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ABSTRACT

Osteoporosis is the most prevalent bone tissue disorder world-
wide. Its incidence is closely linked to the aging of the global
population - a demographic shift observed since the late 19th
century. The disease progresses asymptomatically, with the
first clinical manifestation often being a low-energy fracture,
which typically indicates an advanced stage of the condition.
As aresult, osteoporosis is frequently underestimated by both
patients and healthcare professionals. The aim of this study was
to analyze the available scientific literature indexed in databases

INTRODUCTION

such as PubMed, Google Scholar, and ScienceDirect. The article
presents a historical overview, pathophysiology, epidemiology,
diagnostic criteria, and risk factors associated with the disease.
Italso discusses current strategies for prevention and pharma-
cological treatment. Further research is essential to identify
optimal diagnostic and therapeutic approaches and to elevate
public awareness regarding the seriousness of osteoporosis.
Keywords: metabolic bone diseases; FRAX; FRAXplus; DEXA;
low-energy fracture; postmenopausal osteoporosis; BMD.

MATERIALS AND METHODS

Osteoporosis is a metabolic disease of bone tissue. While it is
most commonly associated with postmenopausal women, the
aging of the global population has made it an increasingly signifi-
cant public health concern [1]. The disease progresses painlessly,
leading to gradual bone mass deterioration. A noticeable symp-
tom is typically a fracture of long bones or vertebrae, which indi-
cates an advanced stage of the condition [2]. Although references
to osteoporosis date back over 250 years, epidemiological and
clinical data have only been systematically collected for the past
70 years [3]. The term “osteoporosis” was likely first introduced
in 1830 by the French pathologist Jean Lobstein “the Younger”. He
coined the term using 2 Greek words - “osteon” meaning bone,
and “poros” meaning small hole. Initially, the term described
bone lesions observed during autopsies and was subsequently
adopted into medical literature [4, 5]. It wasn’t until the 2oth
century that experts recognized the need to update the defini-
tion. In 1993, researchers from the WHO in Hong Kong proposed
anew definition, describing osteoporosis as a systemic skeletal
disease characterized by low bone mass, microarchitectural
deterioration, and increased bone fragility [6, 7]. Later, in 2001,
the National Osteoporosis Foundation (NOF) and the National
Institutes of Health (NIH) in the United States offered their own
definition, describing osteoporosis as a skeletal disorder marked
by compromised bone strength, leading to an increased risk of
fracture [8]. Both definitions remain in use today, although the
NOF/NIH definition is considered more current [9]. Given the
rising incidence of osteoporosis in both the Polish and global
populations, this review aims to synthesize the latest scientific
findings on the disease.
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The authors conducted a detailed analysis of the available sci-
entific literature using the PubMed, Google Scholar, and Scien-
ceDirect databases. To narrow the scope of the search, specific
keywords were applied, including: “osteoporosis”, “definition of
osteoporosis”, “pathophysiology of osteoporosis”, “classification
of osteoporosis”, “epidemiology of osteoporosis
risk factors”, “prevention and management of osteoporosis” and
“pharmacological treatment of osteoporosis”. Boolean operators
(AND, OR) were used to refine the search results and improve the
precision of the review. The inclusion criteria focused on original
research articles and review papers published in peer-reviewed

scientific journals, in both English and Polish. Publications with-
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, “osteoporosis

out full-text access or lacking scientific merit were excluded.
Source selection was based on publication date, with prefer-
ence given to articles published within the last 10 years. Initially,
the search strategy identified 48,520 articles. After removing
duplicates and screening titles and abstracts, 1,674 articles were
selected for further analysis. Following full-text review and
application of inclusion and exclusion criteria, a total of 95 stud-
ies were ultimately included in this publication (Fig. 1).

