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A systemic skeletal disease characterized 

by low bone mass and 

microarchitectural deterioration, with a 

consequent increase in bone fragility with 

susceptibility to fracture.

Osteoporosis Definition

Consensus Development Conference: Am J Med 1991;90:107-110 



Osteoporosis:

a 2-Stage Disease

ÅWith

ÅWithout Fracture
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Lifetime risk of fragility  fracture in the

Swedish population at the age of 50 years (%)

Women Men

ÅProximal femur 23 11

ÅDistal forearm 21 5

ÅVertebral (clinical) 15 8

ÅProximal Humerus 13 5

ÅAny 46 % 22 %

From Kanis et al 2000

(Switzerland 51 % 20 %)
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Osteoporotic Fractures in Women: 

Comparison With Other Diseases



Projected burden of osteoporotic

hip fractures worldwide
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Adapted from Cooper C., Melton U, Osteoporosis Int 2:285-289, 1992



If the prevalence of hip fracture continues 

to rise at current rates, it may well be that 

in the next few decades, orthopaedists 

will do little else but treat this problem.

W. C. Hayes, In: Bone Formation and Repair 

(American Academy of Orthopaedic Surgeons) 1994



Burden
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Morbidity After Vertebral Fractures

ÅBack pain

ÅLoss of height

ÅDeformity (kyphosis, protuberant abdomen)

ÅReduced pulmonary function

ÅDiminished quality of life: loss of self-esteem, 

distorted body image, dependence on narcotic 

analgesics, sleep disorder, depression, loss of 

independence



A Fragility Fracture -> Fracture



A dangerous vicious circle

New fracture

First fracture

Inactivity 

Social

isolation

Depression
Pain

Loss of 

autonomy

Low bone mass



Mortality after Major Types of 

Osteoporotic Fracture

in Men and Women: an Observational Study
Center et al, Lancet 1999

5 - Year Prospective Cohort Study

Age-Standardized Mortality Ratio

Fracture Women Men

Proximal Femur 2.2 3.2

Vertebral 1.7 2.4

Other Major 1.9 2.2

Other Minor 0.8 1.5



Time after hip fracture (years)
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Trombetti et al, Osteoporos Int 2002
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Osteoarthritis
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Johnell & Kanis, Osteoporos Int 2006 Disability-Adjusted Life-Years (DALYs) Lost

Disability-Adjusted Life-Years Lost because of 

Non-communicable Diseases in Europe



Osteoporosis Results in More Cost than 

Many Other Diseases

Number of bed days (men and women)

Å701,000 for osteoporosis

Å891,000 for COPD

Å533,000 for stroke

Å328,000 for myocardial infarction

Å201,000 for breast cancer

Lippuner et al. Osteoporosis Int 1997; 7: 414-25

Osteoporosis 

# 1 when 

looking at 

women only



Diagnosis



X-ray techniques

DXA

pQCT

pDXA



Io

I

DXA: Principle

Å Two attenuation profiles:

Low energy X-ray attenuation

High energy X-ray attenuation

Å Multiply high energy profile by ókô 
factor (ratio of soft tissue 
attenuation at low- & high-energy)

Å BMD along scan = Low-energy 
profile - k-corrected high energy 
profile 
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Noninvasive Measurement 

of Bone Mineral Mass

Technique Site Precision Cost Response

to Therapy

SXA Forearm ++ ± ±

Heel

DXA Spine ++ + ++

Hip + + +

Tot. Body ++ + ±

QCT Spine ± ++ +

Forearm ++ +(+) ±

US Heel ± - -

+ Fingers



Medicare Coverage for BMD Tests

Procedure Site Fee Schedule

Medicare *

DXA Axial $ 128

pDXA Appendicular $   40

RX Absorptiometry Appendicular $   38

QUS Appendicular $   53

SXA Appendicular $   40

QCT Axial $ 185

pQCT Appendicular $   40

* Medicare Allowable Charge = 80% of the Costs

JAMA 288:1889-1897,2002 



Example for T-score = - 2.0, 60 year old 

and Z-Score = - 0.5
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T-score

Normal ² -1

Osteopenia < -1 and > -2.5

Osteoporosis ¢ -2.5

Severe
Osteoporosis

¢ -2.5 with Fracture

Diagnosis of Osteoporosis Using Central DXA

WHO-Definition

Mainly for Spine and Hip in Women



Pathophysiology



Osteoporosis Pathogenesis and Management

Fracture

Fracture Treatment

Rehabilitation

-> To Restore Independence

-> To Reduce Disabilities

Prevention Subsequent Fracture



Osteoporosis Pathogenesis and Management
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Osteoporosis Pathogenesis and Management

Fracture

Fracture Treatment

Mechanical Overload Mechanical Incompetence
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Determinants of Fracture Risk

1.Age

2. Prevalent Fracture

3. Family history of Fracture

4. Glucocorticoid

5. Low BMI

6. Alkohol, Smoking

7. Baseline BMD

8. Baseline Turnover



Type I collagen epitopes and 

Cathepsin K cleavage sites

N C

a2 (I) JYDGKGVG GPP-SAGFDFSFLPQPPQ  EKAHDGGR a 1

NTX CTXICTP

CK CK CK CK

CK CK

Garnero et al., JBC, 1998

Sassi  et al., Bone, 2000

Deoxypyridinoline

Pyridinolines
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10 20 40 70Age:

Rizzoli et al.,J Mol Endocrinol 2001



Peak Bone Mass

Heredity
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Risk Factors

Mechanical 
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