e e = 09

Roma, 8-11 novembre 2018

Double X-ra Absor E&ome&rj
(DXA): clinidal usefulness -~
and P;E{atts

STEFANIA BONADONNA

CENTRO CLINICO £ DI RICERCA
DI MALATTIE METABOLICHE 'DELL’OSSO
£ DIABETOLOGIA ,

ISTITUTO AUXOLOGICO ITALIANO



7o

Roma, 8-11 novembre 2018

 ONCE UPON A TIME...
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BONE REM

. X A proper balance between
Osteoclasts have the function ) y b osteoclasts and osteoblasts
to disrupt the old bone tissue Ll ‘. *\ 7 isthe basis for a normal
bone density

OSTEOCLAST

OSTEOBLAST

A hyperactivity of '

osteoclasts is a . { ‘e ¢ Osteoblasts have the function to
of the causes of the onset ® ¥ produce the new bone tissue
osteoporosis

Adap&ed from: l«E&P://u.mw.brsoc.org.uk‘/gatterj/o.rhe&&,_os&eocto\sE.J 9.
Electron micrograph photo reproduced with permission.© Tim Arnett, The Bohe Research Society,




o A HEALTHY SKELETON REQUIRES
A BALANCE OF

muswm  BONE RESORPTION AND BONE FORMATION

When vowne
kurnover is

ncreased,
bone Loss
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K, b v 8 OSTEO? OROSIS / :
QSTEO'PENIA »

05'1‘5:’0 = BONE
POROUS = VOID SPACES
0SIS = CONDITION OF

OSTEQOPENIA = LOW BONE

ISCD recommend bhak
repor&s should use the
Ferm and

ok ,QSEQOPQMLQ




PHY/SIOLOGICAL REMODELLING - BONE QUALITY

INSUFFICIENT TURNOVER EXCESSIVE TURNOVER
e Accumulation of microdamage ¢ Increase in stress risers
o Increased brittleness due to (weak zownes

excessive mineralizakion ¢ Increase i Fe‘"f"‘f“b’o"‘
® Loss of connectivity

STRENGT

‘thsio Llogical

- Range

A
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—
| BONE TURNOVER
Adap&ed 'from Weinstein RS. J Bone Miner Res 18: 621, 2000 ®




EXCESSIVE REMODELLING
CONTRIBUTES TO OSTEOPOROSIS

Loss of Quamntkity | @

| and Architecture

Normal Quantit
and Architecture

Loss of ,
| Quantity |

e ——

Increased bone
remodelling

Skructural

deteriorakion

Increased
sieelekbal

fragility

fracture risk

Increased
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SCOPE OF THE PROBLEM

=

Osteoporosis is estimated [ affect 200
million womwen worldwide -

gpprqxima&etjjz ~ TI ME

I__Manqpause?!_

onhe-tenth of women aged &0,
one-fifth of women aged 70,
two-fifths of women aged ¥0 and
two-thirds of women aged %90

Osteoporosis affects an estimated 75
million people in Europe, USA and Japan



OSTEOPOROSIS RELATED FRACTURES

F:mg:,u& {m«:&ures or Low-
~ brauma %ra\ﬁmres occurring
- with minimal trauma - a

A ackure Hw& nfc:vrce. equal ko or less Ehan
skfwz,i.c’k té';v@_ nok nfatts,vmg rom s&andms height

hagpemed

« Mekakarsal bownes
while dancing

e Fibula while
wod.l&ing

¢ Lumbar sgma
while Lifting water

.+ Ribs while
C:c;ru,gkéms. &
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INCIDENCE OF OSTEOPOROTIC FRACTURE

Incidence of osteo
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Figure 2 Incidence of osteoporotic fractures.

At

Richard Eastell Poma, 8-11 novembre 2018

Identification and management of osteoporosis in older adulks -
Medicine Volume 41, Issue 1 2013 47 - 82 ®
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HIP FRACTURE . o0

Bj 0850, the
wori.dwncle_ tncidence
of hip fracture in
men Ls profected ko
necrease by 310%
and 24-0%"n women,
compared ko rates in
1990

Hip stremgth and flexibility protect against hip fracture



MORTALITY and DISABILITY

Aoma, 8-11 novembre 2018
—

_ 0@
MORTALITY

Cause of Death 1 Year
After Proximal Femoral Fracture

5% meedia&etv £

No. (%)
Surgically Nonsurgically

.25 % E'M 1 jear (Qs meS& cquce‘r) Treated Patients Treated

Cause of Death (n=53) Patients (n=9)  §
Deterioration of 10(18.9) 6 (66.7)
preexisting comorbidities
Cerebrovascular disease 9(17) 0(0)
- : Aspiration pneumonia 11 (20.8)
DISABILITY ; Pneumonia 4(7.5)
Malignancy 1(1.9)
b (11.3)

Insenescence

Sepsis

| 20% com romiz'ed fwc&iohal s&a&us Acute myocardial

infarction

. 50% m&uﬁtio“ m MObivL':&v Ckb\d Multiple organ failure

Pulmonary embolism

related functions
* if bvalid 20-25% kospe_dal.iz.al:ion

Rosell PAE. Functional Qutcome after Hip
Fracture Inju,rj, Roo3

Unknown




PREVIOUS NON-TRAUMATIC FRACTURES -

Reqardless of the
bowne density, |
o previous nown
traumatic fracture

l

predicts future
fractures




BONE DENSITY AND BONE QUALITY -

rv\—-—-ﬂ I.—J-—..--‘.o_i
———— ‘

‘ ! : = O Rl N

 Bowne densthy is o Fmr%

o{: bone quatity

* Bowhe iuatuﬁ extends

beuond bown e&\s&j

- Sound wnubrition: vik P-
vik K-Mg-Ca...

