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Abstract

Background HMS is characterized by excessive joint mobility, presenting various physical and psychological
challenges. Understanding the interplay between these factors is essential for effective HMS management. This
study aimed to examine differences in Limits of Stability (LOS) and lumbar proprioception between Hypermobility
Syndrome (HMS) and control groups, explore correlations between LOS and proprioception errors, and understand
the mediation effects of Kinesiophobia and fatigue on proprioception in HMS individuals.

Methods In this cross-sectional study, 72 HMS patients and 72 control participants were assessed. LOS was evaluated
using a computerized Iso-free stabilometric force platform, lumbar proprioception was measured with digital
inclinometers, and Kinesiophobia was quantified using the Tampa Scale of Kinesiophobia (TSK). Fatigue was assessed
through standardized fatigue scales. Pearson correlation and mediation analyses were employed for statistical
examination.

Results Individuals with HMS showed significantly lower LOS (mean differences ranging from 7.79 to 37.69%)

and higher lumbar proprioception errors (mean differences from — 1.09° to -2.88°) compared to the control group.
Moderate negative correlations between LOS and proprioception errors were observed (r values from —0.45 to -0.60).
Mediation analysis revealed significant roles of Kinesiophobia (indirect coefficient =-0.14, p=0.049) and fatigue
(indirect coefficient =-0.135, p=0.047) in the relationship between LOS and proprioception.

Conclusion This study highlights significant balance and proprioception deficits in HMS individuals, with substantial
mediation effects of psychological and physical factors. These findings emphasize the need for an integrated
approach in HMS management, combining physical therapy with psychological interventions.

Keywords Hypermobility syndrome, Limits of stability, Lumbar proprioception, Kinesiophobia, Fatigue, Mediation
analysis
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Background

Hypermobility Syndrome (HMS) is a connective tissue
disorder characterized by excessive joint mobility, fre-
quently leading to musculoskeletal complaints such as
joint pain, instability, and an increased risk of disloca-
tions and injuries [1]. While joint hypermobility is preva-
lent in the general population, HMS is differentiated by
its clinical manifestations, which can significantly impact
daily activities and overall quality of life [2]. Individuals
with HMS often experience chronic pain, fatigue, and
psychological distress, which further exacerbate their
functional limitations [2].

Postural control and balance are critical components of
functional mobility, and deficits in these areas are com-
monly observed in individuals with HMS [3]. Limits of
Stability (LOS), a key biomechanical parameter, quanti-
fies the maximum displacement of the center of gravity
without losing balance [4]. Due to increased joint laxity
and impaired neuromuscular control, individuals with
HMS exhibit reduced LOS, which predisposes them to
falls and instability [5]. In addition to balance impair-
ments, proprioceptive deficits, particularly in the lumbar
region, are prevalent in HMS [6]. Lumbar propriocep-
tion, which involves the accurate perception and control
of spinal movement and position, is essential for main-
taining postural alignment and preventing excessive joint
strain [7]. Altered proprioception in HMS may contrib-
ute to poor movement patterns and increased injury risk
(8].

Beyond the mechanical and neuromuscular impair-
ments, psychological factors such as Kinesiophobia (fear
of movement) and physical conditions like fatigue may
influence proprioceptive function in HMS [9]. Kinesio-
phobia can lead to activity avoidance, further weakening
neuromuscular responses, while fatigue may diminish
proprioceptive acuity and postural control [10]. However,
the interplay between these factors remains underex-
plored. This study aims to investigate differences in LOS
and lumbar proprioception between HMS and control
groups, examine their correlation, and assess the medi-
ating effects of Kinesiophobia and fatigue on proprio-
ception. Understanding these relationships will provide
insights into HMS management strategies, emphasizing
the need for multidisciplinary interventions that address
physical and psychological factors.

