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A A systemic skeletal diseasesystemic skeletal disease characterized characterized 

by by low bone masslow bone mass and and 

microarchitectural microarchitectural deteriorationdeterioration, with a , with a 

consequent consequent increase in bone fragilityincrease in bone fragility with with 

susceptibility to fracture.susceptibility to fracture.

Osteoporosis DefinitionOsteoporosis Definition

Consensus Development Conference: Consensus Development Conference: Am J MedAm J Med 1991;90:1071991;90:107--110 110 



OsteoporosisOsteoporosis::
a 2a 2--Stage Stage DiseaseDisease

••WithWith
••Without Without FractureFracture





EpidemiologyEpidemiology



Fractures by Age and GenderFractures by Age and Gender
DubboDubbo Osteoporosis Epidemiology Study, 1989Osteoporosis Epidemiology Study, 1989––
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LifetimeLifetime riskrisk of of fragilityfragility fracture in fracture in thethe
SwedishSwedish population population atat thethe age of 50 age of 50 yearsyears (%)(%)

WomenWomen MenMen

•• Proximal Proximal femurfemur 2323 1111

•• Distal Distal forearmforearm 2121 55

••VertebralVertebral ((clinicalclinical)) 1515 88

••Proximal Proximal HumerusHumerus 1313 55

•• AnyAny 46 %46 % 22 %22 %
FromFrom KanisKanis et al 2000et al 2000



OsteoporoticOsteoporotic Fractures in Women: Fractures in Women: 
Comparison With Other DiseasesComparison With Other Diseases
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Riggs BL, Melton LJ. Bone. 1995.
Heart and Stroke Facts. 1996. American Heart 

Association.
Cancer Facts & Figures. 1996. American Cancer Society.



SWITZERLAND SWITZERLAND 2000, 2025 2000, 2025 andand 20502050

2000 2025    

2050  



ProjectedProjected burdenburden ofof osteoporoticosteoporotic
hip fractures hip fractures worldwideworldwide
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NumberNumber ofof hip fractures: hip fractures: 1990: 1.66 million1990: 1.66 million; ; 2050: 6.26 million2050: 6.26 million
AdaptedAdapted fromfrom Cooper C., Cooper C., MeltonMelton U, U, OsteoporosisOsteoporosis IntInt 2:2852:285--289, 1992289, 1992



If If thethe prevalenceprevalence ofof hip fracture continues hip fracture continues 
to to riserise atat currentcurrent rates, rates, itit maymay wellwell bebe thatthat

in in thethe nextnext fewfew decadesdecades, , orthopaedistsorthopaedists
willwill do do littlelittle elseelse but but treattreat thisthis problemproblem..

W. C. HayesW. C. Hayes, In: , In: BoneBone Formation Formation andand RepairRepair

((AmericanAmerican AcademyAcademy ofof OrthopaedicOrthopaedic Surgeons) 1994Surgeons) 1994



DegreeDegree ofof dependencedependence

5050 7070 8080 90906060

normal normal 
agingaging

ForearmForearm
fracturefracture

VertebralVertebral
fracturefracture

Hip fractureHip fracture

Age (Age (yearsyears))



Morbidity After Vertebral FracturesMorbidity After Vertebral Fractures

•• Back painBack pain
•• Loss of heightLoss of height
•• Deformity (Deformity (kyphosiskyphosis, protuberant abdomen), protuberant abdomen)
•• Reduced pulmonary functionReduced pulmonary function
•• Diminished quality of life: loss of selfDiminished quality of life: loss of self--esteem, esteem, 

distorted body image, dependence on narcotic distorted body image, dependence on narcotic 
analgesics, sleep disorder, depression, loss of analgesics, sleep disorder, depression, loss of 
independenceindependence



Osteoporosis Results in More Cost Than Osteoporosis Results in More Cost Than 
Many Other DiseasesMany Other Diseases

