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Abstract

Background: Osteoporosis is a systemic skeletal disease characterized by reduced bone mineral density (BMD) and microarchitectural
deterioration, leading to increased fragility and fracture risk. It represents a major global public health challenge, disproportionately affecting
postmenopausal females due to the abrupt decline in estrogen, which accelerates bone resorption. The condition is often asymptomatic until a
fragility fracture occurs, resulting in significant pain, disability, mortality, and societal cost.

Aim: This article synthesizes the etiology, epidemiology, and pathophysiology of osteoporosis in females and advocates for an interdisciplinary
management approach. It aims to outline comprehensive evaluation strategies and evidence-based treatments, integrating the roles of nursing,
family medicine, laboratory services, and social care to close pervasive screening and treatment gaps.

Methods: A comprehensive review is presented, covering the disease's historical context, pathophysiological mechanisms (including the
RANKL/RANK/OPG axis), and diagnostic criteria using dual-energy X-ray absorptiometry (DXA). Risk assessment tools like FRAX and
laboratory evaluations for secondary causes are detailed. Management strategies, including pharmacological and non-pharmacological
interventions, are systematically reviewed.

Results: Osteoporosis management requires a multifaceted strategy. First-line pharmacotherapy includes bisphosphonates and denosumab,
while anabolic agents (e.qg., teriparatide, romosozumab) are reserved for very high-risk patients. Non-pharmacological foundations encompass
calcium, vitamin D, weight-bearing exercise, and fall prevention. Successful outcomes depend on coordinated, interprofessional care to improve
diagnosis, treatment adherence, and persistence.

Conclusion: A proactive, interdisciplinary model is essential to transform osteoporosis from a "silent epidemic" into a managed chronic
condition, thereby reducing the immense personal and economic burden of fragility fractures.

Keywords: Osteoporosis, postmenopausal, fragility fracture, bone mineral density (BMD), FRAX, bisphosphonates, interdisciplinary care,
fracture prevention..

Introduction

Osteoporosis—derived from the Greek osteon
(bone) and poros (passage or pore)—is a systemic skeletal
disorder defined by reduced bone mineral density (BMD)
and deterioration of bone microarchitecture, culminating in
heightened skeletal fragility and fracture susceptibility [1].
The clinical burden extends far beyond the index fracture;
downstream consequences include pain, functional decline,
loss of independence, and increased all-cause mortality, with
a pronounced impact on quality of life and societal costs
through long-term care and productivity losses [1].
Frequently termed the “silent disease,” osteoporosis is
typically asymptomatic until a low-trauma fracture unmasks

the underlying skeletal vulnerability, at which point
opportunities for primary prevention have already been
missed [1]. This asymptomatic latency underscores the
importance of proactive risk stratification, evidence-based
screening, and early therapeutic intervention in populations
at risk, particularly postmenopausal females, who bear a
disproportionate share of disease burden [1]. Historical
observations emphasize that osteoporosis is neither a
modern nor a culturally bounded entity. Paleopathologic
studies of ancient human remains, including Egyptian
mummies with compressed and collapsed vertebrae, attest to
the millennia-long presence of fragility fractures consistent
with osteoporotic processes [2]. These findings align with
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the notion that bone fragility emerges from universal
biological trajectories—aging, hormonal transitions, and
cumulative  environmental ~ exposures—rather  than
contemporary lifestyle alone [2]. The recognition of
osteoporotic patterns in antiquity enriches our understanding
of the natural history of skeletal aging and encourages a
longitudinal perspective on prevention and care that
integrates historical, biological, and societal determinants

[2].

Modern clinical insight into osteoporosis rests on
seminal observations from the early nineteenth and twentieth
centuries that linked bone structure to fracture propensity.
British surgeon Sir Astley Cooper’s systematic association
of abnormal bone characteristics with fractures laid the
conceptual groundwork for viewing skeletal fragility as a
pathologic state rather than an inevitable consequence of
aging [3]. Shortly thereafter, French pathologist Jean
Lobstein introduced the term “osteoporosis,” describing the
porous morphology that mirrored clinical fragility and
further cemented a structural paradigm for disease
understanding [3]. Mid-twentieth-century advances by
American endocrinologist Fuller Albright profoundly
reshaped the field by delineating the role of ovarian hormone
depletion in vertebral weakening and fracture risk; his
observations of fracture risk escalation following the loss of
ovarian function and its mitigation with estrogen anticipated
contemporary frameworks of bone remodeling and
postmenopausal pathophysiology [3]. Collectively, these
milestones established the endocrine, structural, and clinical
axes that continue to guide diagnostic and therapeutic
strategies [3]. From a population health standpoint,
osteoporosis affects both sexes but exhibits a marked
predominance in postmenopausal females due to the abrupt
decline in estrogen that accelerates bone turnover and
compromises microarchitectural integrity [1][3]. With
global population aging, the absolute number of fragility
fractures is projected to rise substantially, amplifying the
urgency of scalable prevention, early detection, and
longitudinal management strategies [1]. Despite the
availability of wvalidated tools—dual-energy X-ray
absorptiometry (DXA) for BMD assessment, fracture risk
algorithms, and effective antiresorptive and anabolic
therapies—gaps persist in awareness, screening uptake, and
treatment adherence. These gaps translate into
underdiagnosis and undertreatment at every stage of the care
continuum, from primary prevention to secondary fracture
prevention, reinforcing the label of osteoporosis as a “silent
epidemic” in contemporary practice [1]. The pathway to
improved outcomes begins with systematic identification of
at-risk individuals, targeted education that reframes
osteoporosis as a preventable and treatable chronic
condition, and timely initiation of guideline-concordant
therapy after fragility fractures to interrupt the cycle of
recurrent injury [1]. Embedding osteoporosis evaluation into
routine clinical workflows—especially in settings where
sentinel events such as wrist or vertebral fractures first
present—can shorten time to diagnosis and therapy, reduce
excess morbidity, and lower mortality [1][3]. In parallel,
historical lessons remind us that skeletal fragility has long
been a human constant; our distinctive opportunity today lies
in applying modern diagnostics and therapeutics, rooted in
the foundational insights of Cooper, Lobstein, and Albright,
to transform a silent, progressive condition into a managed,
monitored disease across the lifespan [2][3].

Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025)

| A= r=-_J
M. : =
’ <
= >\
F s )
b, -
b
S | -
. A
:.: ”~
( R 7 )
\ -
) A‘_‘_ oy =
5 1 /
[ y
] O
; - ( H )

Osteoporosis

Figure-1: Normal bone vis osteoporosis.
Etiology

The etiologic framework of osteoporosis reflects a
convergence of hormonal, metabolic, genetic, and
environmental factors that disrupt the dynamic balance
between bone formation and resorption. In 1983, Drs. Riggs
and Melton proposed a pivotal classification delineating two
forms of primary osteoporosis, which profoundly influenced
both preventive and therapeutic paradigms [4]. Their schema
divided osteoporosis into Type 1 (postmenopausal) and
Type 2 (senile), each governed by distinct pathogenic
mechanisms but united by a common endpoint—progressive
skeletal fragility and heightened fracture risk. This
classification continues to inform risk assessment, treatment
selection, and clinical research nearly four decades later.
Type 1 osteoporosis, colloquially known as postmenopausal
osteoporosis, arises primarily from estrogen deficiency, a
hallmark of the menopausal transition. The decline in
estrogen—typically occurring between the ages of 50 and
70—precipitates a surge in bone resorption that outpaces
bone formation, leading to a net loss of trabecular bone mass
[4][5]. Trabecular bone, found in metabolically active
regions such as vertebral bodies and the distal radius, is
particularly vulnerable due to its high surface area and
turnover rate. Consequently, vertebral compression fractures
and distal forearm fractures are the characteristic skeletal
manifestations of this subtype [6]. Quantitatively, the
vertebral body demonstrates a trabecular-to-cortical bone
ratio of approximately 75:25, making it especially
susceptible to the accelerated trabecular loss driven by
estrogen withdrawal [7]. Beyond the endocrine milieu,
secondary contributors such as inadequate calcium intake,
sedentary behavior, and nutritional deficiencies may
exacerbate the trajectory of postmenopausal bone loss.

In contrast, Type 2 osteoporosis, or senile
osteoporosis, reflects the cumulative effects of aging on
bone remodeling and mineralization. It is characterized by a
gradual reduction in both cortical and trabecular bone mass,
though cortical loss predominates [5][7]. This low-turnover
state results from diminished osteoblast activity, reduced
calcium absorption, and impaired renal hydroxylation of
vitamin D, leading to chronic  secondary
hyperparathyroidism and further bone demineralization.
Unlike Type 1, which predominantly affects women, Type 2
occurs in both sexes, typically manifesting after the age of
70. The femoral neck, with its cortical bone predominance
(approximately 70% cortical to 30% trabecular), is the
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prototypical site of senile osteoporotic fracture [7].
Environmental influences, such as insufficient physical
activity and sarcopenia, further destabilize the
musculoskeletal system, compounding fall risk and fracture
susceptibility. As research advanced, it became evident that
osteoporosis can also arise secondary to a broad spectrum of
systemic diseases, nutritional deficiencies, endocrine
disorders, and pharmacologic exposures—collectively
termed secondary osteoporosis [8]. In these cases, bone loss
is not a primary aging or hormonal phenomenon but the
downstream effect of another pathophysiologic process.
Epidemiologically, men are more likely to have a secondary
cause for osteoporosis, with studies estimating secondary
etiologies in approximately 50% to 80% of affected males,
compared to around 30% in females [8]. The mechanisms by
which these conditions provoke skeletal fragility vary
widely, encompassing hormonal imbalances, chronic
inflammation, altered nutrient metabolism, and direct drug-
induced suppression of osteoblast function.

