
Osteoporosis
A Review 



Osteoporosis: Definition and Clinical 
Perspective

➢Osteoporosis is a skeletal disease characterized by low bone mass and deterioration 

of bone microarchitecture.

➢These abnormalities increase bone fragility and substantially raise the risk of 

fractures.



Global Burden of Osteoporosis

➢ Osteoporotic fractures are a major cause of disability and loss of independence in older adults.

➢ Osteoporosis affects both women and men, although it is more commonly recognized in older women.

➢ Approximately one-third of osteoporotic fractures occur in older men.

➢ The mortality rate during the first year after hip fracture is approximately 24%, with persistent impairment in 

mobility and function.



PATHOPHYSIOLOGY



Bone Development and Remodeling

➢Skeletal development during childhood and adolescence depends primarily on new bone formation and 

bone modeling.

➢After skeletal maturity, bone maintenance depends mainly on continuous bone remodeling.

➢Remodeling involves removal of older or damaged bone followed by formation of new bone.

➢Osteoclasts are responsible for bone resorption, whereas osteoblasts produce new bone tissue.

➢Balanced activity between these cell types is essential for maintaining bone strength and structural 

integrity.

➢Disruption of this balance can result in progressive bone loss and increased fracture susceptibility.



Cellular Regulation of Bone Remodeling

➢Bone remodeling is regulated by several interconnected cellular 

and molecular signaling pathways.

➢The Wnt–LRP4/5/6–sclerostin pathway plays an important role in 

regulating osteoblast activity and bone formation.

➢The osteoprotegerin–RANK–RANKL system is a major regulator of 

osteoclast differentiation and bone resorption.

➢.



RISK FACTORS



Determinants of Peak Bone Mass

➢Osteoporosis may result from failure to achieve optimal peak bone mass, excessive bone loss later in life, or 

both.

➢Peak bone mass is usually reached during early adulthood by the end of the second decade of life.

➢Genetic factors have a major influence on both peak bone mass and the subsequent rate of bone loss.

➢Adequate calcium intake and regular physical activity contribute importantly to optimal skeletal 

development.

➢Sex hormones :estrogen,progestron,testosterone, growth hormone, and other endocrine factors also 

regulate bone acquisition and maintenance.



Major Risk Factors for Osteoporosis

➢Premature menopause before the age of 40 years is an important risk factor because of prolonged estrogen 

deficiency.

➢Hypogonadism, low BMI below 20, weight loss, and nutritional deficiencies can adversely affect skeletal 

health.

➢Vitamin D and calcium deficiencies may further compromise bone mineralization and bone strength.

➢ Immobility and chronic diseases such as inflammatory bowel disease, rheumatoid arthritis, and chronic 

kidney or liver disease are also associated with bone loss.

➢Current smoking and high alcohol consumption, particularly approximately three or more drinks per day, 

increase the risk of osteoporosis.

➢Medication:glucocorticoid,aromatase inhibitors: anastrozole and  letrozole,androgen deprivation :leuprolide 

bicalutamide 



Medication-Associated Bone Loss

➢Several commonly used medications can accelerate bone loss or increase fracture risk.

➢Glucocorticoid therapy is a well-established cause of secondary osteoporosis.

➢Aromatase inhibitors such as anastrozole and letrozole reduce estrogen activity and can adversely affect 

bone health.

➢Androgen-deprivation therapies, including agents such as leuprolide and bicalutamide, may also increase 

skeletal fragility.



CLINICAL PRESENTATION



Clinical Presentation of Osteoporosis

➢Osteoporosis is frequently asymptomatic until a fracture occurs.

➢Clinical presentation may include a painful fracture or an asymptomatic vertebral fracture detected on 

imaging.

➢Approximately two-thirds of vertebral fractures remain clinically undiagnosed.

➢Common osteoporotic fracture sites include the hip, spine, shoulder, forearm, and pelvis.

➢Fractures involving the hands, feet, and craniofacial bones are generally not considered typical 

osteoporotic fractures.





Vertebral Fractures: Clinical Clues

➢Progressive loss of height can suggest vertebral compression and cumulative vertebral deformity.

➢ Increased horizontal distance between the occiput and the wall may indicate kyphotic spinal 

deformity.

➢Vertebral height loss can also reduce the space between the lower ribs and the pelvis.



Fracture Trauma and Osteoporosis

➢ Osteoporotic fractures were traditionally defined as fragility fractures occurring after minimal trauma.

➢ A typical example is a fracture resulting from a fall from standing height or a similarly low-energy event.