- Digestive health

- Exercise

~ L.ottagem disorder +

?er disease or ciru,gs
CF:W\S bone

it
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~w==  BONE DENSITOMETRY

Hip fracture due to "

oteoparsts L P ‘osteporosis diagnosis

risk of fracture
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Who Should Have a Bohe Density Test?

INDICATION
Women age &5 and older
Men age 70 and older

Postmenopausal women and men (ages §0-69 )
with clinical risk factors ‘

Adulks who have a fragiti&v fracture

Adults with a condition (e.q., theumatoid arthritis) or taking
a medication (e.q., glucocorticoids) associated with Low
bone mass or bone Loss

0
' )/l
' ( : The International Society 4
NATIONAL
I S For Clinical Densitometry OSTEOPL()R()SIS
FOUNDATION




N BONE DENSITOMETRY @@

oma, 8-11 novembre 2018 A HOLOG’IC—
- =4 LUNAR

DXA itself uses an X-ray tube to generate two energy X-"ro;j beams
of different energies: dhe “low-energy” X-ray beam of 407 keV
and one “high-energy” X-ray beam »76 IeV.

two enerqy beams enables

Multiple Dotector Array subtraction of the soft tissue
component as they become

attenuated cli,ﬂ‘fafereh&bj and are

recorded bvj o flexible detector

arm

e = =

Large

R
BS = 2.09 m? / ~

BMD_ .. =0.76 g/cm:~ m
1.10 g/cm?

V2.09 m?

DEXA {Dual Energy Xray Abserptiontelry)
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 ACCORDING TO WHO

—

+1 SD 3T FRACTURE RISK
: 30-
b oS 251
20- :
-15D |
-2.& S 10 \
(5) \\; BMD

50 40 30 -20 -1.0 00 1.0

Low bone mass is the single best predictor of future fracture risk
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- SD= \'}‘?ﬁ -15% of bone)

* T-scon ~rmal conktrols (26*293 F cfwf M)
- Z-score e matched controls
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DEXA REPORT - OSTEOPOROSIS DEFINITION

Diagnosis of 0P can be made if the T-score is -2.5 SD or

lower in any of the following anatomical site:

- Femoral Neclke
- Total HLP

- Lumbar Spine - minimum of 2 vertebra
- Forearm distal 1/3 site. Non dominant arm.

Best Practices for Dual-Energy X-ray Absorptiometry
Measurement and Reporting: International Society for Clinical

Densitometry Guidance

E. Michael Lewiecki,*" Neil Binkley,” Sarah L. Morgan,’ Christopher R. Shuhart,’

Bruno Muzzi Camargos,’ John J. Carey,® Catherine M. Gordon,”
Lawrence G. Jankowski," Joon-Kiong Lee,” and William D. Leslie" on behalf of
the International Society for Clinical Densitometry

There Is a Single Diagnosis Reported for Each

Patient, Not a Different Diagnosis for Each
Skeletal Site Measured

Comment. The ISCD Official Positions state that osteo- |
porosis may be diagnosed in postmenopausal women and
in men aged 50 yr and older if the T-score of the lumbar

spine, total proximal femur, femoral neck, or 33% radius
is £-2.5,



ol A SINGLE BONE DENSITY @
—ueem DOES NOT MEAN THAT BONE
} LOSS IS OCCURRING =

| Serial bone densit
comparison and Lab besk |
help to establish

 if bone is stable or

| Exf bowne loss is OCCUrTinNg

MAY BE THEY NEVER GAINED A G-0OD PEAK BONE MASS



DEXA ISCD HIGH RATE OF INCORRECT

INTER‘PRET ATION

HOW OF':TETN "DO =

Y0U SEE A

PATIENT WITH |

A DXA RETPORT
THAT IS
INCORRECT?

AL

Roma, 8-11 novembre 2018

0d

L1 bl
| 25 =
50 +
o ¢

1O+t

22% 17% 27% 28% 4%

Lewieak‘j em J clin endocerinol 2006
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“DXA s the bes& {nrs& Lme av\d nfc;wu.cww-up ;
Eesﬁ?

~ Low Faiation

Best if the

O\V\&

MQMEL ?l 2 Fheir
&hgjl.. ave cioge HALS

as& stgni L§Q

th ol
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™ DXAFACILITY = O

Roma, 8-11 novembre 2018

The quality control (QC) prograw; at o DXA facility should include
adherence’to manufacturer guidelines for system mainteinance -

ey = —— = — =2 e ey

- Perform periodic ( at least once a week)
phantom scans for any DXA system

- Plot and review data from calibration and
phantom scans - |

+ Each DXA focility should determine its
| greuswv\ error and calculake the LSC
+ I more than 1 techiologist an average
precision error and LSC should be used

ISCD Official Positions 2018
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=e=== PRECISION ANALYSIS

rform a precision o men
OKMOLF{?SLS P SD‘?M\_ m CV” S~ m

ISCO Bone Densitometry Precision Calculating Tool - Version 2.1

= Measure 1§ pabienks 3 times,
or 30 a&uesr\&s 2 kimes,
| gosn&msr\w\g the Po&neh&
er each scawn,

« Calculake the root mean
square skandard deviakion
for the group

« The ISCD and obthers have
daveio[mci ownline
calculators to facilitate this

F’T’(’)CQSS
International Society for Clinieal Densitometbry, 2018 ISCD oleulabiys,

Available at: hitp://www.iscd.org/resources/calculators/,
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~*T" DETERMINATION OF LSC

+ Calculate LSC for the group ot 95%
confidence interval.