Risk factors for secondary osteoporosis are
traditionally divided into modifiable and non-modifiable
domains [9][10]. Among modifiable factors, lifestyle
behaviors—such as cigarette smoking, excessive alcohol
and caffeine intake, low calcium and vitamin D
consumption, physical inactivity, and eating disorders like
anorexia nervosa—play a prominent role in accelerating
bone loss. Endocrine disturbances, including
hyperparathyroidism, hyperthyroidism, diabetes mellitus,
hypogonadism, and Cushing syndrome, disrupt bone
homeostasis through hormonal excess or deficiency.
Gastrointestinal  conditions such as celiac disease,
inflammatory bowel disease, cirrhosis, and malabsorption
syndromes impair nutrient absorption critical to bone
integrity. Genetic and connective tissue disorders—such as
osteogenesis imperfecta, Marfan syndrome, and Ehlers-
Danlos syndrome—introduce inherent defects in collagen
synthesis and bone matrix structure, predisposing
individuals to fragility fractures even in youth. The list of
medication-induced bone loss is extensive and clinically
relevant. Long-term glucocorticoid therapy remains the
leading pharmacologic cause, driving osteoblast apoptosis
and suppressing bone formation. Other agents—heparin,
anticonvulsants (e.g., phenytoin, barbiturates), aromatase
inhibitors, gonadotropin-releasing hormone agonists, and
certain antiretrovirals (notably tenofovir)—are well-
established contributors. Likewise, medications affecting
calcium balance or endocrine function, including thyroxine,
thiazolidinediones, lithium, cyclosporine, and tacrolimus,
can exacerbate skeletal demineralization. Chronic
hematologic diseases such as multiple myeloma, sickle cell
disease, and thalassemia further erode bone mass through
marrow expansion and cytokine-mediated remodeling.
Miscellaneous conditions—ranging from chronic kidney
disease and chronic obstructive pulmonary disease to
congestive heart failure and HIV/AIDS—add systemic
stressors that indirectly promote osteopenia [10].
Epidemiology

Osteoporosis represents a worldwide public health
challenge whose magnitude continues to expand alongside
population aging and shifting demographic structures.
Contemporary estimates suggest that between 200 and 500
million individuals are affected globally, with point
prevalence data indicating that approximately 6.3% of men
and 21.2% of women older than 50 years have been
diagnosed with this skeletal disease, underscoring a marked
sex disparity that is further magnified after menopause [11].

Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025)

Regional heterogeneity in disease burden is striking
developing regions frequently report higher prevalence than
developed ones, reflecting differences in nutrition, health
system capacity, screening penetration, and access to
preventive therapies [12]. Asia, in particular, bears the
highest reported prevalence worldwide, a pattern that
correlates with a tendency toward below-average bone
mineral density (BMD) measurements in many Asian
populations and the sheer size of aging cohorts across the
region [12]. These epidemiologic contours frame
osteoporosis as both a clinical condition and a structural
health-systems problem, requiring strategies that account for
geography, ethnicity, and resource variability [11][12]. The
epidemiologic weight of osteoporosis is most directly
experienced through fragility fractures, which occur from
low-energy mechanisms that would not normally cause
fracture in healthy bone. Worldwide, as many as 37 million
fragility fractures occur annually in adults older than 55
years—an astonishing pace that equates to roughly 70
fractures per minute—illustrating the relentless, minute-to-
minute clinical and societal toll of skeletal fragility [13].
Health authorities have recognized the breadth of this
burden: within the European Union (EU), fragility fractures
are ranked as the fourth most burdensome noncommunicable
disease, following ischemic heart disease, dementia, and
lung cancer, a placement that emphasizes the complex
intersection between chronic disease epidemiology,
disability, and aging [14]. Economically, the costs are
profound and escalating. Annual direct expenditures
approximate £4 billion in the United Kingdom, €56 billion
across the EU, and about $19 billion in the United States,
with projections anticipating further growth as longevity
increases and larger cohorts enter high-risk age brackets
[15][16]. Measuring beyond cost, the EU has estimated
1,180,000 quality-adjusted life-years (QALYS) lost due to
fragility fractures—with roughly double the QALY loss in
women compared with men—alongside 26,300 life-years
lost from incident fractures in 2010 alone, highlighting the
combined clinical and humanistic ramifications [14][17].

In the United States, current data indicate
approximately 1.9 million fragility fractures each year, a
figure that maps onto substantial healthcare utilization:
roughly 700,000 clinical vertebral fractures and 300,000 hip
fractures are recorded annually, associated with about
500,000 hospital admissions, 2.5 million office visits, and
180,000 nursing home admissions [18][19][20]. The fiscal
load of these events is borne largely by public payers;
Medicare covers around 80% of fracture costs, with hip
fractures alone accounting for approximately 72% of
expenditures [20]. Projections suggest a steep ascent in the
coming decades: by 2040, fragility fractures are anticipated
to increase to 3.2 million per year, with aggregate care costs
expected to reach $95 billion annually, an outlook that
crystallizes the urgency of primary and secondary
prevention strategies at scale [21]. Sex-stratified analyses
consistently show that women shoulder a disproportionate
share of osteoporosis and fracture burden, particularly after
menopause when accelerated bone turnover and trabecular
loss translate into heightened fragility risk [11]. In the EU in
2010, an estimated 43,000 deaths followed fracture events
among women, with hip fractures responsible for 50% of
those deaths, vertebral fractures 28%, and other fracture
types 22%; for men, the corresponding proportions were
37%, 29%, and 14%, respectively, a distribution that
underscores both the high lethality of hip fractures and sex-
specific differences in fracture patterns [17]. Notably,
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although women experience more fractures overall, men
often have higher post-fracture mortality, a phenomenon
attributed to greater comorbidity burden, older age at the
time of fracture, and differences in post-acute care pathways
[22]. Contextualizing osteoporosis against other major
female health threats further clarifies its importance: the
lifetime risk of hip fracture in a White woman is
approximately 1 in 6, compared with a 1 in 9 risk of a breast
cancer diagnosis; the remaining-life risk of death from a hip
fracture for a 50-year-old White woman in the U.S. is
estimated at 2.8%, comparable to the risk of death from
breast cancer and four times greater than that from
endometrial cancer [International Osteoporosis Foundation-
Epidemiology of osteoporosis and fragility fractures. 2024.

The absolute numbers are staggering when
aggregated at the population level. In 2010, roughly 22
million women aged 50 to 84 years in the EU were estimated
to have osteoporosis, with projections anticipating a 23%
increase by 2025 to approximately 33.9 million, figures that
mirror demographic aging and emphasize the need for
scalable interventions [17][23]. Global estimates further
suggest a steep age gradient among women: about one-tenth
of those aged 60, one-fifth at 70, two-fifths at 80, and two-
thirds over 90 years are affected, illustrating how cumulative
risk grows with age [24]. Country-specific prevalence
estimates from 2010 reinforce regional variability: 9% in the
United Kingdom, 15% in both France and Germany, and
38% in Japan, the latter reflecting the intersection of
demographics, baseline BMD distributions, and health-
system  case-finding  practices [25].  Prospective
observational data illuminate the epidemiology of incident
fractures and their contexts. The Global Longitudinal Study
of Osteoporosis in Women (GLOW), which followed 60,000
postmenopausal women across North America, Europe, and
Australia, documented 4,122 fractures over three years; 86%
were non-hip/nonvertebral, 8% clinical vertebral, and 6%
hip fractures [26]. Intriguingly, GLOW identified
seasonality and setting patterns: hip fractures were more
likely in spring relative to other seasons, 65% of non-
hip/nonvertebral fractures occurred outdoors, 61% of
vertebral fractures occurred indoors, and hip fracture risk
was approximately equivalent indoors and outdoors, patterns
that speak to environmental and behavioral mediators of fall
risk [26]. Crucially, GLOW affirmed that falls are the
proximate precipitant for most fragility events: 68-86% of
non-hip/nonvertebral fractures and 68—83% of hip fractures
were fall-related, and even about 45% of vertebral fractures
were associated with falls, emphasizing the importance of
fall prevention embedded within fracture prevention
strategies [26].

U.S. prevalence data further underscore the scale
of disease. In 2010, about 10.3% of Americans older than 50
were estimated to have osteoporosis, translating to roughly
10.3 million individuals, of whom nearly 8 million (around
80%) were women [25][27][28]. The lifetime risk of a low-
trauma fracture for an American woman older than 50 is
approximately 40%, distributed across hip (17.5%), forearm
(16.0%), and clinical vertebral fractures (15.6%);
approximately one in two White women will sustain an
osteoporotic fracture during their lifetime [15][19]. Annual
hip fracture rates exhibit racial and ethnic differences among
U.S. women: the highest rates are observed in White women
(240.7 per 100,000), followed by Asian (85.4 per 100,000),
Black (57.3 per 100,000), and Hispanic (49.7 per 100,000)
women, differences likely influenced by a mix of BMD
distributions, body  composition, fall mechanics,
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comorbidity profiles, and social determinants of health [12].
Equity gaps emerge starkly in screening and treatment.
Despite, on average, higher BMD among African American
women, once osteoporosis is diagnosed the risk of fragility
fractures can be comparable to that of White women,
highlighting that BMD alone does not fully capture fracture
risk across groups [29]. The U.S. Preventive Services Task
Force (USPSTF) has reported that African American women
are about 40% less likely than White women to receive BMD
screening, a disparity that extends into post-fracture care,
where African American women are less likely to undergo
densitometry or to be offered osteoporosis therapy for either
primary prevention or secondary prevention after a fragility
fracture [12]. Hispanic women likewise experience lower
referral rates for densitometry compared with White
counterparts, indicating broad cross-group deficits in case
finding and linkage to care [12]. These disparities likely
reflect a blend of structural barriers, access limitations,
differential referral patterns, and patient-level factors
including awareness and competing health priorities
[12][28].

