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Inquadramento clinico
delle fratture da fragilita

Dott. Gianluca Marzi
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Cosa si intende per frattura da fragilita?

Frattura causata da un trauma a bassa energia che non fratturerebbe un osso sano.

» Sedi escluse: cranio, volto, dita di mani e piedi;
* Fratture patologiche (neoplasia, metastasi, altra patologia ossea locale) e Fratture da stress

Fracture type

Description

Osteoporotic (fragility) fractures

Major osteoporotic fracture®

Minor osteoporotic fracture

Traumatic fracture

Pathologic fracture

Stress fracture

Fractures associated with impaired bone strength

Caused by a significant external impact force or
injury

Occur secondary to altered skeletal physiology and
mechanics in the setting of a benign or malignant
lesion’

Associated with major recent increase in physical
activity or repeated excessive activity with limited
rest®

Examples

Clinical, vertebral, hip, humerus, and
forearm fractures?’®

All other fractures except face, hands, skull,
feet, ankles

Force greater than a fall from standing
height

Fracture in a bone affected by malignancy or
multiple myeloma or other skeletal
pathology

Tibia, tarsal navicular, metatarsal stress
fracture in runners, fibula, femur, pelvis, and
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Fratture maggiori vs fratture minori

Left Half of Skeleton - Right Half of Skeleton

African-American Man

Age 65-79 years Frattura osteoporotica maqggqiore (MOF)
* Femore prossimale =2 19.6%

FRAAX Colonna Vertebrale> 15,5%
« Radio distale

Caucasian Woman
Age > 80 years

. -2 17,9%
 Omero prossimale
i Fratture "minori”
. e Pelvi
e« Sacro
| « Coste - 49%
§‘ « Femore distale
s/ XA « Omero distale
§ ,:i. Warriner et al, 2011 Roux et al, 2012
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Fratture maggiori vs fratture minori

 Rischio di rifrattura +69% nelle donne e +106% negli uomini dopo NonMOF, contro
+76% e +109% dopo MOF;

 Le NonMOF comportano comunque un eccesso di mortalita sostanziale: +37%
nelle donne, +33% negli uomini.

Subsequent fracture risk Mortality risk
s 1.76 (1.56-1.98) ——— 1.75 (1.54-1.99)
MOF

2.09 (1.53-2.85) 2.26 (1.81-2.81)
—_— 1.69 (1.47-1,95) —_— 1.37 (1.16-1.60)

Non MOF
2.06 (1.52-2.80) 1.33(1.03-1.72)

05 1 2 3 4 5 06 2 3 B 5
B Women B Men

Schwarcz Y, et al 2024
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Le fratture di coste come campanello d’allarme

Una frattura costale a basso trauma e associata a bassa BMD, predice fratture

successive e aumenta la mortalita.

Una storia di frattura costale dopo i 45 anni aumenta di 5,4 volte il rischio di nuova
frattura costale e di 2,4 volte il rischio di qualsiasi nuova frattura.
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Fig. 1. Location of rib fracture in both sexes.
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Fratture non osteoporotiche e rischio di frattura

Osteoporosis International (2024) 35:1839-1847
https://doi.org/10.1007/s00198-024-07169-3

Males | [ Females

ORIGINAL ARTICLE A.]

Check for
updates

Non-osteoporotic fractures are associated with increased risk
of subsequent major osteoporotic fractures

Yonatan Schwarcz'2® - Chen Yanover®*® : Vanessa Rouach? - Shai Luria*® - Inbal Goldshtein®®

" General population
404 & Major osteaporolic
Table 4 Exposure groups fracture distribution E . Minor osteoporotic
] :
Major-asteoporotic Minor-osteoporotic Non-osteoporotic :' @ Non-osteoporotic
=1
Fracture site Frequency Fracture site Frequency Fracture site Frequency g
Qb
a
Distal Radius 24.1% Clavicle 37.3% Hand 42.3%
- Diistal Radius and Ulna 2.7% Rib 23.6% - Phalanx of Hand 24.5% §
Proximal Humerus 28.1% Elbow 18.8% - Thumb injury 4.3% 5
Proximal Femur 34.2% - Upper end of Forearm 11.9% - Metacarpal bone 17.0% a
Vertebral Column 14.7% - Diistal Humerus 6.8% Foot 30.1% %
- Lumbar Spine 6.2% Pelvis 11.6% - Forefoot 25.9% E
- Thoracic Spine 5.8% - Pubis 9.1% - Tarsal bone 35% g
u
- Cervical Spine 2.1% Femur 5.0% - Calcaneus 1.6% he]
- Femur Shaft 24% Fibula 7.2% E
- Diistal Femur 21% Tibia 3.4%
Scapula 3.5% - Tibia and Fibula 1.3%
Sternum 2.5% Ankle 25.3%
Proximal Tibia 2.0% - Distal Fibula T.0%
Vertebral Column 1.7% - Distal Tibia 3.2%

- Closed distal Tibia and 1.2%
distal Fibula

Skaull 5.1%
- Facial bone 2.9% 04
Patella 224
50 B0 70 80 50 50 B0 70 50
Age
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Perché avviene la frattura?

