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Background: Osteoporosis, characterized by reduced bone mass and micro-
architectural deterioration, poses a significant public health concern due to 
increased fracture susceptibility. Beyond bone health, this cross-sectional study 
aimed to assess and compare lower extremity proprioception and postural stability 
in individuals with and without osteoporosis and to explore their correlation 
within the osteoporosis group.

Method: In this prospective cross-sectional study, 80 participants were divided 
into two groups: osteoporosis (n  =  40) and control (n  =  40). The demographic 
characteristics and clinical parameters of the participants were as follows: Age 
(years) – Osteoporosis group: 65.04  ±  4.33, Control group: 65.24  ±  4.63; Sex 
(%) – Osteoporosis group: Male 30%, Female 70%; Control group: Male 30%, 
Female 70%; Body mass index (kg/m2) – Osteoporosis group: 23.7  ±  3.2, Control 
group: 24.5  ±  4.6; T-score (Lumbar) – Osteoporosis group: −2.86  ±  1.23, Control 
group: 0.27  ±  0.58; T-score (hip) – Osteoporosis group: −2.28  ±  0.79, Control 
group: 0.68  ±  0.86. Joint Position Sense (JPS) at the hip, knee, and ankle was 
assessed using a digital inclinometer, and postural stability was measured using 
computerized force platforms.

Result: Osteoporosis participants exhibited higher errors in hip (5.63° vs. 
2.36°), knee (4.86° vs. 1.98°), and ankle (4.46° vs. 2.02°) JPS compared to 
controls. Postural stability measures showed increased anterior–posterior sway 
(10.86  mm vs. 3.98  mm), medial-lateral sway (8.67  mm vs. 2.89  mm), and ellipse 
area (966.88  mm2 vs. 446.19  mm2) in osteoporosis participants. Furthermore, 
correlation analyses within the osteoporosis group unveiled significant positive 
associations between lower extremity proprioception and postural stability. 
Specifically, hip JPS exhibited a strong positive correlation with anterior–posterior 
sway (r  =  0.493, p  =  0.003), medial-lateral sway (r  =  0.485, p  =  0.003), and ellipse 
area (r  =  0.496, p  <  0.001). Knee JPS displayed a moderate positive correlation 
with anterior–posterior sway (r  =  0.397, p  =  0.012), medial-lateral sway (r  =  0.337, 
p  =  0.032), and ellipse area (r  =  0.378, p  <  0.001). Similarly, ankle JPS showed a 
moderate positive correlation with anterior–posterior sway (r  =  0.373, p  =  0.023), 
medial-lateral sway (r  =  0.308, p  =  0.045), and ellipse area (r  =  0.368, p  =  0.021).
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Conclusion: These findings underscore the interplay between proprioceptive 
deficits, compromised postural stability, and osteoporosis, emphasizing the need 
for targeted interventions to improve fall prevention strategies and enhance the 
quality of life for individuals with osteoporosis.
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lower extremity proprioception, postural stability, osteoporosis, center of pressure 
displacement, sway velocity

1 Introduction

Osteoporosis is a systemic skeletal disorder characterized by low 
bone mass and micro-architectural deterioration, leading to increased 
bone fragility and susceptibility to fractures (1). It is a major public 
health concern affecting millions worldwide, particularly 
postmenopausal women and the older adults (2). Osteoporotic 
fractures can result in significant morbidity, mortality, and reduced 
quality of life (3). While bone health is a primary focus in osteoporosis 
management, it is also important to consider other factors that 
contribute to the risk of falls and fractures, such as proprioception, 
postural stability, and gait stability (4, 5).

Proprioception, the perception and awareness of limb and body 
position, is critical for motor control and maintaining balance during 
functional activities (6). It relies on a complex interplay of sensory 
inputs from mechanoreceptors in muscles, tendons, and joints (6). 
Proprioceptive deficits have been observed in musculoskeletal and 
neuromuscular conditions, contributing to impaired motor control, 
decreased postural stability, and an increased risk of falls (7). 
Understanding the role of proprioception in individuals with 
osteoporosis is crucial as it may have implications for fall prevention 
strategies and interventions.

Postural stability is a fundamental aspect of maintaining an 
upright stance and coordinating bodily movements (8). It relies on 
the integration of sensory information from various systems, 
including the visual, vestibular, and somatosensory systems (9). 
These sensory systems collaborate to provide the necessary inputs 
for the body to adapt its posture and sustain balance (10). The visual 
system supplies information about the surrounding environment, 
the vestibular system contributes data regarding head movements 
and spatial orientation, and the somatosensory system conveys 
feedback from muscles and joints (11). Disruptions in this delicate 
equilibrium can significantly elevate the risk of stumbling and 
subsequent fractures, particularly among individuals with 
osteoporosis (12). Investigating postural stability not only offers 
insights into the consequences of proprioceptive deficits but also 
identifies individuals at an increased risk of balance-related 
incidents (13). A comprehensive understanding of the mechanisms 
governing postural stability is essential, as it illuminates its crucial 
role in everyday activities and underscores its significance in the 
context of osteoporosis and proprioception.

