
Osteoporosis
A systemic skeletal disease characterized by low bone mass and microarchitecture 
deterioration of bone tissue, with a counterpart increase in bone fragility and susceptibility to 
fracture (Am J Med 94: 646-50,1993)
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Ageing is the major culprit

With the increase of life expectancy, it has become a major public health problem because
fractures may increase dramatically mortality, morbidity and dependence, particularly in the 
elderly, with high costs for the social security budget

Safe and efficient treatments are available for fracture prevention: it is important to select 
patients who will benefit the most of these treatments, and therefore to diagnose osteoporosis
and evaluate fracture risk
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Type of Fracture Men Women

Forearm 4.6 20.8
Hip 10.7 22.9
Spine 8.3 15.1
Proximal Humerus 4.1 12.9

Other 22.4 46.4

Remaining Lifetime Fracture Risk (%) 
in Caucasian Population at the Age of 50

Johnell O. et al, Osteoporos Int 2005; 16 Suppl 2:S3-7



Health and economic consequences

• Cost
– 600.000 hip fractures in EU in 2010 (cost +/-

20.000€ per fracture> 12x109€ ) (Hernlund Arch 
Osteoporosis 8:136)

– 15.000 hip fractures in Belgium (300x106€)
• Mortality, morbidity, QUALY 



Alawarki OI 31; 119: 2020



Health related QOL after hip fracture 
(Dutch study:821 patients>65)

Utilities: mobility, self-care, usual activities, pain/discomfort and anxiety/depression
Kanters, Archives of Osteoporosis volume 15, Article number: 11 (2020)



Evolution of bone mass with age
Weaver CM, OI 2016
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Bone remodeling



Bone remodeling before and after 50 (    )
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Secondary osteoporosis
• Endocrine diseases: HPT1°, thyrotoxicosis, 

hypercortisolism, gonadal insufficiency,
• Nutrition: vitamin D deficiency (HPT2°), poor

calcium and protein diet
• Inflammatory diseases (RA, IBD)
• Neurological diseases (disuse)
• Renal failure (besides CKD-MBD)
• Drugs: corticosteroids, thyroid hormones 

(excess), aromatase inhibitors, androgen
deprivation treatment



Diagnosis

• Fragility fracture
• Low BMD at DXA
• High Fracture risk



1. Fragility fractures
• MOF’s

• Vertebral or hip fracture: treatment
• Proximal humerus, wrist: work up

• Non vertebral, non hip (NVNH) proximal: pelvis, 
shoulder, ribs

• NVNH distal: femur, tibia, elbow

• Mortality, morbidity
• All associated with an increased risk of subsequent

fractures >the important role of secondary prevention



2. Bone Mineral Density (DXA)

Lumbar spine Hip Radius



BMD (DXA): results

• DXA = absorbtion of two X-rays with different
energies (40 and 100 KeV) allows to separate bone
and soft tissue compartments

• XRay absorption = f (amount of mineral in the tissue 
(g HA), bone mineral content, BMC)

• Algorithm (thresholding) to calculate bone area (A 
(cm2))

• BMD = bone mineral (areal) density (g of HA per 
cm2)= BMC/A

• Ex: spine BMD = 1,052 g/ cm2



A low BMD increases fracture risk



Pitfalls for DXA

• Patient positioning
• Spondylarthrosis
• Scoliosis
• Vertebral fractures
• Aortic calcifications
• External artifacts
• Reference values



Osteoporosis diagnosis(WHO)

• BMD values converted in SD units : Z-score et 
T-score

• Z-score = observed value– mean reference
value for age, divided by SD of reference
values for age

• T-score = observed value– mean reference
value at peak (30y), divided by SD of 
reference values at peak

• Osteoporosis : T-score ≤ -2,5 



Limitations of the WHO definition
based on T-scores

• Osteoporosis: T-score of BMD measured by DXA at the hip or spine ≤ -2,5 was
chosen for epidemiology, then adopted as a diagnostic criteria

• Continuous relation between BMD and fracture risk: more than 50% of the 
fragility fractures occur in patients with osteopenic (-2,5<T<-1,0) or normal 
(T≥-1,0) BMD values (Wainwright, OI, 2005)

• Other risk factors besides BMD: bone quality (architecture, material), risk of 
falls …