Materials and methods

Study design, ethics, settings, and duration

This cross-sectional study was designed to explore the
relationships between HMS, LOS, lumbar proprio-
ception, and the mediating roles of kinesiophobia and
fatigue. The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Institu-
tional Review Board of KKU (ECM# 2021-4404). Prior to
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participation, all subjects provided written informed con-
sent after being fully briefed about the study’s purpose,
procedures, potential risks, and benefits. The study was
carried out at the research lab of physical therapy, DMRS,
CAMS, King Khalid University, a specialized center with
the necessary equipment and expertise for conducting
detailed assessments of balance, proprioception, and psy-
chological factors. The study spanned 12 months, com-
mencing in November 2021 and concluding at the end of
March 2022.

Sample size calculation

The sample size for our study was determined using
G*Power statistics with an anticipated effect size (Cohen’s
d) of 0.46, which is considered a medium effect size. We
set our alpha at 0.05 and aimed for a power of 0.80, the
standard value for clinical research, to detect signifi-
cant differences in proprioception [11]. Based on these
parameters, G*Power indicated a required sample size of
64 participants per group. To account for an estimated
dropout rate of 10%, we decided to recruit 72 partici-
pants per group, resulting in a total of 144 participants.

Participants

A total of 144 participants were recruited, evenly divided
into the HMS (n=72) and control (n=72) groups. HMS
participants were selected from rheumatology and phys-
iotherapy clinics specializing in joint hypermobility,
meeting the Brighton criteria, aged 18-50 years, and
capable of providing informed consent. Exclusion crite-
ria included recent major orthopedic surgery, significant
musculoskeletal trauma, neurological disorders affecting
balance or proprioception, pregnancy, or participation in
other clinical trials.

Control group participants were recruited from the
general community through advertisements and out-
reach programs and were matched for age. Age matching
was performed using a group-wise approach, ensuring
similar mean age and distribution across predefined age
brackets (18-25, 26-35, 36-45, 46-50 years). This
method facilitated balanced recruitment while maintain-
ing comparability. They had no history or clinical signs
of joint hypermobility, chronic pain, or musculoskeletal
complaints. Identical exclusion criteria were applied for
consistency. Purposive sampling ensured a representative
cohort, with preliminary screening via interviews before
obtaining written informed consent. HMS diagnosis was
based on the Brighton criteria [2], which consider both
joint hypermobility (assessed via the Beighton score)
and additional clinical features. A Beighton score>4
indicated generalized joint hypermobility, but classifi-
cation as HMS required meeting full Brighton criteria.
Some control participants had scores >4 but lacked other
diagnostic criteria, while a few HMS participants had
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scores<4 but exhibited qualifying musculoskeletal and
systemic symptoms.

Bias and sampling errors were minimized through
strict inclusion/exclusion criteria, multi-source recruit-
ment, and demographic balancing. Standardized assess-
ments by trained professionals ensured consistency and
statistical validation confirmed group comparability. A
structured screening proforma collected demographic
data, medical history, musculoskeletal symptoms, prior
diagnoses, and Beighton scores. HMS participants met
Brighton criteria, while controls had no joint hypermo-
bility or musculoskeletal disorders. Screening involved
structured interviews and clinical evaluations.

Beighton score assessment

The Beighton Score, a widely used diagnostic tool for
assessing joint hypermobility [12], played a critical role
in including the study participants. This scoring system
evaluates the flexibility of various joints, which is crucial
for identifying individuals with HMS [12]. The assess-
ment involves nine specific tests, each scoring one point
for the presence of hypermobility: bending the thumbs
to the forearm, extending the little fingers beyond 90
degrees, hyperextending the elbows and knees beyond 10
degrees, and touching the hands flat on the floor with-
out bending the knees [13]. Participants were guided
through each test by a trained professional, who ensured
proper technique and safety. The total score ranges from
0 to 9, with higher scores indicating greater joint laxity. A
threshold is typically set (a score of 4 or more) to classify
individuals as hypermobile [13].

