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Abstract. The objective was to compare postural alignment and balance-related outcomes
between women with generalized joint hypermobility (GJH) and their non-hypermobile
counterparts. Materials and Methods: Seventy-six young women, aged 21.32 (1.34) years on
average, were enrolled. Thirty-nine participants met the criteria for GJH, whereas 37 women
without GJH formed the control group. Body posture was evaluated with the Diers Formetric 4D
system. The following posture parameters were selected for analysis: sagittal imbalance, thoracic
kyphosis angle, lumbar lordosis angle, pelvic torsion, pelvic rotation, vertebral rotation. Balance
performance was measured with the Biodex Balance System SD using the Modified Clinical Test
of Sensory Integration and Balance test. Results and conclusions: Most postural parameters did
not differ significantly between women with and without GJH, including sagittal imbalance,
thoracic kyphosis angle, lumbar lordosis angle, pelvic rotation in the horizontal plane, and
vertebral rotation. However, women with GJH demonstrated a significantly greater pelvic torsion
angle in the sagittal plane. In addition, static balance was significantly poorer in women with GJH
compared with the control group. These findings suggest that GJH is not associated with major
differences in most spinal and pelvic posture parameters, but may be related to increased sagittal
pelvic torsion and impaired static balance.
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1. Introduction

Generalized joint hypermobility (GJH) refers to excessive mobility across several joints,
affecting both the appendicular joints of the upper and lower limbs and the axial skeleton. It may
be symptomatic or asymptomatic, and these terms are often described synonymously in the
scientific literature as syndromic and non-syndromic generalized GJH [1, 2].

Scientists suggest that the development of GJH is influenced by genetic factors, as this
condition is most inherited in an autosomal dominant manner and may be associated with genes
encoding structural connective tissue proteins [3]. The reported prevalence of GJH in children,
adolescents, and young adults varies between 12 % and 28 %, and the condition appears to be
more frequent among children and females [4].

In asymptomatic cases of GJH, no clinical musculoskeletal symptoms are observed, however,
individuals with this characteristic may require preventive measures, such as regular physical
activity or appropriate ergonomics, in order to avoid potential musculoskeletal disorders in the
future [1]. Meanwhile, individuals with symptomatic GJH exhibit various clinical signs related to
the musculoskeletal system or skin changes, which are also common in individuals with
hypermobility spectrum disorders or hypermobile Ehlers-Danlos syndrome. These signs include
recurrent back or joint pain, joint dislocations occurring more than once, increased skin elasticity,
and others [1, 5]. Symptomatic GJH has been reported to affect approximately 0.5 %-2 % of the
general population [6].
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The assessment of GJH in clinical practice is highly significant, as it is often considered a
primary diagnostic criterion for inherited connective tissue disorders. Although GJH may also be
present in individuals without any symptoms, studies demonstrate its associations with various
health disorders [6, 8]. Therefore, early identification is important, especially in individuals
experiencing pain without clear degenerative or inflammatory joint changes, as unrecognized
symptoms of GJH may be misattributed to other pathological conditions, increasing the likelihood
of inappropriate treatment or unnecessary interventions [9, 10].

Individuals with confirmed GJH often experience various musculoskeletal problems. These
may arise due to increased elasticity of tissues that are sensitive to mechanical forces such as
gravity, physical activity, and body weight. During periods of physiological growth and
maturation, this may lead to the development of certain postural characteristics or musculoskeletal
pathologies [2]. Because joints with increased range of motion are unstable, the body activates
surrounding muscles to stabilize them, and due to their constant load, muscle tension, spasms,
inflammation, or pain may occur [13]. GJH may lead to postural changes over time, such as
scoliosis, increased thoracic kyphosis and lordosis, flat feet, and hallux valgus deformity [2, 15].

These individuals often exhibit decreased muscle strength and impaired proprioception,
making it difficult to perceive body position in space, and the body gradually adapts to incorrect
posture. This may manifest as a tendency to sit in a slouched position with posterior pelvic tilt,
further promoting the development of poor posture [16].

