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Maladie générale du squelette caractérisée par une 
masse osseuse basse et une 
altération de la microarchitecture du tissu osseux 
conduisant à une augmentation de la fragilité 
osseuse et un risque accru de fractures.

Ostéoporose: Définition



Kanis et al Osteoporos Int (1997)7:390-406

Définition de l’ostéoporose chez la femme 
selon l’OMS (critères de remboursement)

Définition Densité osseuse   Stratégie 

Normal T-score ≥ -1 DS 

Ostéopénie -1 DS> T-score > -2,5 DS 
    Prévention 

Ostéoporose  T-score £  -2,5 SD 

Ostéoporose 
sévère Ostéoporose avec fracture(s) 

    Traitement 
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Low Incidence of Anti-Osteoporosis
Treatment After Hip Fracture

By Véronique Rabenda, MSc, Johan Vanoverloop, MSc, Valérie Fabri, MD, Raf Mertens, MD, François Sumkay, PhD,
Carine Vannecke, MD, PhD, André Deswaef, PhD, Gert A.Verpooten, MD, PhD, and Jean-Yves Reginster, MD, PhD

Month 3          Month 6 Month 9 Month 12 After Month 12

Alendronate       311(1.34%)     534 (2.3%) 655(2.83%)        735 (3.18%) 1.053 (4.5%)

Risedronate       42 (0.18%)      64(0.28%) 79 (0.34%)         94 (0.41%)           163 (0.7%)

Raloxifene         30 (0.13%)      68 (0.29%) 88 (0.38%)        106 (0.46%)         160 (0.7%)

Total 383 (1.65%)    666 (2.88%)   822(3-55%)       935 (4.04%)         1.376 (6%)

Cumulative Number of Patients with Hip Fracture According to Type of Treatment at Progressive Time Periods

Rabenda V. et al. JBJS Am 2008;90:2142-8.
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Persistence with treatment in the total population of patients who began alendronate treatment 
(including the daily group, weekly group, and switch group) after the occurrence of a hip fracture

Rabenda V. et al. JBJS Am 2008;90:2142-8.



N Engl J Med 2007;357:1799-809.



FREQUENT ?



Osteoporosis International 2019, 30(3): 3-44 / Osteoporosis International 2000, 11(3): 669-74

Remaining lifetime probability of a major osteoporotic fracture 
at the age of 50 and 80 years in men and women from Sweden.



SEVERE ?



Conséquences de la fracture de hanche

Dans l’année qui suit la fracture de hanche :

• 20% de mortalité chez les femmes 
• 36% de mortalité chez les hommes

• 27% des personnes atteintes vont entrer pour la 
1ère fois dans une maison de convalescence 

• 40% ne peuvent plus marcher sans assistance 

• 60% ont des difficultés dans des gestes essentiels de la vie 
courante 
(ex : faire sa toilette, cuisiner, s’habiller)

• 80% ont des difficultés dans d’autres activités quotidiennes (ex: 
courses, voiture)

Cooper.Am.J.Med. 1997;103: 12S-19S



Identification des patients à risque

Génétique :
• Anamnèse familiale (mère)
• Silhouette gracile (poids)

Mode de vie :
• Abus de nicotine
• Abus d’alcool
• Malnutrition
• Sédentarité

Médicaments :
• Glucocorticoïdes
• Hormones thyroïdiennes
• Anti-épileptiques

Maladies :
• Affections rhumatismales inflammatoires
• Maladies intestinales inflammatoires
• Malabsorption
• Insuffisance rénale chronique

Situation hormonale :
• Ménopause précoce (avant 45 ans)
• Hypogonadisme
• Hyperthyroïdie
• Hyperparathyroïdie
• Syndrome de Cushing

RISQUE DE FRACTURE :
• Age
• Fracture à l’âge adulte
• Densité minérale osseuse basse



Osteoporosis International 2019, 30(3): 3-44 / Osteoporosis international 2001, 12:989-95.

Ten-year probability 
of hip fracture

in women from Sweden
according to age and T-score

for femoral neck.



Homme normal 0.5 %
Ménopause installée 1.0 %
Ménopause récente 2.0 %
Aromatase Inhibiteurs (AI) 2.6 %
Greffe moëlle 3.3 %
Antiandrogènes 4.6 % 
AI + GNRH agoniste 7.0 %
Castration post chimio 7.6 %

Glucocorticoïdes > 10 %

Perte Osseuse et Traitements Oncologiques 
Réduction DMO Lombaire à 1 an  

Primer on the Metabolic bone diseases and disorders of Mineral Metabolism



Evaluer le risque de fracture ???

