A O

Densitometry (‘DXA) and
trabecular bohe score (TRS)

STEFANIA BONADONNA

ISTITUTO AUXDLOGICD ITALIAND
h : '
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BONE REMODELLING -THE KEY!




BONE REMODELLING:

Al o b el fn:-#..' InkE :_.l':-"n.n..u..!u.::.'l:lrsnc.nw,uk,’f:_pi&ru.-"nmtlele_r_'-sh.-n:r:L-a-:.I!.| Y,
Elechrosa #E.q:n:-grnpl-. Fh-nh:p ri-.Fﬂ'n:rductr.l. wiibh Fer'n'-i.'..'.iﬂ-n_E- Tire Arvebl The Ponwe Reseorch E‘.m:i.i-.!:..




A HEALTHY SKELETON REQUIRES A BALANCE OF
BONE RESORPTION AND BONE FORMATION |

Whewn bowne Furnover is
necreosed, bone Loss

dominates




OSTEOPOROSIS / OSTEOPENIA

O0STEQ = BONE
POROUS = VOID SPACES
0SIS = CONDITION OF

OSTEOPENIA - LOW BONE MASS

ISCD reccommend bthaob reports should use bthe kerm
Low bone mass and nok osteopenia

A of"

Roma, 5 L2 rceembre BOLT



PHYSIOLOGICAL REMODELLING - BONE QUALITY

INSUFFICIENT TURNOVER EXCESSIVE TUENWER_
¢ Accumulation of microdamage s Increase in skress risers (weak zones)
s Increased brittlemess due ko ¢ Increase in perforation
excessive mineralizakbion © Loss of ﬂuhhed:wd:-j
)
BONE
STRENGTH

'thﬂiﬂlﬂﬂit:ﬂl Ranhge

BRONE TURNOVER

Adm.Fl:r_d. from Welnstein 15, J Bone Miner Res 1£: 621, 2000



EXCESSIVE REMODELLING CONTRIBUTES TO OSTEOPOROSIS -

Normal Quantity | Loss of Lossof Guankily | @@
and Architeckure Quankik and Architecture

Increased = Increased
skeletal fragi.Li.!:j '

Increosed bone

F Skruckural
remodelling ‘

deberioralion




A | >
SCOPE OF THE PROBLEM '

Osteoporosis is estimated to affect 200 million women
worldwide - approximately:

— - —

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

Qsl‘:ecpc}rc}sis affects an estimated 75 million
people in Europe, USA and Japan



OSTEOPOROSIS RELATED FRACTURES

—————mrama =

Fragility fractures or Low-trauma |
fractures occurring with minimal
i braumfi - Q f?rce; equol to or less
- - than falling from standing height
A fracture that |
should have wnot |

hmppehedr

Melotorsal bones while
dancing

Fibula while walking

Lumbar spine while Liftin
woker P -




INCIDENCE OF OSTEOPOROTIC FRACTURE

Incidence of osteoporotic fractures

e in W i

— i i T
Hip
Colles® fractume of wrlst

—_— |1i||

— CollEs” raclure ol wiis]

(per 1000 person-years]
Incidence of fractures
Lpee 100D parsos-years)

:

=

Mg [yaars) Age (yaars)

Figisa 2 Incadencs of calspanafs Fachines

Rickard Easbell
Identification and moanegenment of osteoporosls Uh older adulls

Medicime Woluwwe &1, Issue 1 PS15 &7 — 82




HIP FRACTURE od

;L 2&5& the worldwide i,
EHCE o hi
racbura L men |
ETD“.IB ecked h: tncrease
10% and 240% in
omein, compared Eo
rokes Ua 1990

e T ey

Hip strength and fl.em.hul.d:j protect agmms% hip fracture



MORTALITY and DISABILITY OD

MORTALITY Cause of Death 1 Year
5% mee:l Alter imal Femoral Fracture
*26% Ua 1 year (as breast cancer)

DISABILITY

= 20% compromized functional stotus
« §0% reduction in mobility and related functions
« if Uavalid 20-25% hospeddlization

Rozell PAE, Fuactiomal Oubcome afber Hip Fracture Ihjuf':'r 2063



BONE DENSITY AND BONE QUALITY

+ Bohe dﬂhﬁﬂ;j is a part of

bowne qualit

= Bone qualily extends bevyond
bowne hsi.i:g &

Sound nukriktion: vikD-vikK-
Mg-Ca...