Bone mineral density (BMD) is a fundamental measure of bone 
health, reflecting the mineral content, primarily calcium and 

phosphorus, in bone tissue, and serving as a crucial indicator of bone 
strength and density (14). In our study, BMD was assessed as part of 
the inclusion criteria to ensure that participants in the osteoporosis 
group met the diagnostic criteria for osteoporosis based on established 
BMD thresholds (reference citation). Low BMD, a hallmark of 
osteoporosis, can exert a substantial influence on lower extremity 
proprioception and balance through a multifaceted mechanism (15). 
Reduced bone density can lead to structural changes in the skeletal 
system, including vertebral deformities and diminished bone strength 
(16). These skeletal alterations can disrupt the alignment of the spine, 
impacting the proprioceptive feedback loop, as mechanoreceptors 
within the spine play a critical role in conveying information about 
body position (17). Consequently, individuals with low BMD may 
experience a diminished ability to accurately perceive the orientation 
of their lower extremities and trunk, potentially impairing their 
proprioceptive acuity (18). Moreover, diminished bone density is 
associated with an elevated risk of fragility fractures, which can cause 
physical pain, and functional limitations, and instill fear of falling (18). 
This fear can lead to altered movement patterns and heightened 
muscle tension, further perturbing proprioceptive input (19). 
Additionally, fractures can result in chronic pain and muscle weakness, 
negatively impacting postural stability and balance (20, 21). 
Collectively, low BMD can disrupt the intricate interplay between 
skeletal integrity, sensory input, and neuromuscular control, 
ultimately predisposing individuals to proprioceptive deficits and 
impaired balance, which are critical factors contributing to the 
heightened fall risk observed in osteoporotic individuals (22).

This study aims to address a significant research gap by 
investigating the intricate relationships between osteoporosis, 
proprioceptive function, and postural stability. Osteoporosis, 
characterized by reduced bone mass and micro-architectural 
deterioration, poses a substantial public health concern due to the 
increased susceptibility to fractures. While the impact of 
osteoporosis on bone health is well-established, there is a limited 
understanding of how it affects proprioceptive function and, 
consequently, postural stability. Proprioception, the ability to 
perceive the position and movement of one’s body in space, plays a 
critical role in postural control. However, the association between 
proprioceptive deficits and compromised postural stability in 
individuals with osteoporosis remains underexplored. The research 
aims to achieve a more comprehensive understanding of these 
interrelated factors by conducting a thorough assessment and 
comparison. Specifically, we focus on evaluating lower extremity 
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proprioception using established methods such as joint position 
sense tests, kinesthetic sense evaluations, and passive motion 
measurements. In parallel, we  employ rigorous quantitative 
measures to assess postural stability, including the center of pressure 
displacement, sway velocity, and postural control indices derived 
from force platforms. The primary research aims are as follows: (1) 
To assess and compare lower extremity proprioception and postural 
stability between individuals with osteoporosis and a control group 
without osteoporosis. (2) To explore the correlations between lower 
extremity proprioception and postural stability within the 
osteoporosis group.

Our research hypothesis posits that individuals with osteoporosis 
will demonstrate markedly impaired proprioceptive function and 
diminished postural stability in comparison to the control group. 
Furthermore, we anticipate observing substantial negative correlations 
between proprioceptive function and measures of postural stability 
within the osteoporosis group, indicative of a strong association 
between greater proprioceptive deficits and reduced postural stability. 
By shedding light on these associations and identifying specific 
proprioceptive impairments contributing to postural instability in 
individuals with osteoporosis, this study seeks to pave the way for the 
development of targeted interventions. These interventions aim to 
enhance proprioceptive function, improve postural control, and 
ultimately reduce the risk of falls and fractures within this 
vulnerable population.

2 Materials and methods

2.1 Participants

In this prospective cross-sectional study, 80 participants were 
divided into two groups: osteoporosis (n = 40) and control (n = 40) 
(Table 1). The demographic characteristics and clinical parameters of 
the participants were as follows: Age (years) – Osteoporosis group: 
65.04 ± 4.33, Control group: 65.24 ± 4.63; Sex (%) – Osteoporosis 
group: Male 30%, Female 70%; Control group: Male 30%, Female 70%; 
Body mass index (kg/m2) – Osteoporosis group: 23.7 ± 3.2, Control 
group: 24.5 ± 4.6; T-score (Lumbar) – Osteoporosis group: 
−2.86 ± 1.23, Control group: 0.27 ± 0.58; T-score (hip) – Osteoporosis 
group: −2.28 ± 0.79, Control group: 0.68 ± 0.86. Joint Position Sense 