TBS VFA



3. Assessment of fracture risk



Kanis. Osteoporos Int 2008; 19:1395-408; Kanis. Arch Osteoporos 2016; 11; Kanis. Osteoporos Int 2013; 24: 23-57; Dawson-
Hughes. J Clin Endocrinol Metab 2008; 93: 2463-2465; Tosteson. Osteoporos Int 2008; 437-447; Kanis. Arch Osteoporos. 2013; 

8: 144; McCloskey. Osteoporos Int 2015; 26: 2091-2099

Which patients should be treated based on FRAX?
~ intervention threshold

Q3: WHICH TOOLS should be used to diagnose 
osteoporosis and assess fracture risk in postmenopausal 
women?

Fracture risk assessment tools & treatment thresholds

BBC 2020 guidelines
To assess severity of osteoporosis and categorize patients 

at high vs. low risk of fractures by fracture risk assessment tool:

Threshold for individuals aged < 70 years:
10-year risk of MOF ≥20% 
10-year risk of hip fracture ≥3% 

Threshold for individuals aged ≥ 70 years:
10-year risk of MOF ≥20%
10-year risk of a hip fracture ≥5%



Anamnestic errors and risk estimation
F 70 BMI 22;0 T-score FN -2;2
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Validity of self reported fractures in prospective 
FRISBEE study (Baleanu F, Arch Osteoporosis 2020; 

Bone Reports 2020)
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Independent External Validation of FRAX and Garvan Fracture Risk 
Calculators: A Sub‐Study of the FRISBEE Cohort (Baleanu et al)

JBMR Plus, Volume: 5, Issue: 9, First published: 05 July 2021, DOI: (10.1002/jbm4.10532) 



Pharmacologic treatments

Anti-resorptive
• Activate ER: MNP Hormone 

Therapy, SERM 
(Raloxifène=Evista)

• Intoxicate osteoclasts: 
Bisphosphonates (long acting)
– Oral (Alendronate, Risedronate, 

Ibandronate)
– IV (Ibandronate, Zoledronate)

• Block osteoclast
differentiation: AntiRANK-
Ligand  (short acting) 
(Denosumab=Prolia)

Anabolic
• Acting on PTH1 receptor

– Teriparatide (PTH 
analog,Forsteo)

– Abaloparatide (PTHrP analog)

• Inhibiting sclerostin
(Romosozumab)



Iconaru L. et al Wich treatment to prevent an imminent fracture? Bone Reports, 2021 
Jul 9;15:101105



Treatment efficacy in real life

• Treatment gap after a first osteoporotic fracture
(Iconaru et al Osteoporos Int, 2020)

• Low adherence (<80%)
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Follow up of treatment efficacy

BMD: slow increase; long term reproducibility 1 to 2% > Least Significant Change 
(LSC) around 3-5%: min interval at follow up: 1 to 2 years

R. Eastell Journal of Bone and Mineral Research, 2021, DOI: (10.1002/jbmr.4433)



Take home messages
• Osteoporosis is a frequent condition, resulting from ageing, with major 

consequences for well beeing and public health because it increases the risk
of fracture, and associated mortality, morbidity and dependence

• Any fracture not resulting from a major trauma is a risk factor for 
subsequent fractures and justifies a work up to diagnose osteoporosis
(DXA, absolute fracture risk estimation)

• This diagnosis is essential because there are safe treatments which can
reduce fracture risk by 30 to 70% and which are cost efficient when given
to patients at high/very high risk

• DXA is central to osteoporosis diagnosis and management and thus it must 
be performed according to procedures which guarantee accuracy and 
reproducibility: errors in BMD measurement can result in over or 
undertreatment

• Fracture risk assessment tools like FRAX require that anamnesis over 
clinical risk factors is as precise as possible



Perspectives
– Diagnostic:

• Bone microarchitecture: HRpQCT (distal radius and 
tibia)

• Bone material quality:
» Matrix composition and mineralization, bone marrow fat 

(MRI spectroscopy) 
» Reference Point Indentation (RPI)
» Bone turnover markers

• Other risk factors (quantification, falls, muscle 
performance, diabetes and metabolic bone diseases…)

– Treatment: drugs and factors acting on cellular 
senescence: senolytics? 



THANK YOU

Questions? Vragen?
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