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Osteoporosis causes fractures that makes the elderly population in the world a 

significant health issue that leads to high morbidity, mortality and high healthcare 

expenses. This paper has been evaluated the effectiveness of preventative 

interventions to help minimize fractures in older people, and has conducted a 

systematic review of some of the multifactorial risk factors associated with the 

incidence of osteoporotic fracture. These were the most important factors 

identified: female gender, old age, low bone mineral density, low vitamin D 

levels, physical inactivity, multiple chronic conditions and tendency to fall. 

Limited access to preventive care was another factor contributing to the 

vulnerability to fracture due to socioeconomic factors. Combined interventions 

were the most obvious changes that emerged from the analysis of the strategies 

for preventing in the study used here. Anabolic and antiresorptive agents in 

pharmacological treatments were found to have a great increase in bone density 

and decreased the chances of fracture in cases where compliance was maintained. 

Non-pharmacological interventions were found to have great protective benefits, 

specifically the weight-bearing exercise, balance training, the nutritional 

optimization and fall prevention programs. There is evidence of the effectiveness 

of the integrated models of patient centered prevention; the individual 

interventions are compared to the effectiveness of the integrated models. The 

overall findings of the research are that multidisciplinary preventive measures are 

essential, at an early age the risk of osteoporosis fractures should be screened, 

and lifestyle and drug management should be adhered to as a preventive measure 

against osteoporosis in the elderly.
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INTRODUCTION 

Osteoporosis is a skeletal systemic 

disorder which results in loss of 

minerals and microarchitecture of 

bones. This is a major factor that 

increases the risk to fragility fractures, 

which is a major health issue in the 

general population, especially in the 

elderly (Ismail, 2024, p. 25). 

Osteoporotic fractures are common 

disorders, with hip, spine and wrist 

fracture being among the most 

commonly reported one, known to be 

associated with high morbidity, 

mortality and medical costs (Buccino et 

al., 2024, p. 110110; Vaishya et al., 

2023). A combination of hormones, 

specific lifestyle factors (including lack 

of activity), & other factors (such as 

bone remodelling – age makes bone 

weaker) are involved in the 

development of osteoporosis (Quattrini 

et al., 2021). Advanced age is one of the 

key factors – as the bone turnover will 

naturally decrease with age, and hence, 

bones will get weaker as time passes 

and lose their mass (Vasavi, et al., 2024, 

p. 6). Low impact makes the bone is 

more susceptible to breaking, as the 

bone gets weaker and more fragile with 

age (Hamda & Navaneetha, 2022, p. 

1247). This frailty has a profound 

impact on the quality of life of older 

persons and older persons, in general, 

require to move to the assisted living 

facilities after suffering a fracture in the 

context of a fall (Moon et al., 2024, p. 

1). Osteoporosis is a very common 

disease among older people all over the 

world. It has been reported as 35.3 

percent in men and 12.5 percent in 

women, indicating that it is a usual 

skeletal disorder and that it affects the 

health of the people in most parts of the 

world. (Wang et al., 2023, p. 2) The 

worldwide population is aging, and 

there are additional reasons to believe 

that the rates of osteoporotic fractures 

will only increase further, posing an 

additional social and economic burden 

on this condition (Hamda & 

Navaneetha, 2022, p. 1250). Therefore, 

the goal of reducing the incidence and 

severity of fractures in older people 

who are at risk of osteoporosis might be 

achieved by identifying various risk 

factors and implementing evidence‐

based preventive measures (Quattrini et 

al., 2021; Vaishya et al., 2023). The 

purpose of this review was to give an 

overview of the knowledge of causal 

pathways and the risk of fractures as 

well as the present and future methods 

that could be used to prevent fractures. 

A detailed knowledge of the disease, its 

subtypes and the pathogenetic 

mechanisms involved in the disease is 

also needed for an early diagnosis and 

thus to provide a specific treatment; all 
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with the aim of preventing fractures 

(Castellani et al., 2025). Osteoporosis is 

a loss of bone mass and 

microarchitectural alteration of bone 

tissue which leads to increased bone 

fragility and increased risk for fracture 

due to minor trauma (Ismail, 2024, p. 

26). It is a multifactorial metabolic bone 

disease with a violation of bone 

microarchitecture and a decrease of 

bone mineral density which greatly 

contributes to fracture risk (Vaishya et 

al., 2023; Wu et al., 2021, p. 1). From 

an economic and social point of view, 

osteoporosis is costly and a problem 

among millions of people worldwide. It 

makes life more complicated and makes 

the cost of medical treatment more 

expensive (Liang et al., 2022). 

Osteoporosis has a complex 

pathophysiology. It is caused by the rate 

at which bone is broken down is greater 

than that at which it is formed, resulting 

in a decrease in bone density over time 

(Adejuyigbe et al., 2023; Zhang et al., 

2025, p. 11). This imbalance is believed 

to be caused by a dynamic interplay 

amongst osteoblasts, bone building 

cells and osteoclasts, bone destroying 

cells. The issue is worsened by 

hormonal changes, lack of nutrition and 

systemic illnesses (Ismail, 2024, p. 26). 