Studies analyzing the relationship between GJH and the musculoskeletal system often find
significant associations: GJH may be a risk factor for spinal deformities such as idiopathic
scoliosis or increased thoracic kyphosis [17].

One of the most important abilities ensuring stable movement is proprioception, which helps
individuals perceive both static and dynamic orientation in space [18]. Proprioceptive
impairments, leading to activity limitations and reduced participation in daily activities, are
common in individuals with GJH [19]. These changes may increase the risk of musculoskeletal
injuries and are evident when testing joints that often exhibit increased range of motion [20]. Due
to altered proprioception, individuals with GJH often experience difficulties performing tasks
requiring balance, and the body activates additional muscles to maintain stability [21]. Other
studies indicate that these individuals may be more prone to recurrent microtrauma, and signs such
as increased postural sway at rest, slower walking speed, shorter step length, and longer stance
phase duration may indicate impaired balance [22, 23].

Considering the potential differences in body posture and balance among individuals with
GJH, it is important to examine these factors in order to better understand their possible impact
on musculoskeletal health. We investigated whether postural alignment and balance performance
differed between women presenting with GJH and non-hypermobile women.

2. Materials and methods
2.1. Participants

Data collection took place in March 2026 at the Department of Sports Medicine of the
Lithuanian University of Health Sciences. The study protocol was approved by the Bioethics
Center of the Lithuanian University of Health Sciences (No. 2026-BEC2-0204). Seventy-six
young women were included in the study, with a mean age of 21.32+1.34 years. Eligibility was
restricted to women aged 20-25 years who reported low or moderate physical activity and agreed
to participate voluntarily. The exclusion criteria included pregnancy, diagnosed connective tissue
disorders, and involvement in elite or high-performance sport. According to GJH status,
participants were assigned to the hypermobility group (n = 39) or the control group without GJH
(n = 37). Participants who scored 5 or more points on the Beighton scale were assigned to the
study group, while participants who scored 4 or fewer points were assigned to the control group.
The two groups did not differ significantly in age (U = 791.5; p = 0.450). The overall mean BMI
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of the participants was 22.57 (SD = 2.32), and BMI did not differ significantly between the groups
(t(74) = —1.594; p = 0.115). Physical activity levels, assessed using the International Physical
Activity Questionnaire-Short Form, were comparable between the GJH and control groups
(x?(1) = 0.000; p = 1.000).

2.2. Methods

Generalized joint hypermobility (GJH) was assessed using the Beighton score. During the
assessment of GJH using the Beighton score the range of motion of five joint movements was
evaluated, four of which were assessed bilaterally: extension of the fifth finger beyond 90 degrees
in both hands, passive apposition of both thumbs to the forearm, elbow hyperextension greater
than 10 degrees in both arms, knee hyperextension greater than 10 degrees in both legs, and
forward trunk flexion with both palms placed flat on the floor while keeping the knees fully
extended [24]. When performing the Beighton assessment, a Baseline HiRes 360° goniometer was
used to accurately evaluate the ranges of motion. A positive joint movement is scored as 1 point,
while a negative result is scored as 0 points. In the present study, a Beighton score cutoff value of
> 5/9 was applied [24].

Participants' posture was assessed using the Diers Formetric 4D system. Three reflective
markers were placed on the participant’s exposed back to serve as anatomical landmarks, enabling
accurate determination of the spatial position of spinal segments. One marker was placed over the
spinous process of the C7 vertebra, while the other two were positioned over the posterior superior
iliac spines (PSIS). During the assessment, participants stood at a distance of 2 m from the scanner,
which projected horizontal light lines onto the surface of the back. These lines were distributed
according to the contours of the underlying bony structures (vertebrae, pelvis, and other
anatomical landmarks) as well as the positions of the reflective markers. The captured image was
processed using specialized software and reconstructed as a three-dimensional (3D) topographic
model of the spine in the sagittal, frontal, and transverse planes. Participants were instructed to
expose their back, relax, look straight ahead at a point on the wall, breathe normally, and stand
upright barefoot with their feet positioned hip-width apart on a marked line (Fig. 1). The following
posture parameters were selected for analysis [25]: sagittal imbalance, thoracic kyphosis angle,
lumbar lordosis angle, pelvic torsion, pelvic rotation, vertebral rotation.