Hip fractures constitute a sentinel event in
osteoporosis epidemiology and health policy because of
their high morbidity, mortality, and cost. Globally, more
than 14 million hip fractures occur in individuals older than
65 years, with modeling suggesting a doubling of case
numbers from 2018 to 2050; relative to the 1990s, the
increase in women is projected at approximately 240%,
reflecting both demographic expansion and the longevity of
cohorts at risk [30][31]. Approximately three-quarters of all
hip fractures occur in women, a distribution consistent with
sex-specific differences in bone loss trajectories and fall
patterns [32]. Geographic variation remains notable: Nordic
countries report among the highest hip fracture incidences
worldwide, which has been attributed to differences in
latitude, vitamin D status, fall risk, and registration practices
[33]. Within the U.S., annual hip fracture incidence among
women ranges from 511 to 553 per 100,000, with a mean age
at fracture around 82 years and a second-hip-fracture
incidence of 2% to 10% over the subsequent years (on
average about two years after the first), reinforcing the
imperative for aggressive secondary prevention [12][19].
For an individual U.S. woman aged 50, the lifetime risk of
hip fracture is approximately 17.5%, translating
epidemiology into tangible personal risk [34]. Upper-
extremity fragility fractures, especially distal radius (wrist)
fractures, display distinct age patterns. In women, age-
adjusted incidence climbs between ages 45 and 60 and then
stabilizes, reflecting the early manifestation of fracture
susceptibility relative to vertebral or hip fractures; wrist
fractures thus often serve as an early warning sign of
systemic skeletal fragility [International Osteoporosis
Foundation-Epidemiology. In contrast, men account for a
smaller share of wrist fractures (about 15%) and do not
exhibit a comparable age-linked incidence rise [35]. In the
U.S., over 326,000 wrist fractures occur annually, and a 50-
year-old woman faces a lifetime risk of approximately 16%
for a Colles’ fracture, figures that justify wrist fracture as a
key entry point for secondary prevention programs [36][37].
UK data parallel these trends: among individuals older than
50, the incidence of distal forearm fractures is about 39.7 per
10,000 person-years in women versus 8.9 per 10,000 person-
years in men, quantifying the sex differential in a European
context [15]. Unlike hip and vertebral fractures, distal
forearm fractures are not consistently linked to increased
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mortality, though they do predict future fractures at other
sites, making them critical markers for intervention [15].
Vertebral compression fractures are the most
common osteoporotic fractures, yet they remain largely
hidden in the epidemiologic record because only about one-
third come to clinical attention; the remainder are discovered
incidentally or not at all, which leads to underestimation in
registries and claims data [38][19]. The presence of an
existing vertebral fracture increases the risk of subsequent
fractures five-fold, illustrating potent risk amplification and
the crucial importance of early detection [39]. Nearly one-
quarter of postmenopausal women have at least one vertebral
fracture, and radiographs reveal that about 55% of patients
presenting with hip fracture already had evidence of a prior
vertebral fracture, a fact that underscores missed
opportunities for intervention before catastrophic events
[39][40]. On a global clock, vertebral fractures from
osteoporosis are estimated to occur roughly once every 22
seconds in adults aged 50 and older, emphasizing their
ubiquity and the invisibility that cloaks much of their burden
[41]. For a 65-year-old woman with one vertebral fracture,
the probability of another fracture within five years is about
1in 4, arisk that can be reduced to approximately 1 in 8 with
effective treatment, translating evidence-based therapy into
quantifiable prevention [42]. In the U.S., a White woman
older than 50 faces a lifetime vertebral fracture risk near
16%, framing vertebral fracture epidemiology in practical
terms for counseling and policy [43]. Longitudinal European
data add nuance: the European Vertebral Osteoporosis Study
observed higher vertebral deformity incidence in men before
age 65, after which women predominate; the European
Prospective Osteoporosis Study reported age-standardized
vertebral fracture incidences of 10.7 per 1,000 person-years
in women versus 5.7 per 1,000 person-years in men, while
the Tromsg Study from Norway found vertebral fracture
prevalence of 3% in women younger than 60 versus 19% in
those older than 70, all of which collectively confirm
powerful age and sex gradients in vertebral fragility
[44][45]. Despite the disease’s scope and the availability of
effective therapies, a pervasive and persistent “treatment
gap” undermines fracture prevention efforts. Defined as the
difference between the number of patients who meet
indications for therapy and the number who receive it, this
gap is substantial across health systems. The International
Osteoporosis Foundation documented a 73% treatment gap
among women in France, Germany, ltaly, Spain, and the
UK, and estimated that, in 2019, approximately 15 million
eligible European women were untreated, reflecting both
system-level and patient-level barriers [14][21][16]. Care
fragmentation after sentinel events is particularly
concerning: up to 95% of patients discharged after hip
fracture repair receive neither osteoporosis pharmacotherapy
nor a structured management plan, with men being even less
likely than women to receive treatment, indicating missed
opportunities for secondary prevention at the highest-risk
moment [21][46]. Persistence with therapy is another weak
link; approximately 70% of patients discontinue
pharmacologic treatment within the first year, eroding the
long-term benefits that hinge on sustained adherence [47].
Screening deficits mirror treatment gaps. Less
than one-third of patients with a fragility fracture undergo
BMD testing or receive osteoporosis therapy, despite the
predictive value of a prior fracture for subsequent events
[48]. Among U.S. women older than 65 with a previous
fragility fracture, about 91% remain unscreened for
osteoporosis, illustrating a profound disconnect between risk
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and action [28]. Age-stratified data show that only about
21% of women aged 6064, 27% aged 65-79, and 13% older
than 80 undergo screening, reinforcing that many highest-
risk individuals are least likely to be evaluated [49].
Following a new osteoporotic fracture, only about 9% of
female Medicare fee-for-service beneficiaries receive BMD
testing within six months, while broader 2012 data suggest
that fewer than 10% of approximately two million
Americans with 2.3 million osteoporotic fractures
underwent BMD testing within six months of the index
fracture—a gap accompanied by more than 300,000 second
fractures within three years, quantifying the downstream
consequences of under-screening [28][15]. Patient
perceptions and health-seeking behaviors further shape
epidemiology by influencing who gets diagnosed and
treated. A U.S. survey of women with postmenopausal
osteoporosis found that only 31% reported receiving follow-
up or a referral after seeing a healthcare professional for a
recent osteoporotic fracture, and roughly 35% were unaware
that osteoporosis caused their fracture; nearly half attributed
it to “clumsiness,” reflecting a common tendency to
misattribute low-trauma fractures to external mishaps rather
than underlying bone fragility [49]. More than half were
unaware that one osteoporotic fracture substantially elevates
the risk of another, highlighting the need for more robust,
standardized post-fracture education [49]. Even when
follow-up occurred, patient refusal accounted for half of the
cases in which therapy was not initiated; among those who
began treatment, 27% reported taking a drug holiday or
stopping medication, and 47% of those discontinuations
occurred without medical advice, illustrating how adherence
challenges blunt real-world effectiveness [49]. Across
settings, up to 30% of patients do not start prescribed
osteoporosis medications, and up to 70% discontinue by one
year, underscoring persistence as a central epidemiologic
modifier and a prime target for quality improvement
[501[51].

Collectively, these data paint a coherent, if
sobering, portrait of osteoporosis epidemiology: a highly
prevalent, sex-skewed, age-dependent disease associated
with immense fracture counts, substantial mortality and
morbidity, and staggering costs that threaten the
sustainability of health systems [11][14][15][16][21]. The
specific fracture archetypes—hip, vertebral, and distal
forearm—contribute distinct epidemiologic signatures; hip
fractures dominate in cost and lethality, vertebral fractures
in frequency and silent progression, and wrist fractures as
early harbingers of systemic fragility [18][19][33][38].
Regional differences in prevalence and fracture incidence
reflect underlying demographic profiles, BMD distributions,
lifestyle factors, sun exposure and vitamin D status,
nutrition, and case-finding practices [12][25][33].
Superimposed on these biological and system-level factors
are inequities in screening and treatment that
disproportionately affect racial and ethnic minorities and
men after fracture, sharpening the focus on implementation
gaps and structural determinants of bone health
[12][22][28][29]. From a public health standpoint, the
implications are clear. First, fracture-liaison services and
post-fracture care pathways are essential to convert sentinel
events into opportunities for secondary prevention, reducing
the risk of second fractures that cluster in the years following
the first [15][21][46]. Second, expanding risk-based
screening—targeting women  over 65,  younger
postmenopausal women with risk factors, and men with
clinical risk profiles—can close the diagnostic gap that
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allows silent bone loss to progress unchecked [28][49].
Third, systematized fall-prevention programs addressing
vision, medications, balance, strength, and environmental
hazards align with GLOW’s demonstration that falls
precipitate the majority of fragility fractures, including a
meaningful fraction of vertebral events [26]. Fourth,
adherence interventions that encompass patient education,
simplified dosing, pharmacist-led counseling, and feedback
loops between primary and specialty care are likely to yield
substantial ~epidemiologic  dividends by increasing
persistence with effective therapies [47][49][50][51].
Finally, policy levers—reimbursement for DXA testing,
quality metrics tied to post-fracture evaluation, and coverage
continuity for evidence-based medicines—can help align
incentives with outcomes and reduce the massive treatment
gap documented across high-income health systems
[14][16][21][28].