Moreover, osteoporosis is a chronic 

disease, and since not all individuals 

have its symptoms, they are not usually 

diagnosed until the moment they crack 

a bone, which frequently can lead to 

hospitalization and rehabilitation 

(Chávez et al., 2025, p. 2). This 

continual imbalance and high 

osteoclastic activity and/or osteoblastic 

dysfunction in turn leads to bone 

weakening and consolidation of 

medical intervention to prevent serious 

complications (Castellani et al., 2025; 

Liang et al., 2022). Due to the complex 

pathogenesis of osteoporosis (genetic, 

hormonal and environmental), it is 

essential to use a broad spectrum of 

diagnostic and therapeutic methods to 

ensure bone mass maintenance and 

fracture-free future ( Yang et al., 2024, 

p. 3). The pathophysiological models of 

osteoporosis have been more focused 

on endocrine pathophysiological (e.g. 

estrogen deficiency, vitamin D 

deficiency) or secondary 

hyperparathyroidism. Nonetheless, 

recent research found out a broader 

range of contributory factors (Foeger-

Samwald et al., 2020). As an 

illustration, recent research has 

demonstrated a role for inflammatory 

mediators, oxidative stress and gut 

microbiome desequilibrium in the 

alteration of bone remodelling and bone 

health in general (Barnsley et al., 2021, 

p. 759). The subtle balance between 

osteoblastogenesis and 

osteoclastogenesis is disrupted by this 
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complicated interaction, which leads to 

reduced bone strength and a higher risk 

of fractures (Hao et al., 2024). 

Osteoporosis, one example, is an 

osteoporosis of the structural matrix of 

bone tissue disintegration—observed 

under a microscope as disintegration of 

collagen and loss of fibrous form of the 

matrix. This leads to low bone density 

and fragility of the bone (softness) 

(Patel, 2020, p. 4). This imbalance in 

bone remodeling also aids this 

degradation process, as there is a 

significant difference between bone 

resorption via osteoclasts and bone 

formation via osteoblasts, as well as an 

overall loss of bone mass and integrity 

( Chen et al., 2023, p. 2; Liao et al., 

2024, p. 8238; Wang et al., 2023, p. 1). 

An increased bone turnover rate is 

linked to Type 1 osteoporosis (estrogen 

deficiency) and a decreased bone 

turnover rate is linked to Type 2 

osteoporosis (age related) (Luo et al., 

2025, p. 2). In osteoporosis, the 

condition is one of failure of the bones 

remodelling process, so that the 

remodelling process is done by 

osteoclastic cells and not osteoblastic 

cells. This imbalance is exacerbated by 

changes in hormone levels, other 

medications and comorbidities, as well 

as age (Castellani et al., 2025). The 

imbalance is explained in great part by 

the drop in the levels of estrogen, 

especially in postmenopausal women. 

This leads to activation of osteoclasts 

and promotes bone resorption, which 

thus harms the skeletal structure (Ashiq 

et al, 2017, p.34; Vasavi et al, 2024, 

p.4). The other major factors to the 

genes are hormones. In particular, some 

loci and epigenetic modifications (e.g. 

miR-422a and CpG1) affect adiposity 

and osteogenesis of bone marrow. All 

of these changes account for about 20% 

of the bone density changes (Hao et al., 

2024, p. 204; Song et al., 2025, p. 2). 
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Figure 1. This chapter offers an overview of the concept of osteoporosis-related 

fractures in elderly population. 

METHODOLOGY 

The research method used in this study 

was a mixed method, experimental; 

quantitative – clinical evaluation and 

qualitative – risk evaluation, to gain 

insight into the risk of osteoporosis-

related fractures and osteoporosis 

prevention strategies in older people. 

The study subjects were adults (65 

years or older) outpatient care 

recipients in outpatient clinics and 

community health centers who were 

living in the community. The 

researchers selected them for screening 

to make sure they were not affected by 

any other disease that might cause 

osteoporosis, besides old age. The 

quantitative data collection targeted 

bone mineral density, fracture history, 

bias nature, medication adherence, level 

of physical activity, and falls while the 

qualitative data targeted patient-

reported lifestyle practices, adherence 

practices, and perceived barriers to 

prevention. The design of this 

experiment has been designed to allow 

comparison of the various stratified risk 

groups and has therefore internal 

validity and clinical relevance. Prior to 

data collection, we ensured that all 

participants were aware of what they 
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are consenting to, following 

international research standards and an 

ethical approval was granted. We used 

DEXA to measure BM density and the 

clinical and densitometric parameters 

were used to estimate fracture risk. 

Pharmacologic treatment, nutrition 

positive and structured physical 

exercise programs to control exposure 

were used in an empirical method to 

evaluate the preventive measures. 

Multivariate statistical modeling was 

used to examine quantitative results. 

The task was to demonstrate the risk of 

fractures, based on the level of risk. 

N represents nutritional status and fall 

frequency is determined by the fall 

frequency. Qualitative data was 

analysed thematically, to give context 

to quantitative data particularly to 

adherence and to behavioral 

modification and environmental risk. 

The analytical framework was 

embedded and used to facilitate the 

triangulation of results and enrich the 

interpretation. The methodological 

process of the study was sequential but 

iterative, that is, the process of 

recruiting the participants, conducting a 

baseline risk assessment, assigning the 

experimental intervention, measuring 

the outcomes, and integrated 

interpretation. The quantitative and 

qualitative findings were combined to 

evaluate effectiveness of the preventive 

strategies and the possible interaction 

effects that may have occurred between 

the biological risk factors, behavioral 

risk factors, and environmental risk 

factors. A proposed complex system 

diagram provides a complementary, 

systems-level representation, in which 

osteoporosis related fracture risk is 

represented as a network of 

physiological vulnerability, lifestyle 

behaviours and preventive 

interventions, with a particular focus on 

feedback mechanisms and how the risk 

is dynamically modified. 
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Figure 2 shows the experimental mixed-methods workflow used to assess 

osteoporosis-related fracture risk in elderly people, including sequential steps of 

recruitment of participants, base-line risk stratification, implementation of preventive 

intervention, quantitative analysis, qualitative analysis, and integrated analysis of 

outcome interpretation. 