Fig. 1. Posture assessment using the Diers Formetric 4D system

Balance performance was measured with the Biodex Balance System SD, version 4.x. Static
balance was tested using the Modified Clinical Test of Sensory Integration and Balance, which
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includes four testing conditions: eyes open and eyes closed on a firm surface, and eyes open and
eyes closed on an unstable surface. For the unstable-surface conditions, a dedicated circular
platform designed for the Biodex Balance System SD was placed on the system base (Fig. 2).

Each task lasts 30 seconds, with a 10-second break between tasks. The overall normative mean
sway index for all four test conditions is 1.11. The further the participants’ overall result for these
four test conditions deviates from this normative value, the more impaired balance may be
suspected; that is, a higher overall sway index value across all four test conditions indicates greater
balance instability among the participants [26, 27]. The overall result of all four test tasks was
used for data analysis.

Fig. 2. Static balance testing under four conditions with the Modified Clinical Test
of Sensory Integration and Balance on the Biodex Balance System, version 4.x

2.3. Data analysis

Statistical processing was carried out with IBM SPSS Statistics 31.0. The distribution of the
data was checked using the Shapiro-Wilk test. For comparisons of two independent groups,
Student’s t-test was applied when the assumption of normality was satisfied, whereas the
Mann-Whitney-Wilcoxon test was selected for non-normally distributed data. Variables meeting
parametric assumptions are reported as mean (m) and standard deviation (SD), expressed as m
(SD). Non-parametric variables are summarized as median (Md), interquartile range (IQR), and
mean (m), expressed as Md (Q1-Q3; m). The threshold for statistical significance was defined as
p < 0.05.

3. Results

The characteristics of body posture were analysed based on six parameters, which included the
assessment of spinal and pelvic positions in different planes, in order to compare body posture
between the study and control groups.

After evaluating the results of sagittal imbalance, the median value in the study group was
1 degree, while the median value in the control group was 2 degrees. When comparing the results
of sagittal imbalance between the groups, no statistically significant difference was found (see
Table 1).

When analysing the data on the thoracic kyphosis angle, the mean value of the results obtained
in women assigned to the study group was 49.44 degrees, while in women assigned to the control
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group it was 48.68 degrees. The thoracic kyphosis angle did not differ statistically significantly
between the study and control groups.

When assessing the lumbar lordosis angle, the mean value in the study group was
47.31 degrees, while the mean value in the control group was 48.59 degrees. When comparing the
two groups, the obtained results did not differ significantly.

Analysis of pelvic torsion in the sagittal plane showed that the median value was 2 degrees in
both the GJH and control groups. Despite identical median values, comparison between the groups
revealed a statistically significant difference, indicating higher sagittal-plane pelvic torsion values
among women with GJH.

Table 1. Comparison of postural parameters between the study and control groups
Study group l Control group Comparison between

Postural parameters

Numerical characteristics groups
Sagittal imbalance 1(1-2;1.9) 2 (1-3;1.81) U =760.5;p =0.677
Thoracic kyphosis angle 49.44 (10.50) | 48.68 (9.76) | t(74) =0.326;p = 0.745
Lumbar lordosis angle 47.31 (10.46) | 48.59 (11.15) | t(74) =-0.519; p = 0.605

Pelvic torsion angle in the sagittal plane 2(1-4,2.82) |2(0.5-3;1.78)| U =532.0;p =0.044
Pelvic rotation in the horizontal plane 2(1-4;2.49) | 2(2-4,2.70) U =777.0;p =0.556
Spinal rotation 3(2-3;3.03) | 2(2-3;2.46) U =678.0; p =0.639

When assessing the results of pelvic rotation in the horizontal plane, the median value in the
study group was 2 degrees, while in the control group it was 2 degrees. When comparing these
groups, the results showed that pelvic rotation did not differ statistically significantly between the
two groups.

