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ABSTRACT

This research aims to assess dynamic balance, muscle strength, and pain in young women with generalized joint 
hypermobility.

Research methods: A cross-sectional research design was used in this study. The Beighton scale was used to 
assess joint hypermobility; the Y test was performed to assess injury risk; a hand-held dynamometer was applied to 
assess upper extremities’ muscle strength; the McGill tests were used for evaluation of the endurance of trunk mus-
cles’ strength; a numeric analog scale and pain map were used to assess pain intensity and localization.

Participants: Twenty-five young females (age: 22(18–28; 21,16) years; body mass index: (23, 19,2–24, 23,2) 
kg/m²) participated in this study.

Results: The median Beighton score value was 7 (4-9;7.48) points. The Y balance test revealed that 36% (n=9) 
of the participants were at risk of injury when standing on the dominant leg, and 64% (n=16) when standing on the 
non-dominant leg. 64% (n=16) of the young women had a normal grip strength of the dominant hand, and 56% 
(n=14) had normal non-dominant handgrip strength. Only 20% (n=5) of young women with joint hypermobility had 
an abdominal-to-back muscle strength endurance ratio within the normal range and lateral muscle endurance ratio 
was within the normal range only in 16% of women.

Conclusions: Our pilot study showed that young women with joint hypermobility have reduced hand muscle 
strength, an imbalance in trunk muscle static endurance and an increased risk of injury in more than half of the sub-
jects. As many as 76% of the young women in this study reported experiencing pain in different areas of the body. 

Keywords: increased range of movement, fitness, injury risk

INTRODUCTION

Joint Hypermobility (JH) is a clinical sign, used 
to define the capability that a joint (or a group 
of joints) has to move, passively and/or actively, 

beyond normal limits along physiological axes. 
Although JH may exist as an isolated diagnostic 
finding, but is often a feature of a larger syndromic 
diagnosis (Castori, 2017). Joint hypermobility 
is divided into asymptomatic or symptomatic 
and syndromic or non-syndromic (Tinkle, 2020). 
Generalized Joint Hypermobility (GJH) is defined 

as the simultaneous presence of JH at the four limbs 
and axial skeleton, with involvement of both the 
major and minor joints (Castori, 2017). 

Joint hypermobility can be acquired as a result 
of sports or other special activities, or inherited – 
congenital. One of the causes of joint hypermobil-
ity is a physical activity emphasizing flexibility, 
such as ballet, yoga, gymnastics, acrobatics, figure 
skating, or other activities. JH predominantly deter-
mined by the tightness or laxity of ligaments, which 
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in turn, is influenced by genetics, involving the 
connective tissue genes collagen, elastin, and fibril-
lin (Grahame, 1999). As a consequence, heritable 
connective tissue disorders like the Ehlers-Danlos 
Syndromes, Marfan Syndrome, and Osteogenesis 
Imperfecta, result in systemic ligamentous laxity 
and can present with GJH (Malek, 2021).

Age, gender, and ethnicity have been suggested 
to influence the prevalence of JH (Baeza-Velasco, 
2011). The prevalence of JH is highest in childhood 
and gradually decreases in adolescence and adult 
life. Research studies show that JH is observed 
quite often in young adults, although its prevalence 
differs according to country (e.g., 39.5% in France, 
39% in Chile, and 26.8% in Brazil). In the USA, 
the proportion of young adults with varying degrees 
of JH ranged from 12.5 to 26.2%, of whom 36.7% 
were women and 13.7% were men (Estrella, 2023; 
Bravo, 2006; Russek, 2016; Beighton, 2011). Irre-
spective of age, joint hypermobility is more com-
monly found in women than in men by a ratio of 
3:1 (Skwiot, 2019). We found no studies in Lith-
uania examining the prevalence of JH in young 
adults. Only the prevalence of joint hypermobility 
in schoolchildren was assessed, ranging from 5.7% 
to 19.2% (Gocentas, 2016).

Individuals with JH have poorer balance. De-
creased proprioception is strongly associated with 
poorer dynamic balance, reduced knee flexors and 
extensors strength, and the development of knee 
pain (Steinberg, 2021). Dynamic balance during 
walking in children and young adults with joint 
hypermobility is associated with reduced trunk sta-
bility and poorer motor control (Falkerslev, 2013). 
Posturographic studies performed by Turkish re-
searchers show that young women with GHJ have a 
higher risk of injury compared to subjects without 
GHJ (Aydin, 2017).

