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Osteoporosis is defined as a skeletal disorder characterized" o

compromised bone strength predisposing a person to an = 8

increased risk of fracture. Bone strength primarily reflects the Fi—
'y

—

integration of bone density and bone quality

-~ -~
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NIH Conssnsus Development Pansl on Osteoporosis J4MA 285 (2001
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Paradigm

Sone Siremy
NIH Consensus Statement 2000

Bone Bone Bone
Strength Quality Density

. Architecture BMD = grams/
. Turnover

. Damage Accumulation

. Mineralization

. Matrix quality
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Routine

Research Only

Time + radiation + cost

DXA
1 1 v-CT /HR-CT
-MRI / u-CT
TBS Fractal 2 K



Finite Element Analysis

Computer model of a material or design

Material and structural properties are programmed
Stressed and analysed

Needs a lot of computing time

Most sophisticated models expensive to run

Stress ratio

FEA from hip DXA

Yang et al JBMR 2008; 24: 33-42
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Well-structured

BMD— 0 972 lllustration of TBS— 1 459

trabecular bone

Experimental

llustration of variogram

Altered
trabecular bone




TBS, typically measured at the lumbar spine,
is determined using the same region of
interest as the BMD measurement, so that
vertebrae excluded from the BMD
calculation, eg, vertebrae with fractures ot
osteoarthritis, are also excluded from the
TBS analysis. Although the TBS result is
given for each vertebra, the TBS value
reported represents the average of L1 to L4.

r
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DEFINITION

The trabecular bone score (TBS) is a gray-level textural metric that

g :
can be extracted from the two-dimensional lumbar spine dual

energy X-ray absorptiometry (DXA) image. TBS is related to bone
microarchitecture and provides skeletal information that is not
captured from the standard bone mineral density (BMD)
measurement. Based on experimental variograms of the projected
DXA image, TBS has the potential to discern differences between

DXA scans that show similar BMD measurements.

7 NN
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TBS is a texture analysis parameter
correlated to the bone micro-architecture parameters: PARFITT

HIGH TBS means: ThSp Ny TbN A connD

LOW TBS means: ThSp ”  TbN ™\ connD

Can TBS be considered as a major CRF of osteoporotic fracture ?



o) SRR

lustration or a good
microarchitecture TBS L1-L4: 1.460

lllustration of a poor
microarchitecture

o
*
o
*
b
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Because the DXA image is usually retrievable, even though it
might have been obtained years before, TBS can be readily
applied to any available DXA image obtained from GE Lunar
(Prodigy and iDXA; Madison, WI, USA) and Hologic (Delphi,
QDR 4500, and Discovery; Waltham, MA, USA) densitometers.
TBS, typically measured at the lumbar spine, is determined using
the same region of interest as the BMD measurement, so that
vertebrae excluded from the BMD calculation, eg, vertebrae with
fractures or osteoarthritis, are also excluded from the TBS
analysis. Although the TBS result is given for each vertebra, the
TBS value reported represents the average of L1 to L4.
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INDICATIONS

%+ Recent glucocorticoid use
RO

¢ Prior major fracture
*¢ Rheumatoid arthritis
¢ Chronic obstructive pulmonary disease
** High alcohol intake,
¢ Higher body mass index(<35)
& “* Hyperparathyroidism

* Diabetes Mellitus

77 J} Ne r NN
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VERTEBRAL
OSTEOARTHRITIS?

These results suggest that OA and its severity have little effect on

TBS but markedly influence the LS BMD measurement.

Although these observations suggest that TBS may have utility in
assessing bone texture even in the presence of OA, additional

studies are necessary to confirm these findings. To date, there are
no studies that have investigated the potential impact of vertebral

| fracture on TBS.
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TBS IN ISCD 2015 GUIDELINE

¢ TBS is associated with vertebral, hip and major osteoporotic fracture risk in

postmenopausal women. 29

¢ TBS is associated with hip fracture risk in men over the age of 50 years.

% TBS is associated with major osteoporotic fracture risk in men over the age of 50

ycars.

% TBS should not be used alone to determine treatment recommendations in clinical
practice.

% TBS can be used in association with FRAX and BMD to adjust FRAX-probability of
fracture in postmenopausal women and older men.

% TBS is not useful for monitoring bisphosphonate treatment in postmenopausal
women with osteoporosis.

¢ TBS is associated with major osteoporotic fracture risk in postmenopausal women

with type II diabetes.

@q ’} o g g NN
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HOW TO PERFORM?