➢ Fractures caused by extreme trauma or local pathology, such as malignancy, should instead be excluded from 

osteoporosis-related risk assessment.



ASSESSMENT AND DIAGNOSIS



BMD, DXA and Clinical Diagnosis

➢Most clinical guidelines recommend assessment of osteoporosis risk factors in 

postmenopausal women and men older than 50 years.

➢A previous fracture is one of the strongest clinical predictors of future fracture.

➢A history of at least one fall during the previous year also substantially increases 

fracture risk.

➢DXA provides a standardized measurement of BMD and remains central to fracture-

risk assessment.

➢A T-score of −2.5 or lower is classified as osteoporosis when compared with the BMD 

of young healthy adults.



FRAX: Individualized Fracture Risk 
Assessment

➢FRAX is the most widely used clinical fracture-risk assessment tool.

➢It estimates the 10-year probability of hip fracture and major osteoporotic fracture.

➢The calculation incorporates age, sex, BMI, and selected clinical risk factors.

➢Relevant factors include previous fracture, parental history of hip fracture, current 

smoking, and high alcohol intake.

➢FRAX also considers secondary osteoporosis, rheumatoid arthritis, and prolonged 

glucocorticoid exposure.

➢Other fracture prediction tools include the Garvan Fracture Risk Calculator and QFracture.



SCREENING



Who Should Undergo BMD Screening?

➢ The recommended age for universal BMD screening varies among international clinical guidelines.

➢ Some guidelines recommend targeted screening of individuals with clinical risk factors for osteoporosis.

➢ Other approaches recommend fracture-risk assessment in all individuals older than 50 years to identify those at 

increased risk.

➢ The Bone Health and Osteoporosis Foundation recommends BMD testing in postmenopausal women aged 50 to 64 

years who have clinical risk factors.

➢ Similar targeted screening is recommended for men aged 50 to 69 years when risk factors such as previous fracture 

or frequent falls are present.

➢ Universal BMD screening is recommended for women aged 65 years or older and men aged 70 years or older under 

these US recommendations.



*Without RF :   Women > 65 y

men >70  y

*With RF:    women >50 y

men >50 y





TREATMENT OF 

OSTEOPOROSIS



Treatment Strategy: General Principles

➢The primary goal of osteoporosis treatment is to prevent fragility fractures and preserve 

functional independence.

➢Management should combine lifestyle interventions, fall prevention, adequate nutrition, and 

pharmacologic therapy when indicated.

➢Maintaining a BMI above 20 is recommended because low body weight is associated with 

increased skeletal fragility.

➢Cigarette smoking should be avoided, and excessive daily alcohol consumption should be 

minimized.



Exercise and Fall Prevention

➢Exercise is an important component of fracture prevention because it improves 

bone health, muscle strength, balance, and physical function.

➢Recommended programs include balance, strength, resistance, flexibility, and 

endurance exercises.

➢Progressive resistance training for at least 8 months has been associated with 

improved femoral neck BMD in adults at increased fracture risk.

➢Balance and functional exercises reduce the rate of falls by approximately 24% in 

community-dwelling adults.



Calcium and Vitamin D: Nutritional 
Foundations



* calcium in men :              19-70 y : 1000 mg/d

>71 : 1200 mg/d

*Calcium in women: 19-50 y : 1000 mg/d

>51 y : 1200 mg/d 

*Vit D : UNTIL 70 : 600 u/d

>70 : 800 u/d 



Calcium and Vitamin D Supplementation Evidence

• Routine calcium or vitamin D supplementation does not consistently 

reduce fracture risk in community-dwelling adults without established 

osteoporosis or nutritional deficiency.

• Combined calcium and vitamin D supplementation did not significantly 

reduce hip or other fracture risk in this population.

• Recent meta-analyses found no meaningful improvement in BMD or 

fracture risk with vitamin D supplementation in adults without established 

osteoporosis.



Safety and Monitoring of Calcium and Vitamin D

-Excessive calcium supplementation may cause adverse effects such as nephrolithiasis and may 
potentially increase cardiovascular risk.
Evidence regarding cardiovascular effects is inconsistent, with one large randomized trial showing 
no increased cardiovascular risk and another meta-analysis suggesting increased risk.
-Routine vitamin D testing is not recommended by the Endocrine Society for otherwise healthy 
individuals.
-Vitamin D measurement is appropriate in patients at increased risk of deficiency, including those 
with chronic kidney or liver disease, malabsorption, limited sun exposure, or previous bariatric 
surgery.
-Testing is also recommended in patients with osteoporosis, fractures, or metabolic bone diseases 
such as osteomalacia.