Limits of stability assessment

In this study, the LOS assessment was meticulously stan-
dardized to ensure the highest level of data accuracy and
reliability [14]. The participants were first acclimatized
to the testing setup, where they received comprehen-
sive instructions on utilizing the Iso-free stabilometric
force platform. Emphasis was placed on maintaining a
relaxed yet stable posture to accurately assess their Cen-
ter of Gravity (COG) shifts. The testing conditions were
meticulously controlled - with optimal lighting, a consis-
tent temperature, and a quiet environment - to provide
ideal conditions for accurate LOS measurements. Par-
ticipants were advised to wear comfortable attire that
wouldn’t hinder their movement, facilitating unrestricted
COG shifts [14]. The force platform, a crucial compo-
nent of our setup, was rigorously calibrated in line with
the manufacturer’s recommendations, ensuring precision
in data gathering. During the assessment, participants
were directed to shift their COG in eight predetermined
directions (Fig. 1), displayed on a screen for visual guid-
ance. The Iso-free system randomized these directions,
enhancing the assessment’s challenge by requiring focus
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and precise movement within specific time constraints.
Participants had to return to a neutral stance after each
movement, aided by computerized feedback, ensuring a
consistent approach throughout the test.

To augment the reliability of the LOS measurements,
we adopted a standardized protocol. Participants were
asked to execute each COG shift in a controlled man-
ner, avoiding balance loss or lifting their heels from the
platform (Fig. 1). This procedure was repeated consis-
tently for all eight directions, ensuring uniformity in the
testing process. Further enhancing the assessment’s reli-
ability, each participant completed the LOS test three
times. The trial with the best performance was chosen
for detailed analysis. A rest period of one minute was
included between each session to prevent fatigue, which
could potentially affect the results.

Lumbar proprioception assessment

In this study, we employed a thorough and validated pro-
tocol to assess lumbar proprioception, a critical aspect
involving the perception and control of the lumbar
spine’s position and movement [15]. Under the guidance
of the examiners, who were well-trained in the assess-
ment technique, participants were oriented with detailed
instructions and engaged in a preliminary practice ses-
sion. They began in a standard standing position, using a
predefined target lumbar position as a reference point for
the proprioceptive tasks.

Lumbar Joint Repositioning Error (JRE), a key indicator
of proprioceptive acuity, was quantified in degrees across
various movements: lumbar flexion, extension, and lat-
eral bending to both sides. The assessment occurred in
a controlled laboratory environment, ensuring tranquil-
ity and optimal ventilation. Participants were blindfolded
during the JRE tests to isolate proprioceptive feedback.
The Lumbar Proprioception Assessment method, recog-
nized for its reliability and precision in measuring lumbar
spine movements, was utilized. This method’s robustness
is well-documented, with correlation coefficients consis-
tently ranging between 0.75 and 0.92 [15]. For the assess-
ment, two inclinometers were strategically placed: the
primary on the chest at the T12 level and the secondary
on the hemipelvis at the S1 level for flexion and extension
measurements (Fig. 2A). For lateral bending assessments,
the primary inclinometer was positioned on the upper
back at the T12 spinous process, and the secondary was
on the sacrum (Fig. 2B). Participants’ full range of motion
in flexion, extension, and lateral bending was recorded,
and half of this range was selected as the target position
for repositioning tasks.

Participants were instructed to smoothly and precisely
execute lumbar movements, including flexion, extension,
and lateral bending in both directions. The assessment
began with subjects standing upright to determine their
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Fig. 1 Limits of stability assessment using Iso-free stabilometric force platform in eight directions
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Fig.2 Lumbar joint Joint Repositioning Error assessment using dual digital inclinometer. (A) JRE assessment in flexion, (B) JRE assessment in lateral bend-
ing right

self-selected neutral spine position. They were then gen-  lumbar spine back to this target position, signaling com-
tly guided by the examiner to reach the target position pletion verbally. Lumbar JRE was calculated in degrees,
(50% of their ROM) for a brief duration of five seconds, quantifying the deviation between the achieved and tar-
which they were asked to memorize. After returning to  get angles. The inclinometers recorded angular changes
the initial position, participants actively moved their during each movement, and the data were meticulously
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collected for subsequent analysis. Each movement was
replicated three times, and the mean of these trials was
used to gauge the accuracy of lumbar repositioning.