Digestive health

Exercize
Collagen disorder

T —— e — -




PREVIOUS NON-TRAUMATIC FRACTURES

i Eﬂgarclle.ss of the bone P
d&hsl.l:j, P

|a previous non !:'f‘»::ru:..‘.lr'lv"lv.:ld:l:.nt‘:.'E
fracture

' l

| predicts future fractures

e P e 1




BONE DENSITOMETRY

csﬁepcrusi_s diagnhosis

risk of fracture

effect of kreakment




A BONE DENSITOMETRY: DXA )

Roma_ 917 sowsmbre 17 H ﬂ'LﬂG"IC
LUNAR

DXA itself uses an X-ray tube to generate two energy X-ray beams -:;f different energies:
ohe “low-energy” K-rn.-jljbmm of 40 keV and one “high-energy” X-ray beam >70 keV.

Using bwo energy beams enables subbraction of

Bubiipls Dotacesr Array _ Ehi’; ED'FE I'.'I.'-EEHE. CGMF{}“E’_‘“&- EDEI‘\ Ehi‘.‘.’l"g'j bﬁ.ﬂ.‘\ﬂﬁ-
o are thew transmitted through the human body, -

gl ki M where they become attenuated d.i.ffarenl:ij A

Beom . ——GE - | the remaiining attenuotion emnergies of both

Uneer D Nt Y beams are recorded by a flexible detector arm

Pk

XK-Ray Source ___

W Deriree

F BN, = 5,76 gicmis m
:

BEXN {[haal Energy Nray Adrssrpliosiatry]




DEXA ISCD HIGH RATE OF INCORRECT INTERPRETATION

how often do you
see o Fﬁl:i.e.hi: with a 30 1

previous dxa report |
mi:e.rpre&aki.nh thaot ts | {;
incorrect? | =
| 15 ]
: ety
5 1 1

LﬂmLtck:] em J clin endocrinel 2008



. A SINGLE BONE DENSITY DOES NOT "
MEAN THAT BONE LOSS IS OCCURRING

i‘Si*.'r‘t.ml. bowne cle;hs:,
comparison and Lc?b |
| test help to esktablish |

if bone is stable or if |
' bowne Loss is |
 occurring

e P e 1

MAY BE THEY NEVER GAINED A G00D PEAK BONE MASS




A
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DEXA REPORTS

- BMD = bowne mineral density
- SD = standard deviaktion (1 SD= 10-15% of bone)

* T-score = young normal controls (26-29y F or M)

= Z-score = age makched conkrols
oMU, 'j'li i i'lilh ilill
f“ﬂ LH ll”th "

)l ti-pt-nr-nm




A OP

BONE MASS DEFINITION

* SD = from normal young control

+1 $D
= 15D % 12% of bone mass

o SD

1sp NORMAL= -1 SD below peak bowne mass or belter
» OSTEQPENIA= -1.1 SD ko -2.4 SD

-2.5 SD

OSTEQPORQSIS= -2.5 SD below peak bone mass or Lower

+ ESTABLISHED (SEVERE) O0P= osteporosis +
fragility fractures

low bone mass is the single best predictor of future fracture risk



DEXA REPORT - OSTEOPOROSIS DEFINITION

. ‘Di‘_a?hnsi‘.s of 0P can be made if the T-score is
-2.5 SD or lower Uh any u? the following
anatomical site:

- Femoral Neck

- Total Hip

- Lumbar Spine - minimum of 2 vertebra

- Forearm distal 1/3 site. Non dominant arm,

Previous fracture can increase BMD as much as 20%



DUAL ENERGY X-RAY ABSORPTIOMETRY DEXA

« DXA is the best for fntl.nu.a—up testing
» Low radiakion

* Best L'F the 'F&CLLL&:’ has conducted a
recision assessment, quantifyin

heir least siqnificant change {L <

If they have done this, the LSC will
be on the mgmtngt,cni. report.
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The qunLi.l:l control (QC) program at a DXA facility should include
adherence to manufacturer quidelines for system mainteinance

— - -

- Perform periodic (at least ohce a week) phantom scans for any DXA system
- Plot and review data from calibration and phantom scans

+ Each DXA facility should determine its precision
error and calculate the LSC
+ If more than 1 techmnologist an average

BmISCD g
i e TR precisioh error and LSC should be used




DEXA: G-OLD STANDARD?