Pathophysiology

Bone is a dynamic tissue maintained by a tightly
regulated coupling of formation and resorption, orchestrated
principally by osteoblasts, which synthesize osteoid, and
osteoclasts, which dissolve mineralized matrix; a third,
numerically dominant cell, the osteocyte, integrates
mechanical and hormonal signals to modulate this balance at
the tissue level [52]. A central molecular axis governing this
coupling is the RANKL/RANK/OPG triad. Osteoblast-
lineage cells express receptor activator of nuclear factor kB
ligand (RANKL), which binds the RANK receptor on
osteoclast precursors to drive osteoclastogenesis and
activate bone resorption [53]. Counterbalancing this,
osteoprotegerin (OPG)—released from osteocytes—acts as
a soluble decoy receptor that sequesters RANKL, thereby
preventing RANK activation and suppressing osteoclast
maturation (see Image. Role of RANKL/RANK/OPG Axis
on Bone Homeostasis and Immune System) [53].
Osteoporosis emerges when this axis is persistently skewed
toward resorption, whether by endocrine transitions, aging
biology, or secondary insults, yielding net loss of
mineralized tissue and microarchitectural integrity. Across
the lifespan, bone mineral density (BMD) reflects two
principal determinants: the peak bone mass achieved by
early adulthood and the rate of subsequent decline [54]. In
females, approximately half of peak bone mass accrues
during adolescence, with consolidation into the third decade,
at which point maximal skeletal mass and strength are
realized [28][54]. Heritability is substantial—estimates
suggest that 60% to 80% of peak bone mass is genetically
predetermined—highlighting the profound influence of
genetic architecture on adult skeletal reserve [19]. Notably,
women begin adulthood from a lower baseline: peak bone
mass in females averages about 10% below that of males,
reflecting sex-specific differences in modeling and growth;
consequently, women commence the downward slope of
skeletal aging with less structural margin for loss [55].
Interventions that augment peak bone mass during growth
confer outsized downstream benefit: modeling studies
indicate that enhancing peak accrual in childhood and
adolescence can cut adult fragility fracture risk nearly in
half, an effect that underscores the long shadow of early-life
skeletal health on geriatric outcomes [28].

Sex hormones shape not only the magnitude of
peak bone mass but also the macro-geometry of bone.
Compared with males, females exhibit less periosteal
apposition and relatively more endocortical apposition, a
pattern driven in part by estrogen’s inhibitory effects on
periosteal expansion; androgens, conversely, stimulate
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periosteal apposition, yielding wider bones in men with
favorable mechanical leverage against bending forces [56].
These geometric differences, laid down during growth and
modified across adulthood, partly explain sex-divergent
fracture patterns and the heightened vulnerability of slender
cortices in aging women [56][59]. Decline in bone mass
begins insidiously for both sexes in the mid-third decade, but
the tempo and microarchitectural signature of loss diverge.
Women may lose up to 50% of trabecular bone and 35% of
cortical bone over the lifespan, whereas men experience
relatively greater trabecular thinning without the same
degree of trabecular perforation and loss of connectivity that
typifies female deterioration (see Image. Normal Versus
Osteoporotic Bone) [7][59]. Prospective cohorts quantify the
secular slope: the Dubbo Osteoporosis Epidemiological
Study estimated annual femoral neck loss at ~0.96% for
women—uwith accelerated decline between ages 65 and 69—
and the Framingham Osteoporosis Study documented up to
4.8% four-year loss at the hip, lumbar spine, and radius,
illuminating both site-specific and age-accelerated dynamics
[57][58]. Because trabecular plates and rods contribute
disproportionately to vertebral strength, perforation-driven
connectivity loss in women translates into early vulnerability
to vertebral compression fractures, even before substantial
cortical thinning at appendicular sites becomes dominant
[59]. The menopausal transition superimposes a powerful
endocrine  perturbation on this aging substrate.
Menopause—cessation of menses for >1 year, with a U.S.
mean age of 51 years—ushers in abrupt estrogen decline, a
principal switch that accelerates remodeling imbalance [12].
Epidemiologically, longer life expectancy means women
now spend over one-third of life postmenopausal, enlarging
the window during which estrogen deprivation exerts
skeletal effects [12]. Mechanistically, the accelerated phase
of bone loss begins in the year preceding the final menstrual
period and persists for roughly three years, characterized by
an upsurge in RANKL-mediated osteoclast activity and a
disproportionate assault on trabecular connectivity; this
phase then transitions to a slower phase over the next 4 to 8
years, during which cortical porosity and endocortical
resorption predominate as osteoblast number and formation
rates decline with age [60][61]. Clinically, the steepest BMD
decrement can reach ~5% in the first postmenopausal year,
attenuating to ~1%-1.5% per year thereafter, with
cumulative losses across the menopausal transition
averaging 10%-12% at the spine and hip (roughly 1 T-score
unit) [25][60]. Importantly, heterogeneity abounds: up to
20% of bone mass may be lost in the seven years around
menopause in the faster-losing tail, and about one-quarter of
postmenopausal women are “fast bone losers,” a phenotype
that calls for vigilant assessment and early intervention [60].

Body composition modifies these trajectories.
Thin women tend to lose bone faster than those with higher
body mass, likely reflecting differences in mechanical
loading and aromatization-derived estrogen [19]. Over
longer horizons, cumulative loss is substantial: by age 80,
approximately 30% of peak bone mass can be gone, a
structural attrition that maps onto an exponential rise in
fragility events [19]. The translation from BMD decline to
fracture risk is steeply nonlinear: a 10% reduction in hip
BMD corresponds to an estimated 2.5-fold higher hip
fracture risk, and a 10% decrement in vertebral BMD confers
roughly 2-fold higher vertebral fracture risk, quantifying the
clinical stakes of moderate densitometric changes [62].
Although estrogen deficiency is a dominant driver of
trabecular loss, careful partitioning studies reveal that aging
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biology independently exerts a large effect. Between
menopause and age 75, total body bone mineral loss
approximates 22%, of which only ~7.75% is attributable to
estrogen deprivation; the remainder (~13.3%) is due to age-
related mechanisms such as osteoblast senescence, oxidative
stress, microvascular  rarefaction, and  impaired
calcium/vitamin D homeostasis [63]. Site-specific parsing is
similar: at the femoral neck, about 5.3% of loss is linked to
estrogen deficiency, while ~14% reflects aging processes, a
distribution that helps explain why hip fracture risk rises
sharply even decades after the menopausal transition [63].
Together, these data underscore a two-engine model: an
early, estrogen-linked acceleration predominantly affecting
trabecular networks, and a later, aging-linked decline that
elevates cortical porosity and compromises whole-bone
strength [60][61][63]. Special physiologic states highlight
the plasticity of bone remodeling and its systemic
integration.  Lactation-associated  osteoporosis—though
uncommon—illustrates a reversible, high-turnover state
driven by the calcium demands of milk production [64].
During lactation, parathyroid hormone-related protein
(PTHrP) secreted by mammary tissue rises, stimulating
osteoclast-mediated resorption to mobilize calcium; in some
women this endocrine milieu produces rapid, asymptomatic
BMD declines and, rarely, hypercalcemia, with bone mass
typically recovering during or after weaning [65]. Case
reports document fractures in this window, yet larger cohorts
suggest that a history of breastfeeding may be associated
with lasting BMD benefits and a reduction in fracture risk
later in life; similarly, preliminary data indicate that higher
parity may correlate with lower fracture risk at the onset of
menopause, potentially via cumulative bone accrual and
post-weaning recovery cycles that re-equilibrate skeletal
mass [64]. These observations reinforce the concept that
bone is a calcium reservoir dynamically regulated by
reproductive physiology, with remodeling set points that can
shift in response to systemic demands and later re-normalize.