(JPS) at the hip, knee, and ankle was assessed using a digital 
inclinometer, and postural stability was measured using computerized 
force platforms. The groups exhibited no significant differences in age, 
sex distribution, weight, height, or body mass index. However, 
individuals with osteoporosis had significantly lower T-scores at both 
lumbar and hip regions compared to healthy individuals, indicating 
lower bone density in the osteoporosis group. Participants for this 
study were recruited from diverse sources to ensure the 
representativeness of the sample, taking into consideration eligibility 
criteria, which included both inclusion and exclusion parameters. A 
substantial portion of our cohort was enrolled through the 
rheumatology outpatient clinic at KKU Hospital, where individuals 
with known or suspected osteoporosis were approached during their 
clinic visits. Additionally, we  extended our recruitment efforts by 
advertising the study in various medical clinics within the Abha, Asser 
region, thereby reaching a broader population of potential 
participants. Collaborations were also established with clinics 
specializing in densitometric measurements, facilitating the inclusion 
of patients seeking osteoporosis-related assessments. In a bid to 
capture a wide spectrum of participants, including those who might 
not typically seek medical care, recruitment efforts were conducted in 
urban entertainment districts, engaging individuals from the 
general public.

2.2 Eligibility criteria

The criteria for inclusion in this study were intentionally stringent 
to ensure specificity. Individuals underwent thorough screening of 
their medical histories and were excluded if they had a past or present 
diagnosis of conditions such as malignancy, chronic hepatitis, renal 
ailments, persistent gastrointestinal disorders, rheumatoid arthritis, 
parathyroid anomalies, hyperthyroidism, or diabetes mellitus. 
Furthermore, men who had experienced vertebral fractures in the 
preceding 6 months, those with incapacitating conditions impairing 
their ability to carry out daily activities autonomously, or those 
grappling with intense and chronic back pain that could potentially 
interfere with assessments of proprioception and balance were also 
intentionally excluded. The study further excluded individuals who 
had taken bisphosphonates or vitamin D supplements within the last 
year, seeking to isolate a cohort that had not been influenced by 
these factors.

Conversely, the study encompassed individuals of sound health, 
devoid of any history of osteoporosis, fractures arising from mild 
trauma, substantial bone-related disorders, or medications that could 
impact bone health. The participants were also required to willingly 
provide informed consent and display bone density measurements 
that fell within the normal range (T-score > −1.0). Individuals who 
were pregnant or breastfeeding were earmarked for exclusion. These 
comprehensive criteria served as the foundation for both research and 
clinical investigations, with potential variations considered based on 
the specific parameters of each study.

2.3 Study design

Conducted within the settings of orthopedic clinics – at King 
Khalid University, this prospective cross-sectional study aimed to 

TABLE 1 Baseline participant characteristics.

Variables
Osteoporosis 

individuals 
(n  =  40)

Healthy 
individuals 

(n  =  40)

Age (years) 65.04 ± 4.33 65.24 ± 4.63

Sex: n (%)

Male 12 (30) 12 (30)

Female 28 (70) 28 (70)

Weight (kg) 72.63 ± 5.96 70.46 ± 5.32

Height (cm) 164.9 ± 7.45 161.65 ± 5.43

Body mass index (kg/m2) 23.7 ± 3.2 24.5 ± 4.6

T-score (Lumbar) −2.86 ± 1.23 0.27 ± 0.58

T-score (hip) −2.28 ± 0.79 0.68 ± 0.86
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comprehensively evaluate and juxtapose lower extremity 
proprioception and postural stability in individuals with and without 
osteoporosis. Ethical approval was obtained from the University 
Ethics Board (KKU, [REC# 230-34-879]) before the initiation of data 
collection. Conforming to the principles established in the 
Declaration of Helsinki, this study meticulously followed ethical 
guidelines and standards throughout its design, execution, and 
analysis. The study spanned from April 2020 to December 2022, 
comprehensively examining the objectives in older adults individuals 
above 60.

2.4 Sample size calculation

The sample size for this study was determined based on statistical 
considerations to ensure adequate power to detect significant 
differences in lower extremity proprioception and postural stability 
between the osteoporosis group and the control group. The effect size 
(0.6) used for this calculation was derived from a previous study by 
Cuaya-Simbro et al. (23) which investigated similar outcome measures 
in a comparable population. Using a power of 0.80 and a significance 
level of 0.05, the analysis indicated that a minimum sample size of 40 
subjects in each group would provide sufficient statistical power to 
detect meaningful differences. Therefore, a total of 80 participants 
were recruited, with 40 individuals in the osteoporosis group and 40 in 
the control group.

2.5 Lower extremity proprioception 
assessment

Joint position sense (JPS) assessment is a fundamental method for 
evaluating an individual’s ability to perceive and replicate specific joint 
angles accurately (24). This study applied the assessment to the hip, 
knee, and ankle joints, each employing distinct protocols and 
methodologies to evaluate proprioceptive abilities comprehensively. 
The assessments were meticulously conducted within a controlled and 
serene environment to minimize potential external factors that could 
influence participants’ concentration and proprioceptive acuity (25). 
The objective was to ensure consistent testing conditions across all 
participants. To uphold standardization, the same set of equipment, 
“digital inclinometers,” (J-Tech Medical, Midvale, UT, United States) 
was utilized for assessing all three joint positions. Skilled and trained 
examiners well-versed in musculoskeletal assessment and 
proprioception were entrusted with administering the evaluations. 
Their expertise contributed to the precision of inclinometer placement, 
precise guidance through joint movements, and overall reliability of the 
measurement process. A crucial aspect of the assessment was the 
implementation of blindfolding during the proprioception testing. 
Blindfolding participants effectively eliminated visual input, ensuring 
that proprioceptive cues were the primary sensory modality employed 
during the JPS assessments.

