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Densitométrie osseuse

T-Score comme valeur diagnostique

+ 2,5 SD

+ 1 SD

Moyenne

- 2,5 SD
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T-Score = -1,8 SD

- 1 SD

Définition de l´ostéoporose chez la femme selon 

l´OMS
(critères diagnostiques)

Définition Densité osseuse    Stratégie

Normal
jusqu´à 10% de perte de densité
osseuse (T-score jusqu΄à -1 DS)

Ostéopénie
10 à 25% de perte de densité
osseuse (-1 DS > T-score > -2,5 DS)

   Prévention

Ostéoporose
25 % ou plus de perte de
densité osseuse
(T-score   -2,5 DS)

Ostéoporose
sévère

Ostéoporose avec fracture(s)

   Traitement

WHO Technical Report Series: 843; 1994
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DXA-based Vertebral Fracture Assessment 

(VFA)

Lateral Decubitus and Point-of-Care tools

Qualitative and quantitative! 

Semiquantitative visual 
grading of vertebral fractures

Normal

(Grade 0)

Mild fracture
(Grade 1, ~20-25%)

Moderate fracture
(Grade 2, ~25-40%)

Severe fracture

(Grade 3, ~40%)

Wedge 

fracture

Biconcave fracture Crush 

fracture

Genant & Wu

Lippuner K, Johansson H, Kanis JA, Rizzoli R, Osteoporosis Int 2009

Remaining Lifetime Fracture Probability at age 50

In Switzerland
• Case finding strategies

CRFs

BMD

T-score

< -2.5

Treat

Age >65y?

yes

CRFs

yes no

BMDBMD

T-score

< -1.5

Treat

T-score 

< -2.0

Treat

IOF                                       NOF (US)

CRF: Clinical Risk Factor

Ostéodensitométrie  : indications remboursées 
(Ordonance du 1er janvier 2003)

Remboursement

1. Ostéoporose clinique manifeste & fracture

2. Hypogonadisme

3. Traitement par glucocorticoïdes

4. Hyperparathyroïdie primitive

5. Ostéogenèse imparfaite

6. Maladies digestives & malabsorption

7. Au maximum une fois tous les 2 ans

DXA seulement : colonne et/ou hanche,

VFA non remboursée
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Men (n = 134)

Women (n = 563)

Osteoporosis Osteopenia Normal
(T score < -2.5 DS) (-1.0 <T score < -2.5 DS)

43% 43%

14%

46% 49%

5%

*DXA at the lumbar spine and/or at the hip

Prevalence of Osteoporosis* and osteopenia*
in 697 fractured patients (76%) with DXA

Geneva Osteoporosis Clinical Pathway

Chevalley et al Osteoporos Int 2002
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Relationships Between BMD, Age, 

and 

10-Year Fracture Risk

Kanis JA, et al. Osteoporos Int. 2001;12:989–995.

OP

February 2008

Ten-Year Fracture Probability
1. Major Osteoporotic Fractures:

Vertebrae, Hip, Humerus, Forearm,

2. Hip

-> Indication to Treatment

www.SVGO.ch

www.iofbonehealth.org

www.shef.ac.uk/FRAX

Appropriate candidates for using FRAX to assist with a 

treatment decision:

men aged > 50 years and postmenopausal women

- (1) who are not on treatment 

- (2) low bone mass (T-score between - 1.0 and - 2.5) 

- (3) no prior hip or vertebral fracture

- (4) an evaluable hip for DXA.

FRAX

Circumstances in which the FRAX tool is not appropriate

- Only applicable to untreated patients

- Unnecessary in patients for whom treatment is clearly 

indicated

-May not be appropriate for patients with T-scores better 

than - 1.0, as treatment has not been shown to be 

effective in this patient population

Age-adjusted relative risk 
of fracture

Previous fracture 2.1*

Corticosteroid use 2.3*

Family history 2.3*

Smoking / alcohol 1.6*

RA 1.7*

BMI 2.0†

*  Persistent effect after BMD adjustment

†  Effect lost after BMD adjustment

Kanis J, WHO Study Group (2005)

WHO-FRAX Algorithm



Limitations of the FRAX Tool (1)

- Dose-response is not taken into account for several of

the risk factors, (type/location/number of fractures,

glucocorticoid dose and duration, and smoking and alcohol

quantity and duration)