People with joint hypermobility have reduced 
muscle mass and muscle strength. This is partly due 
to increased tendon laxity, which is unable to trans-
mit the force generated by muscles during move-
ment (Kumar, 2017). When a joint is unstable, the 
surrounding muscles are stretched and weakened. 
This can trigger a reflex that causes the muscles to 
become less active or relaxed (Palmer, 2014). As a 
result, the damaged muscles may not be able to gen-
erate as much force as they would when the joint is 
stable, which can lead to reduced muscle strength. 
Joint hypermobility can indirectly affect muscle 
strength, increasing the risk of injury. When a joint 
is hypermobile, the risk of injury is increased due 
to increased joint instability, reduced movement 

control, and impaired proprioception. As a result of 
the injury, pain interferes with movement, making 
the muscles around the joint weak. Injured muscles 
need time to heal and during the healing process, 
the muscle is unable to generate as much force as 
when it was healthy (Keer, 2011).

Joint hypermobility can cause pain for various 
reasons. Pain can be caused by altered joint me-
chanics. The increased joint range of motion can 
cause excessive stress and strain on the soft tis-
sues surrounding the joint: ligaments, tendons, and 
muscles leading to pain and inflammation (Tinkle, 
2020). Joint hypermobility can lead to joint insta-
bility, which can cause irregular movements and 
further strain the soft tissues, provoking pain, espe-
cially when walking, running, jumping, or climbing 
stairs (Cronström, 2016). In individuals with joint 
hypermobility, the load on the joints can increase, 
which can lead to pain and degenerative changes in 
the joints. Reduced muscle activity also contributes 
to pain. When muscle activity and control are re-
duced, compensatory movement patterns develop, 
increasing the load on joints and soft tissues (Jen-
sen, 2013). Individuals with joint hypermobility 
have increased sensitivity. The increased sensitivity 
may be due to altered central nervous system pro-
cessing of sensory signals, which contributes to in-
creased pain (Bulbena-Cabre, 2017).

There is a lack of research in Lithuania investi-
gating joint hypermobility in young women. There-
fore, in this pilot study, we aimed to assess dynamic 
balance, muscle strength, and pain in young women 
with joint hypermobility.

Study subject. Joint hypermobility, dynamic 
balance, muscle strength and pain in young wom-
en. The study hypothesizes that young women with 
joint hypermobility have poorer dynamic balance, 
muscle strength, and pain perception.

MATERIAL AND METHODS

Research organization. 
All the procedures were carried out following 

ethical standards and were approved by the local 
research ethics committee (BEC-KZ(B)-20). The 
Helsinki Declaration (1964) and its later amend-
ments were also followed. All participants were 
informed about the procedures of the study and 
signed a written informed consent form before par-
ticipation. A cross-sectional research design was 
used in this study. As it was a pilot study therefore 
no representative sample size was calculated. A 
convenience sampling method was used. Inclusion 
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criteria: female; young age; and diagnosed gener-
alized joint hypermobility (≥ 4 points according to 
Beighton scale). Exclusion criteria: participation 
in sports or other specific activities that emphasize 
flexibility (gymnastics, acrobatics, figure skating, 
ballet, yoga, etc.); taking pain-relieving medica-
tion; history of an injury or musculoskeletal disor-
der within six months, and experiencing acute pain 
at the time of testing.

Participants. 
Twenty-five young females (age: 22(18–28; 

21,16) years; body mass index: (23, 19,2–24, 23,2) 
kg/m²) participated in this study.

Methods. 
A questionnaire survey was carried out to as-

sess the participants’ compliance with the inclusion/
exclusion criteria. A numeric rating scale (NRS) 
and pain assessment map were applied to gather in-
formation about perceived pain intensity and local-
ization. NRS provides a subjective pain rating from 
0 to 10. 

Anthropometric measurements. Weight and 
height were measured with participants wearing 
light clothes and no shoes. Height was measured 
with a height measuring device while standing 
upright, inhaling, and holding the breath, with the 
head, shoulder blades, buttocks, thighs, and heels 
touching the device measured to the nearest 0.1 cm. 
Body weight was measured using a calibrated med-
ical scale to the nearest 0.1 kg. All measurements 
were taken in triplicate and an average value was 
used for analysis. Body mass index was calculat-
ed as weight/height2 (kg/m2). Leg length was mea-
sured with a flexible measurement tape from the 
anterior superior iliac spine to the medial malleolus.

Joint hypermobility was assessed with a Beigh-
ton score. The Beighton Score is a set of maneuvers 
in a nine-point scoring system, used as the standard 
method of assessment for GJH. GJH is considered 
positive if the individual scored four or more from 
nine criteria, requiring both upper and lower limbs 
to be involved in the following: hyperextension of 
the little finger beyond 90°, apposition of the thumb 
to the forearm, forward flexion of the trunk, as well 
as hyperextension of the elbows and knees (Malek, 
2021).