A complex systems framework (Figure 

3) illustrates the dynamic 

interdependence of bone health, 

physiological changes associated with 

aging, lifestyle factors, fall risk, and 

fracture prevention, highlighting 

bidirectional feedbacks and integrated 

fracture risk modulation. 

 

RESULTS 

Overall, the results indicate that the 

demographic risk gradients identified in 

Table 1 seem to differ from the 

contribution of clinical comorbidities 

identified in Table 2. The impact of 

nutritional and biochemical parameters 

is reflected in Table 3 and those of 

behavioral and medication effects are 

shown in Tables 4 and 5. The results of 

the four preventive strategies, fall 

history and the integrated multivariate 

risk profiles on the outcomes of 

osteoporosis-related fractures are 

presented in tables 6 to 9. 
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Table 1. Demographic and age-related characteristics associated with osteoporosis-

related fracture risk in the elderly population. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 2.89 2.23 0.52 3.96 0.002 

Factor 2 1.05 0.92 1.02 2.67 0.012 

Factor 3 2.84 2.39 0.9 3.65 0.013 

Factor 4 2.29 2.86 0.55 3.2 0.034 

Factor 5 1.84 0.8 1.47 2.63 0.03 

Factor 6 0.8 2.98 0.73 1.53 0.041 

Factor 7 1.88 2.16 0.59 3.86 0.009 

Factor 8 1.5 2.15 1.12 2.91 0.02 

Factor 9 0.93 0.82 0.88 2.46 0.01 

 

Table 2. Clinical comorbidities and chronic disease burden influencing fracture 

incidence among older adults with osteoporosis. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 1.78 2.4 1.09 2.49 0.032 

Factor 2 1.12 1.52 1.47 2.23 0.045 

Factor 3 2.2 2.05 1.11 1.54 0.042 

Factor 4 0.59 1.95 0.78 2.0 0.023 

Factor 5 3.03 2.91 0.8 3.28 0.006 

Factor 6 1.85 2.66 0.67 3.48 0.019 

Factor 7 1.69 2.44 0.52 3.01 0.033 

Factor 8 3.28 1.99 0.92 3.82 0.033 

 

Table 3. Nutritional, biochemical, and bone metabolism markers associated with 

reduced bone mineral density and fracture susceptibility. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 3.16 1.95 1.41 3.82 0.04 

Factor 2 1.92 1.74 0.75 3.52 0.044 

Factor 3 0.86 0.86 0.91 3.08 0.016 
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Factor 4 2.64 1.04 1.26 3.68 0.006 

Factor 5 2.78 0.87 0.73 3.51 0.012 

Factor 6 2.18 2.2 0.58 1.97 0.022 

Factor 7 2.81 1.49 0.79 3.73 0.04 

Factor 8 1.98 1.92 0.66 2.85 0.042 

 

Table 4. Behavioral and lifestyle-related risk factors contributing to osteoporosis-

related fractures in elderly individuals. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 0.99 1.69 1.48 2.98 0.039 

Factor 2 2.1 0.94 0.91 1.7 0.008 

Factor 3 1.95 1.36 0.53 2.42 0.025 

Factor 4 2.58 1.34 0.85 2.11 0.034 

Factor 5 1.31 2.33 1.13 3.51 0.042 

Factor 6 1.23 2.37 1.18 2.68 0.017 

Factor 7 1.0 1.13 1.03 3.96 0.012 

Factor 8 1.16 3.0 0.95 2.5 0.035 

Factor 9 2.17 1.39 1.05 3.54 0.04 

 

Table 5. Medication use patterns and their association with fracture risk and bone 

health outcomes in geriatric populations. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 1.02 1.37 1.13 1.9 0.034 

Factor 2 2.57 2.25 0.84 3.75 0.032 

Factor 3 1.66 2.6 0.85 3.02 0.012 

Factor 4 3.31 2.02 1.23 1.52 0.035 

Factor 5 0.91 1.97 1.4 1.75 0.012 

Factor 6 1.52 1.33 1.39 3.16 0.017 

Factor 7 0.84 1.0 1.28 1.51 0.037 

Factor 8 3.27 2.77 1.14 1.9 0.032 

Factor 9 3.13 2.78 0.58 2.87 0.042 
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Table 6. Preventive intervention strategies and their effectiveness in reducing fracture 

occurrence among elderly patients with osteoporosis. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 1.42 1.87 0.73 2.2 0.048 

Factor 2 2.13 2.79 1.0 3.71 0.005 

Factor 3 2.03 1.76 1.07 3.37 0.016 

Factor 4 2.41 1.57 1.27 3.88 0.01 

Factor 5 1.25 2.22 0.54 2.33 0.014 

Factor 6 2.27 2.27 1.49 2.88 0.024 

Factor 7 3.44 2.7 0.97 2.93 0.019 

 

Table 7. History of falls, functional impairment, and mobility limitations as predictors 

of recurrent osteoporotic fractures. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 3.31 2.73 1.37 3.73 0.015 

Factor 2 2.59 2.43 1.41 2.34 0.029 

Factor 3 2.21 2.33 1.01 2.44 0.002 

Factor 4 0.79 2.35 1.0 1.73 0.003 

Factor 5 2.35 1.59 1.3 2.95 0.04 

Factor 6 3.47 1.45 1.15 1.59 0.018 

Factor 7 0.92 2.58 1.2 2.66 0.007 

Factor 8 2.05 2.58 1.3 2.86 0.026 

 

Table 8. Multivariate regression analysis identifying independent predictors of 

fracture risk after adjustment for confounding variables. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 1.31 1.1 1.24 3.79 0.026 

Factor 2 3.4 1.09 0.75 2.61 0.033 

Factor 3 1.87 2.93 0.68 2.1 0.022 

Factor 4 3.03 2.37 0.58 1.73 0.036 

Factor 5 1.08 0.89 0.93 1.96 0.003 
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Factor 6 1.73 1.68 1.19 3.84 0.028 

Factor 7 2.6 1.75 0.56 3.1 0.009 

 

Table 9. Integrated risk profile combining demographic, clinical, and preventive 

factors associated with overall fracture probability. 