- Number of risk factors for fracture that are not incorporated

into the algorithm (bone turnover, risk factors for falls, 

pharmacological intervention, vitamin D, and physical 

activity)

- BMD input to FRAX is limited to the femoral neck

- Combinations of secondary causes of osteoporosis

- FRAX has not been validated in randomized clinical

intervention trials in patients who are included based on 

FRAX data

Limitations of the FRAX Tool (2)

- the increased subsequent fracture risk after an initial 

fracture is considered constant over time in FRAX

-A low number of types of fractures are predicted by FRAX

Hip, Spine, Wrist, Humerus

-NHANES III BMD Reference

- Country Disparity (Life Expectancy, Fracture Incidence)

0

0.2

0.4

0.6

0.8

1.0

1.2

Relative probability

Very high High Moderate Low risk

• Ten year probability of hip 

fracture compared with Sweden

Estimates of the Proportion of Older White Women Who 

Would Be Recommended for Pharmacologic Treatment by the 

New U.S. National Osteoporosis Foundation Guidelines

JBMR 2009

At least 34% of US white men aged 65 years and older and 

49% of those aged 75 years and older would be 

recommended for drug treatment

Estimates of the Proportion of Older White Men Who

Would Be Recommended for Pharmacologic Treatment

by the New US National Osteoporosis Foundation

Guidelines

JBMR 2010



Germany: Intervention Threshold

Depends on Fracture Probability (%)

DVO-Leitlinien 2006

Rapid Intervention, risk for further fracture = 

high

Vertebral-

Fx

>65>65>655439271980 Yrs

>65>65634331221675 Yrs

>65>65463223161270 Yrs

>654833221611865 Yrs

47342216118660 Yrs

3223151185455 Yrs

221610754250 Yrs

-4.0-3.5-3.0-2.5-2.0-1.5-1.0

DXA  T-score Spine or proximal Femur No Fx

Risk:      low (<20%)      intermediate (20-30%)        high ≥30%

Association suisse contre l’ostéoporose

(ASCO)

1. Fracture vertébrale ou de hanche √

2. ≤ - 2.5 T-Score √

3. Risque absolu de fracture (OMS-FRAX-Suisse) √

- Seuil variable en fonction de l’âge 

(-> risque équivalent à celui associé à une fracture prévalente 

vertébrale ou de hanche)

JUGEMENT CLINIQUE !
Recommandations 2010

Traitement

www.SVGO.ch

Age %

50 10

60 15

70 30

80 40

Exploration du métabolisme 

phosphocalcique
- Physiologie et exploration du métabolisme du calcium 

- Physiologie et exploration du métabolisme du phosphate

- Parathormone et vitamine D

- Evaluation du remodelage osseux: 

méthodes et indications

CalciumCalcium

BoneBone ExtraskeletalExtraskeletal

• Skeletal rigidity
(hydroxyapatite)

• Calcium store

• Skeletal rigidity
(hydroxyapatite)

• Calcium store

Calcium: its role

• Enzymes

• Muscles

• Nerves

• Secretion

• Cell signalling

• Enzymes

• Muscles

• Nerves

• Secretion

• Cell signalling

Calcium in the body

Cells: Cells: 10 g

Extracellular fluid: Extracellular fluid: 1 g

Bone and teeth: Bone and teeth: 1200 g



Circulating calciumCirculating calcium

Total calcium: 2.4 mmol/l

Protein-bound
mostly albumin

40%

Protein-bound
mostly albumin

1.0 mmol/l
40%

Complexed
(citrate,

bicarbonate,
phosphate,etc)

10%

Complexed
(citrate,

bicarbonate,
phosphate,etc)

10%Ionized

50%

Ionized
1.2 mmol/l

50%

Protein-Corrected Plasma Calcium (mM)

= Ca / [prot/160 + 0.55]

Albumine-Corrected Plasma Calcium (mM)

= Ca + [0.02 x (40-Albumine)]

Thode J et al 1989

N = 1213

Discordance rate 31%

with Ca

18% with Corr Ca

Calcium Ionisé : conditions de prélèvement 

- Membre au repos et sans garrot

- Seringue bien remplie (rôle de l ’héparine)