ISCD Bone Densitometry Precision Calculating Tool

« LSC is calculated bj multiplying 2.77 i
EQ F’T’QCLSLOV\ QT'T‘O" This calculator is provided as a fre he International Society for Clinical Denstomelry (1SCD). Use this calculator to

determine the Least Signifcant Ch ' confidence level for serial BMD testing. Ifyou have special requirements for
Precision testing, please see Adva

! - o * ® Instructions: Enter BMD to 3 decimal places for 15 patients 3 times each or 30 patients 2 times each, for each ROI. The calculator d
. Tke MLMLMU,M QﬁCQ &the FT’@.CLSLOV\ Ig;;g;\ons er BMD to 3 decimal places for 15 patiens 3 imes each or 30 paients 2 times each,for eac e calculaor doss

or an individual technoloqist is:
‘f S Skeletal Site /ROI:

5 Patients 3 . .
I | Sl For 15 pafiens tested 3 fimes each

Patient ~ Sean f Sean Stand  SD SDsq SD SDsq

1 Sum
n 1
Sum/n 0.000
SeRt 0000
3 0000 gl (RMS SD)

Feedback

LSC = 0 glem? at 95% conidence evel

- Rebraining is required ¥ a
technologist’s precision is worse
than these values.

For 30 patients tested 2 times each

Shejpkerd JA, Schousboe IT, Broy SB, Engelke K, Leslie WD. Executive Summary of the 2015 ISCD Position
De etopme.vx@ Conterence on Advanced Measures From DXA and QCT: Fractute Prediction Beyond BMD.
J Clin Densitom, 2018 Jut-sep;w(s)zzm—%
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MEASU QEMENTS : Aomsa, 8-11 novembre 2018

ISTITUTO AUXOLOGICO ITALIANO IRCCS

Via Ariosto 13
20145 Milano
E-Mail: boneunit@auxologico.it Fax: 0261911.2429
e GRL a Sex: Female Height: 171.0 cm
Patient ID: 08AX00003096 Ethnicity: White Weight: 54.0 kg
DOB: 02 February 1946 Menopause Age: 52 Age: 72
Referring Physician: ORTOLANI ¢
Scan Information:

Scan Date: 17 October 2018 ID: Al0171817
Scan Type: a Left Hip
Analysis: 17 October 2018 12:59 Version 13.6.0.5

When reporting .di{¥erancaé i
BMD with serial weasurements,

omtj those changes that meet or e
exceed the Less Significant

Change(LSC) are reported as a
change.
DXA Results Summary:

Scan Date Age BMD T- _ BMD Change
(g/em?) score vs Baseline vs Previous
17.10.2018 12 0.830 -1.2 -3.7%* 3.4%*
30.05.2016 70 0.802 -14 -6.9%* -0.6%
22.11.2014 68 0.807 -14 -6.4%* -5.5%* :
T-score vs. White Female. Source:HOLOGIC Z-score vs. White Female.
28.11.2012 06 0.854 -1.0 -0.9% -4.3%* e OO0
:(" I 1 '2“ ] “ (‘4 0892 -0'7 35%* 10% sc’tla.r'e vs Baseline BMDCth';glgrevious
30.11.2009 63 0.884 08 2.5% 2.5% o e
16.12.2008 62 0.862 0.9 it i o
R A S R B A s s S ) B O N Y 2 i 0.7 3.5%* 1.0%
g e i 08 25% 25%

* Denotes significance at 95% confidence level, LSC is 0.027 g/em?
1,027 glem?




DEXA: GOLD STANDARD? «

E—

YES AND NO!!!
The usefulness of DEXA depends on:

- The skill of the - patient set up
and analysis of scans
- The ‘s skeill ko oversee and
correct the technician errors - .
- Th 5 ks ko anali 4
e efforts to analize e

computlerized report tar@fui.tj much Like
LOOME‘V\S ak X"‘“T‘O\vs " homa, 411 novembre 2018

of"
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- QequesE hi,p and Lumbar s[oihe

* Return to the same exact machine if possible

ISCD Official Posikions 2018



il COMMON MISTAKES IN BMD o

= = —— - ——— e e ]

% Incorrect demographic
information

INDICATION
QUALITY CONTROL
ACQUISITION + Improper patient posi&iomimg
ANALYSIS \Im&evmai artifacts

INTERPRETATION | natl ]I'e

“External artifacts

a' Ny
Messina C, Bandirali M, Sconfienza LM, D'Alonzo NK, Di Leo G, Papini GD, Ulivieri FM, The look of fear
Sardanelli F. Prevalence and type of errors in dual-energy x-ray absorptiometry. oD e oo T

Eur Radiol. 2015 May;25(5):1504-11.
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~ DXA: LUMBAR SPINE

postercanterior imaging of Lumbar spine:

supine with hjs and knees flexed over
supporﬁ o reduce Lordosis
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S LUMBAR SPINE

¢ The ribs appear ot T12

¢ The largest transverse processes are L3

o Vertebral area values increase from L1 to
A

¢ BMD increases from L1 to L3, and the BMD

of L4 is similar to or slightly less than
that of L3

¢+ Helpful markers are the iliac crest,
usually ot the L4-L& interspace, and
lowest set of ribs, usually at T12

‘omment
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ISCD: mumemt:at resui&s - ‘S‘PINE
-\ i.eas& 2 vertebrae

* Do hot report ndividual T-score
+ Instead repdr& T-score of L1-L4 i no excluded

d 1SCD Official Positions
' 2018



e LUMBAR SPINE:

OPTIMAL POSITIONING

* Spine is centered
+ Spine is straight (NO tilked)
- Bolth iliac crests are visible
» Scan tnecludes middle LS and middle T12



"W AACQUISITION PITFALL @@

i IMPROPER PATIENT POSITIONING

. A

DXA of the Lumbar spine

with poor positioning.