Resistenza Ossea

' Qualita Ossea
BMD

Forza del Trauma




La frattura ad alto trauma esclude I'osteoporosi?

A) I_ncident Major Osteoporotic Fracture (MOF)

| |
Women Men

[ | |
High-Trauma  Low-Trauma  High-Trauma  Low-Trauma

Cumutative Proportion Surviving, MOF
2 v
Cumuative Proportion Surviving. MOF
(-] (-]
k-] ~

BMD Location Fracture Fracture Fracture Fracture

TDTE' hID Any prior fracture Price MOF
Age-adjusted? 147(128169 150(144-156) 158(1.27-1.97) 167(1.49-187) rotacrs , o tscure
Mutivariate-aciusted®  145(1.23-1.72) 149(1.42-157) 154(1.20196) 1.69(1.49-191) e N u ik

Femoral neck . | Time, years Time, yoars
Age-adjusted? 133(115153) 149(143156) 147(1.17-185 165(146-186  ©) Imcident Any Fracture
Mutvariate-aciusted® 123 (1.04-1.46) 146(1.39-153) 1.41(1.10-1.79) 1.66(1.46-189

Lumbar spine
Age-acjusted? 139(121-160) 138(1.32-143 154(1.23-1.93) 1.47(1.31-164)

Mutivariate-adiusted®  1.30(1.11-159 1.35(1.29-142) 147(1.16-185 1.41(1.26-159

o
-~

Any prior fracture
no fracture
high-trauma
ow-trauma

Cumulative Proportion Surviving, ANY fracture
e -

Cumuative Proportion Surwang. ANY fracture
4 & A 4 -

Time, years Time, years
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L'inquadramento clinico delle fratture da fragilita e
cruciale perche ogni frattura e un "evento sentinella”

che segnala la presenza una malattia osteo-metabolica

sottostante e apre una finestra di rischio immediato.
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Da cosa partire?

/

—

Obtain history, perform physical
examination, and assess clinical risk factors

Reassess at

— ———

History of fragility fracture

l

|

appropriate -=-———
interval

g

Suspicion for vertebral Fractur%
on the basis of history and physical

examination (e.g., height loss >1.5 in.

|

[>3.8 cm), kyphosis, chronic steroid use,

=65 Yr of age or <65 yr of age
plus =1 risk factor

<65 Yr of age, no risk factors, low
suspicion of vertebral fracture

other risk factors for vertebral fractu

Y

Fragility fracture present

DXA not available

Osteocporosis

Image spine to perform risk Measure bone mineral
stratification and guide density by DXA
pharmacologic management
l Y l
T score -1.1 to -2.4 Mormal bone mineral
- T score -2.5 or less . .
. (osteopenia) density

l

Perform DXA if not already done

Consider alternate diagnoses
based on history and labora-
tory evaluation

Perform minimum laboratory
evaluation to exclude contra-
indications to various drug
therapies: serum creatinine,
calcium, albumin, 25-OH
vitamin D, alkaline phospha-
tase, phosphate, CBC