- Conditions anaérobies 

Daily calcium fluxes controlling
calcium homeostasis

Diet
1000 mg

Diet
1000 mg

Faeces
800 mg
Faeces
800 mg

Absorption
400 mg

Absorption
400 mg

Loss
200 mg
Loss

200 mg

Filtered
10000 mg
Filtered
10000 mg

Reabsorbed
9800 mg

Reabsorbed
9800 mg

CellsCells

fluid
Extracellular

fluid

Urinary excretion: 200 mgUrinary excretion: 200 mg

Accretion
300 mg

Accretion
300 mg

Resorption
300 mg

Resorption
300 mg

Calcitriol

Calcitriol

+

+

PTH

+

PTH

+
PTH
+

Evaluation of Main Calcium Fluxes

Calcium Flux Evaluation
•Net Intestinal Absorption 24 h Urinary Calcium 

Excretion

[ n: < 7.5 mmol/d in Men]

[ n: < 6.25 mmol/d in Women]

Urinary Pi > 32 mmol/d -> Dairy Products Origin

Urinary Sodium > 200 mmol/d -> High Salt Intake Origin

•Net Bone Resorption Fasting Urinary

Calcium/Creatinine [ n: < 0.5 mmol/mmol]

•Renal Tubular Reabsorption Index of Renal Tubular

Reabsorption

(derived from Fractional Excretion

of Calcium and a Nomogramme)

[ n: 2.40-2.90 mmol/l GFR] 



Calcium Absorption Test (Pak’s Test)

Time (min)  0 120 240 360

Urine Collect Collect

Breakfast with

1000 mg Calcium

Discard

Miction

Calcium/

Creatinine
(Phosphate,cAMP)

Dosage Calcium/

Creatinine
(Phosphate,cAMP)

Serum
(optional)

Calcium,Phosphate, 

Creatinine,PTH
Calcium,Phosphate, 

Creatinine,PTH

n: Increase Calcium/Creatinine < 0.5

= 15 mmol (45 mg), < 0.1% du pool  Pi

Distribution et rôle du phosphate dans l’organisme

( environ 700 g)

30 mmol

3 à 5 mol

Compartiment 
intracellulaire 
(non osseux)

Tube digestif

?

Alimentation
25 à 65 mmol/24h
(800 à 2000 mg/j)

Selles
15 à 20 mmol/24h

Absorption digestive
15 à 50 mmol/24h 

(70%)

Os

Accrétion
40 mmol/24h

Résorption
40 mmol/24h

15 à 20 mol

Secteur extracellulaire
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-

ReinUrines
25 à 50 mmol/24h

Homéostasie du phosphore

+

1,25(OH)D

« Phosphatonines »

FGF23       MEPE

sFRP-4      FGF-7

-

-

IIa

IIc

III

IIa

III

Insuline, alcalose

0.0

1.0

2.0

3.0

4.0

5.0 2.0

1.6

1.2

0.8

0.4

0.0

1.8

1.4

1.0

0.6

0.2

2.0

1.6

1.2

0.8

0.4

0.0

1.8

1.4

1.0

0.6

0.0

1.0

2.0

3.0

4.0

5.0

P
la

s
m

a
 P

i

R
e
n

a
l th

re
s
h

o
ld

 P
i (T

m
P

i/G
F

R
)

Secretion of parathyroid hormone

PTHPTHCa++Ca++

PTHPTH

Parathyroid cellParathyroid cell

Ca++Ca++

PTH (1–84)

Calcium sensorCalcium sensor

848411

Ca++Ca++

synthesis and secretionsynthesis and secretion

Human Parathyroid Hormone

1-34 and 1-84
1 10

20

30

Ser Val Ser Glu Ile Gln Leu Met His Asn
Leu

Gly
LysHisLeuAsnSerMetGluArgValGlu

Trp

Leu
Arg Lys Lys Leu Gln Asp Val His Asn Phe

50

40

6070

80

-COOH

H2N-
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Parathyroid hormone

Epitope:

•N-terminal

•C-terminal

•Mid-molecule

•Intact

•Intact «bioactive»

Half-Life:

Cleavage Site: 33-34 + 36-37

in Liver and Kidney

< 4 min

>90 min

4 min

7-

2-

PHP

% of biologically active PTH

Gao P, JBMR 2001

2°HPT 

Parathyroid hormone

Vitamin D metabolism

UV lightUV light Vitamin D
(cholecalciferol)