•• Annual cost of acute hospitalization Annual cost of acute hospitalization 
in Switzerland in 1992: 600 million in Switzerland in 1992: 600 million 
Swiss francs (US$350 million)*Swiss francs (US$350 million)*
–– Number of bed days (men and women)Number of bed days (men and women)

•• 701,000 for osteoporosis701,000 for osteoporosis
•• 891,000 for COPD891,000 for COPD
•• 533,000 for stroke533,000 for stroke
•• 328,000 for myocardial infarction328,000 for myocardial infarction
•• 201,000 for breast cancer201,000 for breast cancer

**LippunerLippuner et al. et al. Osteoporosis Osteoporosis IntInt 1997; 7: 4141997; 7: 414--2525

Osteoporosis 
# 1 when 
looking at 

women only



MortalityMortality afterafter Major Types Major Types ofof OsteoporoticOsteoporotic FractureFracture
in in MenMen andand WomenWomen: an : an ObservationalObservational StudyStudy

CenterCenter et et alal, , LancetLancet 19991999

5 5 -- YearYear Prospective Prospective CohortCohort StudyStudy

AgeAge--StandardizedStandardized MortalityMortality RatioRatio

FractureFracture WomenWomen MenMen

Proximal Proximal FemurFemur 2.22.2 3.23.2
VertebralVertebral 1.71.7 2.42.4
OtherOther MajorMajor 1.91.9 2.22.2
OtherOther MinorMinor 0.80.8 1.51.5



Time after hip fracture (years)Time after hip fracture (years)
22 44 66 88 1010
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Risk of Death For Hip Fracture in Risk of Death For Hip Fracture in 
Women Similar to Other DiseasesWomen Similar to Other Diseases

•• A 50 year old womanA 50 year old woman’’s lifetime risk of s lifetime risk of 
dying from a hip fracture is equal to dying from a hip fracture is equal to 
her risk of dying from breast cancer her risk of dying from breast cancer 
and greater than her risk of dying and greater than her risk of dying 
from endometrial cancerfrom endometrial cancer
–– Hip Fracture: 2.8%Hip Fracture: 2.8%
–– Breast Cancer: 2.8%Breast Cancer: 2.8%
–– Endometrial Cancer: 0.7%Endometrial Cancer: 0.7%

Cummings et al. Cummings et al. Arch Intern MedArch Intern Med 1989; 149: 24451989; 149: 2445--88



DiagnosisDiagnosis



X-ray 
techniques

DXA
pQCT

pDXA



DXA: PrincipleDXA: Principle
•• Two attenuation profiles:Two attenuation profiles:

Low energy XLow energy X--ray attenuationray attenuation
High energy XHigh energy X--ray attenuationray attenuation

•• Multiply high energy profile by Multiply high energy profile by ‘‘kk’’
factor (ratio of soft tissue factor (ratio of soft tissue 
attenuation at lowattenuation at low-- & high& high--energy)energy)

•• BMD along scan = LowBMD along scan = Low--energy energy 
profile profile -- kk--corrected high energy corrected high energy 
profile profile 

IIoo

II



Gradients Gradients ofof riskrisk
Relative Relative riskrisk
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Noninvasive Measurement of Bone Mass

Technique Site Precision Cost Response
to Therapy

SXA Forearm ++ ± ±
Heel

DXA Spine ++ + ++
Hip + + +
Tot. Body ++ + ±

QCT Spine ± ++ +
Forearm ++ +(+) ±

US Heel ± - -
+ Fingers



MedicareMedicare CoverageCoverage for BMD Testsfor BMD Tests
ProcedureProcedure SiteSite FeeFee ScheduleSchedule

MedicareMedicare **

DXADXA AxialAxial $ 128$ 128
pDXApDXA AppendicularAppendicular $   40$   40
RX RX AbsorptiometryAbsorptiometry AppendicularAppendicular $   38$   38
QUSQUS AppendicularAppendicular $   53$   53
SXASXA AppendicularAppendicular $   40$   40
QCTQCT AxialAxial $ 185$ 185
pQCTpQCT AppendicularAppendicular $   40$   40