A significant methodology adopted throughout the assessments 
was the patient active repositioning technique (26). This technique 
required participants to actively reposition their joints to match a 
target angle after being guided to that angle by the examiner (27). To 
accurately quantify joint angles, digital inclinometers were employed. 
These advanced instruments facilitated precise and consistent 

measurements of joint angles throughout the testing procedures, 
thereby enhancing the reliability and validity of the outcomes.

2.5.1 Hip joint position sense assessment
The evaluation of hip joint position sense concentrated on 

realigning the hip to a 60-degree flexion angle while lying supine (28). 
For the assessment of hip JPS in flexion, a digital inclinometer was 
positioned on the front and center of the individual’s thigh. It was 
firmly secured in place using a hook-and-loop strap (Figure 1). The 
evaluated limb was brought to a 60-degree flexion angle during the 
test (28). The examiner held the participant’s limb steady at this 
60-degree flexion angle, which served as the designated target position 
(28). This position was sustained for 5 s, allowing the participant to 
remember the sensation. Subsequently, the participant’s hip was 
guided back to the initial starting position. After this, the participants 
were responsible for realigning their hips to the target position. This 
successful realignment was indicated by the participant affirming with 
a “Yes” once they felt they had accurately matched the target angle. 
Ultimately, the measure of hip joint position sense accuracy involved 
calculating the absolute difference, in degrees, between the initially 
established target angle and the angle successfully reproduced by the 
participant. This difference, the joint position error, was the metric for 
evaluating JPS accuracy.

2.5.2 Knee joint position sense assessment
Knee JPS was assessed in a sitting position, with the subjects being 

asked to reposition the knee to a 45-degree angle actively (29). 
Participants were seated comfortably on a chair, with an inclinometer 
securely fastened to their knee joint area. Specifically, one part of the 
inclinometer was attached to the lower one-third section of the femur’s 
lateral surface along the joint line (30). In contrast, the other part was 
attached to the lower leg’s lateral segment along the joint line 
(Figure 2). To carry out the measurement, the examiner initiated the 
process from a starting point where the knee was flexed at a 90-degree 
angle. From there, the examiner guided the participant’s knee to 
achieve the target angle of 45 degrees (30). This target angle was held 
for 5 s. Subsequently, participants were asked to remember this specific 
target position mentally. Following this, the knee was guided back to 
the initial starting position. At this point, participants were instructed 

FIGURE 1

Assessment of hip joint position sense utilizing a dual digital 
inclinometer.
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to reproduce the remembered target knee angle accurately. This 
successful realignment was indicated by the participant affirming with 
a “Yes” once they felt they had accurately matched the target angle. The 
level of accuracy in reproducing this angle was then evaluated in 
degrees, providing insight into the participants’ knee joint 
position sense.

2.5.3 Ankle joint position sense assessment
Volunteers in the study underwent a precise procedure 

involving the adjustment of their foot placement to attain a 
specific angle of 15 degrees of plantar flexion (31). For this 
process, the participants were directed to take a seat on a couch 
with their eyes shut, adopting an elevated sitting posture. 
Employing a Velcro strap, one component of a dual inclinometer 
was securely fastened to the lateral side’s midsection of their tibia, 

while the primary inclinometer was affixed to the outer edge of 
the foot (Figure  3) (32). With the examiner’s guidance, the 
participant’s foot was manipulated to achieve the designated 
15-degree plantarflexion angle, which was then sustained for 5 s. 
During this interval, participants were instructed to mentally 
register and remember this particular foot position. Subsequently, 
the foot was guided back to a neutral or initial position. At this 
juncture, participants were tasked with actively repositioning their 
ankles to replicate the aforementioned target angle (32). Upon 
successfully reaching and confidently matching the intended 
position, they signaled their accomplishment by verbally affirming 
“YES.” This sequence of steps formed a meticulous protocol 
employed to assess the participants’ ability to both achieve and 
recall the specific 15-degree plantarflexion angle. The JPS 
evaluations were carried out through a sequence of three 

FIGURE 2

Assessment of knee joint position sense utilizing a dual digital inclinometer.
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successive trials for each examined direction, meticulously 
undertaken to guarantee precision. The resulting mean value from 
this trio of trials was subsequently utilized for subsequent 
analytical procedures. The directives provided to the examiners 
remained uniform and consistent across all of these 
testing instances.