The Y balance test was used for dynamic stabil-
ity and risk of injury assessment. During the test, the 
individual needed to reach the maximum possible 
distance in the anterior, posteromedial and postero-
lateral directions stably without leaving the posture 
indicated by the evaluator. Normalized (according 
to limb length) distances of each direction for each 

lower limb, the asymmetry between the limbs, and 
a composite score of the whole test were calculated. 
Asymmetries with a value equal to or higher than 4 
cm and/or composite score below 94% are related 
to neuromotor deficit suggesting a greater probabil-
ity of injuries in the lower limbs (Neves, 2017). For 
leg dominance three tests were performed: kicking 
a ball at a target, picking up five marbles arranged 
in a vertical line and putting them in a box standing 
on one foot, and stomping out an imaginary fire dis-
played on a sheet of paper standing on one foot (van 
Melick, 2017).

The measurements of the handgrip strength 
were determined using the JAMAR dynamometer 
(JA Preston Corporation, New York, USA). Each 
participant was introduced to the correct handling 
and positioning of the instruments: Participants 
were asked to sit straight, with the upper arm in a 
neutral position and a 90° elbow flexion. The fore-
arm was held in a neutral position and the wrist at a 
0 to 30° extension. The instrument was held freely: 
neither the hand nor the forearm was allowed to rest 
on a surface. To minimize signs of fatigue, resting 
periods were included after each trial (Neumann, 
2017). Handgrip strength was assessed in both 
hands. Hand dominance was ascertained by ask-
ing each subject which hand they used to perform 
well-learned skills such as writing. The results were 
interpreted according to N. Steiber (Steiber, 2016).

Trunk muscle static strength endurance was 
assessed according to McGill (McGill, 2002). Mc-
Gill testing battery is a series of 4 isometric (flex-
ion, extension, right lateral flexion, and left lateral 
flexion) trunk exertions held to failure. Tests were 
performed as described in the Werner et al. study 
(Werner, 2021).

Statistical analysis. 
Data analysis was performed using the SPSS 

version 29 (IBM; Armonk, USA). The Shapiro-Wilk 
test was used to determine the normal distribution 
of the data when the sample is equal to or greater 
than 25. The non-parametric Wilcoxon criterion (Z) 
was used to compare the two dependent samples 
when the sample size was small, and the Student’s 
criterion (t) was used to compare the variables that 
followed a normal distribution. Quantitative data are 
presented as median Xme (minimum value (Xmin) 
– maximum value (Xmax) and mean (X)), and qual-
itative data as percent. The relationship between 
quantitative variables was estimated by Spearman’s 
correlation coefficient (not normal distribution) or 
Pearson’s correlation coefficient (in the case of nor-
mal distribution). A correlation coefficient of |r|≤0.3 
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was considered low, 0.3<|r|≤0.7 was considered 
moderate, and |r|>0.7 was considered a strong cor-
relation. The significance level was set at p<0.05. 

RESULTS

Results of joint hypermobility assessment. 
The Beighton score showed that 28% (n=7) of the 
participants scored the maximum score (9 points), 
52% (n=13) scored 7–8 points, and 20% (n=5) 4–6 
points. The median Beighton score value was 7 (4-
9;7.48) points.

Results of dynamic balance and injury risk as-
sessment. The Y balance test’s composite score for 
the dominant leg was 97.3(74-106; 95.77) and in 
the non-dominant leg, it was 95(81–113; 94.43). No 
statistically significant difference was found when 
comparing the composite score of the two legs 
(t=1.082; p=0.145). The results showed that 36% 
(n=9) of the participants were at risk of injury when 
standing on the dominant leg and 64% (n=16) when 
standing on the non-dominant leg.

Results of handgrip muscle strength assess-
ment. The following results were obtained: the me-
dian handgrip strength of the dominant hand was 
28(12–35; 27.08) kg, and that of the nondominant 
hand was 26(12–32; 24.72) kg. A statistically sig-
nificant difference was found when comparing the 
grip strength of the two hands (t=4.821; p<0.001). 
Only 64% (n=16) of the young women had a normal 
grip strength of the dominant hand, and 56% (n=14) 
had normal non-dominant handgrip strength.

Results of trunk muscle static strength endur-
ance assessment. The median abdominal muscles 
endurance was 67(13–186;79.12) s and the median 
back muscles’ endurance was 119(65–203;124.28) 
s. It was observed that the back extensor muscles 
endurance was twice the endurance of the abdom-
inal muscles. A statistically significant difference 
(t=-6.102; p=0.001) was found when comparing the 
endurance of the abdominal and back muscles of the 
subjects. The median abdominal and back muscle 
endurance ratio was 0.57(0.14–1.22;0.62). The re-
sults revealed that only 20% (n=5) of young women 
with joint hypermobility had an abdominal-to-back 
muscle strength endurance ratio within the normal 
range. The median static strength endurance of the 
right lateral trunk muscles was 41(7–105; 45.64) 
s, and of the left lateral trunk muscles,  41(5–97; 
42.96) s. No statistically significant difference was 
found when comparing the endurance of lateral 
trunk lateral muscles (t=1.505; p=0.07). The medi-
an strength endurance ratio of trunk lateral muscles 

was 1.08(0.45-1.80;1.07). The results showed that 
only 16% of young women with joint hypermobil-
ity had a lateral muscle endurance ratio within the 
normal range.

