM instrument, a portable ultrasound device, and a Sonometer (SonicBone, 
Rishon Lezion, Israel). Measurements were performed at three sites on the left hand: (1) the distal radial and 
ulnar secondary ossification centers of the epiphyses at the wrist, (2) the growth plate of the third metacarpal and 
the shaft of the adjacent proximal phalanx, and (3) the distal metacarpal epiphysis. Skeletal age was calculated 
(to the nearest 0.01 years) using an algorithm integrated into the software of BAUSportTM45. The validity of 
the BAUSportTM sonometer for skeletal age assessment is high, with comparable results to other methods45,46.

Data analysis
One-way ANOVA or Student’s t-test were used to compare continuous variables, and Chi-squared to compare 
categorical variables across groups of gymnasts. P-values were adjusted for multiple hypothesis testing using the 
Holm-Bonferroni method. The analysis was performed using Python.

Logistic regression with 10-fold cross-validation was used to formulate a classification model for scoliosis 
based on parameters found to be different between gymnasts with and without scoliosis suspected status. Only 
variables that contributed significantly to the model were maintained. The model was constructed using the 
MATLAB software.

Sample size calculation: The expected priori power was estimated using ANOVA with repeated measures. A 
sample size of 200 participants, α = 0.05, and moderate effect size (0.25) generated a power of 0.989.

Results
Background variables
The study included 274 young female gymnasts (mean age, 11.8 ± 1.9 years). Significant differences in age, 
weight, height, BMI, years of training and hours of training/week were found between the three groups. (p < 0.05) 
(Table 1).

Rhythmic Acrobatic Artistic

Adjusted P-value between groups
n = 154
X ± SD

n = 60
X ± SD

n = 60
X ± SD

Age (years) 11.87 ± 1.92 12.68 ± 2.01 11.08 ± 1.61 P < 0.001*

Height (cm) 144.62 ± 11.69 147.56 ± 12.14 139.75 ± 8.40 P = 0.034*

Weight (kg) 35.93 ± 9.55 39.12 ± 10.76 33.84 ± 6.62 P = 0.025*

BMI 16.84 ± 2.32 17.53 ± 2.36 17.21 ± 1.73 P = 0.012*

Years training (age- reported) 6.76 ± 2.51 6.64 ± 2.84 5.22 ± 1.96 P < 0.001*

Hours training/week 25.61 ± 10.55 19.13 ± 8.44 19.37 ± 7.19 P < 0.001*

Table 1.  Anthropometric characteristics of research groups. *Significant difference between groups (ANOVA).
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Musculoskeletal features
The discipline effect was found for the ROM of several measured parameters, such as anterior and posterior 
splits, with higher values among rhythmic gymnasts and lower values among artistic gymnasts. The discipline 
effect was found in muscle strength for some parameters being higher among acrobatic gymnasts. Bone strength 
measured at the tibia was found to be the lowest among the artistic gymnasts. No difference in the prevalence of 
hyperlaxity was observed between groups (Table 2).

Puberty
In the entire sample, 34/274 reached menarche (10.4% among the rhythmic, 25% among the acrobatic, and 
5% among the artistic), with a mean of 12.7 years of menarche age(p < 0.01). Tanner stage > 3 was found in 48 
gymnasts from the entire sample (14.2% of the rhythmic, 35% of the acrobatic, and 8.3% of the artistic)(p < 0.01). 
Muscle strength and bone strength were found to be higher in gymnastics post-menarche (p < 0.05) however, 
ROM was found to be lower or similar post-menarche compared to pre-menarche.

Scoliosis suspected status
From the entire sample (274), 79 had scoliosis suspected status: 51/154 (33%) in the rhythmic, 17/60 (28%) 
acrobatic, and 11/60 (18.3%) artistic. No statistically significant differences were found in the prevalence of 
gymnasts with scoliosis suspected status between the different research groups(p = 0.09).

Gymnasts with scoliosis suspected status were found to have greater hyperlaxity according to the Beighton 
scale than gymnasts without (6.6 ± 1.7 vs. 4.4 ± 2.3 respectively) (p < 0.001), smaller bone strength according 
to the SOS examination (3511 ± 99  m/s vs. 3585 ± 125  m/s respectively) (p < 0.001) and older age (12.5 ± 2.1 
vs. 11.6 ± 1.8 years respectively) (p < 0.001). In addition, gymnasts with scoliosis suspected status trained more 
hours /week than gymnasts without (25.8 ± 10.0 vs. 21.6 ± 9.7 h/week) (p = 0.0017). No differences in ROM or 
muscle strength were found between gymnasts with and without scoliosis suspected status. Menarche age onset 
for the scoliotic gymnasts and non-scoliotic gymnasts was 12.45 ± 1.31 and 12.83 ± 1.03 respectively (p > 0.05).