* * MedicareMedicare AllowableAllowable Charge = 80% Charge = 80% ofof thethe CostsCosts

JAMA 288:1889JAMA 288:1889--1897,2002 1897,2002 



Example for Example for TT--score = score = -- 2.02.0, 60 year old and , 60 year old and 
ZZ--Score = Score = -- 0.50.5

2020 4040 6060 8080 100100

1.201.20

0.960.96

0.840.84

0.720.72

1.081.08

1.321.32
Spine: L1Spine: L1--L4L4
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Diagnosis of Osteoporosis Using Central DXADiagnosis of Osteoporosis Using Central DXA
WHOWHO--DefinitionDefinition

T-score
Normal ≥ -1
Osteopenia < -1 and > -2.5
Osteoporosis ≤ -2.5
Severe
Osteoporosis

≤ -2.5 with Fracture

MainlyMainly for for SpineSpine andand Hip in Hip in WomenWomen



PathophysiologyPathophysiology



OsteoporosisOsteoporosis PathogenesisPathogenesis andand ManagementManagement

FractureFracture

Fracture Fracture TreatmentTreatment

RehabilitationRehabilitation
--> To Restore > To Restore IndependenceIndependence
--> To > To ReduceReduce DisabilitiesDisabilities

PreventionPrevention SubsequentSubsequent FractureFracture



OsteoporosisOsteoporosis PathogenesisPathogenesis andand ManagementManagement
OsteoporosisOsteoporosis

LowLow PeakPeak BoneBone MassMass
SexSex Hormone Hormone DeficiencyDeficiency
AgeAge
NutritionalNutritional InsufficiencyInsufficiency

MechanicalMechanical IncompetenceIncompetence

FractureFracture

Fracture Fracture TreatmentTreatment

RehabilitationRehabilitation
--> To Restore > To Restore IndependenceIndependence
--> To > To ReduceReduce DisabilitiesDisabilities

PreventionPrevention SubsequentSubsequent FractureFracture



OsteoporosisOsteoporosis PathogenesisPathogenesis andand ManagementManagement
FallsFalls

SwaySway
WalkingWalking
Muscle Muscle StrengthStrength
NeuroNeuro--muscularmuscular ImpairmentImpairment

OsteoporosisOsteoporosis
LowLow PeakPeak BoneBone MassMass
SexSex Hormone Hormone DeficiencyDeficiency
AgeAge
NutritionalNutritional InsufficiencyInsufficiency

MechanicalMechanical OverloadOverload MechanicalMechanical IncompetenceIncompetence

FractureFracture

Fracture Fracture TreatmentTreatment

RehabilitationRehabilitation
--> To Restore > To Restore IndependenceIndependence
--> To > To ReduceReduce DisabilitiesDisabilities

PreventionPrevention SubsequentSubsequent FractureFracture



DeterminantsDeterminants ofof Fracture Fracture RiskRisk

1.Age1.Age
2. 2. PrevalentPrevalent FractureFracture
3. 3. BaselineBaseline BMDBMD
4. 4. BaselineBaseline TurnoverTurnover
5. Changes in BMD5. Changes in BMD
6. Changes in Turnover6. Changes in Turnover
7. 7. FallFall--relatedrelated RiskRisk



Type I Type I collagencollagen epitopesepitopes andand CathepsinCathepsin K K cleavagecleavage sitessites

NN CC

a2 (I) JYDGKGVGa2 (I) JYDGKGVG GPPGPP--SAGFDFSFLPQPPQ  EKAHDGGR a 1SAGFDFSFLPQPPQ  EKAHDGGR a 1

NTXNTX CTXCTXICTPICTP

CKCK CKCK CKCK CKCK

CKCK CKCK

DeoxypyridinolineDeoxypyridinoline
Pyridinolines GarneroGarnero et et alal., JBC, 1998., JBC, 1998Pyridinolines