2.6 Postural stability assessment

The evaluation of postural stability was conducted by employing 
a stabilometric force platform, (IsoFree medical equipment, 
Tecnobody, SRL, Dalmine (BG) – Italy) which constituted the 
foundational cornerstone of the assessment procedure (32, 33). The 
commencement of this rigorous evaluation encompassed the precise 
calibration of the force platform to uphold the standards of accuracy 
(34). Study participants stood upon the force platform of the 
posturography device, wearing appropriate attire such as spandex 
shorts or a garment with similar tactile properties. During this 
evaluation, participants were guided to adopt a single-leg stance, with 
the contralateral leg flexed away from the force platform while 
allowing their hands to rest naturally at their sides (34). In this stance, 
participants were directed to focus on a designated target marker 
displayed on a computer monitor (Figure 4). The participants were 
tasked with sustaining this one-legged stance for 30 s, all while keeping 
their gaze fixed upon the “X” target mark. Furthermore, they were 
advised to ensure that their arms remained relaxed and uninvolved 
during the evaluation to maintain consistency. In each testing instance, 
individuals were required to uphold this stance for 30 s. This protocol 
was repeated twice, resulting in two trials, and subsequently, the trial 
exhibiting the most favorable performance was chosen for further 
analysis (35). Noteworthy parameters related to postural stability (A-P 
sway in mm, M-L sway in mm, and Ellipse area in mm2) were 
meticulously quantified during these trials.

In this study, lower extremity proprioception assessment and 
postural stability assessment were exclusively performed in the 
dominant legs of the participants. This approach was chosen to focus 
on the specific proprioceptive capabilities and postural stability of the 
dominant leg, which is typically more actively engaged in daily 
activities and often plays a crucial role in maintaining balance during 
various tasks.

Table  2 outlines the controlled variables and their respective 
categories (dependent, independent, measuring, and confounding).

2.7 Data analysis

The data analysis phase of this study relied on parametric 
statistical methods, as the data exhibited a normal distribution as 
confirmed by the Shapiro–Wilk test (36). The analyses were 
conducted using SPSS version 20 (IBM Corp., Armonk, NY, 
United States). To assess statistical significance, a predefined threshold 
of p < 0.05 was selected, ensuring a robust evaluation of the research 
objectives. To compare key variables such as lower extremity 
proprioception and postural stability between individuals with 
osteoporosis and those without, independent t-tests were applied. 
Effect sizes, specifically Cohen’s d, were calculated to gauge the 
magnitude of differences between these groups. Effect sizes were 
interpreted following Cohen’s established criteria, categorizing them 
as small (d = 0.2), medium (d = 0.5), or large (d = 0.8) (37). 
Furthermore, to delve into the relationship between lower extremity 
proprioception and postural stability, particularly among individuals 
with osteoporosis, Pearson’s correlation coefficient (r) was employed. 
The strength of these correlations was characterized as trivial (0.00–
0.10), small (0.10–0.30), moderate (0.30–0.50), large (0.50–0.70), very 
large (0.70–0.90), or nearly perfect (0.90–1.00) based on widely 

FIGURE 3

Assessment of ankle joint position sense utilizing a dual digital 
inclinometer.

TABLE 2 Summary of controlled variables.

Variable Category

Dependent Variables

Lower Extremity Proprioception Measures

Hip JPS Measuring

Knee JPS Measuring

Ankle JPS Measuring

Postural stability measures

A-P Sway Measuring

M-L Sway Measuring

Ellipse Area Measuring

Independent Variables

Group (Osteoporosis vs. Control)

Dominant Leg

Measuring Variables

Age Confounding

Physical Activity Confounding

Bone Mineral Density Confounding

BMI Confounding

JPS, joint position sense; A-P, Anterior–Posterior; M-L, Medial-Lateral; BMI, body mass 
index.
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recognized standards (38). In addition to hypothesis testing, 
descriptive statistics played a pivotal role in elucidating the study’s 
findings. Continuous variables were presented as Mean ± Standard 
Deviation (M ± SD), offering a clear representation of central 
tendencies and variability. Categorical data were summarized using 
frequencies and percentages, providing a comprehensive overview of 
the sample characteristics. Moreover, mean or percentage differences 
between groups for relevant outcome measures, along with their 
corresponding 95% confidence intervals, were calculated and 
reported, facilitating a deeper understanding of the practical 
significance of observed differences.

3 Results

Table 2 summarizes the baseline characteristics of participants, 
dividing them into osteoporosis individuals (n = 40) and healthy 
individuals (n = 40). The groups exhibited no significant differences in 
age, sex distribution, weight, height, or body mass index. However, 
individuals with osteoporosis had significantly lower T-scores at both 
lumbar and hip regions compared to healthy individuals, indicating 
lower bone density in the osteoporosis group (see Table 3).