RESULTS

Pathophysiology

Understanding the changes in bone metabolism is key to grasping
the pathogenesis of osteoporosis. Bone is composed of a dense
outer cortical layer and an inner trabecular (spongy) struc-
ture [10]. Throughout life, bone tissue undergoes continuous
remodeling - a process of replacing old bone with new. This
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FIGURE 1. Flowchart (own elaboration)

remodeling is regulated by vitamin D (1.25(0OH),D3), hormones,
growth factors and prolonged use of glucocorticoids [11, 12] -
Figure 2. Bone remodeling serves several crucial functions:
adapting bone architecture to mechanical demands, repairing
microdamage and removing excess mineralized (aged) bone [13].
The physiological process involves several cell types: osteo-
clasts (bone-resorbing), osteoblasts (bone-forming), osteocytes,
chondrocytes (cartilage cells) and endothelial cells within the
bone microenvironment [14]. Osteoclasts are large, multinucle-
ated cells responsible for bone resorption, preparing the matrix
for regeneration. Osteoblasts, derived from undifferentiated
mesenchymal cells, are involved in bone formation and growth.
Osteocytes, embedded within the bone matrix, act as mech-
anoreceptors, converting mechanical stimuli into biochemi-
cal signals to maintain bone homeostasis [15]. In osteoporosis,
bone resorption exceeds bone formation, leading to progres-
sive degeneration of bone tissue [16]. This results in the loss of
bone mass and dissolution of hydroxyapatite crystals synthe-
sized by osteoblasts - crystals that form the mineral scaffold
essential for bone structure [17]. Consequently, the cortical bone
becomes more porous and trabecular bone undergoes increased
perforation, reducing the biomechanical strength of the skel-
eton. This compromised bone integrity predisposes individu-
als to fractures [18]. These are typically low-energy fractures,
where minimal trauma causes a break in bone continuity - most
commonly due to a fall from standing height. Typical fracture
sites include vertebrae, the distal radius (Colles fracture), the
proximal humerus and the proximal femur (hip fractures) [19].

Classification

The primary classification of osteoporosis is based on its etiol-
ogy, dividing the condition into primary and secondary forms.
Primary osteoporosis includes 2 distinct types [20]. Type I (Post-
menopausal Osteoporosis): This form typically affects women
over the age of 60 and is associated with a decline in estrogen
levels. Estrogen plays a protective role in bone metabolism, and
its reduction during menopause increases osteoclast activity,
accelerating bone mass loss [21]. Type II (Senile Osteoporosis):
This type is linked to the natural aging process and occurs in
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both sexes, usually after the age of 70. It involves a decrease in

both the mass and quality of trabecular and cortical bone, signifi-
cantly increasing the risk of fractures [22]. Secondary osteopo-
rosis arises due to other medical conditions or their treatments

and is more commonly observed in men. It may develop in the

context of hyperparathyroidism therapy, chronic kidney disease,
or conditions requiring prolonged immobilization. Medications

that elevate the risk of secondary osteoporosis include gluco-
corticoids and antiepileptic drugs [23].

Idiopathic juvenile osteoporosis

Osteoporosis is rare in childhood. Its idiopathic juvenile form
remains poorly understood and presents a diagnostic challenge
for clinicians [24]. Idiopathic juvenile form typically affects chil-
dren before puberty and is characterized by pain in the verte-
brae (especially the lower spine), hips and feet, along with mild
myopathy and mobility difficulties [25]. To date, no genetic muta-
tions or inheritance patterns have been identified as underly-
ing causes. Diagnosis is based on excluding a family history of
pediatric osteoporosis, collagen structural defects, and other
causes of bone loss. Radiological imaging confirms the presence
of osteoporosis [26]. Some cases of idiopathic juvenile osteo-
porosis may resolve after puberty, while others may progress,
leading to disability and increased skeletal fragility [27].

Epidemiology

Until recently, osteoporosis was believed to be a condition affect-
ing only older women, particularly postmenopausal women liv-
ing in Northern Europe. However, it is now well established, that
the disease also affects men and advancements in diagnostic
methods have revealed its global prevalence [28]. The incidence
of osteoporosis varies significantly depending on geographic
location. The highest number of cases is reported in Africa and
Europe, while in Asia, the condition occurs more frequently than
in the United States and Australia [29]. These differences are
likely due to genetic factors and lower intake of calcium, vita-
min D, and protein in traditional diets [30]. Age is another criti-
cal factor. The ongoing global aging process has exponentially
increased the risk of osteoporotic fractures [31]. This trend is
reflected in the numbers: approx. 10 mln Americans over the
age of 50 currently suffer from osteoporosis and an additional
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34 mln are at risk. Each year, around 1.5 mln fragility fractures