SassiSassi et et alal., ., BoneBone, 2000, 2000



Pathogenesis of Pathogenesis of OsteoporoticOsteoporotic FractureFracture

LOW PEAKLOW PEAK
BONE MASSBONE MASS

POSTMENOPAUSALPOSTMENOPAUSAL
BONE LOSSBONE LOSS

AGEAGE--RELATEDRELATED
BONE LOSSBONE LOSS

LOW BONELOW BONE
MASSMASS

Other riskOther risk
factorsfactors

NonskeletalNonskeletal factorsfactors
(propensity to fall)(propensity to fall) FRACTUREFRACTURE

Poor bone qualityPoor bone quality
(architecture)(architecture)



Age:Age: 1010 2020 4040 7070

RizzoliRizzoli et et alal.,J Mol .,J Mol EndocrinolEndocrinol 20012001



TrackingTracking ofof BoneBone MineralMineral MassMass AccrualAccrual
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HeredityHeredity
MechanicalMechanical

ForcesForces
GenderGender

PeakPeak BoneBone MassMass

HormonesHormones RiskRisk FactorsFactors

NutritionNutrition



•• RestingResting

•• ResorptionResorption

•• FormationFormation

•• ReversalReversal



••Coupled and balancedCoupled and balanced ••Coupled but imbalancedCoupled but imbalanced

••Uncoupled and imbalancedUncoupled and imbalanced••Uncoupled but balancedUncoupled but balanced



EstrogenEstrogen DeficiencyDeficiency

TNF
IL-1

IL-6

GM CSF

IncreasedIncreased BoneBone TurnoverTurnover

BoneBone LossLoss



EffectsEffects of OVX in Mice of OVX in Mice overexpressingoverexpressing sTNFR1sTNFR1--IgG3IgG3
Fusion Fusion ProteinProtein andand in in NegativeNegative LittermateLittermate

NegativeNegative
LittermateLittermate

TNFTNF--R1R1
MiceTransgenicTransgenic Mice

TIME (TIME (WeeksWeeks post OVX)post OVX)
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MALNUTRITION  IN  ELDERLY

Calcium Deficiency
- >       PTH  - > Bone Resorption

Vitamin D Deficiency

OSTEOPOROSIS

- >        IGF-1
Protein Deficiency - >    Bone Formation   

- > Sensitivity
to IGF-1



ManagementManagement

••Indication to Indication to treatmenttreatment

••TreatmentTreatment possibilitiespossibilities



OsteoporosisOsteoporosis PreventivePreventive StrategiesStrategies

––44 ––33 ––22 ––1      01      0 1       2       31       2       3
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1010--Year Year RiskRisk::
10%
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General General ManagementManagement

••Treatment of any Disease Causing Bone LossTreatment of any Disease Causing Bone Loss
••Ensure DietaryEnsure Dietary CalciumCalcium IntakeIntake ≥≥ 1000 mg /d1000 mg /d
••Ensure Adequate Dietary Protein IntakeEnsure Adequate Dietary Protein Intake
••Correct orCorrect or Prevent VitaminPrevent Vitamin DD InsufficiencyInsufficiency (800 IU/d)(800 IU/d)

••Promote WeightPromote Weight--Bearing Physical ExerciseBearing Physical Exercise
••Reduce Falling Risk Reduce Falling Risk 
••Reduce Fall ConsequencesReduce Fall Consequences (Hip(Hip ProtectorsProtectors) ) 



Risk Factors Associated with FallsRisk Factors Associated with Falls

1.1. Impaired MobilityImpaired Mobility,, DisabilityDisability
2.2. Impaired Gait andImpaired Gait and BalanceBalance
3.3. NeuromuscularNeuromuscular oror Musculoskeletal DisordersMusculoskeletal Disorders
4. Age4. Age
5.5. ImpairedImpaired VisionVision
6.6. NeurologicalNeurological,, Heart DisordersHeart Disorders
7.7. History of FallsHistory of Falls
8.8. MedicationMedication
9. Cognitive9. Cognitive ImpairmentImpairment

