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ABSTRACT

Background: Joint hypermobility is common in adolescents and may predispose them to musculoskeletal
injuries, yet Indian data, especially for both sexes, are limited, prompting this study to estimate GJH prevalence
and its association with injuries. Methods: A cross-sectional study was conducted among 356 adolescents aged
13—15 years from three schools in Puducherry, India. Two independent evaluators assessed joint hypermobility
using the Beighton (>4/9) and Hospital del Mar (HDM) (>4/11) criteria. Demographic details, nutritional status,
and medically confirmed injuries in the past 12 months were also recorded. Data were analysed using chi-square
tests, with significance set at p < 0.05. Results: The majority of participants were 15 years old (57.9%) and
male (60.7%). Hypermobility was identified in 11.5% of adolescents using the Beighton score and in 11.0%
using the Hospital del Mar score, with 6.2% meeting criteria on both scales. Overall, 12.1% of participants
reported musculoskeletal injuries, most commonly involving the knee. Injury prevalence was significantly
higher among hypermobile adolescents than non-hypermobile peers (Beighton, p = 0.009; Hospital del Mar, p =
0.036). Males sustained more injuries than females (p = 0.049), and adolescents who were overweight or
underweight had higher injury rates compared with well-built participants (p = 0.010). No significant
associations were observed between injury occurrence and age, socio-economic status, or urban—rural residence.
Conclusion: A clinically relevant proportion of adolescents exhibited joint hypermobility, which was
significantly associated with an increased risk of knee and ankle injuries, highlighting the importance of early
screening, preventive strategies, and the promotion of a balanced diet to support musculoskeletal health and
reduce injury risk.

Keywords: Adolescents, Beighton score, Hospital del Mar score, joint hypermobility, musculoskeletal injuries,
knee injuries, ankle injuries, nutrition, body mass index, and injury risk.

Introduction

Joint hypermobility (JH) occurs when joints move beyond the normal range expected for a person’s age, sex, or
body type. Many children and adolescents are naturally flexible because their connective tissues are more elastic
than those of adults [1]. In some cases, this flexibility is harmless and even beneficial in activities such as
dancing, gymnastics, and sports [2]. However, when flexibility is combined with weak joint control or reduced
tissue stability, it can result in pain, fatigue, and a greater risk of musculoskeletal injury [3].

Hypermobility lies on a spectrum, ranging from normal flexibility to more complex medical conditions, such as
hypermobile Ehlers-Danlos syndrome and hypermobility spectrum disorders [4]. Distinguishing between normal
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flexibility and clinically significant hypermobility is especially important during adolescence, a period marked
by rapid growth and high physical activity levels [5]. Therefore, identifying adolescents with generalised joint
hypermobility (GJH) is important for both clinical care and public health.

Epidemiological studies have reported widely varying rates of GJH in young populations, ranging from less than
5% to more than 50% [6]. This variation arises mainly from differences in assessment methods, age and sex
composition, and ethnic backgrounds of the study groups. Overall, GJH is more common in girls, tends to peak
before puberty, and is seen more frequently in Asian and African populations than in European groups [7]. In
India, only a few small studies, mostly involving schoolgirls, have been published, and their findings are
inconsistent [§]. Reliable community-based data, including both boys and girls, remains limited.

The Beighton score is the most commonly used method for assessing GJH. However, debate continues
regarding the most suitable cutoff point for children and adolescents. Currently, a score of six or more out of
nine is recommended for this age group [9]. The Hospital del Mar (HDM) criteria provide an alternative system
for evaluating a broader set of joints. The use of both measures may offer a clearer picture of hypermobility in
adolescents and strengthen prevalence estimates [10]. There is increasing evidence that JH is associated with
musculoskeletal problems. Adolescents with hypermobility are more likely to experience joint pain, fatigue, and
sports-related injuries than their peers [3].

Research on athletes also suggests that ligamentous laxity increases the likelihood of sprains and dislocations
and slows recovery after injuries [7]. However, most of this evidence comes from Western countries, and data
from India are limited [8]. This study aimed to fill this gap by measuring the prevalence of JH in Indian
adolescents using both Beighton and HDM criteria. This study will also examine the relationship between
hypermobility and joint injuries.