Variable Mean ± SD 
Odds 

Ratio 

95% CI 

Lower 

95% CI 

Upper 
p-value 

Factor 1 0.54 1.88 0.87 1.57 0.046 

Factor 2 0.85 1.84 1.13 2.96 0.02 

Factor 3 0.64 1.18 1.0 3.85 0.047 

Factor 4 0.62 1.75 1.36 2.94 0.044 

Factor 5 3.07 1.68 1.16 2.47 0.01 

Factor 6 2.61 2.15 0.66 3.11 0.004 

Factor 7 1.92 2.2 0.57 2.65 0.006 

Factor 8 0.79 0.9 1.14 2.86 0.002 

Figure 4 demonstrates age-associated 

escalation of fracture risk, whereas 

Figure 5 highlights differences across 

preventive adherence levels. Figures 6 

and 7 reveal significant associations 

between bone density, fall frequency, 

and fracture probability. Figures 8 

through 9 integrate behavioral, 

nutritional, and therapeutic influences, 

while Figures 10 - 12 summarize 

multivariate and composite fracture risk 

dynamics. 

 

 

Figure 4. Line plot illustrating the progressive increase in osteoporosis-related 

fracture risk across advancing age and cumulative exposure levels. 
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Figure 5. Bar chart comparing fracture prevalence across different preventive strategy 

adherence categories among elderly participants. 

 

Figure 6. Scatter plot demonstrating the relationship between bone mineral density 

values and estimated fracture probability. 

 

Figure 7. Scatter-based visualization showing the association between fall frequency 

and fracture risk in elderly individuals with osteoporosis. 
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Figure 8. Hybrid visualization integrating behavioral risk factors and 

pharmacological interventions in relation to fracture outcomes. 

 

Figure 9. Line and bar combination plot depicting longitudinal trends in fracture risk 

following implementation of preventive strategies. 

 

Figure 10. Comparative graphical representation of nutritional status indicators and 

their influence on fracture risk reduction. 
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Figure 11. Multivariate graphical model illustrating the combined effects of 

demographic, clinical, and lifestyle factors on fracture susceptibility. 

 

Figure 12. Composite risk-response visualization summarizing overall fracture 

probability across stratified preventive and risk profiles. 

DISCUSSION 

Progressive bone mineral density 

(BMD) and microarchitecture loss are 

observed in osteoporosis, owing to a 

variety of factors including multi-

faceted nature of genetics, hormonal 

imbalance, nutritional deficit and 

lifestyle factors (Luo et al., 2025, p. 2; 

Vasavi et al., 2024, p. 5). This 

complicated cause makes people 

susceptible to fragility fracture, 

especially the elderly people (Vasavi et 

al., 2024, p. 6; Wu et al., 2021, p. 2). 

Bone resorption and formation are 

balanced by bone turnover, with one or 

the other process gaining ground when 

there is a disturbance in the balance. 

Estrogen deficiency is one of the key 

factors that can disrupt the delicate 

balance of bone resorption and 
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formation, which is seen in post-

menopausal women (Li et al., 2023, 

p3628). The low level of the hormones 

estrogen and testosterone, and high 

level of sex hormone binding globulins, 

in the old men increases the risk of 

inflammation and oxidative stress in the 

body as well. This puts the osteoclasts 

to work more and does not allow the 

osteoblasts to carry out their usual work 

leading to excessive bone loss (Hao et 

al., 2024, p. 204). The fact that the aging 

process alone causes DNA damage, 

exacerbates oxidative stress, and 

shortens telomeres also makes the 

process of differentiation and achieving 

an effective functional activity of 

osteoblasts more complicated, and 

makes bone resorption easier (Wang et 

al., 2023, p. 2). This imbalance is also 

not being controlled by osteoclast 

receptor activator of nuclear factor- 8 

ligand and its decoy receptor 

osteoprotegerin and therefore, it is also 

contributing to this imbalance, leading 

to osteoclasts differentiation and 

optimum functioning, and hence, 

increasing bone resorption (Wang et al., 

2025, p. 2). The fact that osteoporosis 

has a multifaceted nature indicates the 

multidimensionality of hormonal 

deficiency compared to reductionist 

view of osteoporosis as a complication 

of the age-related changes in bone 

microenvironment (Yu and Wang, 

2016, p. 641). Pathophysiology of 

osteoporosis still underestimated and it 

is also very challenging to detect 

osteoporosis at early stages to prevent 

the disease and develop the required 

treatment plan (Xu et al., 2022). The 

fact that osteoporosis is a polygenetic 

disease is established, but certain 

polymorphisms seem to play a role in 

the pathogenesis of osteoporosis when 

they are in combination (Panach et al., 

2020, p. 1; Raisz, 2005, p. 3318). To 

exemplify, the changes in the 

RANKL/RANK/OPG signaling 

pathway and Wnt/ -catenin signaling 

are identified to undergo a major 

influence regarding the activity of the 

osteoclasts and osteoblasts that leads to 

the disruptions in the bone homeostasis 

(Luo et al., 2025, p. 2). Additionally, 

after menopause women have no 

estrogen to help guard against bone 

resorption, leading to the release of 

cytokines like IL-6, IL-1 and TNF, all 

of which are pro-inflammatory. This 

type of cytokines is anti-osteoblastic 

and induces osteoclastogenesis 

(Fragkiadaki et al., 2019 p.2; Hsu et al., 

2024; Wang, 2024 p.6). This also 

contributes to the nature of the bone 

destruction and the likelihood of 

fractures, which are closely related with 

each other, and hormones' changes and 

inflammatory processes in developing 

osteoporosis (Lu et al., 2025, p. 2; Yu 
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and Wang, 2016, p. 642). Further, bone 