High risk
—— MOF =20%
Hip =3%

l

Obtain TBS if available
and osteopenia present

|

Estimate fracture risk

i

(FRAX) with or without
adjustment for TBS

Black DM et al, 2016

Intermediate risk
MOF <209
Hip <3%




Valutazione fattori di rischio

Risk factors and secondary causes of RCLLllL
Oyst Fbxoss osteoporosis and fragility fractures e ; N
. mocystinuria . ,*  Low Calcium Intake N
0 Osteogenesis imperfecta * 4 Vitamin D Insufficiency *
‘. Ehlers-Danlos Syndrome ' . Excess Vitamin A .
K Hypophosphatasia % <ostyle Factors ; High Caffeine Intake %
2 Gaucher's Disease " enetic \'\‘e ’ High Salt Intake y
. Idiopathic Hypercalciuria . G Fao Aluminum (in anlacids) '
2 Porphyria ’0 Inadequate Physical Activity :
. Glycogen slorage diseases “ B e N /:9 < Immobikization '
~ Marfan Syndrome ) / s Smoking 4
. Riley-Day Syndrome ' £ Faling '
> Hemochromatosis > - Thinness and low BMI ;
[ Menkes Steely : . Alooholism i
- Hair Syndrome . & .’
. Parental History of Hip Fracture ’ . = i
'0' Androgen Insensitivity Turner's '0' axologlc DisOrd g PRI .
A & R pe™ ery
*s,  Klinefelter's Syndromes o — e
% o* ~ . gl 4
"-... " .--"'. Ce”a!] 2 - “.
LY oL mgm _geven=Say .-l- - \S e 'l H'"‘Wi s . gom agm
Non modificabili - I winimeens % Modificabili
. s D[ S . Syslemic Mastocylosis
Chronic Obstructive €3 ' Leukemia !
Pulmonary Disease e Gastroj Nia % Lymphoma i
Muscular Dystrophy '. : ‘e8¢ Sickle Cell Disease |
N Amyloidosis ' . Thalassemia '
' End Stage Renal Disease s 7
¢ Parenteral Nutrition ' * o
. Chronic Metabolic Acidosis : ; ) i o
- Epilepsy Post-Transplant ‘ . o‘ders o o, . 00000 ONT e 3
' Bone Disease ~ 0\5 — =3
. Congestive Hear! Fallure ' O
A Idiopathic Scoliosis ] 9.
Prior Fracture as an Adult 6
Depression Celiac Disease
Muitiple Sclerosis o a Inflammatory Bowel Disease
Sarcoldosis C o Xl . Primary Biliary Cirrhosis
. HWV/ADS .7 " Yeu, ’,' ‘.. Gastric Bypass
TR "o Adrensl insuffciency o7 Mscoupuaits Qpa) "‘E’I";’s“’g"q°"
Disbetes Mellitus y Lithium K
£ Hyperthyroidism ', « Glucocorticoids (> 5mg of prednisonss Pancreatic Disease
! Cushing’s Syndrome . . of equivalent for > 3 months) ', ‘ "
' Hyperparathyroidism . Cancer Chemotherapeghc Drugs . M Ankylosing '
3 Hypogonadal States by Aromatase Inhibitors ' ' Spondylitis 4
' Panhypopituitarism ] Cyclosporine A : ] Lupus )
- Athletic Amenorrhea !« Gonadotropin Releasing Hormone Rheumaloid Arthrilis |
. Anorexia Nervosa ¢ L Agonists : : '
* Bulimia 3 v Depo-medroxyprogesterone J ' :
% Hyperprolactinemia i * Tacrolimus G r o WRE YN
N - . It ’ . - 2 - -y
*, Pramature Ovarian Failure ¢ . Anticonvulsants . al 4 <% % Universita
e L *az. Barbiturates  _.* & = d li Studi
s’ B - degli Studi
. Sanan=” e o o -
Ruggiero et al, 2025 "W« diFerrara



Cifosi e fratture vertebrali

[MPa]

1.00

9.62

424

1.48
1 0.10
C d e & Universita
v degli Studi
% di Ferrara

Okamoto, 2015



. . Reassess at
Obtain history, perform physical appropriate -]

i

examination, and assess clinical risk factors nterval
* | |
History of fragility fracture Suspicion for vertebral fracture high
i or tl.qe ?,HSIS of h';tqwh:';d phylméz E,Il =65 Yr of age or <65 yr of age <65 Yr of age, no risk factors, low
examination {e.g., CIgAT 0SS >3 1. plus =1 risk factor suspicion of vertebral fracture
[>3.8 cm), kyphosis, chronic steroid use,
or other risk factors for vertebral fracture) DXA not available
/+\ L
Eragility fract ; Kmage spine to perform risk ) Measure bone mineral
ragllity fracture presen stratification and guide density by DXA
harmacologic management
\phar g gement
—_————
' ' '
: Tscore-1.1to-2.4 Normal bone mineral i
Osteocporosis T score -2.5 or less (osteopenia) density — —_—

1. '

Perform DXA if not already done Obtain TBS if available
Consider alternate diagnoses and osteopenia present
based on history and labora-
tory evaluation
Perform minimum laboratory
evaluation to exclude contra-
indications to various drug High risk Estimate fracture risk -
therapies: serum creatinine, ———— MOF =20% ———— (FRAX) with or without Intermediate rick
calcium, albumin, 25-OH Hip =3% adjustment for TBS n :-'I'I-anF ';ﬂe ris
vitamin D, alkaline phospha- Hi <20%
ip<3%

tase, phosphate, CBC

Universita
egli Studi

Black DM et al, 2016 d
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FRATTURE VERTEBRALI

EILA La frattura é il marcatore diagnostico,
pedalizzazione non la BMD.

b 40-50%
Diagnosi Clinica

Circa il 70% delle fratture osteoporotiche
50-60 % avviene in soggetti senza osteoporosi
Non diagnosticati densitometrica.

