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Abstract 

Aim: Generalized joint hypermobility (GJH) is recognized as one of the risk factors for musculoskeletal 

impairments. This study aimed to evaluate core muscle endurance, upper extremity muscle strength, grip 

strength, and hand-eye coordination in young adults with GJH. 

Method: This is a cross-sectional and observational study. Twenty-seven young adults with GJH, aged 17–

26 years, and an age-matched group of 27 young adults without GJH were recruited in the study. All 

participants performed core muscle endurance tests, upper extremity muscle strength test, hand-grip and 

pinch-grip strength tests, and the alternate hand-wall toss test.  

Results: Considering the descriptive features, no statistically significant differences were identified 

between the groups (p>0.05). The mean Beighton score was 5.26±2.38 in the GJH group, which indicates 

joint hypermobility (p<0.001). While a significant difference was found between the groups for the trunk 

flexion test (p = 0.002), right side plank test (p=0.013), and left side plank test (p=0.039) in the tests of core 

muscle endurance, there was no significant difference in the trunk extension test (p=0.532), horizontal plank 

test (p=0.190), and alternate hand wall toss test (p=0.127). 

Conclusion: The young adults in the present study who had been grouped as having GJH (Beighton 

score≥4) showed a decline in upper extremity strength, grip strength, and core muscle endurance. This 

study, in combination with the findings of the literature, suggests that a comprehensive screening program 

for the early recognition of GJH is required to prevent musculoskeletal problems. 

Keywords: Coordination, hypermobility, muscle strength, young adult. 

Generalize Eklem Hipermobilitesi Olan Genç Erişkinlerde Core Kas Dayanıklılığı, Üst 

Ekstremite Kas Kuvveti, Kavrama Kuvveti ve El-Göz Koordinasyonu 

Öz 

Amaç: Generalize eklem hipermobilitesi (GEH) kas-iskelet sistemi bozuklukları için risk faktörlerinden biri 

olarak kabul edilmektedir. Bu çalışmada GEH'li genç erişkinlerde core kas dayanıklılığı, üst ekstremite kas 

kuvveti, kavrama kuvveti ve el-göz koordinasyonunun değerlendirilmesi amaçlandı. 

Yöntem: Bu kesitsel ve gözlemsel bir çalışmadır. Çalışmada yaşları 17-26 arasında değişen GEH'li 27 genç 

erişkin grup ve GEH olmayan 27 genç erişkin grup karşılaştırıldı. Tüm katılımcılara core kas dayanıklılık 
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testleri, üst ekstremite kas kuvveti testi, el kavrama ve parmak kavrama kuvveti testleri ve alternatif el-duvar 

fırlatma testi uygulandı 

Bulgular: Tanımlayıcı özellikler göz önüne alındığında, gruplar arasında istatistiksel olarak anlamlı bir fark 

tespit edilmedi (p>0,05). Ortalama Beighton skoru GEH grubunda 5,26±2,38 olup eklem hipermobilitesini 

göstermektedir (p<0,001). Core kas enduransı testlerinde gövde fleksiyon testi (p=0,002), sağ yan köprü 

testi (p=0,013) ve sol yan köprü testi (p=0,039) için gruplar arasında anlamlı fark bulunurken, gövde 

ekstansiyon testi (p=0,532), horizantal köprü testi (p=0,190) ve alternatif el duvar fırlatma testinde 

(p=0,127) anlamlı fark bulunmadı. 

Sonuç: Bu çalışmada GEH tespit edilen (Beighton skoru≥4) genç erişkinlerin üst ekstremite ve kavrama 

kuvveti ile core kas dayanıklılığında azalma görüldü. Çalışma, literatürdeki bulgularla birlikte, kas-iskelet 

sistemi sorunlarının önlenmesi için GEH'in erken tespit edilmesine yönelik kapsamlı bir tarama 

programının gerekli olduğunu düşündürmektedir. 

Anahtar Sözcükler: Genç erişkin, hipermobilite, kas kuvveti, koordinasyon. 