are diagnosed in the USA population [32]. In Poland, osteopo-
rosis affects approx. 1.9 mln individuals [33]. Back in 1990, pro-
jections indicated that by 2050, the global risk of hip fractures

would increase by 310% in men and 240% in women. In 2010, it
was estimated that 158 mln patients were at high risk of osteo-
porotic fractures, and due to demographic changes, this number
is expected to double by 2040 [34].

Diagnostic criteria

Diagnosing osteoporosis presents a significant challenge for
healthcare systems, primarily because the disease is asympto-
matic. Fractures - often the first visible sign - typically indicate
an advanced stage of the condition. Therefore, early detection
before the occurrence of fractures is crucial [35]. The diagnostic
process begins with a thorough medical history and physical
examination. The history helps identify risk factors such as age, sex,
body weight, physical activity level, presence of chronic diseases,
and dietary habits. The physical exam may reveal overt signs of
osteoporosis, such as vertebral fractures or compression deformi-
ties [36]. The gold standard for diagnosing osteoporosis is the
measurement of bone mineral density (BMD) using dual-energy
X-ray absorptiometry (DEXA). This test is typically performed at
the proximal femur and lumbar spine [37]. The results are com-
pared with population-based reference values and expressed as
standard deviations from peak bone mass in healthy individuals
of the same sex (T-score) and from the average bone density of
individuals of the same age (Z-score) [38, 39]. According to the
WHO, the interpretation of the T-score is as follows:

— >-1SD -normal,

— from -1to -2.5 SD - osteopenia,

— <-2.5SD - osteoporosis,

— <-2.5SD and 1 or more osteoporotic fractures - advanced

osteoporosis [40].

To assess the 10-year risk of osteoporotic fractures, clinicians
commonly use the Fracture Risk Assessment Tool (FRAX). This
algorithm can be applied with or without BMD measurements,
allowing risk evaluation even when densitometry is unavail-
able [41]. Fracture Risk Assessment Tool analyzes 7 dichotomous
clinical risk factors to estimate fracture probability. Despite its
utility, FRAX is not intended to serve as a standalone decision-
making tool. It does not account for several variables that may
significantly influence fracture risk over the next decade [42].
To address these limitations, a beta version of a new calculator -
FRAXplus - was introduced in 2023. Compared to its predeces-
sor, FRAXplus incorporates additional parameters, including:
number of falls in the previous year, site of prior osteoporotic
fracture, dosage of glucocorticoids used by the patient, presence
and duration of type 2 diabetes, trabecular bone score (TBS),
hip axis length (HAL) and discrepancy between BMD values at
the hip and lumbar spine. These enhancements allow for a more
precise assessment of fracture risk [43, 44].

Risk factors

Osteoporosis is a multifactorial disease. The clinician’s role
is to identify risk factors early and implement appropriate
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therapeutic strategies. The following factors are known
to increase the risk of developing osteoporosis:

— female sex,

— age over 50,

— Asian ethnicity,

— coexisting conditions such as: hypogonadism, type 2 dia-
betes, rheumatoid arthritis, inflammatory bowel disease,
primary biliary cholangitis, non-alcoholic fatty liver dis-
ease, systemic lupus erythematosus or asthma,

— impaired renal function,

— history of fragility fractures or parental history of such
fractures,

— elevated levels of sex hormone-binding globulin,

— low body mass index,

— sedentary lifestyle,

— low dietary intake of vitamin d and calcium,

— excessive alcohol consumption,

— smoking,

— use of medications such as: thiazolidinediones, sodium-
glucose co-transporter 2 inhibitors, glucocorticoids other
immunosuppressive agents [45, 46, 47, 48, 49, 50, 51, 52].