When  these  physiologic, genetic, and
environmental forces push the RANKL/RANK/OPG system
toward chronic resorption, microarchitecture deteriorates in
a site-specific manner. In vertebrae rich in trabecular bone
(=75% trabecular:25% cortical), perforation and plate-to-rod
transitions erode load-bearing connectivity, precipitating
large stiffness losses for modest BMD declines; in the
femoral neck, where composition approximates 30%
trabecular:70% cortical, inexorable increases in cortical
porosity and endosteal resorption undermine bending
resistance and elevate hip fracture susceptibility with
advancing age [7]. Superimposed contributors—from low
vitamin D intake and reduced renal 1-o hydroxylation to
sarcopenia and impaired balance—magnify applied loads at
the moment of a fall, converting compromised bone strength
into clinical fractures [25][58][59]. In aggregate, the
pathophysiology of osteoporosis in females is best
conceived as multifactorial remodeling imbalance: an early,
hormone-triggered  acceleration in  resorption and
connectivity loss; a lifelong, aging-linked decline in
formation and cortical integrity; and episodic physiologic
states (e.g., lactation) that transiently re-prioritize calcium
economy, all converging on the RANKL/RANK/OPG axis
and the cellular choreography of osteoblasts, osteoclasts, and
osteocytes [52][53][60][61][63][64][65].
Histopathology

Histopathologic examination in osteoporosis
serves as a specialized diagnostic adjunct rather than a
routine tool. In standard clinical practice, bone biopsy is
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reserved for atypical or diagnostically ambiguous
presentations where secondary or metabolic bone disorders
are suspected and clarification would alter management [66].
These situations may include cases with unexpectedly severe
bone loss, non-responsiveness to standard antiresorptive or
anabolic therapy, or biochemical abnormalities suggesting
concurrent conditions such as mastocytosis, multiple
myeloma, osteomalacia, or renal osteodystrophy. The biopsy
not only assists in ruling out these mimicking entities but
also offers quantitative insight into the rate of bone
formation and resorption, thereby providing a dynamic view
of skeletal metabolism that static imaging such as dual-
energy X-ray absorptiometry (DXA) cannot capture
[66][67]. The standard technique employed is the transiliac
bone biopsy, as the iliac crest offers both accessibility and
reliable representation of systemic skeletal metabolism. A
key methodological refinement is double tetracycline
labeling, which allows measurement of dynamic bone
formation. Tetracycline, a fluorescent antibiotic that chelates
calcium and binds avidly to sites of new mineral deposition,
is administered orally to the patient in two separate courses
approximately two weeks apart [67]. Under ultraviolet light
microscopy, each course of tetracycline produces a distinct
linear fluorescent band along mineralizing bone surfaces.
The distance between these two fluorescent labels represents
the quantity of bone formed during the inter-label interval;
by dividing this distance by the time elapsed, investigators
calculate the mineral apposition rate (MAR), a quantitative
index of osteoblastic activity and bone formation velocity
[67].

This technique is fundamental to understanding
turnover dynamics. In osteoporosis, biopsy typically
demonstrates low bone volume and thin trabeculae,
reflecting the chronic imbalance between resorption and
formation. The trabecular network shows generalized
thinning, reduced connectivity, and multiple perforations,
signifying the architectural disintegration responsible for
reduced mechanical strength [68]. The trabecular plates are
often converted into slender rods, decreasing load-bearing
capacity, and the wall width, or thickness of newly formed
bone packets, is diminished, indicating suppressed
osteoblastic formation. Cortical bone may reveal porosity
enlargement due to increased endosteal resorption,
consistent with the progressive fragility observed clinically.
Histomorphometric analysis further distinguishes high-
turnover from low-turnover forms of osteoporosis, which
has  therapeutic  implications. In  postmenopausal
osteoporosis, the hallmark finding is increased activation
frequency—that is, more remodeling units initiated per unit
time—reflecting estrogen deficiency’s permissive effect on
osteoclastogenesis via the RANKL pathway. Osteoclast
surfaces appear expanded, and resorption cavities are more
numerous and deeper than normal, while osteoblast-lined
surfaces are reduced, signifying incomplete refilling of
remodeling units. The trabecular packet thickness is
reduced, and bone formation rate is modestly elevated but
insufficient to compensate for the heightened resorption. In
contrast, in senile osteoporosis, biopsy reveals low bone
turnover with fewer active remodeling sites, decreased
osteoblast numbers, and thin trabecular packets, mirroring
age-related declines in  cellular recruitment and
differentiation [67][68].

Importantly, the histologic  spectrum  of
osteoporosis must be differentiated from that of other
metabolic bone diseases. For instance, osteomalacia is
characterized by widened unmineralized osteoid seams and
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delayed mineralization lag time, features absent in pure
osteoporosis. Hyperparathyroid bone disease exhibits
increased osteoclastic resorption and trabecular tunneling
with fibrous marrow replacement, while Paget disease shows
mosaic lamellar patterns and disorganized cement lines.
Similarly, myeloma or metastatic infiltration reveals
replacement of normal marrow fat by malignant cells, a
feature easily identified on biopsy but radiographically
confounding. Therefore, histopathology ~ remains
indispensable when clinical, biochemical, or imaging
findings suggest mixed or secondary pathology [66][67].
Biopsy-based evaluation can also be applied longitudinally
to assess treatment response. Repeat biopsies after
antiresorptive therapy, such as bisphosphonates or
denosumab, typically show reduced osteoclast surface area,
decreased resorption lacunae, and slower mineral apposition
rates, whereas anabolic therapy with agents like teriparatide
produces thicker trabeculae, increased double labeling, and
elevated MAR values [67]. However, excessive suppression
of remodeling—seen in long-term potent antiresorptive
therapy—may lead to adynamic bone, characterized by
nearly absent double labels and very low bone formation
rates, an important observation that informs duration-of-
therapy decisions.

History and Physical — Summary (=500 words, citations
preserved)

A meticulous clinical history anchors accurate
diagnosis, risk stratification, and individualized
management of osteoporosis. Age is among the strongest
independent predictors of fracture, beyond its association
with declining bone mass. With advancing age, cortical
porosity rises markedly—by an estimated 176% to 259%
from ages 20 to 90—contributing to skeletal fragility [70].
Notably, at the same BMD, a 20-year age increase multiplies
overall fracture risk roughly fourfold and raises femoral neck
fracture risk tenfold, underscoring the primacy of age as a
risk modifier [71][59]. The burden in long-term care settings
highlights this gradient: approximately 85% of female
nursing-home residents older than 80 carry a diagnosis of
osteoporosis [69]. Fracture history is equally pivotal; a prior
low-trauma fracture after menopause confers an average
twofold excess risk for subsequent fractures that peaks in the
first two years yet persists for up to a decade. Mechanism
matters—differentiating fragility events from high-energy
trauma—and the involved skeletal site informs prognosis
and secondary prevention planning [19][72]. Family history
adds predictive weight. About 20% of U.S. women with
osteoporosis report an affected relative, and risk is greatest
with two or more affected family members; maternal hip
fracture particularly elevates a woman’s hip fracture risk.
Accordingly, guidelines recommend explicit inquiry about
parental hip fractures during assessment [73][74].
Functional status and strength require routine attention
because sarcopenia drives falls: beginning in the fourth
decade, 3% to 5% of muscle mass is lost per decade,
accelerating by 1% to 2% annually after age 50 [75]. Women
experience more falls than men and are more likely to
fracture after a fall, so systematic fall history and home-
hazard review are essential components of care and
counseling [76].

A review of comorbid conditions should screen
broadly for secondary causes across gastrointestinal,
endocrine, hematologic, rheumatologic, pulmonary, renal,
and hepatic systems (see Table. Risk Factors for Secondary
Osteoporosis). Medication reconciliation at each encounter
is mandatory because many agents diminish BMD, hinder
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healing, weaken muscle, or increase fall risk through
sedation or orthostasis; in older adults, the Beers Criteria
provide a useful framework to minimize iatrogenic
contributors [77]. Social history nuances risk: cigarette
smoking depletes BMD directly and indirectly via lower
estrogen and earlier menopause; alcohol intake beyond two
daily units in women (three in men) compromises bone and
increases falls through central nervous system depression;
and exposure to exogenous anabolic steroids or opioids can
induce hypogonadism and fracture susceptibility. Habitual
physical activity, occupational loading, sunlight exposure
(as a proxy for vitamin D), and dietary history (daily calcium
and vitamin D intake and any restrictive patterns or
supplementation) complete the risk profile [19]. The
physical examination refines risk estimation and may reveal
secondary etiologies. Serial height measurements can
unmask occult vertebral compression; a loss of >1.5 inches
warrants vertebral imaging. Progressive collapse may
manifest as thoracic kyphosis—the classic “Dowager’s
hump” [19][78]. Low body weight (e.g., <127 1b or BMI <21
kg/m2 in older U.S. women) signals increased risk for low
BMD and fractures [19]. At every visit, assess gait, balance,
and lower-extremity strength to estimate imminent fall risk
and to triage patients for targeted exercise or physical
therapy. Signs of malnutrition—hair/nail  changes,
sarcopenia, dry skin, menstrual irregularity, low BMI—flag
diminished bone health. Focused endocrine findings may
expose reversible secondary causes: features of hormonal
excess such as hyperthyroidism (goiter, tremor,
exophthalmos, tachycardia) or Cushing syndrome (moon
facies, dorsocervical fat pad, violaceous striae), and signs of
hormonal deficiency (hypogonadism or menopausal
changes) guide laboratory evaluation and treatment timing.
An oral examination at baseline is recommended when
planning antiresorptive therapy (bisphosphonates or
denosumab), both to document dental health and to mitigate
the small risk of osteonecrosis of the jaw through preventive
dental care and hygiene optimization [74]. Synthesizing
these domains—age and prior fracture, family
predisposition, sarcopenia and fall risk, comorbidities and
medications, lifestyle and nutrition, and corroborating
physical signs—yields a comprehensive, patient-specific
risk portrait that directly informs decisions on imaging,
laboratory evaluation for secondary osteoporosis, fall-
prevention strategies, nutrition optimization, and initiation
of evidence-based pharmacotherapy
[19][69][701[711[72][73][74]1[75][76][771[78].
Evaluation