 

Introduction 

Generalized joint hypermobility (GJH) is known as a clinical disorder with the ligament 

laxity in which the joints can present too wide-ranging motion, independent of any 

rheumatic disease1. The studies in the literature are mostly focused on benign joint 

hypermobility syndrome, which is the symptomatic form of GJH. In some studies, the 

terms GJH and benign joint hypermobility syndrome were considered synonymous. 

However, GJH is not a diagnosis; it is a condition and does not necessarily cause 

symptoms2. Many people have multiple hypermobile joints, and this condition, known 

as GJH, is not harmful in some circumstances3. Since it is the most universally accepted 

threshold in adults and correlates with the revised 1998 Brighton criteria, the Beighton 

score ≥ 4/9 is used to determine those with GJH4. 

Hypermobility has been reported to increase the risk of musculoskeletal problems and 

injuries to joints such as subluxations, dislocations, and sprains5-8. Scheper et al. also 

noted that more pain, fatigue, and disability are experienced in people with GJH9. 

Considering all these risks, decreased muscle endurance and strength could contribute 

to the higher risk of injuries in people with GJH. 

Hand-eye coordination is the ability to do activities through simultaneous use of hands 

and eyes for completing motor tasks, as properly determined by the movement control 

processes10. Upper limb muscle strength contributes to being able to perform strong 

movements with hands.  

To date, there is no known study evaluating core muscle endurance, upper extremity 

muscle strength, grip strength, and hand-eye coordination in young adults with GJH. 

Hence, the hypotheses of this study were as follows: 

H1: Core muscle endurance is weaker in young adults with GJH than in their non-GJH 

peers. 

H2: Upper extremity muscle strength is weaker in young adults with GJH than in their 

non-GJH peers. 

H3: Grip strength is weaker in young adults with GJH than in their non-GJH peers. 

H4: Hand-eye coordination is weaker in young adults with GJH than in their non-GJH 

peers. 
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Material and Methods 

Study design 

The Bezmialem Vakif University Non-interventional Clinical Research Ethics Committee 

(date - number: 17.04.2023-104359) approved this cross-sectional and observational 

study. The study was registered on the ClinicalTrials.gov website (registration number: 

NCT05896722), and the protocol followed the Declaration of Helsinki guidelines. 

Sample size  

The sample size was calculated by the G-Power 3.1 (Universitat Kiel, Germany)11. Based 

on the upper extremity muscle strength data measured in a study by Jindal et al.12, while 

α=0.05 and the power of the test was 80%, the sample size was determined as 27 for each 

group (d=0.69, α=0.05). 

Participants 

Twenty-seven young adults (9 male, 18 female) with GJH aged 17-26 years and an age-

matched group of 27 young adults (13 male, 14 female) without GJH were recruited in 

the study.  

A score of ≥ 4/9 on the Beighton score and being between the ages of 17 and 26 were 

required for the GJH group to be included. The exclusion criteria were the existence of 

benign joint hypermobility syndrome, any neurological, rheumatic, musculoskeletal, and 

connective tissue disease, cognitive, mental, and/or serious psychiatric illness, a history 

of fracture or surgery in the upper extremity, pain, deformity, or surgical history related 

to the vertebral column and upper extremity, and participating in any exercise program 

or sporting activity in the last six months. A score of <4/9 on the Beighton score and 

being between the ages of 17 and 26 were required for the non-GJH group to be included. 

Similar exclusion criteria were accepted for the non-GJH group. An informed consent 

form was signed by each participant. 

Study procedures 

All testing procedures were carried out at Bezmialem University, Faculty of Health 

Sciences, Department of Physiotherapy, and Rehabilitation. Demographic and clinical 

information were recorded for all participants before testing. The tests were performed 

on the same day with a 15-min interval between tests. 

Joint hypermobility was evaluated with the Beighton score, which is based on performing 

some maneuvers and measurements on the thumb, fifth finger, elbow, and knee joint 

and placing the palms on the floor with both knees extended. Joints are evaluated 

symmetrically, and range of motion is measured with a goniometer. Each hypermobile 

joint is scored as one point, and ≥ 4/9 indicates the presence of GJH13. 

The sit-and-reach test was used in order to test for flexibility. Participants placed their 

feet against a box set at a height of 23 cm, and were asked to reach forward with their 

hands as far as possible while keeping their knees straight. The test was performed three 

times, and the highest value was recorded in cm14. 