When analysing the spinal rotation data, the median value in the study group was 3 degrees,
while in the control group it was 2 degrees. When comparing the study and control groups, no
statistically significant difference was found.

The overall static balance score across the four testing conditions — eyes open on a stable
surface, eyes closed on a stable surface, eyes open on an unstable surface, and eyes closed on an
unstable surface — was higher in the GJH group, with a median value of 2.34 (2.20-2.72; 2.53)
points, compared with 1.80 (1.56-1.89; 1.74) points in the control group (Fig. 3).

4.00 38
o
°

35

Static balance, points
~
3

Study group Control group
Fig. 3. Comparison of the outcomes of the modified Clinical Test
of Sensory Integration and Balance *—p < 0.05

A statistically significant between-group difference was identified for static balance
(U = 28.5; p < 0.001), indicating poorer static balance among women with GJH.

4. Discussion

A study conducted by Yildiz and co-authors showed that the posture of individuals with GJH
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was poorer than that of individuals without GJH [16]. The results obtained in the study by
Hershkovich et al. showed that spinal deformities may be identified more frequently in individuals
with GJH than in those without this characteristic [17]. However, scientific publications present
varying research findings, in some studies, no significant differences were found between
individuals with and without GJH. For example, in the scientific study conducted by Czaprowski
and co-authors, it was observed that body posture in individuals with GJH did not differ from that
of individuals without GJH [28].

In our study, of the six body posture indicators assessed, only one statistically significant
difference was found: the pelvic torsion angle in the sagittal plane was greater in women with GJH
than in women without GJH. When evaluating all body posture indicators analyzed in this study,
it can be stated that women with GJH had a greater pelvic torsion angle in the sagittal plane,
whereas no significant differences between the groups were found in the analysis of the other five
indicators.

Researchers investigating balance in individuals with GJH state in their studies that both static
and dynamic balance may be impaired due to increased joint ranges of motion. This statement is
supported by a study, which found that GJH may be associated with poorer static and dynamic
balance control [29]. In another study conducted by Juul-Kristensen and co-authors, it was found
that individuals with GJH demonstrated greater body sway during the assessment of static balance
than participants without GJH [21]. Meanwhile, in the study conducted by Zong-Chen and co-
authors, it was observed that dynamic balance control was poorer in individuals with GJH than in
those without this characteristic [30].

After analyzing the results obtained in our study, it was found that static balance was poorer
in women with GJH compared with those without GJH. The results of our study also support the
hypothesis that individuals with GJH may have poorer balance than individuals without GJH.

Taking into account the obtained study results, it can be emphasised that it is appropriate to
comprehensively assess body posture and balance in individuals with GJH. One of the main
strengths of this study is the use of modern and objective assessment equipment. The application
of these tools in the assessment of body posture and balance in women with GJH is rarely found
in research, therefore, this study is novel and may be useful for further scientific work. We
observed that, in order to provide a more comprehensive explanation of the obtained study results,
it would be useful to have additional information on the participants’ musculoskeletal
characteristics. One limitation of the study was that participants’ pain experience was not assessed.
To comprehensively evaluate body posture in individuals with and without GJH, the assessment
should also include the cervical spine, lower limbs, and other postural parameters, however, the
capabilities of the system used in our study to perform such assessments were limited.

5. Conclusions

The indicators of sagittal imbalance, thoracic kyphosis angle, lumbar lordosis angle, pelvic
rotation, and vertebral rotation were similar between women with and without generalized joint
hypermobility, however, the pelvic torsion angle in the sagittal plane was greater in the group of
women with generalized joint hypermobility. Static balance was poorer in the group of women
with generalized joint hypermobility.
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