Evaluating osteoporosis in females requires an
integrated approach that synthesizes clinical risk factors,
structured history taking, targeted examination, and
judicious use of diagnostic technologies. Early identification
is pivotal because fracture risk accumulates silently until a
low-trauma event occurs; timely case finding allows
initiation of effective, guideline-concordant therapy and
secondary prevention. Osteoporosis was defined in 1993 by
the World Health Organization (WHO) as a systemic
skeletal disease characterized by low bone mass and
microarchitectural deterioration that increase fragility and
fracture susceptibility [79]. In 1994, the WHO
operationalized a radiologic definition based on dual-energy
x-ray absorptiometry (DEXA), specifying osteoporosis as a
T-score < —2.5 SD at the lumbar spine, femoral neck, total
hip, or distal one-third (33%) radius relative to young adult
women [32]. The nosology has since expanded to include
patients with fragility fractures of the hip or spine
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irrespective of bone mineral density (BMD), acknowledging
that many fractures in postmenopausal women occur without
a densitometric diagnosis of osteoporosis [International
Osteoporosis Foundation - Epidemiology of osteoporosis
and fragility fractures. 2024. WHO BMD categories are as
follows: normal (> —1.0 SD), osteopenia (—1.0 to —2.5 SD),
and osteoporosis (< —2.5 SD) [80]. WHO also designates
“severe” or established osteoporosis as a T-score <—2.5 SD
plus one or more fragility fractures [81]. Because the
osteopenic range contains far more individuals, absolute
fracture counts are greater in this group despite their lower
per-person risk; accordingly, several societies permit
diagnosing osteoporosis within the T-score range —1.0 to
—2.5 SD when fracture risk is elevated by validated tools
using country-specific thresholds, or when fragility fractures
involve the proximal humerus, pelvis, or distal forearm
[20][74]. The Study of Osteoporotic Fractures (SOF) further
validated DEXA as a predictor of incident fractures over
three decades of follow-up, anchoring densitometry in
routine risk assessment [82].

Y
Is the DXA T-score 5-2.5
at total hip, lumbar spine, Osteoporosis
femoral neck?

Y Y

Based on a risk calculator, is

there a high risk for fracture?

T-score 2-1.0
Normal BMD

Y Y

Low BMD
(Osteopenia)

’ ‘ Osteoporosis ‘

Figure-2: Diagnosis of osteoporosis.

Interpretation must be tailored to age and context.
The T-score compares a patient to a young adult reference
population and is the standard for postmenopausal women
and men >50 years; the Z-score compares to age-matched
peers, with Z < —-2.0 SD considered below expectations for
age and prompting evaluation for secondary causes [20]. The
International Society for Clinical Densitometry advises
using WHO T-score criteria for postmenopausal women and
men aged >50, but not for those younger than 50 years [83].
BMD is among the strongest fracture predictors across sites,
and decrements at one skeletal site predict fractures
elsewhere. A 1 SD decrease confers the following
approximate relative risks: for the lumbar spine, 1.7 for all
fractures, 2.3 for vertebral, 1.6 for hip, and 1.5 for forearm;
for the femoral neck, 1.6 for all fractures, 2.6 for hip, 1.8 for
vertebral, and 1.4 for forearm; and for the distal radius, 1.4
for all fractures, 1.7 for forearm, 1.7 for vertebral, and 1.8
for hip [84]. Site selection matters. The North American
Menopause Society notes the strongest correlation between
BMD and fracture risk at the hip, whereas the spine—though
more sensitive to treatment-related change—is susceptible
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to artifact from aortic calcification and osteophytes [19].
When neither hip nor spine is evaluable, the 33% radius is
acceptable and preferred in primary hyperparathyroidism
[19]. Measuring at two central sites can generate T-score
discordance without improving prediction; each unit of
discordance shifts fracture risk by roughly 10% [85][17].

Screening strategies combine age-based and risk-
based triggers. The Bone Health and Osteoporosis
Foundation, the American Association of Clinical
Endocrinologists (AACE), and the U.S. Preventive Services
Task Force (USPSTF) recommend DEXA for all women
aged >65 years, typically at intervals no more frequent than
every 1-2 years [28][74]. NAMS further supports testing in
women >50 years with additional risk factors, in those
discontinuing estrogen with other fracture risks, and in
anyone with a postmenopausal fracture or a known medical
cause of bone loss [19]. In 2025, the USPSTF issued a Grade
B recommendation to screen females younger than 65 with
one or more risk factors, reflecting the value of targeted
earlier case finding [86]. Risk triage tools assist selection:
the Osteoporosis Self-Assessment Tool uses age and weight
to identify likely low BMD in younger postmenopausal
women [19]. More broadly, the FRAX algorithm—endorsed
by AACE, the Endocrine Society, and the American Society
for Bone and Mineral Research—estimates 10-year major
osteoporotic and hip fracture probabilities using clinical
risks with or without femoral neck BMD [87][74][20].
FRAX limitations include omission of falls, inability to
model dose and duration for corticosteroids, alcohol, and
tobacco, lack of explicit diabetes modeling, and potential
underestimation when spine and femoral neck BMD are
discordant or when pharmacotherapy is current or prior [19].
As an illustration, a 65-year-old White woman with BMI 25
kg/m?2 and no clinical risk factors, without BMD input, has
an estimated 10-year risk of 9.3% for major osteoporotic
fracture and 1.3% for hip fracture; while the USPSTF does
not advocate strict treatment thresholds based on FRAX
alone, these probabilities inform the decision to obtain
DEXA [86]. For pharmacologic treatment decisions, many
guidelines consider initiation reasonable when the 10-year
hip fracture risk is >3% or the major osteoporotic fracture
risk is >20%.

Laboratory evaluation complements imaging by
uncovering secondary contributors. AACE recommends a
baseline complete blood count; comprehensive metabolic
panel including calcium, phosphate, protein, albumin,
alkaline phosphatase, liver enzymes, creatinine, and
electrolytes; serum 25-hydroxy-vitamin D; and 24-hour
urine for calcium, sodium, and creatinine to screen for
malabsorption and hypercalciuria [74]. Based on clinical
suspicion, further testing may include thyroid-stimulating
hormone, intact parathyroid hormone, serum protein
electrophoresis with free light chains, celiac evaluation by
intestinal biopsy, 24-hour urinary free cortisol, serum
tryptase or urine N-methylhistidine for mastocytosis,
rheumatoid factor, gonadotropins and prolactin for
hypogonadism, selected skin biopsies for connective tissue
disorders, and genetic testing such as COL1A variants in
suspected osteogenesis imperfecta [20]. Bone turnover
markers can refine risk and monitor therapy; the
International Federation of Clinical Chemistry recommends
serum P1NP as a reference formation marker and CTX-1 as
a reference resorption marker [88]. Elevated turnover
portends faster bone loss and higher fracture risk and may
forecast response to antiresorptives [74].
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Beyond DEXA, adjunctive technologies address
limitations in cortical-trabecular discrimination and
geometry. Trabecular bone score, derived from lumbar spine
DEXA textures, does not diagnose osteoporosis or direct
therapy but can enhance fracture prediction, particularly
when integrated with FRAX [74]. Vertebral fracture
assessment, accomplished via lateral spine radiographs or
lateral spine DEXA, detects morphometric fractures at low
dose and cost; societies recommend its use in women with
T-score < —1.0 accompanied by age >70, height loss >4 cm,
self-reported prior vertebral fracture, or prolonged
prednisone therapy >5 mg daily for >3 months [17][91].
Peripheral DEXA at the calcaneus, finger, or forearm is
portable but hampered by technical variability and
nonstandardized T-score references, limiting its role in
diagnosis and risk stratification [92]. Quantitative heel
ultrasound measures stiffness, not BMD, is radiation-free
and convenient, but cannot diagnose osteoporosis, monitor
therapy, or demonstrably reduce fracture risk [92].
Quantitative computed tomography provides volumetric
density and separates cortical from trabecular compartments,
can identify fractures and healing, and helps evaluate
metastases; however, despite costs similar to DEXA, it
entails higher radiation and is not used to diagnose
osteoporosis, though it can aid prediction and monitoring
when central DEXA is unavailable [20][92][The
International Society For Clinical Densitometry, 2019.
Emerging structural assessments such as hip structural
analysis from DEXA geometry and finite element analysis
from CT or DEXA estimate strength and simulate loads but
currently remain adjunctive or research tools without roles
in routine diagnosis or treatment decisions [93][94]. Novel
ultrasound-based techniques including radiofrequency
echographic multispectrometry at axial sites and pulse-echo
ultrasonography for cortical thickness offer nonionizing
assessments of bone properties, but their roles are still being
defined relative to established standards [95][96]. Together,
these elements provide a coherent pathway from risk
identification to confirmatory testing and targeted evaluation
of secondary causes, enabling timely, precise interventions
that reduce fracture burden.