In the comparison between osteoporosis participants and healthy 
controls (Table 2), osteoporosis participants exhibited significantly 
higher joint position errors (JPS) in hip, knee, and ankle positions 
compared to healthy controls. These differences were statistically 
significant, with osteoporosis participants showing increases of 0.83° 
for hip JPS, 0.38° for knee JPS, and 0.21° for ankle JPS. Additionally, 
regarding postural stability variables, osteoporosis participants 
displayed significantly increased anterior–posterior sway, medial-
lateral sway, and ellipse area compared to healthy controls. These 
differences were also statistically significant, with osteoporosis 
participants demonstrating greater sway in anterior–posterior 
(1.96 mm), medial-lateral (2.34 mm), and a larger ellipse area 
(235.35 mm2). Effect sizes for these postural stability measures were 
notably substantial, with values of 3.26 for anterior–posterior sway, 
3.89 for medial-lateral sway, and 4.95 for the ellipse area, emphasizing 
the significant differences in postural stability between the two groups.”

In individuals with osteoporosis, a correlation analysis (Table 4) 
revealed significant positive correlations. Hip JPS correlated positively 
and moderately with anterior–posterior sway (r = 0.493, p = 0.003), 
medial-lateral sway (r = 0.485, p = 0.003), and ellipse area (r = 0.496, 
p < 0.001). Knee JPS also showed a positive correlation, albeit of 
moderate strength, with anterior–posterior sway (r = 0.397, p = 0.012), 

FIGURE 4

Computerized IsoFree stabilometric force platform for quantitative postural stability assessment in the study participants.
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medial-lateral sway (r = 0.337, p = 0.032), and ellipse area (r = 0.378, 
p < 0.001). Ankle JPS exhibited positive correlations, with moderate 
strength, anterior–posterior sway (r = 0.373, p = 0.023), medial-lateral 
sway (r = 0.308, p = 0.045), and ellipse area (r = 0.368, p = 0.021).

4 Discussion

In this study, we set out to achieve two primary objectives. First, 
we aimed to comprehensively evaluate and compare lower extremity 
proprioception and postural stability between individuals with 
osteoporosis and those without the condition. Secondly, we sought to 
investigate the complex relationship between lower extremity 
proprioception and postural stability specifically within the group of 
individuals with osteoporosis. We hypothesized that individuals with 
osteoporosis would exhibit significantly impaired proprioceptive 
function and compromised postural stability compared to the control 
group. Additionally, we  posited that there would be  significant 
negative correlations between proprioceptive function and postural 
stability measures within the osteoporosis group, indicating that 
greater proprioceptive deficits are associated with reduced postural 
stability. We can confirm that our study results are in line with these 
hypotheses, as we observed that individuals with osteoporosis indeed 
displayed significantly impaired proprioceptive function and 
compromised postural stability when compared to the control group. 
Furthermore, we identified significant negative correlations between 
proprioceptive function and postural stability measures within the 
osteoporosis group, providing support for our initial hypotheses.

Regarding JPS, individuals with osteoporosis were found to 
manifest considerably higher errors in hip, knee, and ankle positions 
in contrast to their healthy counterparts. Compared to healthy 
controls, the diminished lower extremity proprioception observed in 

individuals with osteoporosis can be attributed to a combination of 
factors. Various factors contribute to the decline in proprioception in 
individuals with osteoporosis (39). These factors encompass reduced 
bone mass and changes in microarchitecture, which disrupt 
proprioceptive receptors in bones and joints (40). Additionally, muscle 
weakness and imbalances related to osteoporosis affect muscle spindle 
feedback and the stretch reflex (41). Joint degeneration alters 
mechanoreceptor distribution and kinematics, while vertebral 
fractures can lead to potential neuropathy and nerve compression, 
impacting sensory signal transmission (42). Impaired blood flow can 
compromise the health and function of receptors, and psychological 
factors may influence movement patterns and sensory perception 
(43). Furthermore, age-related changes in sensory receptors and 
central processing can exacerbate proprioceptive decline (44–47). This 
intricate interplay of physiological, biomechanical, and structural 
elements collectively contributes to the observed proprioceptive 
deficits, underscoring the complexity of osteoporosis’s impact on 
sensory function and motor control (47, 48). The observed statistically 
significant mean differences, percentage disparities, and effect sizes 
underscore these findings’ clinical relevance and importance, 
emphasizing their potential ramifications on balance and coordination 
for individuals with osteoporosis.

The realm of postural stability variables further accentuated the 
dissimilarity between the two groups. Participants with osteoporosis 
exhibited considerably heightened anterior–posterior sway, medial-
lateral sway, and ellipse area compared to their healthy counterparts. 
The statistically significant mean differences elucidate the evident 
instability among osteoporosis participants. The compromised 
postural stability observed in individuals with osteoporosis compared 
to healthy controls can be attributed to a range of interconnected 
factors (49, 50). Several factors contribute to the observed instability 
in individuals with osteoporosis. These factors encompass altered 

TABLE 4 Correlation between lower extremity joint position errors and postural stability measures in individuals with osteoporosis.