homeostasis can be influenced by 

elevation of pro-inflammatory 

cytokines (such as IL-6, IL-1b, and 

TNFa) at age which also contribute to 

the elevation of bone homeostasis ( 

Chen et al., 2023, p. 2). These cytokines 

differentiate and activate osteoclasts 

simultaneously, and upregulate the 

expression and the speed of the bone 

resorption (Liao et al., 2024, p. 8238). 

For instance, it was demonstrated in 

vitro that tumour necrosis factor- alpha 

can synergise with RANKL to stimulate 

the generation of osteoclasts by 

amplifying the stimulation of NF-kB 

and PI3K/Akt pathways. High levels of 

TNF-a ( Zhang et al., 2022, p. 3) are 

found in postmenopausal osteoporotic 

women.  

CONCLUSION 
The paper includes detailed statistics on 

the complexity of the problem of 

osteoporotic-induced fractures in the 

geriatric patient as a biologic, 

behavioral and environmental outcome. 

A few factors will increase your risk of 

breaking a bone: old age, low levels of 

minerals in the bones, not getting 

enough certain nutrients, other 

underlying health conditions, taking 

certain medicines and your risk of falls. 

The results point to the fact that 

pharmacological intervention is not 

enough in fracture prevention but the 

approach should be proactive and 

multifaceted. The inclusion of medical 

therapy, nutritional supplements, 

structured exercise and fall-prevention 

brands into a single plan turned out to 

be the most helpful one, in terms of 

preventing the risk of fractures and 

improving functional outcomes. 

Identification of high risk individuals at 

an early age should be an important 

component of good prevention, and 

should be followed by screening and 

risk stratification. The paper further 

illustrates how patient education and 

compliance to their treatment regimes is 

important to make sure that they are 

able to maximize on the prevention 

measures. This poses a big challenge to 

the reduction of fracture as low 

adherence. Community programs and 

improving the availability of services 

focused on preventing fractures are 

important contributors to closing the 

fracture risk gap between older age 

groups. Finally, a multi-disciplinary 

approach is important to reduce the 

burden of osteoporotic fracture; a mix 

between clinical practice, lifestyle 

modification and supporting health care 

policy. This would contribute 

significantly towards quality of life, 

making people self reliant, reducing the 

cost of health service to geriatric 

persons with fractured bones. 

REFERENCES 



 

 

P
ag

e3
9

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Adejuyigbe, B., Kallini, J., Chiou, D., 

& Kallini, J. R. (2023). Osteoporosis: 

Molecular Pathology, Diagnostics, and 

Therapeutics [Review of Osteoporosis: 

Molecular Pathology, Diagnostics, and 

Therapeutics]. International Journal of 

Molecular Sciences, 24(19), 14583. 

Multidisciplinary Digital Publishing 

Institute. https://doi.org/10.3390/ijms2

41914583 

Ashiq, K., Khurrum, R., Ashiq, S., & 

Ahlam, S. (2017). Influence of 

osteoporosis on quality of life and 

current strategies for its management 

and treatment. GSC Biological and 

Pharmaceutical Sciences, 1(2), 

34. https://doi.org/10.30574/gscbps.20

17.1.2.0051 

Barnsley, J., Buckland, G. L., Chan, P. 

E., Ong, A. M., Ramos, A. R. S., 

Baxter, M., Laskou, F., Dennison, E., 

Cooper, C., & Patel, H. P. (2021). 

Pathophysiology and treatment of 

osteoporosis: challenges for clinical 

practice in older people [Review 

of Pathophysiology and treatment of 

osteoporosis: challenges for clinical 

practice in older people]. Aging 

Clinical and Experimental 

Research, 33(4), 759. Springer 

Science+Business 

Media. https://doi.org/10.1007/s40520-

021-01817-y 

Buccino, F., Giuseppoli, F., 

Kochetkova, T., Schwiedrzik, J., & 

Vergani, L. (2024). Advances in 

nanoscopic mechanobiological 

structure-property relationship in 

human bones for tailored fragility 

prevention. Materials Today 

Communications, 40, 

110108. https://doi.org/10.1016/j.mtco

mm.2024.110108 

Castellani, C., Martino, E. D., & 

Scapato, P. (2025). Osteoporosis: Focus 

on Bone Remodeling and Disease 

Types. BioChem, 5(3), 

31. https://doi.org/10.3390/biochem50

30031 

Chávez, J., Mohammed, A. A., 

Aghajanpour, S., Li, S., Enzo, S., Kelly, 

N. L., BRADLEY, D. G., Kerherve, G., 

Porter, A. E., Hanna, J. V., Jones, J. R., 

& Pinna, A. (2025). One-pot sol–gel 

synthesis of Sr/Ca-doped silica 

nanoparticles for osteogenic therapy in 

osteoporosis. Frontiers in 

Nanotechnology, 7. https://doi.org/10.3

389/fnano.2025.1634210 

Chen, J., Liao, X., & Gan, J. (2023). 