Treatment / Management

Regardless of improvement in the T-score, the
diagnosis of osteoporosis persists once established, so
management should pair durable risk reduction with ongoing
surveillance and reinforcement of lifestyle foundations [74].
Nonpharmacological therapy begins with counseling on
alcohol, tobacco, nutrition, exercise, and fall prevention, as
these behaviors both modulate bone remodeling and
determine real-world fracture risk. The AACE advises
postmenopausal women to limit alcohol consumption to no
more than two units daily; intake exceeding three units per
day is associated with a 38% higher rate of major
osteoporotic fractures and a 68% higher rate of hip fractures,
though cohort data such as EPIDOS have observed a
protective association with moderate drinking and higher
trochanteric BMD in older women, emphasizing dose—
response nuance [19][97]. Smoking cessation is essential:
women who smoke have lower BMD and approximately
30% higher fracture risk that is independent of BMD;
cessation favorably shifts bone turnover, with increases in
formation markers such as osteocalcin and observable gains
in BMD over time [19][98][99]. Physical activity is a
lifelong prescription because skeletal adaptations are slow—
roughly one remodeling cycle takes four months—and
benefits are lost with deconditioning; weight-bearing,
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balance, and strengthening programs practiced most days of
the week improve BMD, muscle power, and postural
stability, thereby reducing falls and fractures, with
supportive evidence from EFOPS, EPOS, and LIFTMOR
demonstrating fracture risk reduction and BMD gains with
sustained training [21][38][100][101][102][103]. Diet
should ensure adequate protein—particularly in sarcopenic
or post-fracture patients where higher protein supports
functional recovery—and baseline calcium sufficiency from
dairy and fortified foods [104]. Most societies recommend
approximately 1200 mg/day of elemental calcium for
women over 50, prioritizing dietary sources and reserving
supplements for intakes <800 mg/day; cardiovascular safety
data are mixed, but the National Osteoporosis Foundation
considers daily intakes up to 2000-2500 mg safe from a
cardiovascular standpoint [17][74][105][106]. Vitamin D
should be maintained at serum 25-hydroxy-vitamin D >30
ng/mL, usually with 1000-2000 IU/day of cholecalciferol,
recognizing that higher doses may be required in obesity or
malabsorption; evidence is inconsistent for using vitamin D
alone to prevent falls or fractures, and the USPSTF does not
recommend supplementation solely for fall prevention,
though concomitant calcium and vitamin D are typically
provided in pharmacotherapy trials and recommended
alongside bone-protective medications [74][107][108][17].
Other nutraceuticals, including probiotics, magnesium,
vitamin K1, and phytoestrogens, are not recommended given
insufficient evidence, while excessive vitamin A may harm
bone; caffeine intake is best limited because of observational
links to reduced calcium absorption and higher fracture rates
[19][74][109]. For patients with gait impairment or recurrent
falls, assistive devices and hip protectors may lower injury
risk, and clinicians should offer structured fall-prevention
counseling and physical therapy when appropriate [74].
Pharmacologic therapy aims to reduce incident
fractures and should be layered on lifestyle measures. The
AACE recommends treatment for women with low BMD
plus prior fragility fracture of the hip or spine; those with T-
scores < —2.5 at the total hip, femoral neck, or one-third
radius; or those with osteopenia (—1.0 to —2.5) and elevated
FRAX probabilities (>20% for major osteoporotic fracture
or >3% for hip fracture). Therapy can also be considered
after recent fracture, fracture on therapy, multiple fractures,
exposure to skeletal-harming medications, or other high-risk
scenarios [74]. Many agents are approved for “prevention”
or “treatment,” and indications, dosing, and labeling differ;
calcium and vitamin D are standard adjuncts across regimens
[110][19]. Bisphosphonates remain first-line antiresorptives
for most women not at very high risk. Oral alendronate (5—
10 mg daily or 35-70 mg weekly) improves BMD and
reduces vertebral, hip, and nonvertebral fractures, with
evidence from FIT, FLEX, and FOSIT; risedronate (5 mg
daily, 35 mg weekly, or 150 mg monthly) is similarly
effective and available in a delayed-release formulation;
ibandronate (2.5 mg daily or 150 mg monthly orally, or 3 mg
IV quarterly) reduces vertebral but not hip or nonvertebral
fractures; and 1V zoledronic acid (5 mg yearly for treatment,
5 mg every two years for prevention) reduces vertebral, hip,
and nonvertebral fractures in HORIZON and related trials
[741[38][114][112][113][114][115][116][117][118][119][1
20][121][122][123][124][125][126][127][128][129].
Nitrogen-containing  bisphosphonates inhibit  farnesyl
pyrophosphate synthase, suppressing osteoclast function at
remodeling sites; their skeletal half-life is long, so effects
persist after cessation, enabling later “drug holidays” in
selected patients [38][74][130]. Oral bioavailability is <3%
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fasting, and administration requires strict fasting and upright
posture to minimize esophageal irritation; IV routes are
preferred for malabsorption, esophageal disease, or
adherence barriers [74][110]. All patients should have
vitamin D repletion before initiation to mitigate
hypocalcemia risk, and renal thresholds apply (e.g., avoid
risedronate/ibandronate if eGFR <30 mL/min and
alendronate/zoledronic acid if <35 mL/min) [74]. Acute-
phase reactions can follow first-dose IV zoledronic acid, and
signals for atrial fibrillation have been inconsistent; rare
adverse events include uveitis, atypical femoral fractures,
and osteonecrosis of the jaw, necessitating dental assessment
and counseling. Despite proven efficacy, about half of
patients discontinue therapy within a year, underscoring the
need for adherence support [74][131][132][17][38].
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Figure-3: Role of RANKL/RANK/OPG Axis on Bone
Homeostasis and Immune System.

Denosumab, a monoclonal antibody to RANKL, is
administered 60 mg subcutaneously every six months and
reduces vertebral, hip, and nonvertebral fractures as shown
in FREEDOM and DANCE; it is useful in renal impairment
and in women on aromatase inhibitors or glucocorticoids
[133][134][135][137]. Transitioning from bisphosphonates
to denosumab can produce further BMD gains, but abrupt
discontinuation causes rapid bone loss and rebound multiple
vertebral fractures, especially after longer exposure or in
those with prior vertebral fractures; therefore, an
antiresorptive—preferably a bisphosphonate such as
alendronate or zoledronic acid—must immediately follow
discontinuation [136][133][138][139]. Long-term risks
overlap with bisphosphonates (rare osteonecrosis of the jaw,
atypical femoral fractures) and include cutaneous infections,
so monitoring and dental care remain prudent [74][133].
Selective estrogen receptor modulators provide vertebral
fracture protection with particular niches. Raloxifene 60 mg
daily reduces vertebral but not hip fractures (MORE, CORE,
STAR), may worsen vasomotor symptoms, and carries
venous thromboembolism and stroke risks, but has the
unique advantage of reducing invasive breast cancer in high-
risk women; benefits dissipate within one to two years of
discontinuation [741[110][142][143][144][145][146].
Bazedoxifene is available in combination with conjugated
estrogens for women with a uterus requiring vasomotor
symptom control and bone-loss prevention; gains are chiefly
vertebral, with risks of leg cramps and thrombosis and
unknown effect on breast cancer prevention
[19][110][140][141]. Menopausal hormone therapy, in
appropriately selected younger postmenopausal women near
the menopausal transition with vasomotor symptoms and
low vascular/thrombotic risk, improves BMD and lowers
vertebral, hip, and nonvertebral fractures (WHI, PEPI,
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KEEPS); however, risks necessitate the lowest effective
dose for the shortest duration, with progestin added if the
uterus is intact, and benefits dissipate quickly after cessation
[38][149][150][151][152][74][110][60][148].

Calcitonin retains a limited role for short-term
analgesia in acute painful vertebral fractures and for
lowering serum calcium; fracture-reduction efficacy is
restricted to vertebral sites with nasal formulations, and
regulatory agencies have raised malignancy concerns,
prompting  individualized  risk—benefit  discussions
[38][74][157][158][159][160][110]. Strontium ranelate and
tibolone are not available in the U.S.; both showed fracture
benefits in trials but were limited by safety concerns or
regulatory status [19][153][154][155][156]. For women at
very high risk—for example, recent fractures, multiple
fractures, very low T-scores, high fall propensity, or high
FRAX probabilities—an osteoanabolic-first strategy is
preferred, followed by an antiresorptive to preserve gains
[74]. Teriparatide (PTH 1-34) and abaloparatide (PTHrP
analog) are daily subcutaneous agents that increase
trabecular and endocortical formation, reduce vertebral and
nonvertebral ~ fractures, and require antiresorptive
consolidation after completion; teriparatide may be extended
beyond two years in select patients, whereas abaloparatide
remains limited to two years, with hypercalcemia generally
milder for abaloparatide
[19][74][162][163][165][166][167][168][169][170][171][1
72][173][174][175]. Romosozumab, a sclerostin-inhibiting
monoclonal antibody with dual anabolic and antiresorptive
effects, is given monthly for up to one year and reduces
vertebral, hip, and nonvertebral fractures (FRAME, ARCH,
STRUCTURE); because of a signal for higher rates of
myocardial infarction and stroke in ARCH relative to
alendronate, it is contraindicated in women with prior such
events, and must be followed by an antiresorptive when the
course ends [74][176][177][178][179][180]. Procedural
options such as vertebroplasty or kyphoplasty are reserved
for carefully selected cases of persistent, severe pain after
vertebral fractures, given mixed evidence for benefit and
concerns about adjacent-level fractures and cement
complications; several societies advise caution or avoidance,
recommending optimized analgesia and rehabilitation first
[17][74][181]. A local osteo-enhancement procedure for the
femoral neck is investigational and not standard of care [17].
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when bisphosphonates are contraindicated or poorly
tolerated [182]. In very high-risk women, begin with
teriparatide, abaloparatide, or romosozumab, then transition
to a bisphosphonate or denosumab to maintain gains, with
site-specific efficacy guiding selection (e.g., romosozumab
when hip protection is paramount) [74]. Routine
combination therapy is not recommended due to cost,
adverse effects, and limited fracture-reduction data, though
selected scenarios—such as adding a bisphosphonate or
denosumab to ongoing raloxifene for breast cancer risk
reduction—may be considered [74]. Glucocorticoid-induced
osteoporosis merits proactive assessment and early
antiresorptive therapy, typically a bisphosphonate, with
denosumab or teriparatide as alternatives in higher-risk
patients [185][186]. Monitoring focuses on adherence,
densitometric  stability, and turnover suppression or
formation response. The AACE defines success as stable or
rising BMD without incident fractures; a single fracture does
not, by itself, prove failure, but two or more fractures should
prompt evaluation for adherence, malabsorption, or
secondary causes [74]. DEXA is typically repeated every 1—
2 years until stable, then at longer intervals; during
bisphosphonate therapy, reassessment at five years (oral) or
three years (IV) informs a potential drug holiday in lower-
risk women, with earlier resumption if BMD falls or bone
turnover markers rise [111][110]. Non-bisphosphonate
antiresorptives do not allow holidays; denosumab
discontinuation must be bridged with a bisphosphonate to
prevent rebound vertebral fractures, a wvulnerability
highlighted during pandemic-related care interruptions [74].
Bone turnover markers, especially serum CTX (resorption)
and P1NP (formation), change within 3—-6 months and help
detect adherence problems, gauge biologic effect relative to
least significant change, and guide timing of holidays or
switches; typical least significant change thresholds are
~56% for CTX and ~38% for PAINP, and up to 90% of
women demonstrate a favorable biochemical response to
oral bisphosphonates by 12 weeks [74][110][187].
Collectively, a structured blend of lifestyle optimization,
targeted pharmacotherapy, careful sequencing, and data-
driven monitoring yields the most durable fracture risk
reduction while minimizing adverse effects and treatment
fatigue [17][19][21][74][110].
Enhancing Healthcare Team Outcomes

