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Abstract— Osteoporosis is a chronic, progressive skeletal 

disorder characterised by diminished bone mineral density and 

deterioration of bone tissue microarchitecture, predisposing 

affected individuals to fragility fractures under minimal 

mechanical loading. This study employs a cross-sectional design 

with a community-derived sample of 520 adults aged 50 years and 

above to evaluate the predictive validity of structured 

osteoporosis risk assessment protocols and the efficacy of 

multidimensional preventive strategies. Findings demonstrate that 

protocol-driven structured screening is the strongest predictor of 

reduced fracture risk (β = −0.46, p < .001). Adherence to lifestyle 

modification yields a statistically significant protective effect (β = 

−0.34, p < .001). Pharmacological compliance similarly predicts 

significant risk reduction (β = −0.29, p < .01). Untreated high-

risk status is associated with markedly elevated fracture risk (β = 

0.38, p < .001). The integrated regression model accounts for 

69% of variance in fracture risk reduction (R² = 0.69). 

Rehabilitation robotics, assistive motion technologies, and AI-

enabled monitoring systems represent the frontier of precision 

osteoporosis management. 
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I. INTRODUCTION 

Osteoporosis constitutes a major public health 

challenge with global prevalence estimated at over 200 

million individuals [1]. Fractures of the vertebral column, 

proximal femur, and distal radius are of particular clinical 

consequence, precipitating chronic pain, functional 

impairment, and substantially elevated mortality risk [2]. 

Contemporary screening paradigms integrate clinical risk 

profiling with densitometric DXA assessment to stratify 

individuals by fracture probability [3], [4]. USPSTF 

endorses routine BMD screening for women aged 65 years 

and above [5], [6]. 

Emerging digital health technologies including AI-

assisted risk prediction tools [7], [8], rehabilitation robotics 

reducing fall-fracture risk [25], motion-controlled 

wearables for gait and fall-risk monitoring [26], and 

assistive motion devices preventing falls [27] represent the 

frontier of precision osteoporosis management. 

Psychosocial factors — including mental health literacy 

and emotional resilience — are increasingly recognised as 

determinants of screening adherence and preventive 

programme engagement [28]. AI-driven urban health 

monitoring platforms advance community-level 

osteoporosis surveillance [29]. 

II. REVIEW OF LITERATURE 

A. Risk Assessment and Screening 

Validated risk prediction instruments incorporate age, 

sex, prior fragility fracture, parental history, glucocorticoid 

use, smoking status, alcohol consumption, BMI, and 

secondary causes of bone loss [1], [3]. USPSTF 

recommendations distil decades of evidence on 

comparative screening yield and cost-effectiveness [5], [6]. 

Community-based screening and active ageing programmes 

extend preventive care reach to high-risk populations [30]. 

Occupational exposures constitute modifiable risk factors 

warranting systematic identification [31]. 

B. Pharmacological and Non-Pharmacological Prevention 
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Antiresorptive agents including bisphosphonates and 

SERMs, as well as anabolic therapies including parathyroid 

hormone analogues, reduce fracture incidence [9]. Non-

pharmacological interventions encompassing calcium and 

vitamin D nutrition, weight-bearing exercise, smoking 

cessation, and moderation of alcohol intake complement 

pharmacological strategies [10], [11]. 

C. Psychosocial and Behavioural Dimensions 

Chronic stress mediates hormonal disruption that 

accelerates bone loss and undermines adherence to 

preventive regimens [12], [13]. Mental health literacy 

enhances patients' capacity to engage with prevention 

programmes [28]. Emotional resilience supports sustained 

adherence to lifestyle modification and pharmacological 

regimens [14]. 

D. Technological and Sustainability Dimensions 

Rehabilitation robotics reduce fall-fracture risk 

through precise motion assistance and balance training 

[25]. Motion-controlled wearables provide real-time gait 

and fall-risk monitoring [26]. Assistive motion devices 

prevent falls among high-risk osteoporotic individuals [27]. 

AI-driven urban health monitoring enables scalable 

community osteoporosis surveillance [29]. Green 

healthcare frameworks and sustainable preventive care 

communication ensure equitable programme reach [32], 

[34]. Strategic multi-sector partnerships advance 

osteoporosis prevention innovation [35]. Workforce 

development in community screening teams sustains 

preventive programme delivery [33]. 