Scoliosis suspected status was not associated with pubertal development as measured by menarche onset 
and tanner stage for the entire sample (p > 0.05). Scoliosis had a different prevalence when considering pre-
and post-menarche and gymnastics disciplines together (p < 0.01). Among the Rhythmic, 8/16 (50%) gymnasts 
who already reached menarche had scoliosis suspected status compared with 4/11 (36%) gymnasts among the 
acrobatic and 0/3 among the artistic (p < 0.05). These results were similar when examining scoliosis suspected 
status and Tanner stage of > 3 in each discipline. Among the rhythmic, 14/22 (63%) gymnasts who had tanner 
stage > 3 had scoliosis suspected status compared with 4/21 (19%) gymnasts among the acrobatic and 1/5 among 
the artistic (20%) (p < 0.01) (Table 3).

Predictive model for scoliosis suspected status
We developed a logistic regression model to predict scoliosis using all significant parameters that differ between 
the groups. Hyperlaxity, bone strength, and age were found to contribute significantly to the model, resulting in 
an average AUC of the response operating curve (ROC) of 0.87 and an F1-score of 0.63 (Table 4; Fig. 1).

Rhythmic Acrobatic Artistic

Adjusted P-value between groups
n = 154
X ± SD

n = 60
X ± SD

n = 60
X ± SD

Tibia strength 3573.46 ± 126.32 3595.65 ± 101.74 3507.3 ± 116.48 < 0.001*

Muscle strength (kgf)

Planter flexion 23.03 ± 6.82 25.34 ± 8.81 28.00 ± 8.29 < 0.001*

Dorsi flexion 14.64 ± 4.45 14.69 ± 5.05 15.73 ± 3.89 0.564

Knee flexion 10.53 ± 3.62 11.13 ± 4.02 9.5 ± 2.13 0.126

Knee extension 18.74 ± 5.57 24.02 ± 7.50 20.07 ± 4.98 0.036*

Hip abduction 8.93 ± 4.41 8.97 ± 4.25 7.94 ± 5.70 0.350

Hip extension 10.40 ± 3.61 11.07 ± 4.62 9.25 ± 2.68 0.128

Hip flexion 12.95 ± 3.65 14.90 ± 5.44 13.36 ± 2.97 0.088

ROM (angles)

Anterior split 196.38 ± 21.83 193.44 ± 9.44 183.55 ± 8.30 < 0.001*

Posterior split 192.17 ± 14.68 189.61 ± 8.80 179.42 ± 7.74 < 0.001*

Side turnout 171.51 ± 20.44 170.73 ± 28.79 161.27 ± 22.63 0.153

Hip extension 71.07 ± 19.39 75.81 ± 19.54 53.28 ± 16.27 < 0.001*

Ankle plantar flexion 181.87 ± 7.22 183.79 ± 7.07 179.06 ± 4.68 0.142

Ankle dorsi flexion 91.69 ± 3.43 91.73 ± 3.76 90.34 ± 1.43 0.136

Hyperlaxity
(total ≥ 6) 5.36 ± 2.30 4.78 ± 2.97 4.92 ± 2.10 0.289

Table 2.  Range of motion, muscle strength and bone strength in research groups (right and left sides 
combined). *Significant difference between groups (p < 0.05), Hyperlaxity—was determined if the gymnast had 
a score ≥ 6 in Beighton score, kgf —kilogram-force.
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Discussion
This study examined the associations between scoliosis suspected status and anthropomorphic data, gymnastics 
discipline (rhythmic, acrobatic, artistic), and musculoskeletal characteristics in young (pre- and post-pubertal) 
female gymnasts. The results of the study show that 79/274 (28.8%) gymnasts were identified as having the 
scoliosis suspected status, without significant difference between gymnast disciplines (rhythmic, acrobatic, 
artistic). Scoliosis suspected status was associated with hyperlaxity, smaller bone strength, higher training 
volume, and older age.