After MyersAfter Myers etet alal.,., BoneBone 19961996



The Hip ProtectorThe Hip Protector



Prevention Prevention of Hip Fracture in of Hip Fracture in Elderly Peolple Elderly Peolple 
with with UseUse of Hip of Hip ProtectorProtector

Kannus Kannus etet al., New al., New Engl Engl J J Med Med 20002000

1725 1725 ElderlyElderly, 82 , 82 yrsyrs, 650 , 650 with with Hip Hip Protectors vsProtectors vs 1075 1075 Controls Controls 

Hip Hip ProtectorsProtectors ControlsControls
Hip FractureHip Fracture 21.321.3 46.046.0
(/1000 (/1000 personperson--yearsyears))
Relative Relative HazardHazard 0.40.4
Hip Fracture *Hip Fracture * 0.390.39 2.432.43
(/100 (/100 FallsFalls))

ArmsArms FractureFracture
(/1000 (/1000 personperson--yearsyears)) 16.416.4 19.919.9
(/100 (/100 FallsFalls) ) ** 0.680.68 0.810.81
* * According According to Useto Use of the Protectorof the Protector



Therapeutic Agents Used in OsteoporosisTherapeutic Therapeutic Agents Agents Used Used in in OsteoporosisOsteoporosis

Anabolic
Agents

AnabolicAnabolic
AgentsAgents

Anticatabolic
Agents

AnticatabolicAnticatabolic
AgentsAgents

•Estrogens ± Progestagens
•SERMs
•Bisphosphonates
•Calcitonin
•Calcium

••Estrogens Estrogens ±± ProgestagensProgestagens
••SERMsSERMs
••BisphosphonatesBisphosphonates
••CalcitoninCalcitonin
••CalciumCalcium

•(Fluoride)
•Parathyroid Hormone
•Growth Hormone
•IGF-I

••((FluorideFluoride))
••Parathyroid Parathyroid HormoneHormone
••Growth Growth HormoneHormone
••IGFIGF--II

Complex Action
•Vitamin D and Derivatives
•Anabolic Steroids
•(Ipriflavone)
•Tibolone

Complex Complex ActionAction
••Vitamin Vitamin D D and Derivativesand Derivatives
••Anabolic SteroidsAnabolic Steroids
••((IpriflavoneIpriflavone))
••TiboloneTibolone
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Morphometric Vertebral Morphometric Vertebral Fractures:Fractures:
SummarySummary ofof Relative Relative Risk andRisk and 95% Confidence 95% Confidence byby TherapyTherapy

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Risedronate
Raloxifene 60 mg
HRT

Fluoride

Etidronate

Calcium
Calcitriol

Calcitonin 200 IE

Alpha-Calcidiol

Alendronate 

1-34 PTH 40 µg

1-34 PTH 20 µg

HHääuselmann uselmann & & RizzoliRizzoli, 2003, 2003 Relative Risk



Hip Fracture: Hip Fracture: Summary Summary of Relative of Relative Risk Risk 
and and 95% Confidence 95% Confidence Intervals Intervals by by TherapyTherapy

00 0.50.5 11 1.51.5 22 2.52.5 33 3.53.5 44 4.54.5 55

RisedronateRisedronate 5mg5mg

RisedronateRisedronate 2.5 2.5 andand 5 mg5 mg

RaloxifeneRaloxifene

FluorideFluoride

Calcium Calcium andand Vit. DVit. D

CalcitoninCalcitonin

AlendronateAlendronate

Relative Relative RiskRiskHHääuselmann uselmann & & RizzoliRizzoli, 2003, 2003



Fracture:Fracture:
PlaceboPlacebo
HRTHipHip HRT

Hormone 
Replacement 
Therapy and 
Fracture Risk

VertebraeVertebrae

WHI WHI StudyStudy,,
Cauley Cauley et al, 2003AllAll et al, 2003



DrugsDrugs Reduction Reduction in Fracturein Fracture RiskRisk
((Randomized Controled Randomized Controled Trials)Trials)