The spine is too close to
the right side of the image




e ACQUISITION PITFALL @

ot IMPROPER PATIENT POSITIONING

BASELINE . FOLLOW-UP

(a) -~

L4

The studies cannot be compared because of a
wmarked change in Po&ien& pos&&ichib\gy



ISTITUTO AUXOLOGICO ITALIANO IRCCS

Telefono: 02/61911.1

Via Ariosto 13
20145 MILANO

E-mail: boneunit@auxologico.it

Fax: 02/61911.2429

No .
ID paziente: 14AX00000428
Data di nascita: 12 May 1948

Sesso: Femmina
Etnia: Bianco
Menopause Age: 53

Altezza: 158.0 cm
Peso: 115.0 kg
ta: 65

~QUISITION PITFALL

(IM)PROPER PATIENT POSITIONING

"ISTITUTO AUXOLOGICO ITALIANO IRCCS

Telefono: 02/61911.1

Via Ariosto 13
20145 MILANO

E-mail: boneunit@auxologico.it

Fax: 02/61911.2429

[Nor.. S,
ID pazien 0AX00000084
Data di nascita: 07 July 1926
T

Sesso: Femmina Altezza: 160.0 cm
Etnia: Bianco Peso: 40.0 kg
Menopause Age: 55 Eta: 87

Medico di riferimento: ASL

Immagine non per uso diagnostico
k=1.119,d0=39.8
116 x 121

Curva di riferimento ¢ punteggi corrispondenti a Bianco Femmina

Origine: Hologic

Informazioni sulla scansione:

Data scansione: 04 March 2014

Tipo di scansione: a Lombare

Analisi: 04 March 2014 11:19 Versione 12.6.2:3
Lombare

Operator: Al

Model: Discovery A (S/N 80533)

Commento:

ID: A0304140R

Riepilogo risultati DXA:

Regione Area BMC BMD

(em?) (@) (g/em?)
L1 12.67 10.62 0.838
L2 1333 12.50 0.937
L3 12.80 1146 0.895
L4 12.80 13.04 1.019
Totale 51.60 47.61 0.923

T
Totale BMD CV 1.0%, ACF = 1.029, BCF = 0.997, TH = 11.108

Commento del medico:

Medico di riferimento: VOLPATO

Curva di riferimento ¢ punteggi corrispondenti a Bianco Femmina

Origine: Hologic

Informazioni sulla scansione:

Data scansione: 04 March 2014

Tipo di scansione: a Lombare

Analisi: 04 March 2014 11:58 Versione 12.6.2:3
Lombare

Operator: Al

Model: Discovery A (S/N 80533)

Commento:

ID: A0304140V

Riepilogo risultati DXA:

Regione Area BMC BMD T- PR Z- AM
(cm?) (g) (g/cm?) Punti (%) Punti (%)

L1 1252 1098 0.877 -0.4 95

L2 13.34 10.10 0.757 25 74

L3 972 742 0.763 -2.9 70

L4 10.37 8.73  0.841 -2.5 75

Totale 4596 37.22 0.810 2.2 77

T
Totale BMD CV 1.0%, ACF = 1.029, BCF = 0.997, TH = 6,314

Commento del medico:

HOLOGIC"
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Ex&ernod. Arh{hc&s not removed {:rom aEtnnei area
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AcquisiTion PiTeal. O@

— ey = =

Artifocts caused by contrast material

radio-opaque matberial
barium

BMD (g/cm’)
1 B9

Region hSID ; Young adult Age-mﬁcbod

et % | T-score l % | Z-score

29 8l -1.5

T
0808 |67 | 33 | 79 | <18

1395 16 1.6 136 3l

L4 | 1063 [0 | -1 [103]. 0.3

L1-L4(L3) 0.896 17 -23 0 0.9




Porcelain gall

colcified
re&rope_ri&ov\eai
ij ph nodes

A ACQUI

L1

L2

SITION PITFALL @@

L3

L4

gallstones

‘ left renal stones
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A
Od

ACQUISITION
PITFALL

Inkernal artifacts

Region

ACKTIC CALCIFICATION
leading to an ncrease in
bone mineral density at L2
(also observe the difference

of more than 1 SD between
L1 and L2)

Area

BMC

13
1.7
2.1
19

score

03
1.1
0.7

05
05
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enteric ktube ‘ 5= ;
| osktecarthrosis

BMD (g/em?)

¥ é
114 )
Y .-

——_ ~ - —
—
" . .
“ o
SO0 - ——
- '
J h .
Age Yy ]
-

Region BMD Young adult | Age-matched
(g/ew?) |7 [ ' '

o | T-score




OLOGICO ITALIAND IRCCS ISTITUTO AUXOLOGICO ITALIAND

Q84120123  Thu 12.Apr.2001 11:14 116.7(1.998H) 6.290 (eaadoiddanliildgugrr 2001 11:14
N z r e S8I Giancarla
ame : 3 i 7 n
Conment : 59 MP FIS NO E | 4 amsen®: SR
; I.D.: 95AX14260088  Sex: F
I.D.: 95AX14260088  Sex: F : ex:
& S.S.#:  823-81-8712 Ethnic: W
S.8.4%: 823-81-8712 Ethnic: W i : ! t
S : ZIPCode : Height: 168.18 cm
ZIPCode: Height: 168.18 cn ; £ : : ;