S,
** Scan acquisition

% Step 1: ID checking

¢ Step 2: Good scan criteria

% Step 3: ROI replacement OR Labeling
* Step 4: Area rules

“* Step 5: Interpretation

Ne r NN

»
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Hologic Discovery W
fliig Cabinet QC Exam Archive Backup Utilitios Help

Analyze Setup — Choose an Analysis Method or Compare to Previously Analyzed Scan

Patient : Masoodi, Aghdas

Pat Id: 96.08.29 Scan Id:
DOB: 16.03.1936

@ Choose Analysis Method

Scan Type:

Scan Date:

f Lumbar Spine

A1023171N
23.10.2017 14:55

¢ Compare to Previously Analyzed Scan

A - '\

-

New examination detected
& I
Aghdas Masoodi

/ .\ Prescriber [AL~7~7,
- @ A WARNING

: FRAX Is not available

-

Wi 123.10.2017.15:




I"\le\

FIUSTLETTOR IR STagaT o

| H“ Y Ih\U~ i
\ l

A o

l"il‘

il 1|1,\,n\ '\ﬂ‘ W' i ;

e

;\ﬂ'n i ml‘.m\ \Hxl‘m,w!"""“ ‘w ul I | ‘l | ScenDate: 23102017 1455 L

| ‘\ il ,nl“",.”‘ ‘ ‘ ‘.' 11 l ; |" ! Masoodl Aghdas

L ‘I‘I\"' ’ fl “ﬁ"‘l"*“‘ il

' ‘ Pat Id: 96.08.29 Sex F
Birthdate:  16.03.1936 Age: 81
Height: 159.0 cm Weight 63.0 kg
| VEthnic: Caucasian

Spine Analysis

Image not for diagnostic use
k=1.108 d0=468 t=6941
TOTAL BMD CV for L1-1L4 1.0%

Invert | SE/DE - :
“7"; = i ‘ CF 1.051 1.016 1.000
om v [100 | = Region  Area  BMC BMD T- Z
(cm?) (g) (9/Cm®)  score  score
| 1 Al
L1 12.34 956 0.775 20 05
A DXApro L2 14 69 1258 0856 -16 1.1

D)

lp, press F1

Close

L3 1548 13.70 03885 -18 1.0
V' L4 19.50 19.73 1012 04 25
TOTAL 6201 5557 0896 14 14
— fll
p New ex: ation detecte 2
o* Al Aghdas Maf,(mrliH i e H 1ok
Prescrit lf,.-r.s- P J 23.10.2017 15:05
A WARNING : FRAX 15 notl available

23.10.2017 1506
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IR

ScanDate: 23102017 1455
Masoodi, Aghdas

96.08.29 Sex F
Birthdate:  16.03.1936 Age: 81
Height: 159.0 cm Weight 63.0kg
Ethnic: Caucasian

Global RO| Toolbox

l |
! WholeMode’

} f Line Mode |
| Point Mode ]l

| Select a line

One of more vertebrae have been found to have large Z-score differen

New examination detect

Aghdas Masoodi

i m Cancel }

For Help, press F1 [23.10.201 715054

A e SRS S s e e it s L T




Hologic Discovery W

we )
‘Map A

Vertebral
Vorirol |

\ Results

I | Label Toolbox
‘ | Select Label

include

|

A1023171N

| fLumbar Spine

{PatientData — ——
Scan Date: 23.10.2017 14:55 |

Name: Masoodi, Aghdas ‘
Pat Id: 96.08.29 Sex F

Birthdate:  16.03.1936 Age: 81

Height 1569.0 cm Weight 63 0kg
Ethnic: Caucasian

Spine Analysis

Image not for diagnostic use
k=1.108 d0=468 t=6972

TOTAL BMD C¥V for L1-L4 10%

23102017 15048,




] A1023171N f fLumbar Spine :
Patient Data

Scan Date: 23.10.2017 14:55
[ Name; Masood|, Aghdas
[
5V€r’t’ebt£li et | Patld: 96.08.29
Lines | ) Rl Birthdate: 16,03 1938
: ) [ Height 169.0 ¢cm
’ R"shs SO Ethnic; Caucasian

Sex [
Age. 81
Weight  63.0 kg

e S R g T Spine Analysis
Label Toolbox s |

= LSl LY ! i Image not for diagnostic use
| Select Label ; ' ‘

<1108  d0=468 t=6.941
| 1 TOTAL BMD CV for L1.- L4 1.0%

|
Include

: 3 ' : 1.016  1.000

Exclude \

Bt BMC  BMD
(9) (gfcm?)

First Label

One or more vertebrae have been found to have laige Z-score

23.10.2017 15.06

23.10,2017 15.08.




1S Masood; 1072372017 2 5549 pPM

W

Date of birth:
Height / Weight:
Gender / Ethnicity-

0/16/1936 81.8 years Acquisition date 3201
159.0 cm / 63.0 kg Prescribing doctor Seginian
Female Caucasian Y

SPINE TBS REPORT

N TBS reference graph

N TBS Mapping

-*-_._ TES Viles
TBS T-Score L1-L4- =2 — . -

. = * 1
2

s
L4

9 Additional results W FRAX

IBS TBS
Region S Oy >

N Comments

: r—— et i | ® ‘“Q‘\ SaPEN
/F @ © | &% HooocDiscoveryW [ Aohdes Masood 1 10.. 8 Hipdt - Adobe Acrob... |
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TBS: How is the Number Interpreted?