Vertebral Vertebral FractureFracture NonNon--Vertebral Vertebral 
FractureFracture
EstrogensEstrogens ++ ++
Cyclic EtidronateCyclic Etidronate ±± 00
AlendronateAlendronate ++++ ++
RaloxifeneRaloxifene ++ 00
RisedronateRisedronate ++++ ++
NasalNasal CalcitoninCalcitonin ++ 00
CalciumCalcium--Vitamin Vitamin DD ?? ++
Fluoride SaltsFluoride Salts ±± 00
TiboloneTibolone ?? ??
PTHPTH ++++ ±±
Strontium Strontium RanelateRanelate ++++ ++



SOTI: CUMULATIVE INCIDENCE OF PATIENTS SOTI: CUMULATIVE INCIDENCE OF PATIENTS 
WITH NEW VERTEBRAL FRACTUREWITH NEW VERTEBRAL FRACTURE

KaplanKaplan--Meier;   RR: Cox modelMeier;   RR: Cox model

** P < 0.001P < 0.001

SRSR
PlaceboPlacebo

3535

00

55
1010

1515
2020

2525
3030

00 11stst 22ndnd 33rdrd

YearYear

**

**
**

% patients

Over Over 33--yearyear: Relative : Relative Risk Risk = 0.59, = 0.59, 95% CI [0.48; 0.73]95% CI [0.48; 0.73]

NNT = 9NNT = 9

Risk of vertebral fracture: - 41%

Meunier PJ et al., NEJM 2004



BISPHOSPHONATES

CALCIUM

Vit D (if deficient)

••Advancing ageAdvancing age
••Lower BMDLower BMD

••Presence of FracturePresence of Fracture
••Risk factors or diseaseRisk factors or disease

causing continuedcausing continued
bone lossbone loss

••LeannessLeanness
••Family historyFamily history

Factors Influencing Factors Influencing 
Treatment Treatment 
DecisionDecision

HRT 

RALOXIFENE

5050 5555 6060 6565 7070 7575

NoNo NormalNormal

TreatmentTreatment

Yes, if Yes, if fxfx

OsteoporosisOsteoporosisIncreasingIncreasing
need to need to 

treattreat

OlderOlder

LowerLower
BMDBMD

8080

OsteopeniaOsteopenia
-- 2.5 SD2.5 SD
-- 1.0 SD1.0 SD

BMDBMD
T scoreT score

YesYes

Adapted fromAdapted from
E. E. SeemanSeeman

(2004)(2004)

PTH

STRONTIUM RANELATE



Fractures areFractures are not Unavoidablenot Unavoidable ExpensesExpenses to Payto Pay
as aas a Consequence of Increased LifeConsequence of Increased Life--ExpectancyExpectancy

BecauseBecause ofof

••BetterBetter IdentificationIdentification of Risk Factorsof Risk Factors forfor
OsteoporosisOsteoporosis

••Early DiagnosisEarly Diagnosis,, before the Firstbefore the First FractureFracture

••AA LargerLarger UseUse of Preventive and Therapeutical of Preventive and Therapeutical 
StrategiesStrategies, , whose Efficacy has been whose Efficacy has been 
Demonstrated Demonstrated in in Randomized ControledRandomized Controled Trials,Trials,
withwith Fracture IncidenceFracture Incidence asas Primary EndPrimary End--PointPoint



1.1. Aim of TherapyAim of Therapy

≠≠ Treatment of Treatment of 
OsteoporosisOsteoporosis

= = Treatment ofTreatment of Patients Patients 
with Osteoporosiswith Osteoporosis

2.2. Never Too LateNever Too Late
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