. 83 Weight: 57.80 k 3 : Scan Code: 83 Weight: 57.88 kg
Scansindss 2k ?.g, i BirthDate: B7.Aug.23  Age: 77
BirthDate: 87.fug.23 ek Physician: ZENONI
Physician: ZENONF Image not for diagnostic use
Image not for diagnostic use

.7(8.999H) 6.298

TOTAL BMD CVU FOR L1 - L4 1.8z
TOTAL BMD CVU FOR L1 - L4 1.8z

C.F. 8.972 8.967 1.80808
C.F. 8.972 8.967 1.000

Region Est.Area Est.BMC BMD

Region Est.Area Est.BMC BMD (cm2) (grans) (gms/cm2)

(cn2) (grams) (gms/cn2)

S5 : 11.55 6.95  8.682
L1 11.55 : 8.602 ; : 12.16 8.24 08.678
L2 12.16 . 8.678 4 Af 15.19  8.641
L3 14.36 S 1.133 b i otk ,
s o 3 TOTAL  38.88 . 8.826 -17.Apr.20881 13:41 [113 x 136]
i Hologic QDR-2888 (S/N 2338)
-12.Apr.20801 11:19 [113 x 136] gic : :
Hologic QDR-2088 (S/N 2338) Array Spine Hi-Res V4.76H:1
Array Spine Hi-Res V4.76H:1

ISTITUTO RAUXOLOGICO ITALIAND IRCCS

ISTITUTO RAUXOLOGICO ITALIANO IRCCS H Lunbar Spine : .
H Lumbar Spi Reference Database 084128123  Thu 12.Apr.2001 11:14
srsbe i b Q84120123 Thu 12.Apr.2001 11:14 : : ! : e CRASSI Giancarla
Name : GRASSI Giancarla Comment : 59 MP FIS NO E
Comment : 59 MP FIS NO E I.D.: 95AX14260808 Sex: F
LD 954X14260000 Sex: F S.S.4#: 0823-81-8712 Ethnic: 1]
S.8.#: 823-81-8712 Ethnic: v ZIPCode: Height: 168.18 cn
ZIPCode: Height: 160.18 cn S(fan Code: B3 Weight: 57.88 kg
Scan Code: B3 MWeight: 57.88 kg S]l:"ﬂjl’étef '37-91-3;30“ Age: 77

BirthDate: 87.Aug.23 Age: 77 ysician: I

Physician: ZENONI

Reference Database ¢
T T T T

OOCODO® =
AWANTIONOO O NWS
T

Date of Scan fAge BMD(L1L2)
4 7 Date of Scan fAge BMD(L1-L3) i gé gan gg ;g.‘i 8.681
Age pr .? 6.695
82 Jan gg ;gg g.;zz Rate of 7 Change 21 aApr 98 74.7 8.704
L1-L3 38 Apr . -743 Change/yr *SDsex Zyr 8D 12 fApr B1 s 8.641
Rate of % Change 21 fpr 98 30 g -8.8889 8.8021| -1.31 8.308
khango/yr +5Dws| /yr 8D 12 aApr 01 2.7 8.826 : §

+0.0201 0.9021| +2.78 0.29

OO0 HF =
WA NDOENWA

*%1.96x8D = 95 Confidence Interval
¢ Age and sex matched
##1.96x8D = 95x Confidence Interval T = peak BMD matched
+ Age and sex matched Z = age matched TK 25 Oct 91

T = peak BMD matched HOLD

Z age matched TK 25 Oct 91
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+11.Mar .2084 11:47

DOODDD® ks s
NWANDNDO O NWS

1.D.:  B4AXOBABB466 Sex: F
S.S.#: 828-88-9912 Ethnic: W
ZIPCode: Height: 168.88 cn
Scan Code: @1 Weight: 54.88 kg
BirthDate: 18.Aug.22  Age: 81
Physician: ASL

Image not for diagnostic use

TOTAL BMD CV FOR L1 - L4 1.8z

C.F. 0.92 9.955 1.880

Region Est.Area Est.BMC  BMD
(grams) (gns/cm2)

1.827
i e 1.865
St - B . d 1.806
[113 x 134]
Hologic QDR-2888 (S/N 2338)
Array Spine Medium V4.76A:1

| ITUTO AU l LU [ TAH
A Lumbar Spine ‘
P Q9311841D  Thu 11.Mar.2084 11:42
| P S S AT P i Name: MANCA DI VILLAHERMOSA MARI
Comment:  ISTER. 49 AA NO OUX DS
1.D.: 84AXPARNN466 Sex: F
S.S.#:  828-88-9912 Ethnic: "
ZIPCode : Height: 168.88 cn
Scan Code: @1 Weight: 54.88 kg
BirthDate: 18.Aug.22 81
Physician: ASL

e

59

B ISeeiad ZORtt Sncuis ST RSN &
® 30 40 S50 68 70 88
Age

BMD(L2-L4) = 1.886 g/cmz

|Region
N/&

L2

L3

L4
L2-L4

+ Age

BMD T(38.8)

8.917 -1.88 89z

1827 =li5P 057 1334

1.865 -8.46 % 134x

1.866 -8.66 2 1312
|

and sex matched

T = peak BMD matched

Z = age matche:

25 Oct 91

~ ANALYSIS PITTFALL

ISTITUTO AUXOLOGICO ITALIANO

Istituto Scientifico San Michele

MANCA DI VILLAHERMOSA MARIA CATERINA

VIAVOLTA 7
MILANO - 20100 Ml

M

femorale in pres
| valori di densita ossea del trat

Milano, 11/03/2004

.0.C. VERTEBRALE

endo valutabile la d

isultano sensibilmente sovrastimati per

concomitanti fenomeni spondilo-artrosici pertanto, pur app: ntemente conservati nei limiti di
norma, vanno considerati scarsamente affidabili in termini diagnostici

VALORI DI RIFERIMENTO

BA

§. SERGIO ORTOLANI

rto le relative immagini /o i relativi tracciati*
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vertebral fracture

¥ 2 - S - - S — - =

BMD (g/em)

Age (years)

Region BMD Young adult Age-matched
(g/cm?®) | |

"o [~score % Z~score !