Optimizing outcomes in osteoporosis depends on
a deliberately coordinated, role-clear model that integrates
nursing, epidemiology, family medicine, clinical laboratory
services, social care, and physiotherapy. Each discipline
brings a complementary lens—education and adherence,
population surveillance, primary-care risk stratification,
analytic confirmation, social-determinant mitigation, and
functional restoration—that, when synchronized, transforms
episodic fracture care into continuous fracture prevention.
Nursing is the operational backbone of osteoporosis
programs, translating guidelines into daily behaviors that
actually reduce fractures. Nurses standardize intake
screening for age, prior fragility fracture, glucocorticoid
exposure, low BMI, tobacco and alcohol use, falls, and
functional limitations, ensuring that risk factors are captured
consistently at every visit. They deliver structured education
on calcium and protein intake, vitamin D sufficiency,
medication administration for agents with complex
instructions, and home safety modifications that reduce fall
hazards. In fracture liaison services, nurse coordinators
identify eligible patients from radiology and inpatient lists,
arrange dual-energy x-ray absorptiometry when indicated,
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close care loops after discharge, and deploy reminder
systems to improve persistence with antiresorptive or
anabolic therapy. Critically, nurses monitor for early adverse
effects, triage red flags such as jaw pain or thigh discomfort,
and escalate promptly, thereby improving safety while
sustaining adherence. Epidemiologists extend this clinical
work to the population level, building registries and
dashboards that quantify screening rates, treatment gaps,
time-to-therapy after fracture, and re-fracture incidence.
They develop and validate risk-prediction pathways tailored
to local demographics, calibrating tools such as FRAX with
region-specific fracture data. Through interrupted time-
series and cohort designs, epidemiologists evaluate the
impact of interventions—post-fracture  pathways,
pharmacist counseling, telehealth follow-up—on real-world
outcomes and costs. They also lead equity audits that surface
racial, ethnic, and socioeconomic disparities in DEXA
access, initiation of therapy, and persistence, informing
targeted improvement projects and culturally responsive
education materials. Their implementation science expertise
helps convert evidence into sustainable workflows with
audit-and-feedback cycles, reducing unwarranted variation
across clinics and hospitals.

Family medicine clinicians are the gateway to case
finding and longitudinal management. They weave
opportunistic screening into routine visits, apply age- and
risk-based criteria for DEXA, and interpret T- and Z-scores
in the context of comorbidities and medications. Family
physicians deprescribe agents that harm bone, manage
multimorbidity that amplifies fracture risk—diabetes,
COPD, chronic kidney disease—optimize nutrition and
physical activity, and coordinate vaccinations and vision
care that indirectly reduce falls. After any low-trauma
fracture, they initiate secondary prevention, reconcile
discharge plans, ensure timely initiation of antiresorptive or
anabolic therapy, and schedule follow-up for bone turnover
markers and densitometry. In perimenopausal and early
postmenopausal women, they align management of
vasomotor symptoms with bone protection, discussing
benefits and risks of selective estrogen receptor modulators
or menopausal hormone therapy where appropriate. Clinical
laboratory professionals ensure analytic precision that
underpins diagnosis and monitoring. They maintain quality
systems for serum 25-hydroxy-vitamin D, calcium,
phosphate, alkaline phosphatase, creatinine, and albumin,
and they standardize preanalytical variables that can
confound results. For secondary osteoporosis workups,
laboratories validate intact parathyroid hormone, thyroid-
stimulating hormone, serum protein electrophoresis with
free light chains, and celiac serology, and they provide clear
interpretive comments and reflex pathways when patterns
suggest hyperparathyroidism, malabsorption, or monoclonal
gammopathy. For monitoring, labs harmonize bone turnover
markers—P1NP for formation and CTX for resorption—
using traceable methods and biologic-variability—based least
significant change thresholds so clinicians can distinguish
true treatment effects from noise. By integrating decision
support into reports, laboratory medicine accelerates
accurate diagnosis and timely therapeutic adjustments.

Social care specialists address the nonmedical
barriers that often determine whether evidence translates
into outcomes. They assess food security to sustain adequate
protein and calcium intake, arrange transportation for DEXA
and infusion visits, and link patients to community resources
for home safety modifications, including grab bars,
improved lighting, and stair support. Social workers screen
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for depression, isolation, or intimate partner violence—
factors that increase fall risk and reduce adherence—and
facilitate benefits enrollment that offsets costs of
medications and supplements. In multicultural settings, they
tailor education to language and health literacy, recruit
family caregivers into medication routines and exercise
plans, and coordinate with community centers to provide
fall-prevention classes such as tai chi. Their advocacy
narrows the treatment gap by ensuring that high-risk patients
actually access and continue therapy. Physiotherapists
convert risk stratification into functional resilience. They
perform gait, balance, and strength assessments; prescribe
progressive resistance training to increase hip and back
extensor strength; and implement balance and perturbation
training that reduces falls. After vertebral compression or hip
fracture, they lead early mobilization, posture training to
reduce kyphosis and pain, safe transfer techniques, and
graded weight-bearing, while educating patients on spine-
sparing strategies for daily tasks. Physiotherapists tailor
programs for sarcopenia, integrate impact or hopping drills
where safe to stimulate bone, and measure outcomes such as
Timed Up and Go, single-leg stance, and five-times-sit-to-
stand to document functional gains. Collaboration with
nursing and family medicine ensures exercise prescriptions
are synchronized with analgesia, vitamin D repletion, and
pharmacologic therapy, maximizing adherence and
minimizing fear of movement. When these disciplines
operate as a single system, care becomes both faster and
safer. A nurse-led fracture liaison service flags fractures in
real time; family medicine confirms secondary prevention
and orders labs; the laboratory returns standardized,
interpretable results; the physiotherapist initiates mobility
and fall-prevention therapy; the social specialist removes
logistical and financial barriers; and the epidemiology team
tracks performance and equity, feeding back actionable
metrics to the front line. Clear referral criteria, shared order
sets, and concise patient education materials maintain
coherence across settings. Ethical practice—centered on
informed consent, shared decision-making, and the
intentional correction of screening and treatment
disparities—anchors the model. The result is fewer missed
diagnoses, shorter time-to-therapy after fractures, better
adherence and persistence, lower re-fracture rates, and
improved quality of life at lower overall cost.

Conclusion:

In conclusion, osteoporosis in females is a
pervasive and debilitating condition whose silent
progression culminates in fragility fractures, carrying severe
consequences for mortality, morbidity, and quality of life. Its
pathophysiology, driven by estrogen deficiency and aging,
underscores the necessity for proactive, lifelong
management strategies that begin with maximizing peak
bone mass and continue through the postmenopausal years.
Despite the availability of effective diagnostic tools like
DXA and FRAX, and a robust arsenal of pharmacological
agents ranging from antiresorptives to anabolic, significant
gaps in screening, diagnosis, and treatment adherence
persist. Overcoming these challenges requires a fundamental
shift from a reactive, fracture-focused model to a proactive,
preventive, and patient-centered paradigm. The most
effective approach is inherently interdisciplinary, integrating
the distinct yet complementary roles of various healthcare
professionals. Nurses provide crucial education and
adherence support, family physicians ensure early case-
finding and longitudinal care, laboratory professionals
enable accurate diagnosis and monitoring, and social care
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addresses the non-medical determinants of health that often
dictate real-world outcomes. Physiotherapists contribute
essential fall prevention and functional rehabilitation. By
synchronizing these efforts within a coordinated framework,
healthcare systems can systematically identify at-risk
individuals, initiate timely evidence-based therapy, and
provide sustained support to ensure long-term adherence.

This collaborative model is the cornerstone for reducing the

immense personal and economic burden of osteoporaosis,

transforming it from a silent epidemic into a effectively
managed chronic disease.
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