Materials and Methods
The study is a cross-sectional analytical study, based at schools, that was carried out in three schools in
Puducherry, South India between October 2023 and 2025. A population of 356 adolescents between the ages of
13 and 15 years was used. The Institutional Ethics Committee gave an ethical approval, and before consent was
granted, the concerned authorities were notified. Informed consent was taken, in writing, before participant
assessment, both of which were school authorities and parents/guardians.
Sample size estimation was based on data reported by Ohman et al., who observed a prevalence of generalized
joint hypermobility of 34% using the Hospital del Mar (HDM) score and 12% using the Beighton score,
yielding an estimated absolute risk difference of 22%. Assuming a two-sided a of 0.05, 80% power, and equal
group allocation, the minimum required sample size was calculated as 56 participants using the formula:

n= a2 +Zg)? X [p1(1 — p1) + p2(1 — p2)]

(P1_P 2)7

To improve external validity and permit subgroup analyses, the target sample size was pragmatically increased
to 300 adolescents. Ultimately, 356 adolescents were enrolled in the study.

The inclusion criteria included adolescents aged between 13 and 15 years old with an informed consent given by
the parents or guardians. The exclusion criteria comprised of the adolescents who had neurological or syndromic
conditions in their past, a history of non-sport-related injuries, and the adolescents who undertook gymnastics
because it is known to be associated with physiological hypermobility.

Upon measurement of anthropometric measures, two independent examiners measured the joint hypermobility
of participants using Beighton score and Hospital del Mar (HDM) score. These two tests were administered on
the same day separated by a 10-minute rest period between tests. Case-report forms contained the scores that
were documented on standardized case-report forms and later inputted into a secure REDCap database. What is
being measured in the Beighton score is the nine joint movements, such as passive dorsiflexion of the fifth
metacarpophalangeal joint, passive opposition of the thumb to the forearm, the hyper extension of elbows and
knee more than 10 degrees, and the forward flexion of the trunk with the palms flat on the floor. The range of
the scores is between 0 and 9 with a cutoff of 4 being applied in determining hypermobility in this research. The
Hospital del Mar scale evaluates the passive mobility of several joints arranged in a finger, elbow, shoulder, hip,
knee, patella, ankle, metatarsophalangeal, and trunk mobility, with the highest amount of 11. The cutoff point
was 4 and above which was taken to be hypermobility. Though in some cases, higher cutoffs are advised in
adolescent populations, a threshold of 4 and above was used in both systems of scoring to ensure consistency
and comparability.

There were two groups of the participants: the generalized joint hypermobility (GJH) group, which included
adolescents who fulfilled the criteria of hypermobility on either the Beighton or the Hospital del Mar (HDM)
scale, and a non-GJH group, including adolescents who failed to fulfil hypermobility criteria on both scales. All
the participants were then interviewed on whether they had any medically proven joint injuries in the past 12
months during organized or recreational sports activities and the frequency of the injuries was contrasted
between the two groups.
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Data were double-entered and cross-validated prior to analysis. Continuous variables were summarized as mean
+ standard deviation, while categorical variables were expressed as frequencies and percentages. Associations
between joint hypermobility, demographic variables, nutritional status, and injury occurrence were examined
using the Chi-square test. Agreement between assessors was evaluated using Cohen’s kappa (k). Statistical
significance was set at p < 0.05. All analyses were performed using IBM SPSS Statistics for Windows, version
17.0.

Results

The study included 356 adolescents aged 13—15 years, with 16 adolescents (4.5%) aged 13 years, 134 (37.6%)
aged 14 years, and 206 (57.9%) aged 15 years. The mean age was 14.53 + 0.58 years, and the mean BMI was
21.38 +4.675 kg/m>. The gender distribution comprised 140 females (39.3%) and 216 males (60.7%) (Figure 1).
Most adolescents resided in urban areas (265, 74.4%), while 91 (25.6%) were from rural areas. Regarding socio-
economic status, 4 adolescents (1.1%) belonged to the lower class, 342 (96.1%) to the middle class, and 10
(2.8%) to the upper class. Nutritional assessment showed that 11 adolescents (3.1%) were lean built, 41 (11.5%)
were underweight, 96 (27.0%) were overweight or at risk, and 207 (58.1%) were well built. Based on BMI
classification, 260 adolescents (73.0%) were in the normal/underweight category, while 96 (27.0%) were
classified as overweight or at risk (Table 1).

