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Abstract

Background: Trabecular Bone Score (TBS) is an index of bone microarchitecture that provides additional
skeletal information to areal Bone Mineral Density (aBMD). Recently TBS data has been used to optimize the
Fracture Risk Assessment Tool (FRAX) predictive value. Aim of this study was to evaluate the clinical value
of TBS on FRAX algorithm.

Materials and methods: 545 postmenopausal women (mean age 61.64+7.94 years) indicated for bone
densitometry were tested for aBMD and TBS. 96 women was diagnosed as osteoporotic and 140 osteopenic
women were identified. FRAX and TBS adjusted FRAX (FRAX-TBS) were calculated and compared.
Results: Mean score of TBS was 1.29+ 0.09. A strong positive correlation was observed between FRAX and
FRAX-TBS in predicting the risk of major osteoporotic fracture (r=0.836, p< 0.0001), and hip fracture
(r=0.922, p< 0.0001). aBMD adjusted FRAX and FRAX-TBS was assessed in all sample and the osteopenic
group. There was significant difference in number of cases need to treatment based on FRAX and FRAX-TBS.
Conclusion: This study showed significant clinical benefit for TBS and adding TBS data to FRAX for decision
making in the treatment.

Keywords: Osteoporosis, TBS, aBMD, FRAX.

Cited as: Peysepar R, Ghanei L, Ghareh S, Abolghasemi SH, Meysamie A, Hoseini P. Comparison of FRAX and FRAX-TBS in
predicting osteoprotic fracture risk in postmenopausal women. Medical Science Journal of Islamic Azad University, Tehran Medical
Branch 2022; 32(4): 409-418.

Correspondence to: Laleh Ghanei

Tel: +98 9123353239

E-mail: Ighanei@iautmu.ac.ir

ORCID ID: 0000-0001-5187-4849

Received: 3 Jan 2022; Accepted: 27 Feb 2022


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

TBS _olu! s FRAX § FRAX sl jwo dns Uio eoMulsl3T ol&iils Sy pole alo [F)e

oMl 3131 oKy S pole alxo Original
FAIALG 4 Olxao N F ) o) oF o,les YV 0,90 Article

St 3 ot St 38 TBS wlwl 53 FRAX g FRAX  5luail (4l o dunns Uio
dndly 05 35 S gl K Sis

s Lo, goian Lol Lo T gl S Yo 5y o Y s o UL,

Ol ey s csc)Lw‘é‘jT ol&isls ¢yl o3 Sl pole (( Sdj eaSiils ¢ B sl s len i (LB sl s Lo ua..am‘

Ol el e oodaloliT olils )l (S pole ¢ (5o (slags Lo i @aé aass Ggd |

Sl e+ oSl olS2315 )5 (S sk ¢ oSy uSils o 1S (slas s (ks 006 maid 395 |

Ol ol 5« oodualsliT olsls oyl (S ple ( Sy ouSails ¢ (SIS slags b sidu «S5olsiles, paass 35

O (S pole Sl elozal (S35 (il ®

(S e oIS 5 3 IS i ild (393 (S9amls c(slain Sujud uilecd

LRV

o FRAX denslne 1ol [yl s3] 2 BBMD & fy i) il 50, il sy e M 45" o] oSl TBS 1 bkt g dislas
03 TBS Ll 5y FRAX deaslime il ) ool delllss ] ks sl 5005 2, S TBS _pulus]

ey g0 W ol e o Glinly sl g pogiendld &5 (Jlw FVEIEV/AF i 50Kl L) audl pil5 OFD oy y (99
9 FRAX .l 00l acrdsd Spatin/ 40 1 Fe 5 KU patin] 8,50 95 .0l J)ﬁié"-.’ lg5/aBMD 3 TBS  (sloosls g s s /5
A g ldo g dslo yLin/, FRAX-TBS

(KaSs Sy ot 0 FRAX 9 FRAX-TBS o o | Kot pidic hof Cwos 0 /Y3t +/+ 9 TBS /io Lawgio :basdly
FRAX bl 4o loyo diojla o8] G .l oddlico (=+/TFT P<+/2 2+ ]) 508 KiaKs Ky, 5 (=-/AVEP<+/2-- ) ,45L
Sl 6yl sieo poii FRAX-TBS

A ouolice g el loyo L i JOFRAX 3 FRAX-TBS duglio jo (5,00 ivo glds cdelllro ) 10 1§ yuS dmnis

apstiol 5 il SenSs (TBS) i Yool s oy {ABMD) (3 hstins] 5 pkontonild g pratioal i gebels” 5 575

35k (5 sk 4 g 09O o0 Suxie (S )9e 9 (Sl g Ao o
Sl oz 43 a5 10F) WS g o | (s0la 23 S ool el oS e 4 gt
L’J‘f*‘ %ot B) Sl Sl g [R5 33l g atly Slapils o coul 2odls SDlann (1S
o g (gt il L o8 (Sl s JSe S Ol 1280 Sl 5o (¥ L)) aiS e o |y YU o b
St M‘ Joljj)l )é‘ @‘Pj_j‘ e land 5 Ol w5 S S99 g mamiwl ) (8L (SnSS
@ Gaporiwl 5l (LU (SnSs 5l 6pS sl slp &5 w0 ol 5 Osakes A 4 VoY Jlu 45 45 591 ol au