All measurement devices were calibrated before each
testing session following manufacturer guidelines. The
stabilometric force platform was reset before every par-
ticipant assessment, and digital inclinometers were
zeroed before each use to ensure accuracy. These proce-
dures minimized measurement errors and ensured data
reliability.

Kinesiophobia assessment

Kinesiophobia, the irrational and debilitating fear of
physical movement and activity often resulting from
a feeling of vulnerability to painful injury or re-injury,
was a pivotal parameter in our study [16]. To assess
this, we employed the Tampa Scale for Kinesiophobia
(TSK), a widely recognized and validated tool specifi-
cally designed to measure fear of movement [16]. The
TSK is a 17-item questionnaire where participants rate
their agreement with various statements related to physi-
cal activity and pain on a 4-point Likert scale, ranging
from “strongly disagree” to “strongly agree” The scores
from these items are then summed to provide an overall
measure of Kinesiophobia, with higher scores indicating
greater fear. Before administering the TSK, participants
were given a thorough explanation of each item to ensure
clear understanding. They were encouraged to reflect on
their personal experiences with physical activity and pain
while responding to the assessment to ensure its accu-
racy. The administration of the TSK was conducted in a
quiet and comfortable environment to allow participants
to concentrate fully on their responses. The reliability and
validity of the TSK have been extensively established in
various populations, including those with musculoskel-
etal disorders, making it a suitable tool for evaluating

Table 1 Comparative demographic and clinical characteristics of
individuals with HMS and control subjects

Characteristic HMS Group Control p-

(n=72) Group Value
(n=72)

Age (years) 30.89+5.76 31.35+6.76 0.563

Sex (male/female) 22 (30.6%)/50 24 (33.3%)/48 0.735
(69.4%) (66.7%)

BMI (kg/mz) 2456+4.34 2398+334 0458

Physical activity level (hours/ 3.78+1.54 358+1.29 0.342

week)

Kinesiophobia level (TSK) 35.34+6.54 2045+3.56 <0.001

Beighton score 546+1.87 245+135 <0.001

Fatigue Severity Scale (FSS)  542+1.77 2.56+1.05 <0.001

SF-36 Health Survey Score 38.39+25.66 80+15.56 <0.001

The table presents mean+standard deviation for continuous variables (age,
body mass index (BMI), physical activity level, kinesiophobia level, Beighton
score, Fatigue Severity Scale, and SF-36 Health Survey Score) and frequency
(percentage) for categorical data (sex distribution)
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Kinesiophobia in individuals with Hypermobility Syn-
drome [17].

Fatigue severity scale (FSS)

The FSS was utilized to quantify the level of fatigue
experienced by participants, an essential aspect given
its prevalence and impact in HMS [18]. The ESS is a
self-administered questionnaire consisting of nine state-
ments that assess the severity of fatigue symptoms and
their effect on a person’s daily activities [18]. Participants
rate their agreement with each statement on a scale of
1 (strongly disagree) to 7 (strongly agree), with higher
scores indicating more severe fatigue. The scale covers
aspects such as physical functioning, exercise tolerance,
and the impact of fatigue on work, family, or social life.
This comprehensive approach ensures a thorough evalua-
tion of fatigue’s multifaceted nature. In our study, partici-
pants completed the FSS in a controlled setting, allowing
them to focus on their responses without distractions.
The FSS’s reliability and validity have been established in
various clinical populations, including those with chronic
fatigue and musculoskeletal disorders, making it a suit-
able tool for assessing fatigue in individuals with HMS
[19].

Data analysis

The data followed a normal distribution when tested
with the Shapiro-Wilk test for each variable. Indepen-
dent t-tests were utilized to compare mean differences in
LOS and proprioception scores between the two groups.
Where multiple comparisons were necessary, a Bonfer-
roni correction was applied to adjust the significance
levels. For the second objective, the relationship between
LOS and lumbar proprioception within HMS individu-
als was evaluated using Pearson’s correlation coefficient.
A structural equation modeling approach was utilized
to estimate the direct and indirect effects within our
proposed mediation framework. Path coefficients were
computed to assess the strength and direction of the rela-
tionships between the variables. All statistical analyses
were conducted using the SPSS software (24.0 version).
The alpha level for all tests was set at 0.05, with adjust-
ments for multiple comparisons made as necessary.