?



Evaluer le risque de fracture ???



Kanis J.A. et al. Osteoporosis Int. 2008 (19) 







Osteoporosis International 2019, 30(3): 3-44 

The density of central DXA equipment
(units/million of the general population)
in the EU countries in 2010.







Osteoporosis International 2019, 30(3): 3-44 / Osteoporosis international 2013, 24: 23-57.

The 10-year probability of a major osteoporotic fracture by age in women with a prior fracture and no other 
clinical risk factors in five major EU countries as determined with FRAX (version 3,5).



Osteoporosis International 2019, 30(3): 3-44 / Osteoporosis international 2013, 24:23-57.

Intervention thresholds as set by FRAX-based 10-
year probability (%) of a major osteoporotic fracture 
equivalent to women with a previous fracture (no other 
clinical risk factors, a body mass index of 24 kg/m² and 
without BMD).

The lower assessment thresholds set by FRAX is 
based on the 10-year probability (%) of a major 
osteoporotic fracture equivalent to women without 
clinical risk factors (a body mass index of 24 kg/m2 
and without BMD). 

The upper assessment threshold is set at 1.2 times 
the intervention threshold. Population weighted mean 
values for the five major EU countries.



Osteoporosis International 2019, 30(3): 3-44 / Osteoporosis international 2013, 24:23-57.

Assessment of major osteoporotic fracture risk 
in countries with high access to DXA. 

DXA is undertaken in women with a clinical 
risk factor.

Assessment with DXA and/or treatment is not 
recommended where the FRAX probability is 
lower than the lower assessment threshold 
(green area). 

BMD is recommended  in other women and 
treatment recommended where the fracture 
probability exceeds the intervention threshold 
(dotted line). 



Traitements de l’ostéoporose



Traitements de l’ostéoporose
• Antirésorbeurs

Calcium
Œstrogènes ± progestatifs
Modulateurs récepteurs oestrogénique: Raloxifène, …
Tibolone
Calcitonines
Bisphosphonates: Etidronate, Pamidronate, Alendronate,

Risédronate, Ibandronate, Zolédronate….
• Denosumab

• Ostéoformateurs
Tériparatide ; Romosozumab

• Divers
Anabolisants, Vitamine D et dérivés, Diurétiques, Ipriflavone, …



Importance de la Microarchitecture

Mosekilde, Bone Miner 10: 13-35 (1990)



Akeem A. Yusuf   Archives of Osteoporosis (2018) 13: 33.



Alendronate (FIT study)
Réduction rapide du risque de fracture
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Le Risedronate Réduit Systématiquement le Risque 
de Fractures Vertébrales déjà après 1 an

Adapted from:  1.Harris et al.  JAMA 1999; 282(14):  1344-52; 2. Reginster et al.  OI 2000; 11:  83-91;
3. Greenwald et al.  JBMR 2000; 15 (Suppl 1): S226; 4. Wallach, et al.  Cal Tiss Int 2000; 67:  277-85,

61%*65%*
55%*

70%*

*p<0.05 vs. control
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Bisphosphonates Bind to Bone and Inhibit 
Osteoclasts at the Bone Surface

Mechanism of action representations are for illustrative 
purposes only and are not meant to imply any clinical efficacy

RANK Ligand

RANK

Bisphosphonate

OPGDifferentiated 
osteoclast

Activated 
osteoclast

Osteoclast 
precursor

Osteoblasts
2

Bisphosphonates 
inhibit osteoclast-

mediated resorption

Bisphosphonates bind to 
bone and are taken up by 

mature osteoclasts
1

Baron R, et al. Bone. 2011; 48: 677-692; 
Russell RG, et al. Ann NY Acad Sci. 2007;1117:209-257
©2017 Amgen Inc. All rights reserved.



Denosumab, a RANK Ligand Inhibitor, Inhibits 
Osteoclast Formation, Function, and Survival

2
Prolia® prevents 

RANK ligand from 
binding to RANK 3 Prolia® inhibits 

osteoclast formation

RANK Ligand

RANK

OPG

Prolia®

Differentiated 
osteoclast

Activated osteoclast

Osteoclast 
precursor

Osteoblasts

1
Prolia® binds 

to and inhibits 
RANK ligand

4
Prolia® inhibits 

osteoclast function 
and survival

Prolia® (denosumab) Summary of Product Characteristics, latest version; Baron R, et al. Bone. 2011; 48: 677-692.
©2017 Amgen Inc. All rights reserved.