Core muscle endurance tests 

The McGill endurance tests have shown excellent reliability (ICC = 0.97-0.99)15. 
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Trunk flexion: The participant's lower extremities were placed as abducted at 

approximately shoulder width, and the knees were semiflexed in the supine position. The 

ankles were fixed, and the hands were positioned on the opposite shoulders. The number 

of curl-ups was recorded16.  

Trunk extension test: The participant was placed with the inguinal region at the edge 

of the table. The hips and knees were extended, the ankles were fixed, and the arms were 

positioned next to the body. The test was terminated when the horizontal position 

couldn’t be maintained (maximum 240 seconds)17. 

Side plank test: The participant was placed in a side-lying position with the lower 

extremities extended and the upper foot placed in front of the lower foot for support. 

Elevation was performed on the forearm and ankle until the pelvis and trunk became 

horizontal. The time spent keeping the body in a straight line was recorded in seconds. 

Measurements were performed bilaterally17.  

Horizontal plank test: The participant was placed in the push-up position with 

shoulders and elbows in 90° flexion. The time keeping the body on their feet and 

forearms in a straight line was recorded in seconds. 

Upper extremity muscle strength test: Isometric shoulder, elbow, and wrist 

muscle strength evaluations were performed with a hand-held dynamometer (MicroFET 

2 force gauge, Hoggan Health Industries, Utah). The ICC of the MicroFET 2 force gauge 

ranged from 0.83 to 0.9418. The tests were performed in supine, prone, and sitting 

positions, using the positions required for the muscle testing method described by 

Lovett, without compensatory movements. The values resulting from isometric 

contraction were recorded as kilogram force. Measurements were repeated three times 

for five seconds bilaterally, and the mean value was recorded19,20. 

Hand-grip strength test: Hand-grip strength was evaluated with a hydraulic hand 

dynamometer (Jamar, Patterson Medical, Warrenville, IL, USA) in the position 

recommended by the American Association of Hand Therapists. The Jamar hand 

dynamometer was found to be highly reliable (ICC = 0.98) and valid (ICC = 0.99) for 

measuring hand grip strength21. The participant was seated in a chair with back support 

and no armrests, with the elbow flexed at 90° and the forearm in a neutral position, and 

was asked to squeeze with maximum force. Measurements were performed bilaterally 

three times and recorded as kilogram force22. 

Pinch-grip strength test: Pinch-grip strength was evaluated with a hydraulic pinch 

meter (Jamar, Patterson Medical, Warrenville, IL, USA). The ICC of the pinch gauge 

ranged from 0.95 to 0.9923. The participant was placed with the elbow in 90° flexion and 

the forearm in a neutral position in the sitting position and was asked to squeeze the 

pinch meter with maximum force in the lateral, palmar, and pinch-grip positions. 

Measurements were performed bilaterally three times and recorded as kilogram force24.  

Alternate hand-wall toss test: Alternate hand wall indicated a high degree of 

construct validity for the test (ICC = 0.85)25. The participant stood behind a line 2 meters 

away from the wall. The test started with throwing a tennis ball to the wall with one hand 

and trying to be caught with the opposite hand to measure hand-eye coordination. The 
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test continued in this way for 30 seconds, and the number of balls caught was 

recorded26,27. 

Statistical analysis 

The data were analyzed using the SPSS Statistics for Windows version 20.0 (SPSS, Inc., 

Chicago, IL, United States). Data were expressed as the mean ± standard deviation. 

Analyzing the data for normal distribution was assessed with histograms, probability 

plots, and the Kolmogorov-Smirnov/Shapiro-Wilk test. Depending on the data's 

distribution characteristics, the groups were compared using either the Mann-Whitney 

U test or the Independent Samples T test. Statistical significance was calculated at the 

p<0.05 level. 

Results 

The descriptive characteristics did not reveal any statistically significant differences 

between the groups (p > 0.05) (Table 1). 

Table 1. Comparison of the descriptive characteristics of the groups. 