Results

Demographic comparisons between the HMS and con-
trol groups showed no significant differences in age,
sex distribution, BMI, or physical activity levels, ensur-
ing comparability (Table 1). However, individuals with
HMS exhibited significantly higher Kinesiophobia lev-
els, Beighton scores, and fatigue severity while report-
ing lower quality of life, as measured by the SF-36 survey
(p<0.001 for all). These findings highlight the substantial



ALMohiza and Reddy Journal of Orthopaedic Surgery and Research (2025) 20:285 Page 7 of 11
Table 2 Limits of stability and lumbar proprioception between group comparisons

Characteristic HMS Group (n=72) Control Group (n=72) P-Value  Mean Difference Cohen'sd
LOS - Forward (%) 40.18+4.67 77.87+897 <0.001 37.69 527

LOS - Right-Forward (%) 67.89+7.89 87.98+10.87 <0.001 20.09 212

LOS - Right (%) 71.05+£11.23 9127+£11.23 <0.001 20.22 1.80

LOS - Right-Backward (%) 88.88+1345 96.67+13.56 <0.001 7.79 0.58

LOS - Backward (%) 86.23+£12.22 94.24+11.25 <0.001 8.01 0.68

LOS - Left-Backward (%) 7845+9.98 89.97+10.98 <0.001 11.52 1.10

LOS - Left (%) 83.37+9.78 93.67+12.34 <0.001 10.30 093

LOS - Left-Forward (%) 8734+£11.23 96.89+13.45 <0.001 9.55 0.77

LOS - Total Objective (%) 77.93+9.87 95.67+11.34 <0.001 17.74 1.67
Proprioception Error- Flexion (°) 4.03+£1.07 294+0.81 <0.001 -1.09 -1.15
Proprioception error - Extension (°) 463+1.86 2.88+0.64 <0.001 -1.75 -1.26
Proprioception Error- Lateral Bending Left (°) 542+0.90 258+0.74 <0.001 -2.84 -345
Proprioception Error - Lateral Bending Right (°) 5.86+0.78 2.98+0.99 <0.001 -2.88 -3.23

LOS: Limits of Stability, HMS: Hypermobility syndrome

Correlation Between LOS (%) and Lumbar Proprioception Errors in HMS Individuals

0.0

-0.1

-0.3

-0.4

Correlation Coefficient (r)

p = 0.049

p = 0.035

-0.6

Flexion Extension

r=-0.55
p = 0.021

Lateral Bending Left

Movement

Fig. 3 Correlation between LOS (%) and Lumbar Proprioception Errors in Hypermobility Syndrome Individuals

clinical burden associated with HMS, particularly in psy-
chological and physical health domains.

HMS individuals demonstrated significantly lower LOS
across all directions compared to controls, indicating
substantial deficits in balance and stability (p <0.001 for
all) (Table 2). The large effect sizes (Cohen’s d: 0.58—5.27)
highlight the magnitude of these impairments. Addition-
ally, proprioception errors in flexion, extension, and lat-
eral bending were significantly higher in the HMS group,
with mean differences ranging from -2.84° to -1.09°
(p<0.001). Large effect sizes (Cohen’s d: -1.15 to -3.45)
further emphasize the extent of proprioceptive dysfunc-
tion in HMS, reinforcing its impact on postural control.

Correlation analysis revealed moderate negative cor-
relations between LOS and lumbar proprioception errors
across flexion, extension, and lateral bending movements
in HMS individuals (Fig. 3). Lower LOS was associ-
ated with higher proprioception errors, indicating that
decreased stability corresponds with impaired proprio-
ceptive accuracy.