115

4 { |
112 0. ‘
4 d




.,.,W | ANALYSIS
| obther cii;seases

OSTECPETROSIS

DXA Results Summary

Region | Area BMC | BMD I Z
(em?) (@) | (¢/em?) | score score

[ 2715 [ 2000 | 98 [f217 | 105 ]

2214 10.8 11.6

2202 | 102 | 110 |

AL A 3.9 38 98

' ‘

Total | 5960 | 12699 | 2131 | 99 [J204 | 107 |

Total BMD CV 1.0%, ACF=1.030, BCF=1.006, TH=6.565 .
WHO Classification: Normal ?AGE’T
Fracture nsk: Not increased i g




s 1 ot ' A NA LYSI»S

Metastases from breast cancer
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TEMPLATE

#

NUMBERING
OF THE
VERTEBRAE

LUMBAR

SPIN

GO00D FOLLOW-UT SC

-09.0ct.2008 15:38 [113 x 1271
Hologic QDR-2888 (S/N 2338)

Bnnai Snina M - 14 7061

ISTITUTO RUXDOLOGI
A Lumbar Spine
Reference Database
i bigabl o e

DODODDO
L WANDNDODRNWS
3 T

N TSGR RGN N P e e . )
@ 20 30 49 S8 60 79 86
Age

BMD(L1-L4) = 8.619 g/cn?

.619

+ fgo and sox matdhed

T = peak BMD matched
Z age matched TK 84 Nov 91

Q180900833 Mon A9 _0ct _2AAA_15:33

Nane :
Comment : MP.50
#PAXBARP3313  Sex: F
823-80-8808 Ethnic: W
Height: 154.88 cn
81 UWeight: 71.58 kg
13.Aug.39  Age: 61
Physician:
Image not for diagnostic use

TOTAL BMD CV FOR L1 - L4 1.0z
C.F. 0.972 8.967 1.0008

Region Est.Avea Est.BMC  BMD
(cm2)  (grams) (gns/cm2

.30 .548
.77 6.49 .683
.56 8.08 .643
.85 9.28 .664
.47  28.78 .619

HOLOGIC

CO ITALIANO IRCCS

Q169898833  Mon 89.0ct.2088 15:33
Nane : INVERNIZZI NELLY
Comment : MP .58
1.D.: ©PAX@BPA3313  Sex: F
S.S.#: ©23-98-8888 Ethnic: v
ZIPCode: Height: 154

Scan Code: 81 Weight: 71
BirthDate: 13.Aug.39  Age:
Physician:

eakd 7917 CO ITALIANO IRCCS

Q16890033 Mon A9 Nct 2AAA 15°:33

Name

Comment : MP.
B8PAXBNNA3313 Sex:
023-90-0008 Ethnic:

Height: 154.80

Scan Code: @1 Weight: 71.58

BirthDate: 13.Aug.39  Age:

Physician:

Image not for diagnostic use

TOTAL BMD CVU FOR L1 - L4 1.8z
C.F. 8.972 8.967 1.000

Region Est.Area Est.BMC  BMD
(grams) (gms/cm2)

6.49 8.594
8.23 8.646
9.35 8.637
11.67 8.736
35.74 8.659

-38.0ct.2000 268:36 [113 x 1331 = 7
2338) HOLOGIC

Hologic QDR-2808 (S/N

Brnan Snine Madinm U4

ISTITUTO AU

A Lumbar Spine

Reference Database «

1.4
1.3
132
1.1
1.8
0.9
0.8§
8.7
8.6
8.5
8.4
8.3
1

® 20 38 48 58 60
Age
BMD(L1-L4) = 8.659 g/cm2

7hac

XOLOGICO ITALIANO IRCCS

Q10698033 Mon 89.0ct.2008 15:33
Name : INVERNIZZI NELLY
Comment : MP .58
I1.D.: BBAXABBB3313 Sex: F
8.8.4%: 023-08-8008 Ethnic: v
ZIPCode: Height: 154.08 cn
Scan Code: 81 Weight: 71.58 kg
BirthDate: 13.Aug.39 Age: 61
Physician:

T(30.8)

Age and sex matched
peak BMD matched
age matched T®

84 Nov 91
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| HI‘P MUST BE INTE!?;NALLV TZOTATEZB

- e — Lo Lo

rommai emu,'r sup e with Llower
extremity internally rotated 158°-30°
and sLugREL abduc:&jecl to keep
femoral axns skraight.