PHARMACOTHERAPY







Pharmacologic Treatment: Overview

➢Pharmacologic therapies for osteoporosis can be classified as antiresorptive, anabolic, or agents with 

combined effects on bone remodeling.



Bisphosphonates: First-Line Therapy

➢ Oral alendronate and risedronate are considered first-line antiresorptive therapies because of their efficacy, 

tolerability, and cost-effectiveness.



Bisphosphonates: Safety and Renal 
Considerations

➢  During the first 2 years of treatment, serious adverse events such as osteonecrosis of    

the jaw and atypical femoral fractures are not higher than with placebo. 

➢Longer exposure is associated with an increased risk of osteonecrosis of the jaw and 

atypical femoral fractures.

➢The risk of atypical femoral fracture decreases substantially after discontinuation, falling 

by approximately 50% during the first year and 80% by 3 years.



Bisphosphonate Duration and Rare 
Complications

➢Osteonecrosis of the jaw becomes more frequent with bisphosphonate exposure 

exceeding approximately 2 years.

➢Reported rates range from approximately 0.2 to 10 cases per 10,000 patient-years 

compared with placebo.

➢Atypical femoral fractures are associated particularly with treatment lasting 3 years or 

longer.

➢The estimated incidence increases from approximately 2.5 per 10,000 patient-years after 3 

to 5 years to 13 per 10,000 patient-years after more than 8 years of treatment.

➢The risk of atypical femoral fracture is higher among women who self-report Asian race or 

ethnicity.



Denosumab: Mechanism and Efficacy

. Denosumab is a monoclonal antibody    

that binds RANKL and inhibits 

osteoclastogenesis and osteoclast 

activity.                                        

 . Although follow-up studies suggest 

sustained efficacy for up to 10 years, the 

certainty of evidence for very long-term 

fracture prevention remains low.

Denosumab: Safety and Discontinuation

• Hypocalcemia may occur after denosumab 

administration, particularly in patients with vitamin D 

deficiency or advanced kidney dysfunction.

• A major clinical concern is rapid bone loss and 

increased vertebral fracture risk after denosumab 

discontinuation or significant dosing delays.

• In one post hoc analysis, vertebral fracture rates 

increased from 1.2 to 7.1 per 100 participant-years 

after treatment discontinuation.

• Current guidelines therefore recommend continuing 

denosumab indefinitely or transitioning to a 

bisphosphonate when denosumab is stopped.



Denosumab Discontinuation: High-Risk 
Patients

➢Delaying a scheduled dose by more than approximately 1 month can also increase the risk of vertebral 

fractures.

➢Longer duration of denosumab therapy is also associated with greater vertebral fracture risk after 

stopping treatment.

➢Alendronate or intravenous zoledronic acid can be used after discontinuation to reduce the risk of 

rebound vertebral fractures.



ANABOLIC THERAPY:
Teriparatide and Abaloparatide

➢Teriparatide and abaloparatide are contraindicated in hyperparathyroidism because they 

may worsen hypercalcemia. and in individuals with skeletal malignancy or conditions 

that have increased osteosarcoma risk, such as prior skeletal radiation  Or Paget disease 

of bone



➢postmarketing surveillance studies have shown no excess osteosarcoma risk in people taking 

these medications, and therefore this risk no longer appears as a blackbox Warning 

➢  Transient hypotension infrequently occurs with the first dose of teriparatide or abaloparatide.

➢Other potential adverseevents  include nausea, dizziness, palpitations, headache,myalgia, and 

hypercalcemia.

➢Loss of bone mass occurs after discontinuation, so the use of antiresorptive therapy, such a 

bisphosphonates or denosumab, should be prescribed after discontinuation of teriparatide and 

abaloparatide.



Romosozumab

➢Romosozumab is a monoclonal antibody that binds and inhibits 

sclerostin,anosteocyte-secretedinhibitor of theWnt-signaling pathway,and 

thereby markedly increases bone formation and moderately reduces bone 

resorption.

After 12 months of treatment with romosozumab, an antiresorptive therapy, 

such as bisphosphonates or denosumab, should be prescribed. After 

discontinuing  romosozumab, further increases in bone mass typically occur 

with denosumab, and maintenance of bone mass occurs with alendronate.



RECOMMENDED 

THERAPEUTIC 

STRATEGIES



Who Should Receive Pharmacotherapy?

➢Most guidelines recommend pharmacologic treatment for postmenopausal women and men aged 50 

years or older with osteoporosis based on BMD.