250

216 (60.7%)

N

o

o
s

150 4 140 (39.3%)

100

Number of participants

50 4

0 .
Female Male

Figure 1: Gender Distribution of the Study Population

Table 1: Demographic and Baseline Characteristics of the Study Population (n = 356)

Variable Category Frequency (%)
Age (years) 13 16 (4.5%)
14 134 (37.6%)
15 206 (57.9%)
Gender Female 140 (39.3%)
Male 216 (60.7%)
Location Urban 265 (74.4%)
Rural 91 (25.6%)
Socio-economic status Lower class 4 (1.1%)
Middle class 342 (96.1%)
Upper class 10 (2.8%)
Nutritional status Lean built 11 (3.1%)
Underweight 41 (11.5%)
Overweight / Risk 96 (27.0%)
Well built 207 (58.1%)
BMI category Normal / Underweight 260 (73.0%)
Overweight / Risk 96 (27.0%)
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The mean Beighton score was 2.04 £+ 1.78, and the mean Hospital del Mar (HDM) score was 1.78 & 1.47. Based
on the Beighton scoring system, 315 adolescents (88.5%) were classified as non-hypermobile (scores 0-3),
while 41 (11.5%) were identified as hypermobile (scores 4-9). Using the HDM score, 317 adolescents (89.0%)
were non-hypermobile (scores 0-3), and 39 (11.0%) were hypermobile (scores 4—11). When both scoring
systems were considered concurrently, 298 adolescents (83.7%) did not meet hypermobility criteria on either
scale, 19 (5.3%) were positive only on the Beighton score, 17 (4.8%) were positive only on the HDM score, and
22 (6.2%) were positive on both scales, representing dual-positive cases of generalized joint hypermobility
(Table 2).

Table 2: Distribution of Joint Hypermobility According to Beighton and Hospital del Mar Scores (n =
356)

Scoring system Category N (%)
Beighton score Non-hypermobile (0-3) 315 (88.5%)
Hypermobile (4-9) 41 (11.5%)
Hospital del Mar score Non-hypermobile (0-3) 317 (89.0%)
Hypermobile (4-11) 39 (11.0%)
Combined scores Neither >4 298 (83.7%)
Beighton only >4 19 (5.3%)
HDM only >4 17 (4.8%)
Both >4 (dual positive) 22 (6.2%)

Among the adolescents, 313 (87.9%) reported no injury, while 43 (12.1%) sustained at least one
musculoskeletal injury. The knee was the most commonly affected site, with injuries involving the right knee in
13 participants (3.7%) and the left knee in 10 participants (2.8%). Left ankle injuries were reported in 2
participants (0.6%). Overall, lower limb injuries were infrequent, and the majority of the study population
remained injury-free (Table 3, Figure 2).

Table 3: Distribution of Injuries by Status and Anatomical Location (n = 356)

Variable Category N (%)
Injury status No 313 (87.9%)
Yes 43 (12.1%)
Site and location of injury Right knee 13 (3.7%)
Left knee 10 (2.8%)
Left ankle 2 (0.6%)
17.5
15.0
: 13 (3.7%)
€ 125
% el 10 (2.8%)
£
= 5.0
2.5 2 (0.6%)
o I
Right knee Left knee Left ankle