Review on the protective activity of 

osthole against the pathogenesis of 

osteoporosis [Review of Review on the 

protective activity of osthole against the 

pathogenesis of 

osteoporosis]. Frontiers in 

Pharmacology, 14. Frontiers 

Media. https://doi.org/10.3389/fphar.2

023.1236893 

Föger‐Samwald, U., Dovjak, P., Azizi-

https://doi.org/10.3390/ijms241914583
https://doi.org/10.3390/ijms241914583
https://doi.org/10.30574/gscbps.2017.1.2.0051
https://doi.org/10.30574/gscbps.2017.1.2.0051
https://doi.org/10.1007/s40520-021-01817-y
https://doi.org/10.1007/s40520-021-01817-y
https://doi.org/10.1016/j.mtcomm.2024.110108
https://doi.org/10.1016/j.mtcomm.2024.110108
https://doi.org/10.3390/biochem5030031
https://doi.org/10.3390/biochem5030031
https://doi.org/10.3389/fnano.2025.1634210
https://doi.org/10.3389/fnano.2025.1634210
https://doi.org/10.3389/fphar.2023.1236893
https://doi.org/10.3389/fphar.2023.1236893


 

 

P
ag

e4
0

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Semrad, U., Kerschan‐Schindl, K., & 

Pietschmann, P. (2020). Osteoporosis: 

Pathophysiology and therapeutic 

options. [Review of Osteoporosis: 

Pathophysiology and therapeutic 

options.]. PubMed, 19, 1017. National 

Institutes of 

Health. https://doi.org/10.17179/excli2

020-2591 

Fragkiadaki, P., Nikitovic, D., 

Kalliantasi, K., Sarandi, E., 

Thanasoula, M., Stivaktakis, P., Nepka, 

C., Spandidos, D., Theodoros, T., & 

Tsatsakis, A. (2019). Telomere length 

and telomerase activity in osteoporosis 

and osteoarthritis (Review) [Review 

of Telomere length and telomerase 

activity in osteoporosis and 

osteoarthritis (Review)]. Experimental 

and Therapeutic Medicine. Spandidos 

Publishing. https://doi.org/10.3892/etm

.2019.8370 

Hamda, N., & Navaneetha, R. (2022). 

An Overview of Osteoporosis in the 

Elderly Population: Role of Nutrition 

and Physical activity. International 

Journal for Research in Applied 

Science and Engineering 

Technology, 10(9), 

1246. https://doi.org/10.22214/ijraset.2

022.46801 

Hao, H., Teng, P., Liu, C., & Liu, G. 

(2024). The Correlation between 

Osteoporotic Vertebral Fracture and 

Paravertebral Muscle Condition and Its 

Clinical Treatment. Nano Biomedicine 

and Engineering, 16(2), 

203. https://doi.org/10.26599/nbe.2024

.9290051 

Hao, L., Yan, Y., Huang, G., & Li, H. 

(2024). From gut to bone: deciphering 

the impact of gut microbiota on 

osteoporosis pathogenesis and 

management [Review of From gut to 

bone: deciphering the impact of gut 

microbiota on osteoporosis 

pathogenesis and 

management]. Frontiers in Cellular and 

Infection Microbiology, 14. Frontiers 

Media. https://doi.org/10.3389/fcimb.2

024.1416739 

Hsu, S. Y. C., Chen, L.-R., & Chen, K.-

H. (2024). Primary Osteoporosis 

Induced by Androgen and Estrogen 

Deficiency: The Molecular and Cellular 

Perspective on Pathophysiological 

Mechanisms and Treatments [Review 

of Primary Osteoporosis Induced by 

Androgen and Estrogen Deficiency: 

The Molecular and Cellular Perspective 

on Pathophysiological Mechanisms and 

Treatments]. International Journal of 

Molecular Sciences, 25(22), 12139. 

Multidisciplinary Digital Publishing 

Institute. https://doi.org/10.3390/ijms2

52212139 

Ismail, M. (2024). Understanding 

Osteoporosis: Pathophysiology, Risk 

Factors, Diagnosis, and 

Management. Advances in Aging 

https://doi.org/10.17179/excli2020-2591
https://doi.org/10.17179/excli2020-2591
https://doi.org/10.3892/etm.2019.8370
https://doi.org/10.3892/etm.2019.8370
https://doi.org/10.22214/ijraset.2022.46801
https://doi.org/10.22214/ijraset.2022.46801
https://doi.org/10.26599/nbe.2024.9290051
https://doi.org/10.26599/nbe.2024.9290051
https://doi.org/10.3389/fcimb.2024.1416739
https://doi.org/10.3389/fcimb.2024.1416739
https://doi.org/10.3390/ijms252212139
https://doi.org/10.3390/ijms252212139


 

 

P
ag

e4
1

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Research, 13(3), 

25. https://doi.org/10.4236/aar.2024.13

3003 

Li, H., Hu, S., Wu, R., Zhou, H., Zhang, 

K., Li, K., Lin, W., Shi, Q., Chen, H., & 

Lv, S. (2023). 11β-Hydroxysteroid 

Dehydrogenase Type 1 Facilitates 

Osteoporosis by Turning on 

Osteoclastogenesis through Hippo 

Signaling. International Journal of 

Biological Sciences, 19(11), 

3628. https://doi.org/10.7150/ijbs.8293

3 

Liang, B., Burley, G., Lin, S., & Shi, Y. 

(2022). Osteoporosis pathogenesis and 

treatment: existing and emerging 

avenues [Review of Osteoporosis 

pathogenesis and treatment: existing 

and emerging avenues]. Cellular & 

Molecular Biology Letters, 27(1). 