Q6M = once every 6 months; BMD = bone mineral density; CTX-I = type I C-telopeptide; DXA = dual-energy x-ray absorptiometry
McClung MR, et al. N Engl J Med. 2006;23:821-831
Peterson MC, et al. J Bone Miner Res. 2005;20(Suppl 1):S293;Abstract SU446 and poster
CHMP public assessment report (EMA/21672/2010)
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Denosumab transition studies – overall results at the hip

ALN – alendronate; DMAB – denosumab; RIS – risedronate; IBN – ibandronate; ZOL – zoledronate
TTR – transition to risedronate, TTI – transition to ibandronate, TTZ – transition to zoledronate; Data are least-squares means and 95% confidence intervals. 
§ - p < 0.0001; ‡ - p < 0.001.  Miller PD, et al. ASBMR 2015 poster SU0340 (Data adapted from Roux C, et al. Bone. 2014; 58: 48-54. Recknor C, et al. 
Obstet Gynecol. 2013; 121: 1291-9.. Kendler DL, et al. J Bone Miner Res. 2010; 25: 72-81. Brown JP, et al. J Bone Miner Res. 2009; 24: 153-161. Miller PD, 
et al. J Clin Endocrinol Metab. 2016; 101: 3163-3170)
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Denosumab significantly lowers relative risk of fractures 
at 36 months 
Phase 3: The FREEDOM Trial 

ARR = absolute risk reduction; RRR = relative risk reduction
Cummings SR, et al. N Engl J Med. 2009; 361: 756-765
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FREEDOM Extension 

Placebo (n=3906) Long-term denosumab (n=2343)Crossover denosumab (n=2207)

Lumbar Spine Total Hip

Data represent least-squares means and 95% CI.
ap<0.05 compared with FREEDOM baseline. bp<0.05 compared with FREEDOM and extension baselines.
BMD = bone mineral density. Adapted from: Bone HG, et al. Lancet Diabetes Endocrinol. 2017; 5: 513-523.
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Through 10 Years With Denosumab Treatment
FREEDOM and the Open-Label FREEDOM Extension
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Adapted from: Bone HG, et al. Lancet Diabetes Endocrinol. 2017; 5: 513-523..

The primary endpoint of the open-label extension study was safety and tolerability of denosumab for up to 10 yrs. Fractures were
collected as AEs in this study. 



Yearly Exposure-adjusted Participant Incidence 
of Adverse Events per 100 Participant-years of 
Follow-up
FREEDOM and the Open-Label FREEDOM Extension

Analyses were based on the original randomized treatments in FREEDOM. All adverse and serious adverse events were coded using MedDRA v13.0.
N = number of women who received ≥1 dose of investigational product in FREEDOM or the Extension. All subjects treated with denosumab during 
FREEDOM are included in the first 3 years. Years 1-7 of denosumab exposure include the first 7 years for the long-term group, and the 7 years of the 
active treatment extension for the cross-over group. Years 8-10 are the last 3 years for the long-term group only.

Adapted from: Bone HG, et al. Lancet Diabetes Endocrinol. 2017; 5: 513-523.

Years of treatment
Placebo Long-term and crossover denosumab groups combined

1 2 3 1 2 3 4 5 6 7 8 9 10

N = 3,883 3,687 3,454 6085 5787 5452 4099 3890 3582 3261 1743 1585 1451
All adverse events 189.5 156.3 132.8 165.3 137.8 124.6 129.9 110.9 110.0 108.4 107.6 109.5 95.9

Infections 38.6 33.9 31.7 35.1 30.3 29.5 29.1 26.0 27.2 26.5 27.0 27.0 23.0
Malignancies 1.8 1.6 1.5 1.9 1.5 2.2 2.3 2.4 2.2 2.7 1.7 2.6 1.6
Eczema 0.8 0.5 0.6 1.4 1.1 1.0 1.1 1.2 0.9 0.7 0.8 0.9 1.3
Hypocalcemia <0.1 0 <0.1 <0.1 <0.1 0 <0.1 0.1 0 <0.1 <0.1 0 0.1
Pancreatitis <0.1 <0.1 0 <0.1 <0.1 <0.1 0 <0.1 0.1 <0.1 0.1 <0.1 0

Serious adverse events 11.7 11.9 10.8 12.0 11.5 12.3 11.5 12.9 12.6 14.4 11.5 13.1 12.3
Infections 1.1 1.4 1.4 1.5 1.6 1.4 1.4 1.3 1.9 2.3 1.2 1.5 2.6

Cellulitis or erysipelas 0 0 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 0.1 <0.1 0.2 <0.1 0.1
Atypical femoral fracture 0 0 0 0 0 <0.1 0 0 0 <0.1 0 0 0
Osteonecrosis of the jaw 0 0 0 0 <0.1 0 <0.1 0 0.2 <0.1 0 <0.1 <0.1
Fatal adverse events 0.8 0.8 1.0 0.7 0.6 0.7 0.5 0.8 0.9 1.5 0.7 1.0 0.9



10 ans Alendronate: DMO (lombaire) 
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ALN 20 mg/ALN 5 mg/Placebo (n=83)

Adapted from Bone HG et al N Engl J Med 2004;350:1189–1199.