Prevention

Osteoporosis prevention is primarily based on lifestyle modifica-
tions and the implementation of appropriate dietary recommen-
dations [53]. Physical activity plays a crucial role in preventing
this condition. According to the piezoelectric theory, mechanical
pressure generates electrical potential differences within bone
tissue, thereby stimulating osteogenesis [54]. For this reason,
physical exercises should be performed in an upright position
rather than a horizontal one. The intensity, frequency, and dura-
tion of exercise should be tailored to the individual. A review
study by Daly et al. questioned the effectiveness of walking and
aerobic exercise in improving or maintaining bone mass. Instead,
the authors emphasized the benefits of progressive resistance
training for bone health [55]. These findings are supported by
Italian researchers. In their review, Benedetti et al. concluded,
that strength training more effectively increases bone mineral
density, compared to non-weight-bearing activities. They noted
that athletes participating in jumping sports, such as basket-
ball, soccer, and volleyball tend to have higher BMD than those
engaged in swimming or cycling [56]. One of the most notable
clinical programs evaluating the impact of resistance training
on osteoporosis prevention is the LIFTMOR study, conducted in
2015 [57]. The study involved 101 postmenopausal women over
the age of 58, divided into an intervention group and a control
group. Over an 8-month period, participants engaged in pre-
scribed activities twice a week, with each session lasting 30 min.
The intervention group performed supervised resistance exer-
cises at a clinic under the guidance of a physiotherapist, while
the control group practiced balance and mobility exercises inde-
pendently at home. After 8 months, DEXA scans were performed
to assess changes in bone metabolism. In the intervention group,
lumbar spine and femoral neck BMD increased by 2.9% and
0.3%, respectively. In contrast, the control group experienced
a decrease in BMD of 1.2% and 2.0% at the same sites. These
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results highlight the significant impact of resistance training
on bone remodeling. Moreover, resistance training offers an
additional advantage over traditional preventive methods: it
enhances muscle mass and strength, thereby reducing the risk
of falls - one of the leading causes of osteoporotic fractures [58].

A properly balanced diet is a crucial element in the preven-
tion of osteoporosis. Its primary goal is to ensure adequate
intake of calcium, vitamin D, and protein [59]. These nutrients
influence peak bone mass, which is typically achieved the ages
of 20-30. Therefore, it is essential that a balanced diet, along
with possible supplementation, begins in early childhood. The
higher the peak cortical bone density at the completion of skel-
etal development, the lower the risk of fractures and the onset
of osteoporosis [60]. Calcium and vitamin D, in the form of cal-
cium phosphate, contribute to the formation of hydroxyapatite
crystals, which are responsible for bone strength. The most
important dietary sources of calcium include dairy products,
fish (especially sardines), legumes, nuts, and certain fruits and
vegetables [61]. According to the National Institute of Public
Health (PZH, 2024), the recommended daily intake of calcium
is 1000 mg for women under 50 years of age and 1200 mg for
older women [62, 63]. Vitamin D enhances calcium absorption in
the human body. It is found in breakfast cereals, fortified milk,
saltwater fish (such as tuna, mackerel, and salmon), and cod
liver oil. It is also synthesized in the keratinocytes of the epi-
dermal basal layer under UV radiation. According to guidelines
from The Bone Health and Osteoporosis Foundation, serum
levels of 25(0H)D3 should be maintained at 30 ng/mL [64, 65].
Polish recommendations suggest daily vitamin D intake for
individuals aged 19-65 should range 800-2000 IU. For pregnant
women, the recommended dose is 2000 [U/day, and for indi-
viduals over 75 years of age, it ranges 2000-4000 [U/day [62].
Protein intake positively affects bone mineral density. This
has been confirmed for animal-derived protein, particularly
from dairy products, but not for plant-based protein [65]. The
recommended daily intake for men and women over 19 years
of age is 0.9 g/kg of body weight. For pregnant and breast-
feeding women, the recommended intake is 1.20 g/kg and 1.45
g/kg of body weight per day, respectively [66]. In recent years,
increasing evidence suggests that phosphorus, magnesium,
zinc, selenium, manganese, copper, and vitamins K2, C, A, and
B may also play a role in osteoporosis prevention. However,
current data are insufficient to confirm these findings, and
further research is needed in this area [67, 68].