BMD TBS
normal normal
T-score Z _1 TBS = 1.350
low bone mass partially degraded

-1 < T-score < -2.5 1.200 < TBS < 1.350

osteoporosis degraded
T-score < -2.5 TBS <1.200




)
- ;“
~ Fa Y AR i

W TBS reference graph N TBS Mapping

ation: Europesn

» My

.,.

TBS L1'L41 233 Tnﬁf{jﬁiutn

1BS L1-L4

A5

TBS Values

ge (yoars) Low

W Additional results W Comments

Region 18S
L1 1.206
L2
L3
L4
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m— 7 5-year old

Lumbar spine TBS

5 0-year old
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STEP 01 / FRAX Risk of fracture Calculation -
with BMD




Rnferenve popultion: Ewcpesn (Medimans)

TBS T-Score L1-1.4: -0.4‘ 4

TBS Li-Ld

TES T-Scoee

&5 50 55 S0 b3 LY 5 anc g5

IBs Values

Age (years) Lo

Wats I Pressar

W Additional results W FRAX

Fhaa 40 yaar probability of fracture, agjusted {or THE:

Region THS ¥ 2?:13'” 7.;‘;‘?::;“ M Maior Du:m)[.mr:ﬁ:»:ini Fracture 2.0 %
etk A =ip Fracture: 0.0 %
L1 1.458 1005,
L2 1 ASH 0,028 FRAX weh site
L3 t AB7 1,035 P D usad oandy of FIERAK s agptayed on tha RO repord,
e R gl St W _Comments
L3 1 454 0.6 1.4 0280
W 1,458 -G EHC (3hs
L2-L3 1427 -1.0 0,7 0 Bfid
L2l 1.427 G5 NG 1 Gn
L3-L4 1492 -G 4 0.4 1. {hat

ﬁm Td 9 du(l\'rd froen uw St of e SCA Im aaitd P B gl te B saalod 1 L bijve nnuwm.l 4«WW040 et ‘mlllw« s
.,mm Inclopindenh of w 1 umm Wil g i e oon’ atm’mm ter i lata «mwwa,ww the e, mwlﬁm mﬂ mlu ((k:q[ %
g s 4 1 . '
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1

8, Rheumatoid arthritis

3. Weight (kg)

| 4, Height (cm)

5. Previous Fracture

6. Parent Fractured Hip

- 7. Current Smoking

8. Glucocorticoids

R e o

{70

® No
* No

® No

' Yes
'Yes
Yes

® Yes

® Yes

Name]lb Baran Manlzheh ]

‘:QueStlonnawe: 10. Secondary osteoporosis ®No () yes
1. Age (between 40 and 90 years) or Date of Birth 11, Alcohol 3 or more units/day Do B ves

Age: Date of Birth:

12, 2

50 Y:“%? I M:fG | D:| 14 Femoral neck BMD (g/cm*)
‘ . I _ |
2. Sex O Male ® Female ] Hologic v 110874 [ T-score: 0.1

| Clear || Calculate |

BMI: 30.3 @
The ten year probability of fracture (%)

Major osteoporotic
Hip Fracture

If you have a TBS value, click here: | Adjust with TBS

W Print tool an[?information

\
!

il ‘L | Iif ;“\ (1 \‘\ h\ \“ “H ) h|< H ’\ \‘l i ||

|
{
!

|
1
i
|
i

Weight Conversidn

Pounds " kg

Height Conversion

Inches w» cmM

00010979

Individuals with fracture risk
assessed since st June 2011




‘Calculation tool

e e T S e e

Country:
NamelID:

Age:
Sex:

BMI (kg/m?):

Please enteri the ”Tr'a-beéuilar BoneScoreto computethewt;n
s year probability of fracture adjusted for TBS
Barari Manizheh
DXA device manufacturer: | Hologic i
£ i it
Zg";ale Lumbar Spine TBS: (1435 | | Calute
)
| Attention: TBS values are accurate only for patients (women

| and men) with @ BMI in the range [15 - 37 kg/m?] |
| i \

The 10 year probability of fracture (%) @
Adjusted for TBS

Major Osteoporotic Fracture:
Hip Fracture:

00000043

Individuals with fracture risk assessed



Risk indicator

Age (years) TBS only Clinical risk factors® +BMD Clinical risk factors® +BMD + TBS