Variables 

GJH group Non-GJH group 

p value n = 27 n = 27 

m ± SD m ± SD 

Age (years) 21.22 ± 1.62 21.89 ± 1.70 0.146 

Height (cm) 170.01 ± 0.11 172.07 ± 0.09 0.531 

Weight (kg) 63.70 ± 13.77 67.37 ± 9.77 0.214 

BMI (kg/m2) 21.66 ± 3.22 22.59 ± 2.63 0.250 

Sex n (%)    

Male 9 (33.3) 13 (48.1) 
0.406 

Female 18 (66.7) 14 (51.9) 

Dominance n (%)    

Right 21 (77.8) 22 (81.5) 
0.500 

Left 6 (22.2) 5 (18.5) 

GJH: Generalized joint hypermobility, BMI: Body mass index. Data are reported as n 

(%) and mean ± standard deviation. 

The mean Beighton score was 5.26±2.38 in the GJH group, indicating joint 

hypermobility (p<0.001). While a significant difference was found between the groups 

for the trunk flexion test (p = 0.002), right-side plank test (p = 0.013), and left-side plank 

test (p = 0.039) in the core muscle endurance tests, there was no significant difference 

in the trunk extension test (p = 0.532), the horizontal plank test (p = 0.190), and the 

alternate hand wall toss test (p = 0.127) (Table 2). 
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Table 2. Comparison of Beighton, sit and reach, alternate hand wall toss test and core 

muscle endurance test scores of the groups. 

 GJH group 

n = 27 

m ± SD 

Non-GJH group 

n = 27 

m ± SD 

p value 

Beighton score (n) 5.26 ± 2.38 1.19 ± 1.18 <0.001 

Sit and reach test (cm) 30.52 ± 7.26 28.23 ± 6.18 0.217 

AHWTT (n) 13.85 ± 4.93 16.11 ± 5.75 0.127 

Core endurance tests    

Trunk flexion (n) 20.89 ± 6.05 26.18 ± 6.04 0.002 

Trunk extension (sec) 133.93 ± 49.08 142.04 ± 45.57 0.532 

Side plank (right) (sec) 34.11 ± 17.87 47.37 ± 19.85 0.013 

Side plank (left) (sec) 33.74 ± 16.92 44.30 ± 19.59 0.039 

Horizantal plank (sec) 58.15 ± 33.19 71.37 ± 39.74 0.190 

AHWTT: Alternate hand wall toss test, GJH: Generalized joint hypermobility. Data are 

reported as mean ± standard deviation. Significance at p < 0.05. 

A significant difference was found between the groups for elbow flexion strength (non-

dominant) (p = 0.012), wrist extension strength (non-dominant) (p = 0.042), hand-grip 

strength (dominant) (p = 0.032), lateral pinch-grip strength (dominant) (p = 0.027), 

three-point pinch-grip strength (dominant) (p = 0.026), and three-point pinch-grip 

strength (non-dominant) (p = 0.001) tests (Table 3).  

Table 3. Comparison of upper extremity muscle strength scores of the groups. 

 GJH group 

n = 27 

m ± SD 

Non-GJH group 

n = 27 

m ± SD p value 

Upper extremity muscle strength (kgf)    

Shoulder flexion (Dominant) 8.24 ± 1.73 9.04 ± 1.85 0.107 

Shoulder flexion (Non-dominant) 8.42 ± 2.99 9.59 ± 2.89 0.148 

Shoulder extension (Dominant) 7.58 ± 2.89 8.27 ± 2.34 0.269 

Shoulder extension (Non-dominant) 7.91 ± 2.68 8.64 ± 2.46 0.301 

Shoulder abduction (Dominant) 11.59 ± 4.92 13.30 ± 5.25 0.224 

Shoulder abduction (Non-dominant) 11.06 ± 4.74 13.20 ± 5.51 0.131 

Elbow flexion (Dominant) 13.09 ± 2.69 14.33 ± 2.96 0.114 

Elbow flexion (Non-dominant) 12.59 ± 3.23 14.95 ± 3.41 0.023 

Elbow extension (Dominant) 10.53 ± 3.67 11.87 ± 4.05 0.208 

Elbow extension (Non-dominant) 10.85 ± 3.87 12.27 ± 4.38 0.212 

Elbow supination (Dominant) 6.87 ± 2.41 8.05 ± 2.58 0.089 

Elbow supination (Non-dominant) 7.13 ± 2.95 8.22 ± 2.86 0.175 

Elbow pronation (Dominant) 8.14 ± 2.91 9.08 ± 2.70 0.225 

Elbow pronation (Non-dominant) 7.66 ± 3.02 8.72 ± 2.83 0.189 
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Wrist flexion (Dominant) 9.78 ± 3.02 11.06 ± 3.95 0.186 