➢Treatment is also recommended for individuals with a high fracture risk, regardless of whether their BMD 

is in the osteopenic or normal range.

➢A history of hip, vertebral, or multiple fractures is an important indication for pharmacologic therapy.

➢Oral or intravenous bisphosphonates are appropriate first-line treatments for most patients at high 

fracture risk.





DURATION AND 

SEQUENCE OF THERAPY



Bisphosphonate Duration and Drug Holidays

➢ Interruption of bisphosphonate therapy should be considered because of concerns regarding rare adverse 

effects with prolonged exposure.

➢ A drug holiday may be considered after approximately 3 years of intravenous bisphosphonate therapy or 5 

years of oral therapy.

➢ The benefits of continuing bisphosphonate treatment beyond 5 years are not completely established.

➢ In an RCT of 1099 participants, continuing alendronate after 5 years reduced clinically recognized vertebral 

fractures compared with discontinuation.

➢ However, radiologically confirmed vertebral fracture rates did not differ significantly between continuation 

and discontinuation groups.

➢ Therefore, the decision to continue or interrupt treatment should be based on the patient’s residual fracture 

risk rather than treatment duration alone.



Drug Holiday in Low-to-Moderate Risk 
Patients

➢A bisphosphonate drug holiday is appropriate for patients with low or moderate fracture risk 

who have not sustained a fracture during treatment.

➢The optimal duration of a bisphosphonate interruption has not been clearly established.

➢Available evidence suggests that fracture rates generally do not increase during the first 1 to 2 

years after discontinuation.

➢Fracture risk may begin to increase approximately 2 to 5 years after stopping treatment.

➢Patients should therefore undergo periodic reassessment during a drug holiday rather than 

remaining untreated indefinitely.

➢Resumption of therapy should be considered if fracture risk increases substantially or a new 

fracture occurs.



Management of Persistent High Fracture Risk

➢Patients who remain at high fracture risk after 3 to 5 years of bisphosphonate therapy may 

require continued or intensified treatment.

➢ Intravenous bisphosphonate therapy can be continued for approximately 3 additional years in 

selected high-risk patients.

➢Oral bisphosphonate therapy can be extended for approximately 5 additional years when 

clinically appropriate.

➢Switching to denosumab is another option for patients who remain at high fracture risk after 

initial bisphosphonate therapy.

➢Teriparatide, abaloparatide, or romosozumab may be considered when fracture risk remains 

particularly high despite previous treatment.



Sequencing of Osteoporosis Therapies

➢Anabolic therapy produces smaller improvements when administered after 

previous antiresorptive treatment than when used in treatment-naive patients.

➢Transitioning from denosumab directly to teriparatide or abaloparatide is 

associated with transient bone loss and should generally be avoided.

➢Switching from denosumab to romosozumab may help prevent transient bone 

loss, although available evidence remains limited.



Combination Therapy and Repeated Anabolic 
Courses

➢ The clinical value of combining anabolic and antiresorptive agents also remains uncertain.

➢Combination treatment is substantially more expensive than treatment with an individual agent.

➢Combined therapy may also increase treatment burden and potentially increase adverse events.

➢ Therefore, combination therapy is generally reserved for selected patients with very high fracture 

risk.

➢ There is currently no indication for combining two antiresorptive agents as routine osteoporosis 

therapy.



MONITORING



Clinical Monitoring During Therapy

➢Regular clinical assessment is recommended throughout osteoporosis treatment.

➢Follow-up should assess changes in body weight and height because these may 

indicate progressive skeletal deterioration or vertebral fractures.

➢Clinicians should specifically ask about new fractures and falls during follow-up 

visits.

➢Adverse effects and medication tolerability should be systematically evaluated.

➢Adherence to pharmacologic and lifestyle interventions should also be assessed 

regularly.



Monitoring BMD Response

➢Repeat BMD measurement can generally be performed after 

approximately 2 to 3 years of pharmacologic therapy.



Reassessment of Fracture Risk

➢Fracture risk should be reassessed periodically according to the patient’s baseline risk and treatment 

status.

➢ In patients who are not receiving treatment, FRAX-based reassessment can be performed after 

approximately 3 to 10 years.

➢The appropriate reassessment interval depends on the individual’s initial fracture risk.

➢Patients with higher baseline risk generally require closer clinical follow-up.

➢A new fracture, significant height loss, recurrent falls, or substantial clinical changes should prompt 

earlier reassessment.







Thank you 

for listening
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