The high prevalence of scoliosis suspected status in our study is much higher than the general population of 
girls (0.47–5.2%)47 and the previously reported value of 12% for gymnasts4. A high prevalence of scoliosis has 
been previously observed in the athlete population, estimated at 27%, with a higher incidence among females 
and dancers (20–35%)5,21,48. Tanchev et al.4 studied 100 rhythmic gymnastics conducting radiographs diagnosis 
for all the gymnasts with suspected scoliosis. They found that 12% of gymnasts have scoliosis, compared to 1.1% 
of normal girls not involved in sports, according to a nationwide statistical survey.

Although most studies agree that the prevalence of scoliosis is higher among athletic populations, particularly 
in sports that demand flexibility and intensive training such as gymnastics and dance4,5,21, prevalence rates 
slightly vary between studies. These differences may largely be attributed to the diagnostic methods used. 
While radiographic imaging is considered the gold standard for diagnosing scoliosis, it is often impractical and 
ethically challenging to perform routine radiographs on healthy, asymptomatic young athletes due to concerns 
about unnecessary radiation exposure. In our study, we employed non-invasive clinical assessments—Adam’s 
forward bend test and a scoliometer—which have been shown in previous research to be valid and reliable 
tools for scoliosis screening26,28,30. Although these methods may have limitations compared to radiographic 
confirmation, they offer a feasible and sound approach for evaluating large groups of healthy adolescents in a 
field-based setting. Since we did not use radiographic imaging to assess scoliosis, we can only characterize our 
results as indicating a suspected status of scoliosis.

We found an association between the relatively high number of training hours/week and scoliosis suspected 
status. Gymnasts identified with scoliosis trained for nearly 26 h/week, while those who were not diagnosed 
trained for less than 22 h/week. Watanabe et al.49 found the odds for scoliosis increased as the child’s frequency of 
training, number of years of experience, and increased duration of training. In contrast, lower levels of physical 
activity were also found to be associated with a higher incidence of adolescent idiopathic scoliosis50. According 
to Kenanidis et al.51, there is no evidence to suggest that regular exercise is linked to scoliosis, and participation 
in sports activities does not appear to have any impact on the severity of the primary scoliotic curve.

The current study revealed that gymnasts with scoliosis suspected status exhibited hyperlaxity, lower bone 
strength, increased training, and were older. The model obtained from these findings displayed an AUC of 0.87 
and can identify gymnasts at risk for scoliosis using relatively simple measurements of age, hyperlaxity, and bone 
strength. While age, pubertal stage, weight and height are all tightly correlated, our model identified only age as 
a stronger predictor for the development of scoliosis suspected status compared to other age-related parameters. 
Moreover, menarche and Tanner stage were not associated with scoliosis suspected status after correcting for 
age. Importantly, age is a more accessible and less intrusive parameter than the Tanner stage and is more clearly 
defined than menarche or even weight and height, which is important in applying the model in the field.

Estimate Standard error Adjusted p-value

Intercept 23.36 5.65 4 × 10− 5

Age 0.62 0.12 2 × 10− 7

Average tibia strength − 0.0092 0.0018 4 × 10− 7

Hyperlaxity (1 = yes, 0 = no) 2.44 0.39 1 × 10− 9

Table 4.  Parameters for model development.

 

No scoliosis Scoliosis suspected status

Total all P value between gymnasts’ groupsRhythmic Acro Artistic Total Rhythmic Acro Artistic Total

Menarche

No 95 32 46 173 43 13 11 67 240

0.006*Yes 8 11 3 22 8 4 0 12 34

Total 103 43 49 51 17 11 274

Tanner stage

< 3 95 26 45 166 37 13 10 60 226

< 0.0001*≥ 3 8 17 4 29 14 4 1 19 48

Total 103 43 49 51 17 11 274

Table 3.  Research groups and scoliosis suspected status according to menarche and Tanner stage. *Significant 
difference between groups (p < 0.05).
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Our study did not reveal an association between scoliosis suspected status and puberty nor any difference 
in menarche age of onset between gymnasts with and without the presence of scoliosis. This corresponds with 
several studies52,53 however, other studies have indicated an association between the pubertal stage, which is 
marked by rapid skeletal growth and hormonal changes, with the peak incidence of idiopathic scoliosis. Studies 
have reported higher prevalence rates of idiopathic scoliosis among post-menarche females, suggesting a 
hormonal influence on scoliosis development13,54. Age at menarche, representing the initiation of menstrual 
cycles and estrogen production, is also considered to be related to scoliosis progression during adolescence55. 
Mao et al.56 examined a large group of Chinese girls (6376 healthy female adolescents and 2196 scoliotic girls), 
finding a tendency for delayed onset of menarche among idiopathic scoliotic girls especially for girls with Cobb 
angle > 60°. They also found a higher proportion of girls starting to menstruate after 14 years of age, which was 
significantly higher in girls with scoliosis compared with normal controls.