The mediation analysis (Table 3; Fig. 4) demonstrated
that Kinesiophobia and fatigue significantly influence the
relationship between LOS and proprioception in HMS.
Higher LOS was associated with increased Kinesiopho-
bia and fatigue, both of which negatively impacted pro-
prioception. Significant indirect pathways indicated that
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Table 3 Mediation analysis of psychological and physical factors
in hypermobility syndrome

Path Coefficients Standard Error p-value
LOS -> Kinesiophobia 0.40 0.08 0.015
Kinesiophobia -> -0.35 0.07 0.023
Proprioception

LOS -> Fatigue 045 0.09 0.035
Fatigue -> Proprioception  -0.30 0.06 0.012
LOS -> Proprioception -0.50 0.10 0.014
LOS -> Kinesiophobia -> Indirect:-0.14  0.05 0.049
Proprioception

LOS -> Fatigue -> Indirect:-0.135  0.045 0.047

Proprioception

LOS: Limits of Stability, Path: The specific relationship being analyzed,
Coefficients: The strength and direction of the relationship, Standard Error: The
standard error of the coefficient

LOS affects proprioception through these mediators,

LoS -> Fatigue -> Proprioception

LoS -> Kinesiophobia -> Proprioception
LoS -> Proprioception

Fatigue -> Proprioception

LoS -> Fatigue

Kinesiophobia -> Proprioception

LoS -> Kinesiophobia

-0.4

LoS -> Fatigue -> Proprioception
LoS -> Kinesiophobia -> Proprioception
LoS -> Proprioception 0.014
Fatigue -> Proprioception 0.012
LoS -> Fatigue
Kinesiophobia -> Proprioception

LoS -> Kinesiophobia 0.015

0.00 0.01
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highlighting the need to address both psychological and
physical factors in HMS management.

Discussion

This study examined differences in LOS and lumbar pro-
prioception between HMS and control groups, the cor-
relation between LOS and proprioception errors in HMS,
and the mediating effects of Kinesiophobia and fatigue.
Results showed that HMS individuals had significantly
lower LOS and higher proprioception errors than con-
trols, indicating impaired balance and proprioceptive
function. Moderate negative correlations between LOS
and proprioception errors suggest that reduced stability
is linked to proprioceptive inaccuracies in HMS. Media-
tion analysis confirmed that Kinesiophobia and fatigue
significantly influence proprioception, highlighting the
combined impact of physical and psychological factors
on motor control. These findings emphasize the need for

Path Coefficients in Mediation Analysis

0.45

-0.2 0.0 0.2 0.4

Coefficients

P-Values in Mediation Analysis

0.047

0.049

0.035

0.023

0.02 0.03 0.04 0.05
p-values

Fig. 4 Path Coefficients and P-Values in the Mediation Analysis of LOS, Kinesiophobia, Fatigue, and Proprioception in HMS
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targeted interventions addressing both stability and psy-
chological contributors in HMS management.

The reduced LOS and increased lumbar propriocep-
tion errors in HMS individuals compared to controls
are primarily due to joint hypermobility, which leads to
instability and impaired balance [20]. Connective tissue
abnormalities disrupt proprioceptive feedback, increas-
ing sensory inaccuracies, while chronic pain and fatigue
further compromise motor control and postural stabil-
ity [21]. These factors collectively contribute to signifi-
cant deficits in balance and proprioception, reinforcing
the impact of HMS on functional mobility [22]. Previ-
ous research supports the findings of this study, under-
scoring the impact of joint hypermobility and associated
symptoms on balance and proprioception [23, 24]. Stud-
ies have consistently shown that individuals with HMS
exhibit poorer balance control and increased postural
sway compared to those without the condition [23]. A
study by Bates et al. [23] reported that individuals with
HMS showed significantly lower balance scores across
various tests compared to controls. These studies align
with the current findings, highlighting the pronounced
deficits in LOS and lumbar proprioception among indi-
viduals with HMS.