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

- The skill of the technician - patient set up and
analysis of scans -

- The clinicion’s skill ko oversee and correck bhe
techwniciown errors

- Radiologists efforts ko analize computerized report
mrefui.tj much Like looking at x-rays




DXA

* Request hLF ond Lunbar spine

» Return to the same exact machine if possible

O]

: 15cT fficial Posibions 2018



DXA: LOMBAR SPINE




LUMBAR SPINE

Anatomic Regiowns of Inkerest (ROIs)




A ol

e ISCD: numerical resulks - SPINE

« Individuol verkebral T-score should be
within 1 SD

» Do wnolb rE-PDT‘E individual T-score

* Instead report T-score of L1-L4 if no
excluse

ISCT Official Fosiblows 2old



A OP
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LUMBAR SPINE: OPTIMAL POSITIONING

Spine is centered

Spine is straight (NO tilted)
Both iliac cresks are visible
Scan includes middle LS and middle T12



O .

LUMBAR SPINE: 00D FOLLOW-UP SCAN ?

« SAME EXACT TEMPLATE



A o
Roma, 9-12 novembre 2017 H I? : .

— - -

HIP MUST BE INTERNALLY ROTATED




Anatomic Regions of Inkerest
(ROI1s)
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FEMUR: INTERNALLY ROTATED

- ‘f Emur should be ;mmttet
with the long axis of the

» Hip must be internally rotated of 16%

+ If patient cannot rotate, then make
sure. technicion bries h: re roduce
the same Fnsl_l:l.nhl,hg e follow-
up scans

ISCT Official Fosiblows 2old
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Roma, 917 mowembre PO17

PROXIMAL FEMUR: OPTIMAL POSITIONING

+ Femur shaft is straight

+ Leg i.hl:e.rhal.l.j rotated
- Lesser trochawnter smoll or ot seen
- (lesser trochanter is a posterior structure)
- Ibks size is the besk indicator of inkernal rotation

« Scown includes
- Ischium
- Grreaber brochawnter

ISCT Official Fosiblows 2old
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HIP REPOSITIONING

2013 2015 Initial 2015 Repositioning
1.009 gfcm2 1.017 gfcm2 +0-966 gjcmz2
+ 0.008 -0.043



A cowpare -2

1f the precision assessment has been performed on the
facility, future scans should be compared to previous scans
using the quantitative comparison system

#RISCD

I5CD Official Posibicws 2oif
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FOREARM: OPTIMAL POSITIONING

* Forearm is cenlbered

- Radius and ulna straight

- Distal cortex of radius and ulna
- No available artifacts

Forearm 1/3 radius accepted as diagnostic f ik is ﬁsEanFarbEi.c

Forearm loss may be indicative of hyperparathyroidism
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TOTAL BODY

ONLY IN SELECTED PATIENTS




.
A‘ \h-r A :
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VERTEBRAL FRACTURE ASSESSMENT

Vertebral Frackure Assessmenkt (VFA) is bhe correct berm
ko denocte dewnsitomelbric spine imaging Fer{:c-rme.d. for
the purpose of detecting vertebral frackures,

: Ve.rj Llow radiakion

- Not as qood as plain film
but good enocught to view
spine for fractures

- Not all facilities offer this
- Takes about 10-15 minukes

I5CT Dfficlol Fosiblons 2ols



Indications for VFA

Lateral Spine imaging with Standord E,nd.ibgrnrhj or Demsitomelbric VFA (s indicaked
when T-score is < -1.0 and of ohe or more of the following is present:

- e ——
]
]

| = Women age Z 70 years or men 2
age ¥O years

— Historical height loss > 4 cm (>1.5 lE
E-HCI‘\E.E:' l

| = Self-reported but undocumented

prior vertebral fracture

= Glucocorkicoid kh&rnrj e.qui.vui.en[:

to 2 § mq of preduisone’or @i‘ﬁﬂﬁﬂ{fﬁ;*&?& be
4 & S5& O 00 L& 5 OVETO
| equivalent per day for Z 3 months clinical it ot e B b
& SuLE,

= e P e 1

@ @ oG ISCT Officlal Posibions 018




O .