P HIP

_Poma, 8-11 novembre 2018

- Total Hi
- Femwmoral Necle

- Using Ward's area would
overestimate the prevalence
of osteoporosis

- Ik is a small calculated area
of the mid portion of the
feworal neck where BMD is
the lowest - ot a well
defined anatomic region

- Poor precision and accuracy

- Not part of WHO (World
Health Organization) criteria
for BMD classificakion

GE Lunar Corporation
726 Heartland Trail




m FEMUR: INTERNALLY O
| ROTATED S

——— - - — - e Sk B e s AT |

+ Shaft of femur should be parallel with the Long axis
of the table | |

* Hip must be Qh&é;rhattj rotated of 15%

- If patient cannct rotate, then make sure technician
tries to reproduce the same positioning for the
&nﬂowrup scans

Thie INteraTIONAL SocIETY .
MRLIES  ISCD Official Positions 2018
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PROXIMAL FEMUR: . @

O?TIMAL ?OSITIONING

+ Fenur shoft is sErmgh&-

 Leg m&ernaii.sj robated
- Lesser trochanter small or nobt seen
(lesser trochanter is a posterior skructure)
- Ibks size is the best indicator of internal rotation

e Scan ncludes
- Ischium
= Cyreaker brochanker

¥ ISCD Official Positions 2018
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=" HIP REPOSITIONING

2013 2018 fniltal = 2015 Repositioning
1,009 g/cm2 1,017 g9fem2 +0-966 ' q/cm2
- + 0,00% -0 043



e  ACQUISITION PITFALL O

Roma, 8-11 novembre 2018

Impfoper patient positioning

The femur is adducted  The &emu,f is abducted




At

ANALYSIS O]

muews  Inbernal artifacts
’ »
4
derma&omiosi&is

avascular necrosis
of the left femoral
head | e

osteosclerosis



-
o § 1 sinbve 200 ANA LYSI»S

Internal artifacts

o ;

88 m

Enchondroma
incidentall
debected in the
roximal
Eemorai.

history of hip fracture
and osteosynthests
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Placement of region of interest

= - . - = - = — : -_— = e e Y

BMD (g/om¥)

BMD (glem?)

er;oi | BMD BMC Ared | [ Age-matched | Region BMD Area Young adult Age-matched

(g'ew’) ® fem’)

(g'em’)
’ ) [Zuou,

L-score

+

Neck

Lorente-Ramos R, Azpeitia-Arman J, Muioz-Hernandez A, Garcia-Gomez JM, Diez-Martinez P, Grande-Barez M. Dual-energy
x-ray absorptiometry in the diagnosis of osteoporosis: a practical guide. AJR Am J Roentgenol. 2011 Apr;196(4):897-904.
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S ACQUISITION PITFALL ®

External Arh{ac&s not removed. frc}m scanned area

— — = = ~ e —

Two Calcium bableks anci one mu,i.&s,pte vu&amum




o \
s COMPARE

1f the precision assessment has been performed on
the {a&ili&:’, future scans should be compared to
previous scans using the quantitative comparison
system

L1-L3

hange/yr *SDe /yr SD

+0.8201 0.8821| +2.78 8.29

Source: Hologic
DXA Results Summary: L4

Scan Date 2 BMD Change

vs Baseline vs Previous
12.04.2005 : -3.6 14.3%# 9.4%#
26.11.2003 5 3 -4, 4.5%* 0.4%

07.10.2002 - : -4.5 4.2%* -6.1%*

01.06.2001 3 : -4, 10.9%* 6.5%*
19.04.2000
24.07.1997

e T T
Total BMD CV 1.0%

* Denotes significant change at the 95% confidence level.

# Denotes dissimilar scan types or analysis methods.

Rate of change results reflect vertebral levels common to all scans.

2(5CD

T INtervaTionaL Sociery . .0 sLe
ngfc;li[;:lTi)E:ilTx>\lf';?\ ISCD OHLCLQL ?OSLE&OVLS 2015
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FOREARM:

i gy %

na-Ls-u mbnm y

O?TIMAL POSITIONING

l:m besnde table wi k

rearm resking on £
amd proua&edsaad b?eld bg
skra ps.

| have seen the light!
, Al

Region BMD Young adult Age-matched
(g/em?)

% T-score %  Z-score
UD radius 0.456 97 -0.3 105 0.5
UD ulna 0.316
1/3 radius 0.866
13 ulna 0.926
Both UD

Both 1/3 0.894

Total radius
Total ulna 0.654

Both total

Khojastehpour L, Mogharrabi S, Dabbaghmanesh MH, Iraji Nasrabadi N. Comparison of the mandibular bone densitometry measurement
between normal, osteopenic and osteoporotic postmenopausal women.J Dent (Tehran). 2013 May;10(3):203-9.



e
e FOREARM == o ’@

- OYTIMAL ?OSITIONING

. Fo»reo;rm is cenbered
. Radius and ulha sEraigk&

- Distal cortex of radius and ulna

. No available artifacts

Forearm 1/3 radius accepted as diagv\bs&ia if it is osteoporotic

Forearm Loss may be indicative of hyperparathyroidism



= TOTAL BODY I

DXA Results Summary

HOLOGIC TEST
4776 S W 8TH Street
Bedford, MA 01730

Total Body % Fat

Bond. James Bonds
- A

e

Percandle
W a



.,.,w VEA: | ®

VERTEBRAL FRACTURE ASSESSMENT

S ————

Vertebral Fracture Assessment (VFA) is
the correct term to denote densibomekbric
spine imaging performed for the purpose
of detecting vertebral fractures.

\fe.rv Low rddia&iah

Not as qood as plain film
but qood enought to view
spine for fractures '

Not all facilities offer this

Takes abouk 10-15 minukes

ISCD Official Posikions 2018



Indications for VFA

Latkeral S[ai,me. Lmagihg wikth Skandard Raci&ogra[ahj dr

Densitometbric VFA is indicated when T-score is < -1.0 o&\d.oef"
one or more of the following is present:

G

- Women age 2 70 years or
men 2 age ¥O years

- Historical height Loss > 4
em (>1.8 inches)

- Self-reported but
- undocumented prior
vertebral fracture

- Crlucocorticoid Eherap

equivalent to 2 § mg o ng _céecisifﬂ_n to pe_rfc:‘»rmE
\ . S A LtLonalL t(wmaguag wus
e ‘ Pre_dwu,sone or equivalent e T

F’ef‘ d&j ffc:vr Z 3 months overall clinical _ptc&ure,

Roma, 8-11 novembre 2018 A E.V\tl.udihg the \!PA resulk.

or. .