The negative correlation between LOS and lumbar
proprioception errors in HMS individuals reflects the
impact of joint hypermobility on postural stability [25].
Increased joint laxity leads to reduced stability, particu-
larly in challenging positions such as flexion, extension,
and lateral bending, increasing reliance on proprioceptive
mechanisms [26]. However, altered joint mechanics and
sensory deficits impair proprioceptive accuracy, result-
ing in higher proprioception errors as LOS decreases [27,
28]. This relationship highlights the functional impact
of joint instability on balance control in HMS. Previous
studies have provided insights that support these find-
ings. Research has consistently shown that joint hyper-
mobility, a hallmark of HMS, is associated with deficits
in proprioceptive accuracy. A study by Reddy et al. [29]
found that individuals with joint hypermobility syndrome
exhibited significantly higher proprioceptive errors com-
pared to those without the syndrome [29]. Addition-
ally, research focusing on balance in HMS populations,
such as the work by Akkaya et al. [30], has demonstrated
decreased stability and increased postural sway in these
individuals. The moderate negative correlations observed
in the current study across various movements align with
these previous findings, highlighting the interconnected
nature of balance and proprioceptive accuracy in HMS
[31]. The results emphasize the need for a comprehen-
sive approach in HMS management, addressing both
the mechanical aspects of joint stability and the sensory
aspects of proprioception to improve overall function
and quality of life for these individuals.
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The mediation analysis demonstrated that Kinesiopho-
bia and fatigue significantly influence the relationship
between LOS and proprioception in HMS [32]. Greater
instability and balance deficits were associated with
increased Kinesiophobia, which negatively impacted pro-
prioception by limiting movement and proprioceptive
feedback [33]. Similarly, maintaining stability requires
increased physical effort, leading to fatigue, which fur-
ther impairs neuromuscular control and proprioceptive
sensitivity [34]. These findings highlight that proprio-
ceptive errors in HMS are not solely due to mechanical
instability but are also shaped by psychological and phys-
iological responses.

Clinical significance

This study highlights the clinical significance of HMS
by demonstrating substantial deficits in LOS and lum-
bar proprioception, underscoring its impact on balance,
functional mobility, and quality of life. The observed cor-
relations between LOS and proprioception errors, along
with the mediation effects of Kinesiophobia and fatigue,
emphasize the intricate interaction between physical and
psychological factors. These findings reinforce the need
for integrated therapeutic approaches that address both
joint instability and proprioceptive impairments while
considering psychological contributors such as fear of
movement. A multidisciplinary management strategy
may enhance functional outcomes and reduce fall risk in
individuals with HMS.

Limitations of the study

This study has certain limitations that should be
acknowledged. Its cross-sectional design limits the abil-
ity to establish causal relationships, highlighting the
need for longitudinal studies to assess the progression
of symptoms and long-term effects of HMS on balance
and proprioception. The reliance on quantitative assess-
ments may not fully capture the subjective experiences
of individuals with HMS, suggesting that future research
should incorporate qualitative measures for a more com-
prehensive understanding. Variability in symptom sever-
ity among participants could have influenced the results
despite standardized assessment conditions. Addition-
ally, the generalizability of findings may be restricted due
to the specific demographic characteristics of the study
sample, underscoring the need for more diverse par-
ticipant recruitment. While efforts were made to mini-
mize bias through strict inclusion criteria, multi-source
recruitment, and demographic matching, the purposive
sampling method may introduce selection bias. Further-
more, despite standardized protocols and trained pro-
fessionals ensuring assessment consistency, observer
bias cannot be entirely ruled out. Future studies should
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consider random sampling methods to enhance general-
izability and reduce potential biases.

Conclusion

This study demonstrates that individuals with HMS have
significant deficits in LOS and lumbar proprioception
compared to controls, indicating compromised postural
control and proprioceptive accuracy. Moderate nega-
tive correlations between LOS and proprioception errors
highlight the impact of joint hypermobility on balance
maintenance. Mediation analysis confirms that Kine-
siophobia and fatigue significantly influence this rela-
tionship, underscoring the interplay between physical
impairments and psychological factors. These findings
emphasize the need for a comprehensive management
approach that targets both postural stability and proprio-
ceptive function while addressing psychological contrib-
utors to movement limitations.
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