In young women with joint hypermobility, as 
many as 76% (n=19) complained of pain. In terms 
of pain intensity, 28% (n=7) of women reported mild 
pain, 32% (n=8) reported moderate pain and 16% 
(n=4) reported severe pain. The median pain score 
of participants was 3(0–6;3.08) points. The figure 1 
shows the frequency of pain by body location.

DISCUSSION

For dynamic balance, the Y test was used to 
calculate a composite score to determine the risk 
of lower limb injury. After assessing the dynamic 
balance of young women with joint hypermobility, 
we found that more than half of the subjects had 
poor balance when standing on the non-dominant 
leg and were at risk of injury, and one-third – stand-
ing on the dominant leg. In a study conducted in 
2023, which included subjects with joint hypermo-
bility, poorer performance on this test was observed 
compared with subjects without joint hypermobility 
(Hou, 2023). 

Handgrip strength is an important predictor of 
healthy aging, future morbidity, and mortality in 
both younger and older people. Therefore, measure-
ment of hand grip strength is quite often used as a 
simple but effective tool for health risk screening 
(Steiber, 2016). The scientific literature suggests 
that hand grip strength is related to and reflects 
the muscular strength of the whole body. This has 
been supported by Trosclair et al. who suggest that 
the handgrip strength of individuals can be used to 
predict the strength and endurance of the body’s 
muscles (Trosclair, 2011). Our study echoes the 
evidence that individuals with joint hypermobility 
have reduced muscle strength (Jindal, 2016; Mitch-
ell, 2021; Scheper, 2016), as static grip strength of 
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the non-dominant arm was associated with health 
risk in almost half of our female subjects, while that 
of the dominant arm was associated with health risk 
in more than one-third of participants.

About 80% of participants in our study had an 
imbalance of trunk muscle endurance, i.e., the static 
endurance of the abdominal muscles was signifi-
cantly lower than that of the back. Work by other 
researchers has shown that young subjects with JH 
have reduced strength in all muscle groups (Schep-
er, 2014), but no studies have been found that as-
sessed the abdominal-back strength endurance ratio 
in young subjects with joint hypermobility.

In our study, we found that young women with 
GHJ had also an imbalance of the lateral trunk mus-
cles, as 84% of the subjects had an abnormal ra-
tio of the lateral trunk muscles. Other authors have 
suggested that in subjects with joint hypermobility, 
the function of the lateral trunk muscles is partially 
impaired due to a reduction in the thickness of the 
transversus abdominis muscle. Impaired function 
of the transversus abdominis muscle and external 
oblique muscles is also observed in individuals with 
GHJ, but the authors did not clarify whether this is 
actually due to impaired systemic muscle function 
(Mitchell, 2022; Nanagre, 2020).

Although joint hypermobility may be as-
ymptomatic, as many as 76% of the young 
women in this study reported experiencing pain 
in various areas of the body. The most common 
areas of pain were the knees (44%), the neck 
(36%) and the shoulders (32%), In a study con-
ducted in 2022, young adults with hypermo-
bility spectrum disorder reported that the most 
common areas of pain were the neck and back 
(Akkaya, 2022). In a study conducted in 2014, 
individuals with joint hypermobility reported, 
in descending order, the most frequent areas of 
pain were the knees, back, neck and shoulders 
(Al-Jarallah, 2014. The results of this study 
are broadly in line with the findings of other 
researchers). Other authors have suggested that 
individuals with JH who experience pain have 
also reduced isometric strength, suggesting that 
a deficit in muscle strength is associated with 
pain (Radaelli, 2022).

The absence of a control group, i.e., individuals 
without joint hypermobility, could be identified as 
a weakness of this study, as it would have made it 
easier to compare the data and indicators between 
individuals with and without joint hypermobility.

CONCLUSIONS

Our pilot study showed that young women 
with joint hypermobility have reduced hand muscle 
strength, an imbalance in trunk muscle static endur-
ance and an increased risk of injury in more than 
half of the subjects. As many as 76% of the young 
women in this study reported experiencing pain in 
different areas of the body. We believe that further, 
comprehensive studies are needed to address the 
problem of joint hypermobility in young women 
and that it is particularly relevant to assess complex 
interventions to improve physical performance and 
reduce pain.
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