Wrist flexion (Non-dominant) 9.25 ± 2.97 11.05 ± 3.97 0.065 

Wrist extension (Dominant) 9.85 ± 3.79 11.50 ± 4.11 0.132 

Wrist extension (Non-dominant) 8.71 ± 2.50 10.48 ± 3.64 0.039 

Hand-grip strength (kgf)    

Hand-grip strength (Dominant) 22.23 ± 9.74 28.82 ± 11.60 0.028 

Hand-grip strength (Nondominant)  22.47 ± 11.67 27.18 ± 11.44 0.161 

Pinch-strength (kgf)    

Lateral pinch (Dominant) 6.98 ± 2.01 8.20 ± 1.95 0.017 

Lateral pinch (Non-dominant) 7.03 ± 2.88 8.47 ± 2.38 0.064 

Three-point pinch (Dominant) 6.30 ± 1.65  7.34 ± 1.68 0.026 

Three-point pinch (Non-dominant) 5.67 ± 1.68 7.32 ± 1.86 0.001 

Two-point pinch (Dominant) 4.39 ± 1.03 4.86 ± 1.29 0.146 

Two-point pinch (Non-dominant) 4.04 ± 1.07 4.77 ± 1.66 0.060 

GJH: Generalized joint hypermobility. kgf: kilogram-force. Data are reported as mean 

± standard deviation. Significance at p < 0.05. 

 

Discussion 

Most research in the literature has focused on muscle strength for individuals with GJH, 

and no studies have been examining core muscle endurance and hand-eye coordination 

in these people. The present study has revealed more affected strength in the GJH group 

than the non-GJH group; non-dominant elbow flexion and wrist extension strength, 

dominant hand-grip, lateral pinch-grip, and three-point pinch-grip strength, and trunk 

flexion and side plank tests were statistically weaker in the GJH group than the non-GJH 

group. Alternate hand wall toss test results were similar in groups with GJH and non-

GJH.  

GJH is seen three times more often in women28,29. In line with the literature, the 

proportion of women (66.7%) in the GJH group was three times higher than men (33.3%) 

in this study. A large population study revealed that knee or shoulder pain was more 

likely to be reported in individuals with GJH. Since it is seen more often, they are nearly 

four times more likely to avoid activities to prevent symptoms30,31. The GJH individuals 

in this study were asymptomatic. However, symptoms could not appear until later in 

adulthood because the subjects were young college students. This is why we believe it's 

critical to identify joint hypermobility as soon as possible. 

Previous research revealed that the left side has a greater frequency of hypermobile 

joints32-34. Since we evaluated the total score of both sides, we do not know the score 

difference between the right and left sides, but studies results indicated that non-

dominant elbow flexion and wrist extension muscle strength were statistically weaker on 

the non-dominant sides, which corresponded to the left side of the higher proportion of 

participants.  
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A study reported that sit and reach test results were higher in individuals with joint 

hypermobility than non-hypermobile individuals35. Czaprowski et al.36 did not observe 

any significant differences in the muscle flexibility between girls and boys aged 10–13 

with GJH in comparison with their non-GJH peers. Another study reported that the 

muscle flexibility of adults with GJH did not differ compared to non-GJH37. The present 

study showed that no significant difference was found in the sit and reach test scores 

between the groups indicating similar hamstring and lower back flexibility between the 

GJH and non-GJH groups. 