Variables
Anterior–posterior 

sway (mm)
Medial-lateral sway 

(mm)
Ellipse area (mm2)

Hip JPS (°) r 0.493 0.485 0.496

Value of p 0.003 0.003 <0.001

Knee JPS (°) r 0.397 0.337 0.378

Value of p 0.012 0.032 <0.001

Ankle (°) r 0.373 0.308 0.368

Value of p 0.023 0.045 0.021

JPS, joint position sense.

TABLE 3 Lower extremity joint position errors and postural stability measures between osteoporosis and healthy participants.

Variables
Osteoporosis 

participants (n  =  40)
Healthy controls 

(n  =  40)
Mean difference 

(95% CI)
Percentage 

difference (95% CI)
Effect size 
(Cohen’s d)

Hip JPS (°)

Knee JPS (°)

Ankle (°)

5.63 ± 1.83

4.86 ± 1.96

4.46 ± 2.01

2.36 ± 0.86

1.98 ± 0.67

2.02 ± 1.32

0.83 (0.56)

0.38 (0.53)

0.21 (0.46)

22.36 (11.6, 31.09)

21.24 (08.36, 28.36)

20.44 (07.73, 16.86)

0.95 (0.43, 1.41)

0.89 (0.33, 1.40)

0.76 (0.23, 1.38)

Postural stability variables

Anterior–posterior sway (mm)

Medial-lateral sway (mm)

Ellipse area (mm2)

10.86 ± 3.017

8.67 ± 2.26

966.88 ± 158.56

3.98 ± 1.12

2.89 ± 1.34

446.19 ± 135.48

1.96 (0.23, 1.43)

2.34 (1.02, 2.54)

235.35 (198.98, 412.67)

22.6 (9.9, 31.6)

19.7 (11.6, 34.9)

32.6 (15.8, 39.6)

3.26 (1.53, 4.98)

3.89 (1.33, 4.40)

4.95 (2.43, 5.41)

JPS, joint position sense; CI, confidence interval.
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bone structure, which weakens skeletal integrity, and muscle weakness 
and imbalances that hinder dynamic stability (51). Additionally, 
impaired joint function and limited range of motion play a role, as do 
diminished proprioception, affecting the body’s ability to sense and 
respond to postural changes (52, 53). Degenerative changes in spinal 
alignment impact the center of mass distribution, while impaired 
neuromuscular coordination and altered muscle recruitment patterns 
further exacerbate the issue (54). There are also potential sensory 
alterations impacting the integration of sensory information, and fear 
of falling can influence movement behavior (55, 56). Medication 
effects can worsen muscle weakness and bone fragility, and age-related 
declines in muscle mass, strength, and sensory perception collectively 
contribute to the observed instability (16, 57–59). The research studies 
encompassed in the provided summaries shed light on the amplified 
postural instability observed in participants with osteoporosis when 
compared to their healthy counterparts. The study, conducted by 
Okayama et  al., (49) examined postmenopausal women with 
osteoporosis and revealed a higher prevalence of sarcopenia, which 
correlated with reduced quality of life scores, increased postural 
instability, and a greater history of falls (27). This underscores the 
intricate relationship between musculoskeletal health and postural 
control. The study by Simon et al. (50) investigated a larger cohort and 
demonstrated that lower femoral bone mineral density (BMD) 
T-scores, along with factors like age and sex, were associated with 
heightened path length during Romberg posturography, signifying 
compromised postural stability. The study by Rezaei (60) delved into 
dynamic postural control and found that participants with type-I 
osteoporosis exhibited reduced sway velocity and excursion during 
weight shifting and dynamic tasks, indicating the influence of bone 
mineral density decline on these aspects of postural control. Together, 
these studies emphasize the multidimensional impact of osteoporosis 
on postural stability, providing valuable insights for clinical 
interventions and fracture prevention strategies. This multifaceted 
interplay underscores the need for comprehensive interventions 
addressing bone health and motor control to enhance postural 
stability and minimize fall risk in individuals with osteoporosis.

Limited studies have comprehensively explored the objectives of 
evaluating lower extremity proprioception and postural stability in 
individuals with osteoporosis and their interplay, underscoring the 
significance of our research. To encapsulate, the findings from this 
investigation underscore marked deficits in joint position sense and 
postural stability among individuals with osteoporosis when 
contrasted with healthy controls. The correlation between lower 
extremity proprioceptive loss and impaired postural stability in 
individuals with osteoporosis can be attributed to a complex interplay 
of factors. Compromised proprioception disrupts accurate sensory 
input, leading to altered movement strategies and impaired 
anticipatory adjustments (61, 62). This results in delayed feedback 
loops, compromised joint stabilization, and reduced movement 
variability, ultimately undermining the body’s ability to respond to 
postural challenges efficiently (63). Muscular inefficiencies arise from 
inadequate muscle activation patterns, while impaired joint sensation 
and decreased feedforward mechanisms hinder the body’s ability to 
sense joint positions and pre-activate muscles for stability (64). For 
instance, Ucurum et al. (59) reported analogous disruptions in joint 
position sense and amplified postural sway in a cohort of osteoporosis 
patients. Collectively, these mechanisms contribute to the observed 
correlation, emphasizing the critical role of proprioception in 

maintaining postural control and highlighting the need for 
interventions addressing both proprioceptive deficits and broader 
motor control aspects to enhance postural stability in osteoporosis.