Universita

Morin, Leslie e Schousboe et al 2025. 5
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Obtain history, perform physical
examination, and assess clinical risk factors

Reassess at

appropriate --——
interval

History of fragility fracture

Suspicion for vertebral fracture high

l

]

on the basis of history and physical
examination (e.g., height loss >1.5 in.

=65 Yr of age or <65 yr of age

plus =1 risk factor

<65 Yr of age, no risk factors, low
suspicion of vertebral fracture

[>3.8 cm), kyphosis, chronic steroid use,
or other risk factors for vertebral fracture)

¢

Y

DXA not available

Fragility fracture present

Ostecporosis

l

Perform DXA if not already done

Consider alternate diagnoses
based on history and labora-
tory evaluation

Perform minimum |aboratory
evaluation to exclude contra-
indications to various drug
therapies: serum creatinine,
calcium, albumin, 25-OH
vitamin D, alkaline phospha-

tase, phosphate, CBC

Image spine to perform risk Measure bone mineral
stratification and guide density by DXA
pharmacologic management
l Y l
Tscore-1.1to-2.4 Normal bone mineral i
- T score -2.5 or less . . — | —
. (osteopenia) density

l

Obtain TBS if available

and osteopenia present

High risk
MOF =20%
Hip =3%

Estimate fracture risk
(FRAX) with or without
adjustment for TBS

i

Intermediate risk
MOF <209
Hip <3%

Black DM et al, 2016




| calcolatori di rischio fratturativo

FRAK

Fracture Risk Assessment Tool

Sviluppato dalla WHO (2008), calibrato
per singolo Paese

Stima la probabilita a 10 anni di frattura
maggiore e di frattura d'anca

Uomini e donne 40-90 anni
Glucocorticoidi binario
BMD del collo femorale opzionale.

Include eta, sesso, BMI, pregressa
frattura, familiarita per frattura d'anca,
fumo, alcol =23 U/die, glucocorticoidi,
artrite reumatoide, osteoporosi
secondaria

DEFRA

L’ALGORITMO PER LA STIMA
DEL RISCHIO DI FRATTURA

Versione italiana FRAX-derivata

Integra numero e sede delle pregresse
fratture

Solo donne 50-90 anni
Dose semiquantitativa di glucocorticoidi
BMD di rachide lombare + femore

Include cadute, apporto calcio/vitamina
D, comorbidita, terapia ormonale
adiuvante per carcinoma mammario

v
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10-year probability MOF (%)

; )
45 fP“t“f CREs
racture

40

e, —_——
35 Fracture Fracture

probability prabability
_—

30
25
20

Adjust for recency
if appropriate

1.2 x LIT

15
10

[ ] - Very high risk
Reassess

5 '
0 - Very high risk
50 &5 60 65 70 80 90
Age (years)

Kanis et al, 2021
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Rate of subsequent fracture
per 1,000 patient years

Il rischio di una nuova frattura non e costante: € massimo nei
primi 3-6 mesi e resta alto nei primi 2 anni.

Incidenza cumulativa € 7,6% a 1 anno e 11,6% a 2 anni e
particolarmente elevato dopo fratture vertebrali e di bacino.

16 -
Spine

14
Pelvis
124 Clavicle
10 < Hip
8 4 Humerus
G5 - Femur
4 - Radius/Ulna
5 Tibia/Fibula
0 - Ankle

4 6 8 10 12 14 16
Risk of Recurrent Fracture Over 1 Year

T T
0 6 12 18 24

Time since index fracture, months

[
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Survival Probability

0.2

La frattura da fragilita: oltre I'os

Log-rank P<.001

Age <75 Years

No. at risk
General population 1566
Hip fracture 25
Vertebral fracture 78
Major fracture 53
Minor fracture 156

0.8+

o
o
1

Survival Probability
o
N

o
(%)

No. at risk
General population 679
Hip fracture 158
Vertebral fracture 205
Major fracture 101
Minor fracture 176