BMD= 0.972

is a 31‘&{1.&»@&[ textural

;A LR - ‘mebric that can be
& B e ‘extracted from the kwo-
s A 5 dimensional Llumbar

| spine dual-enerqy X-ra
!a%surpbiumabrj EJI?\(A) J
image

BMD= 0.969

TBS is uhcii.recfci_.lj
relaked ko bone
microarchitecture

HpISCD

ISCT Official Fosiblows 2old
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g W

21.300 - hormal

.'.I..r:":'r"l'lﬂl 1|2¢¢—1|3¢ﬂ =i
AP spine L1-L4 intermediake risk

<1.200 - high risk

' . el |
| | : |RISK CLASS

IS Official Posiblons 2018



- is associated with vertebral, hip and wmajor usl:e.apnrasﬁc -
fracture risk in postmenopausal women

-is associalted with hip fracture and with wajor osteoporotic
fracture risk risk in men over the age of 20 ys

_should wnobl be uszed oalone ko debtermine Ereabmenk
recommendabions in cliniecal Frncﬁce

.con be used with FRAX and BMD ko nci‘jusf: FRAX ’ﬂrnbabiitﬁj crf
fracture in postmencpausal women or older men

-is not useful for wonitorin bi‘_szhnsghnha&a treakment i
Fnsk_mahnpnusal women with ost oporosis

-is associated with wajor osteoporotic fracture risk in

Fuﬁz_mghnpnuﬁ_al women with Eylgge,_z diabetes
TRARECULAR BONE SCOKE

2015 ISCD Official Position
®P




Bone Mass

Dhstance Across Section

i S

looking ot a crosssection, from the femoral neck a bone profile is created

HSA

L\LF skructural amai.:jsi,s/hip sktrength anutvsis

Yoshikawa T et al. | Bone Miner Res 16qq: 910531064



HSA

hE,F'- skructural ﬂhatﬁsis/hip strength ahai.cjsi.s

Harrow-Neck

il
I

et it et

HSA cam provide unique insights inko the pathophysiology
of fracture as well as mechanism of therapeutic ﬁ{:{:icucj

Structural parometers are
hightly correlated with BMD

Althought predictive of
fracture risle, structural
porameters are hot
currently better .J:rtdui.clzars
'::I-l risk Chal BM

The buckling ratioc uni ue.!z
reflects the Framsition ?m
strenqth homeostasis to
sikelethal fragiliby, which
camnotl be desceried from
BMD alone :

Currenk Limitations of HSA
rimarly reflect Limitakions
E-F 2-difmensional imaging



A OD

Marmosw neck

- Qualiby conkrol
osi Luhihg
Freci.si;nh

- Fuhdamenkal mssumpl:i.nus

axial asymmetry of cross-section
bu.i.l-chﬁg rolio colculobiown assumpliowns
Eissue mineralizabtion assumpl:mhs

Inter-trochanter

Femoral .-.Ju!’l_"""!

LIMITATIONS OF HSA MEASUREMENTS WITH DEXA

Beck TJ osteoporos Int 2003 14(Fs) sF1-aFF



A OD

WHEN DO YOU ORDER A FOLLOW-U? 'DEXA

=

= ORDER THE FOLLOW-UP WHEN Y0U
ANTICIPATE THAT THE LOSS OR
GAIN WILL SURPASS THE LEAST
SIGNIFICANT CHANGE (lsc) FOR
THE DXA CENTER

- MAKE SURE THAT THE FACILITY
USES ORIGINAL TEMPLATE - NO
NEW ART WORK ON LUMBAR SPINE

- REQUEST THAT THE REPORT
INCLUDE THE DIAGNOSTIC PAGES

l o Official Posiblows 2olg
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- Recommendation for further non BMD

testing, such as X-ray, magnetic
resonance imaging, canuEed
Eumagraphj, ebec....

+ Recommendations for pharmacological
and hun—.Fharmaculogi.mL tnberventions

- Addition of the fe.rce.hl:age. compared to
reference FnFuLa Lown -

- Specific recommendation for evaluation
secondary osteoporosis

15T Offieial Posibions 2o18



A

onisimemee: DXA REPORT: |

Of"

ITEMS THAT SHOULD NOT BE INCLUDED :

« a statement that there is bone Lloss without knowledqge of previous

bone -:iensi.l:j,

- mention of "mild”, “moderate” or “marked” osteopenia or

nshﬁnpurnsis

. se.Em*mEe. diaghosis for different roi (e.q. osteopenia
osteoporosisTat the Llumbar spine

abt the hi.F and

. ;fressi.nns such as “she has the bone of an ﬁ'ﬂ-ﬂe_ar-nl.d"} f the

ek s nok Fo years old

« resulks from skeletal sites that are not technically valid
« the change in BMD if it is not a significant change based on the

Freci.si.nn error alhd Lsc

ISCT Official Fosiblows 2old



GRALIE

WHAT A GREAT START!
— B
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