The clinical significance of these findings is their potential to 
inform targeted interventions for mitigating postural instability and 
fall risk in individuals with osteoporosis (65). Understanding the 
intricate relationship between lower extremity proprioceptive loss and 
impaired postural stability offers insights into the multifaceted nature 
of motor control deficits in this population (66). Healthcare 
professionals can develop tailored rehabilitation strategies that address 
bone health, enhance proprioception through sensory training, tackle 
muscular imbalances, and promote optimal movement patterns (66, 
67). By addressing both bone health and broader motor control 
aspects, interventions may reduce falls, fractures, and associated 
morbidity, ultimately improving the quality of life and functional 
independence of individuals with osteoporosis (68). Future research 
avenues could explore neurophysiological mechanisms, longitudinal 
progression of deficits, innovative interventions, and moderating 
factors to deepen our understanding and guide personalized 
interventions (69).

The findings from this study have several practical implications 
for healthcare professionals and researchers working with individuals 
with osteoporosis. First and foremost, our results confirm that 
individuals with osteoporosis exhibit significantly impaired 
proprioceptive function and compromised postural stability compared 
to those without the condition (50). This underscores the importance 
of routine assessments of proprioception and postural stability in 
clinical settings for individuals with osteoporosis (70). Healthcare 
providers can use these assessments to identify individuals at higher 
risk of falls and fractures, allowing for targeted interventions to 
enhance proprioceptive function and mitigate fall risk (71). Moreover, 
the significant negative correlations between proprioceptive function 
and postural stability measures within the osteoporosis group 
highlight the interplay between these factors. Addressing both 
proprioceptive deficits and broader motor control aspects is essential 
for improving postural stability in individuals with osteoporosis (72). 
Healthcare professionals can design tailored rehabilitation strategies 
that not only focus on bone health but also incorporate sensory 
training, address muscular imbalances, and promote optimal 
movement patterns (73). These interventions may help reduce falls, 
fractures, and associated morbidity, ultimately enhancing the quality 
of life and functional independence of individuals with osteoporosis 
(74). Future research in this field should explore neurophysiological 
mechanisms, the longitudinal progression of deficits, innovative 
interventions, and moderating factors to deepen our understanding 
and guide personalized interventions (74). By addressing these areas, 
researchers and clinicians can continue to advance our knowledge and 
develop more effective strategies for preventing falls and fractures in 
individuals with osteoporosis.

While this study contributes valuable insights into the 
relationships among proprioception, postural stability, and 
osteoporosis, it is important to acknowledge its limitations. The 
study’s cross-sectional design precludes the establishment of causal 
relationships between these factors, and longitudinal studies would 
be better suited to investigate their temporal dynamics and predictive 
value regarding fall risk. Moreover, the sample size of 40 participants, 
while meticulously calculated and recruited, may restrict the 
generalizability of the findings. Although larger samples can reduce 
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associated error, amplification procedures such as bootstrapping 
techniques offer opportunities for greater expansion of inferences to 
the study’s target population. Expanding and diversifying the 
participant pool in future research could further enhance external 
validity. Additionally, while validated methods were used to assess 
lower extremity proprioception and postural stability, the study did 
not comprehensively address other contributors to fall risk, such as 
muscle strength, cognitive function, and fear of falling. Future 
research could explore these multifaceted aspects to gain a more 
holistic understanding of fall risk in individuals with osteoporosis. 
Another limitation is the omission of a comprehensive assessment 
of potential comorbidities, such as sarcopenia, which can influence 
proprioception and postural stability in older adults with 
osteoporosis. Incorporating measurements like bioimpedance 
analysis to assess lower extremity muscle strength more thoroughly 
in future investigations could provide additional insights. Lastly, it’s 
essential to recognize that various factors, including medication use 
and specific comorbid conditions, may have complex effects on these 
outcomes. Larger studies with a more comprehensive assessment of 
potential confounding variables may provide a more nuanced 
understanding of these relationships.

5 Conclusion

In summary, our study reveals noteworthy findings. Individuals 
with osteoporosis exhibit pronounced impairments in lower extremity 
proprioception compared to the control group. Additionally, 
individuals with osteoporosis display substantial compromises in 
postural stability, characterized by increased anterior–posterior sway, 
medial-lateral sway, and ellipse area compared to those without the 
condition. Furthermore, our investigation identifies significant negative 
correlations between proprioceptive function and postural stability 
measures within the osteoporosis group, emphasizing the crucial role 
of proprioception in maintaining postural control in this population. 
These findings carry significant clinical implications, highlighting the 
importance of tailored interventions addressing both bone health and 
proprioceptive deficits to enhance postural stability and reduce the risk 
of falls and fractures in individuals with osteoporosis.
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