Vitamin D
(cholecalciferol)Diet

• PTH
• Hypocalcemia
• Hypophosphatemia
• IGF-1

• PTH
• Hypocalcemia
• Hypophosphatemia
• IGF-1

25OHD
3

25OHD
3

Target organsTarget organs

1,25(OH)
2
D

3
1,25(OH)

2
D

3

++

Skin 80%80%

20%20%

Circulating forms of vitamin D

Half-lifeHalf-life

1 – 5 nmol/l

20 – 100 nmol/l*

50 – 150 pmol/l

1 – 5 nmol/l

20 – 100 nmol/l*

50 – 150 pmol/l

Circulating
levels

Circulating
levels

4 – 5 days

10 – 20 days

5 – 18 hours

4 – 5 days

10 – 20 days

5 – 18 hours

• Vitamin D

• 1,25(OH)
2
D

3

• Vitamin D

• 25OH D
3

• 1,25(OH)
2
D

3

*Reflects vitamin D supply and status*Reflects vitamin D supply and status

Méthode de dosage de la vitamine D

Méthode de dosage de la vitamine D (1)

Nombreuses méthodes de dosage de la 25(OH)D:

- RIA,

- Chemiluminescence,

- ELISA, 

- HPLC-UV, 

- HPLC

-LC-MS/MS, 

(Liquid chromatography tandem mass spectrometry).



Facteurs influençant le dosage de la 25(OH)D

- Nature lipophile de la molécule (interférence non-

specifique des autres lipides)

- Nécessité de déplacer l’analyte de la VDBP

- Capacité à reconnaître la vitamine D2 et D3

- Présence d’épimères

Reproductibilité proche < 10 %

Exactitude ?

3-epi-25OHD3

Lensmeyer et al, 2012

The 3 epimer concentration ranged from 0 to 25.5%

of the 25(OH)D3 concentration.

Overreporting of vitamin D deficiency with the Roche Elecsys 

Vitamin D3 (25-OH) method

- Electrochemiluminescence immunoassay (ECLIA)



Quoi mesurer  ?

- 25-OHD3, 25-OHD2, les deux métabolites , ou la 1,25-

OHD? 

25-OHD3 et 25-OHD2 = 25-OHD totale

1,25-OHD : diagnostic de l’hypercalcémie

et de formes rares d’hypophosphatémie

La 25-OHD et 1,25-OHD sont-il stables durant le transport ?

-Très stables même à température ambiante et après  

plusieurs cycles de congélation/décongélation

Quels tubes ?

Sérum ou plasma

Bone Remodeling

1. Maintenance of Mechanical Strength

(Replacement of Fatigued Bone, 

Prevention of Excessive Aging)

2. Supply of Bone Marrow with Growth Factors

3. Mineral Homeostasis (Calcium Release)

Biochemical Markers of Bone Remodeling

Bone Formation

Total Alkaline Phosphatase

Bone Specific Alkaline Phosphatase

Osteocalcin

Procollagen Type I Carboxyterminal Propeptide (PICP)

Procollagen Type I Aminoterminal Propeptide (PINP)

Bone Resorption

Hydroxyproline

Deoxypyridinoline

C-terminal I Collagen Cross-linking Telopeptide (CTX)

N-terminal I Collagen Cross-linked Telopeptide (NTX)

Hydroxyglycosides

Bone Sialoprotein

Tartrate-resistant acid phosphatase



Emerging biochemical assessment:

Type 5b tartrate-resistant acid phosphatase

Janckila et al, 2009

Potential Uses of Markers of 

Bone Remodeling

Identify patients who need treatment
• Correlate with bone loss
• Correlate with fracture risk

Help in selecting therapeutic agent

Early indicator of response to treatment

Evaluate patients who are not responding to 
conventional treatment

Correlation coefficients between bone formation rate as seen 

on bone biopsies and serum markers of PTH, bone-specific 

ALP (BAP)

KDIGO guidelines, KI 2009

Conclusion

Evaluation of bone turnover

- Isolated use of iPTH has poor diagnostic performance 

for the type of ROD

- Serum iPTH and bAP are complementary