Figure 2: Distribution of Musculoskeletal Injuries by Anatomical Location
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Significant associations with injury occurrence were observed for gender, Beighton score, Hospital del Mar
(HDM) score, nutritional status, and BMI (p < 0.05). Injury prevalence did not differ significantly across age
groups, with injuries reported in 12.5% of 13-year-olds, 14.2% of 14-year-olds, and 10.7% of 15-year-olds (p =
0.625). Males experienced a significantly higher proportion of injuries compared with females (14.8% vs. 7.9%,
p = 0.049). Adolescents with a Beighton score >4 had a higher injury prevalence than those with scores of 0—3
(22% vs. 10.8%, p = 0.009), and similarly, those with an HDM score >4 showed greater injury occurrence
compared with lower scores (23.1% vs. 10.7%, p = 0.036). All injuries occurred among adolescents belonging
to the middle socioeconomic class; however, this association was not statistically significant (p = 0.368).
Although injury rates were numerically higher among rural adolescents (14.3%) than urban adolescents
(11.3%), the difference was not significant (p = 0.454). Nutritional status demonstrated a significant association,
with overweight or at-risk adolescents showing higher injury rates (15.6%) than well-built individuals (9.7%, p
= 0.010). BMI classification similarly revealed a higher injury prevalence among overweight or at-risk
adolescents compared with those with normal or underweight BMI (15.6% vs. 10.8%, p = 0.002) (Table 4).

Table 4: Association Between Demographic Characteristics, Hypermobility Scores, and Injury
Occurrence (n = 356)

Variable Category Injury — Yes (%) Injury — No (%) PValue

Age (years) 13 2 (12.5%) 14 (87.5%) 0.625
14 19 (14.2%) 115 (85.8%)
15 22 (10.7%) 184 (89.3%)

Gender Female 11 (7.9%) 129 (92.1%) 0.049*
Male 32 (14.8%) 184 (85.2%)

Beighton score 0-3 34 (10.8%) 281 (89.2%) 0.009*
>4 9 (22.0%) 32 (78.0%)

HDM score 0-3 34 (10.7%) 283 (89.3%) 0.036*
>4 9 (23.1%) 30 (76.9%)

Socio-economic Lower 0 (0%) 4 (100%) 0.368

status Middle 43 (12.6%) 299 (87.4%)
Upper 0 (0%) 10 (100%)

Location Urban 30 (11.3%) 235 (88.7%) 0.454
Rural 13 (14.3%) 78 (85.7%)

Nutritional status Overweight/Risk 15 (15.6%) 81 (84.4%) 0.010%*
Lean/Underweight 8 (15.1%) 45 (84.9%)
Well built 20 (9.7%) 187 (90.3%)

BMI category Normal/Underweight 28 (10.8%) 232 (89.2%) 0.002*
Overweight/Risk 15 (15.6%) 81 (84.4%)

P value < 0.05*
Discussion

The purpose of this study was to determine whether joint hypermobility was a predisposing factor to
musculoskeletal injuries in adolescents. The study population consisted of adolescents aged between 13 and 15
years and mostly 15-year-olds and a higher percentage of males than females. This distribution can be a school
enrolment, sampling, or more involvement in physical activities by men. Past studies have reported age- and
sex-related differences in joint mobility. Ituen et al. have indicated that the prevalence of hypermobility was the
greatest in the younger children and decreased with age with significant differences in the gender patterns of
mobility, and the active nature of joint laxity in growth and development [11].

Both Beighton and Hospital del Mar (HDM) criteria were used to assess the subjects, and it was easy to see that
the majority of adolescents in the current study were non-hypermobile with a smaller percentage exhibiting
hypermobility on either scale. This observation aligns with previous research which had found lesser prevalence
of generalized joint hypermobility in older children and adolescents. According to Ohman et al., hypermobility
was found prevalent at 12 per cent with Beighton score and 34 per cent with HDM criteria in younger children,
which highlights why HDM system is more sensitive in the detection of joint laxity [12]. Even though the
suggestion of higher Beighton cut-offs in adolescents has been suggested, equal cut-offs of 4.0 in both scoring
systems were used in this research not only to ensure consistency but also comparability with current literature.
Most of the adolescents in the current research did not record musculoskeletal injury, which represents a healthy
group of adolescents. Knee and ankle were the most affected areas among those who were injured implying that
weight bearing joints were more vulnerable. Such tendencies have been observed in the past Junge et al. have
also described knee overuse injury to be frequent among children with generalized joint hypermobility and knee
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and ankle injuries were also found to be the most common locations of musculoskeletal trauma in adolescents
by Reuter et al. [13,14]. These results help to suggest that alterations in joint biomechanics and susceptibility of
these sites to injuries can be caused by joint laxity.