Preventive strategies in Poland

In the Polish population, educational and informational pro-
grams concerning osteoporosis prevention have been gain-
ing increasing significance. One such initiative is the health
policy program implemented between 2023-2025, entitled
Nieztomne Warszawianki. This program has been co-financed
by the Ministry of Health and the Capital City of Warsaw. Its
primary objective is the early detection of osteoporosis among
women over the age of 65 residing in Warsaw. Within the pro-
gram, participants may voluntarily undergo bone densitometry,
a10-year fracture risk assessment using the FRAX algorithm,
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as well as a medical consultation. During these visits, partici-
pants are also provided with practical guidance on preventive
strategies that can be implemented to reduce the progression
of the disease. The program is delivered in selected healthcare
facilities in Warsaw, under the scientific and methodological
supervision of the National Institute of Geriatrics, Rheumatol-
ogy, and Rehabilitation [69]. In addition, a program for the early
detection of osteoporosis is being implemented in the Mazovian
Voivodeship during 2024-2026. Its aim is to educate both patients
and healthcare professionals in order to reduce the incidence
of osteoporotic fractures. The program is targeted at women
over 65 years of age, as well as women aged 40-64 who meet at
least one of the medical criteria defined in the program. It also
includes men over the age of 75. The program provides bone
densitometry, FRAX risk assessment, and specialist consulta-
tions [70]. These initiatives are designed not only to enhance
public awareness of osteoporosis but also to enable systematic
screening and early diagnosis among individuals at increased
risk of developing the disease.

Pharmacological treatment

Osteoporosis is an incurable disease. Its treatment focuses
on protecting patients who are at high or very high risk of fra-
gility fractures. Pharmacotherapy plays a crucial role in this
context [71]. It is undertaken in cases where osteoporosis is
diagnosed by means of bone densitometry and/or the FRAX
algorithm, accompanied by the occurrence of a low-energy
fracture, which constitutes an absolute indication for initiat-
ing treatment. The decision regarding the choice of specific
pharmacological agents is made on the basis of registration
guidelines and clinical trial results, taking into account the
indications, potential adverse effects, and expected therapeu-
tic benefits for the individual patient [72]. Pharmacotherapy
is based on the use of antiresorptive agents, anabolic drugs,
or a combination of both, with the aim of slowing disease pro-
gression, reducing fracture risk and lowering mortality [73].
The most commonly used agents in Europe for the treatment
of osteoporosis include bisphosphonates, raloxifene, parathy-
roid hormone derivatives and denosumab [74].

Bisphosphonates

Bisphosphonates are considered first-line drugs in osteoporosis
therapy. These include alendronate, risedronate, ibandronate and
zoledronic acid. Their mechanism of action involves inhibition
of farnesyl diphosphate synthase in the cholesterol biosynthe-
sis pathway and binding to hydroxyapatite crystals. This leads
to reduced bone resorption by osteoclasts and promotes the
formation of new bone tissue [75]. All bisphosphonates increase
bone mineral density. Alendronate, risedronate and zoledronic
acid reduce the risk of vertebral fractures, hip fractures and other
non-vertebral fractures. In contrast, ibandronate does not reduce
the risk of fractures at the proximal femur [76]. These drugs
are available in oral formulations (alendronate, risedronate)
and intravenous forms (ibandronate, zoledronic acid). They
differ in their potency to inhibit osteoclasts and their affinity
for hydroxyapatite. It is worth emphasizing that their effects
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do not cease immediately after discontinuation, as they bind
strongly to bone minerals and may remain active in bone tissue
and circulation for years [77]. This property also allows for the
implementation of so-called “drug holidays”, meaning a tem-
porary discontinuation of bisphosphonate therapy. To date,
there is insufficient evidence to fully support the rationale
and effectiveness of such an approach, as well as the efficacy
of resuming treatment after the break. Therefore, the dura-
tion and timing of a drug holiday should be tailored to the indi-
vidual patient, taking into account their specific risk profile
and the potential benefits of this strategy [78]. Like all drug
classes, bisphosphonates are associated with certain adverse
effects, depending on the route of administration. Short-term
use of oral formulations may cause gastrointestinal discomfort,
particularly in patients with esophageal narrowing or reflux
disease. Other complications include musculoskeletal pain
and atrial fibrillation. Hypocalcemia and flu-like symptoms
are more commonly linked to intravenous administration [79].
Long-term use of bisphosphonates has been associated with
rare but serious adverse events such as osteonecrosis of the
jaw (ONJ) and atypical femoral fractures (AFF). These events
occur relatively infrequently, and the overall benefits of treat-
ment outweigh the risks over the long term [80].