These varying findings across studies highlight the complex and contradictory relationship between menarche 
and adolescent idiopathic scoliosis, indicating that factors beyond hormonal changes may also play a role in the 
development of scoliosis.

Our study also revealed an association between scoliosis suspected status and hypermobility similar to our 
previous study of young dancers21. During puberty, hormonal fluctuations can affect ligament laxity, which 
may increase spinal instability and asymmetrical loading on the spine, thus contributing to scoliosis. Studies 
have reported a higher prevalence of hypermobility among individuals with idiopathic scoliosis than among 
the general population. Czaprowski et al.57 examined 70 subjects with scoliosis (mean age 13.2) and 58 healthy 

Fig. 1.  ROC curve for the logistic regression model. The AUC of the curve is 0.87.
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controls. They found significant differences in hypermobility prevalence between groups being 51.4% among 
subjects with idiopathic scoliosis compared with 19% in the control.

Another risk factor for the presence of scoliosis found in the current study was low bone strength in gymnasts 
with scoliosis suspected status compared to those without. High energy-consuming training, coupled with the 
need to maintain body leanness, may contribute to low energy availability, which in turn leads to changes in 
hormonal cycles, menstrual disorders, and low bone density58. Gymnastics is known to enhance mineral density 
and bone properties in prepubertal and early pubertal athletes59,60. However, biomechanical studies have also 
shown that repetitive activities with extreme bone stress and strains may lead to accumulated bone micro-
damage and reduced bone properties61. Lam et al.62 examined bone quality with quantitative ultrasound finding 
that the z-score of bone mineral density at the femoral neck of scoliosis subjects was significantly lower than that 
of normal controls.

Our findings underscore the multifactorial nature of scoliosis in young female gymnasts, and suggest that 
both mechanical and biological factors contribute to the development of scoliosis in this athletic population. 
Identifying gymnasts at risk for scoliosis during puberty early allows for timely implementation of preventive 
strategies. These may include focusing on strengthening exercises instead of flexibility exercises and conducting 
regular monitoring, which can help prevent the development and progression of scoliosis.

Study limitations
This study has several limitations. First, it was a cross-sectional study without longitudinal follow-up. Second, it 
is possible that gymnasts with scoliosis quit earlier or missed training, generating a negative selection bias. Third, 
the absence of a non-gymnast control group limits our ability to compare the prevalence and associated factors 
of scoliosis with the general population. However, girls of the same age not engaged in gymnastics would likely 
differ substantially in terms of daily physical activity, body composition, and musculoskeletal characteristics, 
introducing multiple confounding variables. Another limitation is the lack of radiographic confirmation for 
scoliosis. Nonetheless, validated clinical tools such as Adam’s forward bend test and scoliometer measurement 
were used, both of which demonstrated reasonable accuracy in scoliosis screening. Finally, the study sample, 
although relatively large for this population, included heterogeneous subgroups of gymnasts with differences 
in age, skeletal maturity, and sample size across disciplines. We addressed this heterogeneity by including these 
parameters in our analyses.

Conclusion
This study highlights a high prevalence of scoliosis suspected status in young female gymnasts. Hyperlaxity, 
older age, high training load, and low bone strength are associated with the presence of scoliosis suspected 
status. Surprisingly, menarche and pubertal development were not found to be associated with the presence of 
scoliosis suspected status. A logistic regression model that considers the age of the gymnasts, bone strength, 
and hyperlaxity can predict scoliosis suspected status well. This prediction model for scoliosis, which can be 
assessed relatively easily, allowing for the identification of at-risk gymnasts. Further research is needed to 
validate our prognostic model in other sport types and to develop targeted interventions for scoliosis prevention 
and management.

Data availability
The data that support the findings of this study are not openly available, and are available from the correspond-
ing author upon reasonable request.
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