5

331
13

33
134

Log-rank P<.001

o

438
4
75
50
83

10
Years

1045
22

17
92

Women

226
16
16
20
38

20

Survival Probability

No. at risk

0.8

o
o

o
S

o
o

Log-rank P<.001

—— General population
Hip fracture
Vertebralfracture
‘‘‘‘‘‘ Major fracture
Minor fracture

General population 1371

Hip fracture
Vertebral fracture
Major fracture
Minor fracture

Age 275 Years
2
3
©
o
<
a
2
<
=
@D

20

No. at risk

14
26
25
49

General population 389

Hip fracture
Vertebral fracture
Major fracture
Minor fracture

49
81
44
55

5

1170

13
16
42

217

15

19

©

NWWOo ©

(]

_-—— -0

Ostaopoross

Luaneg
Colorectem
Bregst
Stomach
Lymghoma’ Myeloma
Leukaemia
Fancreas
Oropharymx
Prostate
Liwes

Chiary
LHerus
Bladdiar
Oesophagus
s

Skin

teoporosi

1000 2000

DALY's (000)

Alajlouni et al, 2026
Johnell, Kanis et al 2006
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Reassess at
appropriate

Obtain history, perform physical

i

examination, and assess clinical risk factors nterval
| l l
History of fragility fracture Suspicion for vertebral fracture high
or tl.qe ?,HSIS th';t‘f"}’h:?d phyls';:?l =65 Yr of age or <65 yr of age <65 Yr of age, no risk factors, low
examination {e.g_, CIgAT 0SS >3 1. plus =1 risk factor suspicion of vertebral fracture
[>3.8 cm), kyphosis, chronic steroid use,
or other risk factors for vertebral fracture) DXA not available
: 7
. Image spine to perform risk Measure bone mineral
Fragility fracture present stratification and guide density by DXA
pharmacologic management
' ' '
: T score-1.1to -2.4 Normal bone mineral i
Osteocporosis - T score -2.5 or less (osteopenia) density — —_
-

l l

Perform DXA if not already done Obtain TBS if available
Consider alternate diagnoses and osteopenia present

based on history and labora- l

tory evaluation
Perform minimum laboratory

evaluation to exclude contra-
indications to various drug High risk Estimate fracture risk |
therapies: serum creatinine, —— MOF =20% (FRAX) with or without Intermediate risk
calcium, albumin, 25-OH Hip =3% adjustment for TBS n :-'I'I-anF ';{;}:5
vitamin D, alkaline phospha- o

Hip <3%

tase, phosphate, CBC
' Universita

egli Studi

Black DM et al, 2016 d
di Ferrara




E Absolute change in major osteoporotic fracture risk

Relative change in major osteoporotic fracture risk

20+ 5

> a : >

= Clinical risk factors =

a 15 Decrease = "
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5 Increase ;
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5 s

N
1
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Interval, y

@ Relative change in hip fracture risk
10+

Absolute Change in Hip FRAX Probability

Relative Change in Hip FRAX Probability
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Obtain history, perform physical _.. zea:;e?is;; -
examination, and assess clinical risk factors | pprop
interval
' | |
History of fragility fracture Suspicion for vertebral fracture high
or the b,HSIS thlStCtl'}I' and physlcsrll =65 Yr of age or <65 yr of age <65 Yr of age, no risk factors, low
examination (e.g., height loss >1.5 in. . .
. . . plus =1 risk factor suspicion of vertebral fracture
[»3.8 em], kyphosis, chronic steroid use,
or other risk factors for vertebral fracture) L DXA not available
i m e spine to Erformm -~ Measure bone mineral N
Fragility fract t 4—< ge spine fop
ragility fracture presen stratification and guide < density by DXA
\wcologic managemy \\_/’
Y Y Y
. T score -1.1to-2.4 Mormal bone mineral di
Osteocporosis -+ T score -2.5 or less . densi — —_—
- (osteopenia) ensity
Perform DXA if not already done Obtain TBS if available
Consider alternate diagnoses and osteopenia present
based on history and labora-
tory evaluation
Perform minimum |aboratory
evaluation to exclude contra-
indications to various drug High risk Estimate fracture risk | _
therapies: serum creatinine, ————— MOF =220% ————— (FRAX) with or without Intermediate risk
calcium, albumin, 25-OH Hip =3% adjustment for TBS n :;foﬂl: I;ﬂ%gls
vitamin D, alkaline phospha- Hi {3%
tase, phosphate, CBC = Universita

egli Studi

Black DM et al, 2016 d
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