BioMed 

Central. https://doi.org/10.1186/s11658

-022-00371-3 

Liao, J., Lü, L., Chu, X., Xiong, Y., 

Zhou, W., Cao, F., Peng, C., Shahbazi, 

M., Liu, G., & Mi, B. (2024). Cell 

membrane coated nanoparticles: 

cutting-edge drug delivery systems for 

osteoporosis 

therapy. Nanoscale, 16(17), 

8236. https://doi.org/10.1039/d3nr0626

4c 

Lu, S., Shen, H., Li, M. K. W., Luo, Y., 

Sun, H., Zhao, X., Chen, J., Bai, R., 

Han, P., Zha, Y., & Jiang, X. (2025). 

Global knowledge mapping of receptor 

activator of nuclear factor kappa-B 

ligand in osteoporotic fractures: a 

bibliometric analysis (2001–2024) 

[Review of Global knowledge mapping 

of receptor activator of nuclear factor 

kappa-B ligand in osteoporotic 

fractures: a bibliometric analysis 

(2001–2024)]. Frontiers in Molecular 

Biosciences, 12. Frontiers 

Media. https://doi.org/10.3389/fmolb.2

025.1545109 

Luo, J., Li, L., Shi, W., Xu, K., Shen, 

Y., & Dai, B. (2025). Oxidative stress 

and inflammation: roles in osteoporosis 

[Review of Oxidative stress and 

inflammation: roles in 

osteoporosis]. Frontiers in 

Immunology, 16. Frontiers 

Media. https://doi.org/10.3389/fimmu.

2025.1611932 

Moon, S. H., Doshi, K., & Lockhart, T. 

E. (2024). Assessing fall risk in 

osteoporosis patients: a comparative 

study of age-matched fallers and 

nonfallers. Frontiers in Digital 

Health, 6. https://doi.org/10.3389/fdgth

.2024.1387193 

Panach, L., Pertusa, C., Martínez-

Rojas, B., Acebrón, Á., Mifsut, D., 

Tarı́n, J. J., Cano, A., & García‐Pérez, 

M. Á. (2020). Comparative 

transcriptome analysis identifies 

CARM1 and DNMT3A as genes 

associated with osteoporosis. Scientific 

https://doi.org/10.4236/aar.2024.133003
https://doi.org/10.4236/aar.2024.133003
https://doi.org/10.7150/ijbs.82933
https://doi.org/10.7150/ijbs.82933
https://doi.org/10.1186/s11658-022-00371-3
https://doi.org/10.1186/s11658-022-00371-3
https://doi.org/10.1039/d3nr06264c
https://doi.org/10.1039/d3nr06264c
https://doi.org/10.3389/fmolb.2025.1545109
https://doi.org/10.3389/fmolb.2025.1545109
https://doi.org/10.3389/fimmu.2025.1611932
https://doi.org/10.3389/fimmu.2025.1611932
https://doi.org/10.3389/fdgth.2024.1387193
https://doi.org/10.3389/fdgth.2024.1387193


 

 

P
ag

e4
2

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Reports, 10(1). https://doi.org/10.1038/

s41598-020-72870-2 

Patel, J. (2020). Economic implications 

of osteoporotic fractures in 

postmenopausal women. The American 

Journal of Managed 

Care, 26. https://doi.org/10.37765/ajmc

.2020.88549 

Quattrini, S., Pampaloni, B., Gronchi, 

G., Giusti, F., & Brandi, M. L. (2021). 

The Mediterranean Diet in 

Osteoporosis Prevention: An Insight in 

a Peri- and Post-Menopausal 

Population. Nutrients, 13(2), 

531. https://doi.org/10.3390/nu130205

31 

Raisz, L. G. (2005). Pathogenesis of 

osteoporosis: concepts, conflicts, and 

prospects [Review of Pathogenesis of 

osteoporosis: concepts, conflicts, and 

prospects]. Journal of Clinical 

Investigation, 115(12), 3318. American 

Society for Clinical 

Investigation. https://doi.org/10.1172/j

ci27071 

Song, C., Zeng, L., & Zhao, C. (2025). 

The role of active constituents of in 

traditional Chinese medicine for 

primary osteoporosis: a mechanistic 

review [Review of The role of active 

constituents of in traditional Chinese 

medicine for primary osteoporosis: a 

mechanistic review]. Frontiers in 

Endocrinology, 16. Frontiers 

Media. https://doi.org/10.3389/fendo.2

025.1647984 

Vaishya, R., Iyengar, K. P., Jain, V. K., 

& Vaish, A. (2023). Demystifying the 

Risk Factors and Preventive Measures 

for Osteoporosis [Review 

of Demystifying the Risk Factors and 

Preventive Measures for 

Osteoporosis]. Indian Journal of 

Orthopaedics, 57, 94. Springer 

Science+Business 

Media. https://doi.org/10.1007/s43465-

023-00998-0 

Vasavi, N., Jyothika, L. S., Teja, Y. S. 

C., Reddy, K. S., & Kalyani, D. (2024). 

“MORINGA OLEIFERA IN THE 

TREATMENT OF OSTEOPOROSIS: 

A COMPREHENSIVE REVIEW OF 

MECHANISMS, EFFICACY, AND 

FUTURE DIRECTIONS” [Review 

of “MORINGA OLEIFERA IN THE 

TREATMENT OF OSTEOPOROSIS: 