The studies in GJH generally focused on lower extremity6,38-42. A few studies reported 

results related to upper extremity in individuals with joint hypermobility29,31. Some 

studies disclosed that shoulder, hip, and knee strength were significantly weaker in 

persons with joint hypermobility in some aspects of strength12,29,37,43, although the other 

studies reported similar findings compared to nonhypermobile peers12,29,37,43. In these 

studies, Beighton criteria were used for determining GJH12,29,37, but the protocols and 

equipment used to measure strength differed between these studies. As we evaluated the 

hypermobility with Beighton criteria, we only observed a significant difference in non-

dominant elbow flexion and wrist extension muscle strength in the upper extremity 

muscle testing scores, dominant hand-grip strength, and dominant lateral pinch-grip 

strength and dominant/nondominant three-point pinch-grip strength tests between the 

groups. Previous studies did not find any relationship between hypermobility evaluated 

with the Beighton criteria and pinch-grip strength44,45. In contrast, this study revealed 

that dominant lateral pinch-grip, and dominant/non-dominant three-point pinch-grip 

strength were significantly weaker in the GJH group. Distal muscles of the upper 

extremities were found to be primarily responsible for the observed difference in muscle 

strength between the two groups. Further research assessing strength in individuals with 

higher Beighton scores as well as in men and women will support the existing body of 

knowledge.  

Trunk stability is provided by the core muscles before the movement of the limbs during 

functional activities46-48. A recent study reported that forced expiratory maneuvers 

performed weaker by the people with GJH than those without GJH49. This may suggest 

that the core muscles, which include the abdominals, are major muscles of expiration 

and play an important role in forced expiration. Booshanam et al.50 reported significantly 

poorer trunk, upper, and lower back alignment in individuals with benign joint 

hypermobility syndrome. It is reported that impaired transversus abdominis, erector 

spinae, quadratus lumborum, and latissimus dorsi muscles may deteriorate core 

stabilization, resulting in hypermobile individuals sitting with the trunk bent forward51. 

We evaluated the core muscle endurance with five tests and observed significant 

differences between groups of the variables in trunk flexion and side plank tests in favor 

of the non-GJH group. To our knowledge, core endurance has not yet been tested in the 

people with GJH. This study will contribute to our understanding of the role that core 

endurance plays in everyday activities and will make it easier to prescribe training aimed 

at enhancing or preserving this population's functionality. However, we would like to 

point out that the young adults who participated in this study were sedentary individuals 

who had not participated in any exercise program or sporting activity in the last six 
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months. Less active, more sedentary individuals may exhibit more reduced strength and 

endurance in muscles. However, this difference that we observed in some core muscle 

endurance tests shows that individuals with GJH may need to participate in an exercise 

program more than their non-GJH peers.  

Hand-eye coordination is a complex cognitive ability that requires the eyes and hands to 

work simultaneously to complete activities52. Some studies reported a significant positive 

relationship between hand-eye coordination and core muscle strength10,53. We did not 

encounter any studies comparing hand-eye coordination in young adults with and 

without GJH.  It has been reported in the literature that in children, alternate hand wall 

toss test scores correspond to >35 excellent, 30-35 good, 20-29 average, 15-19 fair, and 

<15 poor catches in 30 seconds25,54. The alternate hand wall toss test had an average score 

of 11.8 in research including 20 non-athletic participants who had low back pain; this is 

considered unsatisfactory according to the scale range53. In this study, the test scores 

were 13.85±4.93 for the GJH group and 16.11±5.75 for the non-GJH group, but no 

significant difference was observed between the groups. Low scores of the test for both 

groups may be related to the inclusion of sedentary or less active individuals in the study. 

The study is not without its limits. The results we obtained cannot be generalized for 

older people because this study population consisted entirely of young adults. 

Furthermore, as we evaluated upper limb muscular strength solely, we are unable to 

project these results to lower extremity muscles. To investigate the impact of GJH on the 

strength and endurance of other muscle groups, larger cross-sectional investigations are 

required. 

Conclusion 

Hypermobility has been shown to raise the risk of musculoskeletal issues. Because of 

this, assessing hypermobility in patients referred to medical facilities with a range of 

musculoskeletal symptoms, increasing awareness of GJH patients to prevent injuries due 

to hypermobility, and strengthening muscles can all help give early remedies to the 

problems. 
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