Denosumab

Ithas been demonstrated that the introduction of denosumab fol-
lowing long-term treatment with oral bisphosphonates increases

BMD at the proximal femur and lumbar spine [81]. Denosumab

is a human monoclonal antibody that acts as an inhibitor of the

receptor activator of nuclear factor kB ligand (RANKL). By block-
ing the interaction between RANKL and its receptor RANK, it
prevents the differentiation of osteoclasts from precursor cells

and promotes apoptosis of mature osteoclasts. Additionally, this

compound facilitates the filling of resorption cavities by osteo-
blasts without affecting overall bone turnover [82]. Discontinu-
ation of denosumab therapy is associated with a decline in BMD

and an increased risk of osteoporotic fractures, particularly in the

vertebrae. Therefore, the benefits and risks of such an approach

should be carefully considered in each individual case [83]. In

addition to ONJ and AFF, the most common adverse effects of
denosumab include back and joint pain, skin rash and hypocalce-
mia - especially in patients with severe renal impairment. There

are reports indicating that the drug may trigger severe anaphy-
lactic reactions and DRESS syndrome, in which case immediate

discontinuation of therapy should be considered [84].

Parathyroid hormone derivatives

A study conducted by Leder et al. suggests that monotherapy
with teriparatide yields better outcomes than combination ther-
apy with teriparatide and denosumab. Although both therapeutic
approaches increase BMD at measured sites, the gain is greater
with teriparatide alone [85]. Teriparatide is a recombinant frag-
ment of parathyroid hormone, consisting of the first 34 N-termi-
nal amino acids. It is a potent osteoanabolic agent [86]. It binds
with high affinity to receptors located on osteoblasts and renal
tubular cells, thereby stimulating osteoblasts to produce new
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bone tissue. This leads to the formation of the so-called “ana-
bolic window”, during which bone formation markers increase
more rapidly than bone resorption markers. These changes are
believed to correlate with improvements in bone quality and
bone mineral density [87]. Currently, its indications are limited
to patients with severe osteoporosis who have experienced one
or more vertebral or non-vertebral fractures. The drug is gen-
erally well tolerated by patients [88].

Selective estrogen receptor modulator

Raloxifene is a selective estrogen receptor modulator. It acts as an

agonist on estrogen receptors located in bone tissue. It improves

BMD and bone strength, while inhibiting excessive bone resorp-
tion in osteoporosis [89] This agent reduces the risk of vertebral

fractures by approx. 30-50%, but does not affect the risk of hip

or non-vertebral fractures. It is recommended for postmeno-
pausal osteoporosis and for reducing the risk of invasive breast
cancer [90]. Unlike the aforementioned drugs, raloxifene appears

to be well tolerated in patients with end-stage renal disease [91,
92,93, 94]. The most common adverse effects include hot flashes

and muscle cramps. [t is contraindicated in immobilized patients,
due to an increased risk of thromboembolic events [95].

CONCLUSIONS

Osteoporosis remains a significant challenge for healthcare sys-
tems. As a multifactorial disease, it is difficult to eliminate expo-
sure to all potential risk factors. For most of its course, the condi-
tion is asymptomatic, meaning that patients are often unaware of
the threat until a fracture occurs. In recent years, there has been
notable progress in the development of tools for fracture risk
assessment, as well as an expansion in the range of substances
used for prevention and treatment. These advancements offer
the potential for earlier diagnosis and improved quality of life
for affected individuals. It is also essential to implement effec-
tive educational strategies - both among at-risk populations and
healthcare professionals - to raise awareness and understand-
ing of this condition.
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