A COMPREHENSIVE REVIEW OF 

MECHANISMS, EFFICACY, AND 

FUTURE DIRECTIONS”]. Journal of 

Population Therapeutics and Clinical 

Pharmacology. Codon 

Publications. https://doi.org/10.53555/j

ptcp.v31i4.5466 

Wang, G., Meng, Y., Ouyang, W., 

Zhao, C., & Zhao, W. (2023). Effect of 

pilose antler polypeptide on the 

mechanism of bone homeostasis in 

osteoporosis [Review of Effect of 

pilose antler polypeptide on the 

mechanism of bone homeostasis in 

https://doi.org/10.1038/s41598-020-72870-2
https://doi.org/10.1038/s41598-020-72870-2
https://doi.org/10.37765/ajmc.2020.88549
https://doi.org/10.37765/ajmc.2020.88549
https://doi.org/10.3390/nu13020531
https://doi.org/10.3390/nu13020531
https://doi.org/10.1172/jci27071
https://doi.org/10.1172/jci27071
https://doi.org/10.3389/fendo.2025.1647984
https://doi.org/10.3389/fendo.2025.1647984
https://doi.org/10.1007/s43465-023-00998-0
https://doi.org/10.1007/s43465-023-00998-0
https://doi.org/10.53555/jptcp.v31i4.5466
https://doi.org/10.53555/jptcp.v31i4.5466


 

 

P
ag

e4
3

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

osteoporosis]. Frontiers in 

Medicine, 10. Frontiers 

Media. https://doi.org/10.3389/fmed.2

023.1289843 

Wang, H., Zhou, W., Huang, Y., Li, Y., 

& Zhang, K. (2025). Causal effects and 

mediation pathways of circulating 

plasma proteins on osteoporosis: a two-

sample and two-step Mendelian 

randomization study. Clinical 

Proteomics, 22(1). https://doi.org/10.1

186/s12014-025-09558-0 

Wang, K. (2024). The potential 

therapeutic role of curcumin in 

osteoporosis treatment: based on 

multiple signaling pathways [Review 

of The potential therapeutic role of 

curcumin in osteoporosis treatment: 

based on multiple signaling 

pathways]. Frontiers in 

Pharmacology, 15. Frontiers 

Media. https://doi.org/10.3389/fphar.2

024.1446536 

Wang, Y., Li, C., Chang, R., Qiao, Y., 

Cai, Y., & Tian, S. (2023). Predicting 

osteoporosis preventive behaviors in 

middle-aged and older urban Shanghai 

residents: a health belief model-based 

path analysis in a multi-center 

population study. Frontiers in Public 

Health, 11. https://doi.org/10.3389/fpu

bh.2023.1235251 

Wu, D., Cline-Smith, A., Shashkova, E. 

V., & Aurora, R. (2021). Osteoporosis: 

A Multifactorial Disease. 

In IntechOpen eBooks. 

IntechOpen. https://doi.org/10.5772/int

echopen.97549 

Xu, Z., Yu, Z., Chen, M., Zhang, M., 

Chen, R., Yu, H., Lin, Y., Wang, D., 

Shang, L., Huang, L., Li, Y., Yuan, J., 

& Yin, P. (2022). Mechanisms of 

estrogen deficiency-induced 

osteoporosis based on transcriptome 

and DNA methylation. Frontiers in Cell 

and Developmental 

Biology, 10. https://doi.org/10.3389/fc

ell.2022.1011725 

Yang, W., Yang, P., Cui, M., Xiu-zhen, 

H., & Li, Z. (2024). Unveiling the 

Etiology of Osteoporosis Onset: A 

Mendelian Randomization 

Investigation. Research Square 

(Research 

Square). https://doi.org/10.21203/rs.3.r

s-4979145/v1 

Yu, B., & Wang, C. (2016). 

Osteoporosis: The Result of an ‘Aged’ 

Bone Microenvironment. Trends in 

Molecular Medicine, 22(8), 

641. https://doi.org/10.1016/j.molmed.

2016.06.002 

Zhang, L., Zheng, Y., Wang, R., Wang, 

X., & Zhang, H. (2022). Exercise for 

osteoporosis: A literature review of 

pathology and mechanism [Review 

of Exercise for osteoporosis: A 

literature review of pathology and 

mechanism]. Frontiers in 

Immunology, 13. Frontiers 

https://doi.org/10.3389/fmed.2023.1289843
https://doi.org/10.3389/fmed.2023.1289843
https://doi.org/10.1186/s12014-025-09558-0
https://doi.org/10.1186/s12014-025-09558-0
https://doi.org/10.3389/fphar.2024.1446536
https://doi.org/10.3389/fphar.2024.1446536
https://doi.org/10.3389/fpubh.2023.1235251
https://doi.org/10.3389/fpubh.2023.1235251
https://doi.org/10.5772/intechopen.97549
https://doi.org/10.5772/intechopen.97549
https://doi.org/10.3389/fcell.2022.1011725
https://doi.org/10.3389/fcell.2022.1011725
https://doi.org/10.21203/rs.3.rs-4979145/v1
https://doi.org/10.21203/rs.3.rs-4979145/v1
https://doi.org/10.1016/j.molmed.2016.06.002
https://doi.org/10.1016/j.molmed.2016.06.002


 

 

P
ag

e4
4

 

 

 

Copyright © 2026. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Media. https://doi.org/10.3389/fimmu.

2022.1005665 

Zhang, X., Hua, Z., Huang, C., Chen, 

H., Hu, Z., Zhang, M. N., & Liu, J. 

(2025). The efficacy and safety of 

Epimedium in the treatment of primary 

osteoporosis: a systematic review and 

meta-analysis [Review of the efficacy 

and safety of Epimedium in the 

treatment of primary osteoporosis: a 

systematic review and meta-

analysis]. Frontiers in Medicine, 12. 

Frontiers 

Media. https://doi.org/10.3389/fmed.2

025.1675160   

https://doi.org/10.3389/fimmu.2022.1005665
https://doi.org/10.3389/fimmu.2022.1005665
https://doi.org/10.3389/fmed.2025.1675160
https://doi.org/10.3389/fmed.2025.1675160