The mean percent change from baseline to year 10 appears in parentheses following each treatment group.

(9.3%) p<0.001



128The numbers in parenthesis are 95% confidence interval calculated based on a t-distribution for BMD. P value is obtained from ANOVA with treatment and 
region as explanatory variables.
Adapted from Black DM, et al. J Bone Miner Res. 2012; 27:243-254 and available upon request
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After Denosumab Discontinuation, BMD Returns Toward 
Baseline Levels Within 1–2 Years But Remains Higher Than For 

Subjects Who Received Placebo1

*Includes subjects enrolled in the off-treatment phase with observed values at Month 0 and time point of interest.              †P ≤ 0.0071 vs placebo. 
BL=baseline; BMD=bone mineral density; CI=confidence interval; LS=least-squares; Q6M=once every 6 months
1. Adapted from: Bone HG, et al. J Clin Endocrinol Metab. 2011;96:972-980.
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Denosumab Re-treatment and Changes to 
Serum CTx and BSAP Levels

Phase 2: Postmenopausal Women With Low BMD

Adapted from Miller PD, et al. Bone. 2008;43:222-229.
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Denosumab Re-treatment and Changes in 
Lumbar Spine and Total Hip BMD

Phase 2: Postmenopausal Women With Low BMD

Adapted from Miller PD, et al. Bone. 2008;43:222-229.
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132

Core study:†P < 0.001 relative risk reduction vs. placebo (PBO).
*P = 0.0348, relative risk reduction vs Z3P3; n = the number of patients in the analysis population with X-rays at Year 3 and Year 6 
ITT = intention to treat , Z3P3 = ZOL for 3 years and placebo for 3 years, Z6 = ZOL for 6 years.
1. Adapted from Black DM, et al. N Engl J Med. 2007;356:1809–1822 and available upon request 2. Adapted from Black DM, et al. J Bone Miner Res. 
2012; 27:243-254 and available upon request

1233 randomized to Extension

6.2%
(30/486)

3.0%
(14/469)

49%*
(26, 95)

3.3%
(92/2822)

Core Study1 Extension Study2

10.9%
(310/2853)

70%†
(62, 76)

Z3P3 Z6ZOL Core Study (Yr 0–3)PBO

0

5

10

15

Risque fracturaire à l’arrêt du traitement par acide 
zoledronique

Pa
tie

nt
s 

w
ith

 N
ew

 V
er

te
br

al
 F

ra
ct

ur
e 

(%
)



Journal of Bone and Mineral Research 2018 33(2) 190-8.



Journal of Bone and Mineral Research 2018 33(2) 190-8.





Follow-on Alendronate Therapy Prevented 
Reductions in Spine and Hip BMD in Subjects 

Who Discontinued Denosumab

BMD=bone mineral density
1. Freemantle N, et al. Osteoporos Int 2012;23:317-326. DAPS = Denosumab Adherence Preference Satisfaction
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Can Med Assoc J 2012 184(8).

Bisphosphonates users non users
10.827 923.320

Uveitis incidence 29/10.000 20/10.000

Scleritis incidence 63/10.000 36/10.000

Number needed to harm 1.100 370



1. JBMR 2014; 29(1).   2. BMC Musculoskeletal Disorders 2017 (18).

1

1

2

2

3.2 to 50 cases per 100,000 person-years. 





Biomed Res Int. 2018 



Biomed Res Int. 2018 



Biomed Res Int. 2018 





Calcif Tissue int 2016 (98) : 370-80.   (2) N Engl J Med 370:412–420

Percent changes of lumbar spine and 
total hip BMD during treatment of 
postmenopausal women with low 
bone mass with

• Romosozumab (ROMO) 210 mg 
once-monthly sc

• Teriparatide (TPTD) 20 µg daily sc

• Alendronate (ALN) 70 mg 
once-weekly orally

• Placebo. 
a = p\0.05 between ROMO and placebo,

b = p\0.02 between ROMO and ALN, 

c = p\0.02 between ROMO and TPTD (2)



[FRAME] N Engl J Med. 2016 375(16):1532-1543.