M ISCD Official Positions
RY 2015
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e TRABECULAR BONE SCORE

BMD=0.972 Illustration of TBS=1.459

Well-structured L W ] 1
trabecular bone ‘
Qb7 ‘.‘;..“' 1
0 AR 1
by '
% :"" ”‘ X
g Ll ;_.-,; :=,;‘, 5

is a gray-level
textural ‘wmekbric Ehakb
can be extracted
from the two-
dimensional Lumbar

Experimental - : _ v o>,

Illustration of Varieram TBS:1243 SPLMQ dua{' Fmer?j X .

e ; - ra\; (;bsc:prphome fy
trabecular bone ‘4‘ (-D A im&gﬁ

TRS is umdire&tv
related ko bone
microarchitecture

il 1SCD Official Positions
OMETRY 261 5
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TBS and BMD

|'

;
|
|
|

3 .
= Osteoporosis

y
‘ g Ostepenia
1 y
: o " Normal
(lowest) é 3.
Partially -
Strongly WUEY  (highest)

amoanle dearaded
degraded v normal

AP spine L1-L4 BMD

of',

RISK CLASS ,
»>1.300 - normal

11200‘“11300 RS
inkermediake risie

<1.200 - high risk

d ISCD Official Positions
RY 2 cl 5



is associated with vertebral, hip and major osteoporotic -
fracture risk in postmencpausal women -

is associated with hip fracture and with major os&emporo&ié
fracture risk in' men over the age of £0 ys

should not be used alone to determine treatment
recommendations i clinical practice

cain be used with FRAX and BMD bo ad just FRAX Probo\bail&j of
- fracture in postmenopausal women or older men

is not useful for monitoring bisgkospkoma&e Ereatment in
postmencpausal women with osteoporosis

is associated with major osteoporotic fracture risk in
_postmenopausal women with type 2 diabetes

. |
TRABECULAR BONE SCORE - s
2015 ISCD Official Position OP
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WHEN DO YOU ORDER A @

F‘ OLLOW‘-D? ‘DEXA

. ORDER THE FOLLOW-UP
WHEN YOU ANTICIPATE
THAT THE |
WILL SURPASS THE LEAST
SIGGNIFICANT CHANGHE
(Lsc) FOR THE DXA c_s:wra:rz

+ MAKE SURE THAT THE
FACILITY USES =
- NO NEW ART
WORK ON LUMBAR SPINE

- REQUEST THAT THE REPORT
INCLUDE THE

ISCD Official Positions 2018



il pxa RePORT:
== OPTIMAL ITEMS

: Recommendation for |
, such as X—rav,
maghetic resonaince imaging,
computed tomoqgraphy, ete....

- Recommendations for
harmacological and non-
gko\rmm:awgitat

- Addition of the percentage
compared to reffrehce
pop: Lakion

for

evaluation of secondary
osteoporosis

S  ISCD Official Positions 201§



F*™ DXA REPORT: O
wumen ITEMS THAT SHOULD NOT BE

IN(,.LU‘DE'B

= a s&a&emem& Eko& Eker
o F?'revmu,s ebcw\e. ahsnEv

- mention of
OSEEOFQMLQ or os?:e.oporo-scs

for different ROI (e.q
osk openia ot Ehe h:,p and os&eoporcsns ak Eke.
Lumbar spme)

. expressmms uch as “she has the
“ it the Fo&ien& is not ¥o jjeacr-“oi.d

» resullts from sikkeletal sites that are Mo&
techinical Y valid

« Ehe

based on khe precision error and Lee
@ISCD

o ISCD Official Posikions
INICAI [TOMETRY 2 cl 5
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.. HAPPY ENDING-....



| rcrenen R E""ﬂ'” o Sodety o O SCAN ACQU IS ITI ON
B AND ANALYSITS

1.1. One practicing - has a valid certification in bone densitometry.

1.2. Each _applies'manuaI-instruction-standards for BMD measurement.

1.3. Each. XA f has/detailed standard operating procedures for DXA performante.
1.4. The must comply with all applicable radiation safety requirements.

155, BMD measurement is performed at least once we‘ekly to document

stability of DXA performance over time (BMD values tolerance of £1.5%)

1.6. Each has performed in vivo precision assessment and the facility LSC
has been calculated.

1.7. The for each DXA technologist should not exceed
- 5.3% for the lumbar spine . || ||||||

x Aoma, 8-11 novembre 2018
— 5.0% for the total proximal femur

- 6.9% for the femoral neck %



Densitometry Gui

o Repriog it S 1NTER?RETATION
d AND REPORTING

E——

= 2.1, Ab-feast 1 pm«c&iaiu? | | , and ' - .
prefe.ra ly all, 'has a valid certification in bone densitometry, m
[l

» 2.2, The - are noted on the R
report. | | e
. 2.3, The ncludes a statement regarding scan @
actors that may adversely affect acquisition/analysis quality
and arEifaCEs/cc?M ow\cier?, if present.
* 2.4, The identifies the skeletal site, region of
interest, and boc&j side for each technically valid gMD
measurement,
= 2.5, There is reported for each go&iem&, not
a different diagnosis for each sketetal site measured. '

= 246, A is used apprapria&etv. '

- 27 When reporting differences in BMD with
| , only those changes that meet or exceed the
LSC are reported a3 a change.



OO ISTITUTO
AUXOLOGICO
ITALIANO

CENTRO CLINICO E DI RICERCA DI MALATTIE METABOLICHE DELL'OSSO E DIABETOLOGIA