Hip fracture

50
60
70
80
90

Overall
Other major osteoporotic fracture

50
60
70
80
90

0
@ 7 Overall

1.51 (0.89-2.55)
1.46 (1.01-2.11)
1.41 (1.12-1.77)
1.36 (1.18-1.57)
1.31 (1.06-1.62)
1.44 (1.28-1.62)

1.54 (1.18-2.00)
1.51 (1.26-1.79)
1.47 (1.32-1.64)
1.44 (1.29-1.61)
1.41 (1.18-1.68)
1.42 (1.33-1.53)

3.06 (1.58-5.94)
272 (1.59-4.64)
241 (1.54-3.77)
2.14 (1.39-3.28)
1.89 (1.17-3.08)
231 (2.07-2.57)

146 (1.09-1.96)
145 (1.15-1.83)
144 (1.18-1.75)
142 (1.16-1.75)
141 (1.10-1.81)
142 (1.33-1.52)

471 (2.14-10.40)
445 (2.27-8.73)
419 (2.29-7.69)
395 (2.16-7.24)
373 (1.91-7.28)
3.98 (2.90-5.45)

1.53 (1.14-2.06)
152 (1.20-1.91)
1.50 (1.23-1.83)
149 (1.22-1.83)
148 (1.15-1.89)
148 (1.38-1.58)

$X
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f =2
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HR for MOF

(without competing mortalify)

HR for MOF

(with competing mortality)

HR for Hip Fracture
(without competing mortality)

HR for Hip Fracture

(with competing mortality)

Adjusted for FRAX score
All cases

Age <65

P for age interaction

1.20(1.16-1.24)
134 (1.26-1.42)
1.13 (1.08-1.18)

0.016

1.17 (1.13-1.21)
132 (1.24-1.40)
1.10 (1.05-1.15)

0.010

1.13(1.06-1.21)
1.55(1.32-1.82)
1.05(0.98-1.14)

=0.001

1.09 (1.02-1.17)
1.54 (1.31-1.81)
1.01 (0.94-1.09)

<0.001

Adjusted for FRAX risk factors
All cases
Age <65
Age =65

P for age interaction

1.17(1.13-1.22
1.31(1.23-1.39)
1.11 (1.06-1.16)

0.001

1.15(1.11-1.19)
1.29(1.21-1.37)
1.08 (1.03-1.13)

<0.001

1.14(1.06-1.22
1.57(1.33-1.86)
1.06 (0.98-1.15)

=0.001

1.10 (1.03-1.18)
1.57 (1.33-1.86)
1.02 (0.94-1.10)

<0.001
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FRAX Adjusted for TBS in patients situated around age-dependant
intervention threshold (IT)

1BS
Maximal
Impact
Area

\/
Non-Therapy

eo0 65 70 75 80 85 90

Age

e

BTES7-score- 250 MTBESZ-score +250
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P

- "'_,.4-TES switch area to
Non-Therapy Group

BS adjustrnent

FRAX score 20 %
intervention threshold

ore

e

TBS switch area to
Therapy Group

FRAX score

.17”’”4#
o

TBS value
\
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CLINICAL USE OF TRABECULAR BONE
SCORE TO MONITOR OSTEOPOROSIS
TREATMENT

Changes in TBS are, in general, much sﬂq‘ﬁle‘\r than changes in

LS BMD during antiresorptive treatment. Although few data suggest that TBS
improvements in subjects taking teriparatide are greater than in those using
antiresorptives, these were small open-label trials and further studies are needed to
confirm these observations. In addition, there are no studies that have shown that
change in TBS is associated with a change in fracture risk. Accordingly, the ISCD has
recommended against use of TBS for monitoring bisphosphonate therapy.19 The role
of TBS for monitoring patients on teriparatide, denosumab, or newer osteoporotic

drugs remains uncertain.
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A'TBS in %

3
2.3
2
1.5
1
0.5

0

Ibandronate

Alendronate

Zoledronate

Denosumab

| TBS response after 24 months

0.3

04

1.1

19

S

A.R.Rajaci MD

VN

'
/

N,
&



- At 70 years, 10-year probability MOF FRAX

score = 19 % -> MOF FRAX Adjusted for TBS = 21 %
with a low TBS of 1.170; switch from “ no treatment
zone ” to ¢ treatment zone ”’

* At 70 years, 10-year probability MOF FRAX

score = 22 % -> MOF FRAX Adjusted for TBS

= 19.3 %) with a high TBS of 1.361; switch from

“ treatment zone ” to “ no treatment zone

* At 70 years, 10-year probability MOF FRAX

score = 21 % -> MOF FRAX Adjusted for

TBS = 22.8 % with a low TBS of 1.181; confirmation

of established treatment category.
“ g ) N T NN
x 8*’
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CLINICAL LIMITATION

AR
“*TBS is not recommended for use in patients with

BMIs outside of
the range 15-37 kg /m?2.

** Patients with scoliosis

% Cannot comparison with two different machine
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