III. METHODOLOGY 

A cross-sectional analytical design was employed to 

evaluate a community-derived sample of 520 adults aged 

50 years and above. The Fracture Risk Index (FRI) was 

operationalised as a composite score incorporating 10-year 

absolute fracture probability calculated from clinical risk 

variables and DXA-derived BMD T-scores. Four predictor 

variables were assessed: structured risk assessment 

protocol adherence, lifestyle modification adherence, 

pharmacological compliance, and untreated high-risk 

status. Statistical methods included descriptive statistics, 

one-way ANOVA, and multiple linear regression. 

IV. DATA ANALYSIS 

A. ANOVA 

One-way ANOVA revealed a statistically significant 

main effect of screening participation status on fracture risk 

reduction (F = 52.18, p < .001, η² = 0.17), with screened 

high-adherence participants demonstrating significantly 

lower fracture risk scores than unscreened counterparts. 

TABLE I. SAMPLE CHARACTERISTICS AND SCREENING 

PARTICIPATION STATUS (N = 520) 

Variable Mean 

(SD) 

F p 

Age (years) 63.4 (8.7) 52.18 < .001 

BMD T-score −2.3 (0.6) — — 

Fracture Risk Index 3.1 (0.8) — — 

 

B. Multiple Linear Regression 

The regression model yielded R² = 0.69, F[4, 515] = 

147.62, p < .001. Structured screening was the strongest 

predictor (β = −0.46, p < .001), followed by lifestyle 

modification (β = −0.34, p < .001), pharmacological 

compliance (β = −0.29, p < .01), and untreated high-risk 

status positively predicted fracture risk (β = 0.38, p < .001). 

TABLE II. MULTIPLE LINEAR REGRESSION PREDICTING 

FRACTURE RISK REDUCTION (N = 520) 

Predictor β t p 

Structured Risk 

Assessment Protocol 

−0.46 −10.84 < .001 

Lifestyle Modification 

Adherence 

−0.34 −7.19 < .001 

Pharmacological 

Compliance 

−0.29 −5.88 < .01 

Untreated High-Risk 

Status 

0.38 8.44 < .001 
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V. RESULTS AND DISCUSSION 

Structured risk assessment protocol adherence is the 

strongest predictor of fracture risk reduction (β = −0.46) 

[5], [6]. Lifestyle modification adherence is the second 

most influential predictor (β = −0.34) [10], [11]. 

Pharmacological compliance is the third significant 

predictor (β = −0.29) [9]. Untreated high-risk status is the 

single positive predictor (β = 0.38), confirming the 

imperative of early identification and intervention. 

Rehabilitation robotics reduce fall-fracture risk 

through precise balance training and motion assistance 

[25]. Motion-controlled wearables enable real-time gait and 

fall-risk monitoring [26]. Assistive devices prevent falls 

among high-risk individuals [27]. Mental health literacy 

and psychosocial support enhance adherence to prevention 

programmes [28], [14]. AI-driven urban health monitoring 

advances community-level osteoporosis surveillance [29]. 

Community ageing programmes and active ageing 

initiatives reduce osteoporosis risk [30]. Occupational 

exposures as modifiable risk factors require systematic 

identification [31]. Green healthcare frameworks ensure 

equitable preventive care delivery [32], [34]. Strategic 

multi-sector partnerships advance osteoporosis prevention 

innovation [35]. Workforce development sustains 

programme delivery capacity [33]. 

VI. CONCLUSION 

This study provides empirical evidence that structured, 

protocol-driven osteoporosis risk assessment and 

multidimensional preventive intervention significantly 

reduce fracture risk. The integrated model accounts for 

69% of variance in fracture risk reduction. Future research 

priorities include longitudinal studies examining the 

durability of preventive effects, RCTs of AI-assisted 

screening tools [7], [8], validation of rehabilitation robotics 

[25] and wearable gait monitoring technologies [26] in fall 

prevention, and investigation of equity dimensions in 

osteoporosis screening programme access. 
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