As nutrition assessment revealed, the majority of adolescents were well-built, but a significant number of them
were overweight or at risk. Although the general nutritional status was found to be appropriate, the deviation on
ideal body composition was linked to the occurrence of injury. Similar results were obtained in earlier works.
Bozkurt reported mean values of BMI in the normal range in school children, and Perera et al. reported that BMI
and hypermobility of the joints had significant relationships, which is the result of the complicated
interdependence of the nutritional condition and the musculoskeletal state [15,16]. In the current study, an
analysis by age established no significant difference in the prevalence of injuries between the 13 to 15-year age
groups indicating relatively homogeneous exposure to risk of injuries in the early adolescence stages. It is
consistent with the results of Blajwajs et al. who found a different age-related effect of a reduction in
hypermobility prevalence but no stable age-related effect on injury occurrence [17]. There were some gender
disparities where the prevalence of injuries was higher among the male gender as compared to the female
gender. It can be a manifestation of increased involvement in risk-prone or high-intensity physical activities in
males. Quatman et al., on the other hand, found more females had suffered a ligamentous and ankle injury, and
higher rates of injury could be dependent on the type of activity, biomechanics, and characteristics of the
population [18]. One of the main results of this study was that the prevalence of injuries in adolescents with
joint hypermobility is much higher than that of non-hypermobile adolescents measured by the Beighton and
HDM scores. This confirms this hypothesis that joint hypermobility is a relevant risk factor of musculoskeletal
injury among adolescents. Russek and Errico have also reported similar associations and noted that more people
were injured because of generalized joint hypermobility and joint hypermobility syndrome [19]. The increased
count of injuries according to the HDM criteria also contributes to its application in the field of detecting
clinically relevant hypermobility [11]. Even though all of the injuries in the current research involved
adolescents whose socioeconomic status was in the middle socioeconomic group, there was no statistically
significant correlation between socioeconomic status and the occurrence of injuries, probably because other
classes were not represented well. In a comparable manner, the urban-rural residence was not a significant
predictor of injury risk, indicating that hypermobility and nutritional influences might have a more significant
role than the environment. Other past research has also indicated incongruous relationships between
socioeconomic factors and sports-related injuries [20]. Altogether, the results of this paper show that joint
hypermobility among adolescents is connected with the greater vulnerability to musculoskeletal injuries, in
particular, the knee and ankle [21]. Injury risk was also increased by gender of males and nutritional imbalance
[22]. These findings emphasize the significance of early diagnosis of joint hypermobility, gender-sensitive
injury prevention programs, and encouraging balanced nutrition as the means of promoting muscle-related
health and lowering the risk of injuries in adolescence.

Limitations of the Study

This cross-sectional study design does not permit the establishment of causal relationships between joint
hypermobility and injury risk. The findings are based on a single regional sample and therefore may not be
generalizable to all adolescent populations. The reliance on self-reported injury history introduces the possibility
of recall bias, which may influence the accuracy of the reported outcomes. Additionally, the exclusion criteria
applied in the study could have affected the estimated prevalence of joint hypermobility. Variability between the
two assessment scoring systems used to identify joint hypermobility also limits standardization and may
influence diagnostic consistency across different settings.

Conclusion

Joint hypermobility in adolescents is significantly associated with an increased risk of musculoskeletal injuries,
particularly involving the knee and ankle. Male gender and nutritional imbalance further contribute to injury
susceptibility, whereas age, socio-economic status, and place of residence do not appear to exert a significant
influence. These findings underscore the importance of early identification of joint hypermobility and the
implementation of targeted preventive strategies that emphasise joint stability, appropriate physical activity, and
the promotion of a balanced diet to support optimal musculoskeletal health and reduce injury risk during
adolescence.
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