4295 Olgim] Caliiul 5l le,eS L lyie 4 av 9 o

o g ol 5l il Sl (F) sy Salgs

VE N NT s Bl s gyl (e Ol Sl 3 i (oS g 0L Aoty oDl 3151 oS (O 1 gt iy 5 3]
VE YA e B pd 6 email: Ighanei@iautmu.ac.ir) _«G 4y

ORCID ID: 0000-0001-5187-4849


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

VFe) Gl @ Foojlols ® VY 0590

Wi sl pu€ g D9 o0 (5,5 o3lusl absorptiometry (DEXA)

Coadl Cde a4 .(VA-VP) el Slgs ol anwils &
G9pgi] 5l GBU (NSl (e po Sl JLSlu g,
il LS o B ewl sai aslsl FRAX 4 5.5 TBS
08 (KmuS i Jloixl TBS ulwl 3 FRAX ai5 yeds
yo5be (KewSs Jlozxl g FRAX-TBS-HF 508 5,5 ol
dalllas cpl 50 .(VA) & o0 (edu |, FRAX-TBS-MOF
5 FRAX § .28 5 o3lusl |y asl by Slgsew | Ll 5,
d—olie ol & D 1€ g Cobis 4 Ml ol )il 09,5 5
TBS (0,5 a3lsl L] aS o Fely Jlgmw (pl 4 U 30,5
A5 ol (6 s (SinSs Jlaiz ! yaass j0 Wilgs oo

ke, 9 ol
e Kol a8y a b W OFQ slaws  alaie asdllas oyl o
S92 (6 fogiemn s S 1oy g WD 1S 59 potin | slp 6,52
G5 Wgad gy 4 Wdg 09,5 anxlpe WAL AP Sl
S8 el (6 yegiails Cod g oad Ol L piws jo
O‘))f L;JS.A}.I.:_.JL) 9 TBS L1-L4 sl 0 340 (5).4.&5.».:—».\)‘0
o 2 8 ety 5 (65 o] Sygle olSius b g
-Vl e T-score ol 4 a5 ol Lo T-score  mg/cm?2
Gl b yaS 5 «Seipgiwl VIO B =Y oy T-sCOre. Jlo
o3lasl aBMD LS s TBS o 48,8 ,la5 10 5 esiual -Y/0
03— (6,5 o3lai) aBMD polie yisloys I TBS ol (6,5
iNsight (version 2.2; 158l o la g (Loype al> olud
Skes el w4 Medimaps, Geneva Switzerland)
L1 -L4 u;‘l.&o).e,o k_‘;‘f é).é B 6‘14 03— 6)5 o)‘L.\S‘ ),..oLEi.o
poolie (0,0 axlg aS) Cuwl (6505 (5l 0 90 TBS oais )l
Sl Sy (V) o a3 )3 ks o ey VYD (YL
bl ! 6l oo ools audas FRAX T 1380 05 5,
o, eSS sy s (6,5 o3l (www.shefac.uk/FRAX)
Ao sl (S S5 2l 1035 i iz Sl
38595 S ol B S nlly o j908 (SuSS
&l 5 59 nstisl 5 2ol adgileg, Al (JSI By as

areal bone mineral | slgsel anwils g5t (F) o9
oS 0 sl wl 8,90 be, Lgas [density (aBMD)
il (6 25 o3Il el 039y (RSl Sen; 9 59 0 9]
e b (Ko S8 e 9356 0 Fpetes by (SloPn |
) Slomi] JLlo sy g iS5 x> (Jg clam] 59 5500]
Slgges il julw | 5 jemeiiw Lass ylis wilgy cod
@y, (T-score < -Y/0) Lo Blouil -Y/0 (golus b yinS
lizee glaco—ud jIT-score ¢y Jb o (A LY) 09—3 o0
59 2900 48,5 ((gdly JLoasd )903 «(5 o5 (slao 40)
Obialy sap el G pas cnl Gelwl &S gl Bl slass ¢ Joe
sty BB olasd g a5 050 o 08ld A S
a8 des oo 25 608l 59 jongiin Tl 23 b sla Ko S5
RN PRUEINSSUEE SO 3 1] IR SHIR GRS U
Ml o g, () 4 LS 8 o .05 > T-score> -Y/0
YV ENE SRV T WP RN |
wlin 151 e o Sleein Tl b o low 5 955 |
Oleyd ;0 Caw 51(A) Wgd o 00 jpetiw | aueills
9 S g &5 /O - o T-score b oyl jlew plos
Cealii ol (g5, a5 (69,50 plw 0,0 ol _adl g5 &
$loysis B 5 Sloiw | Lsbo ) Joo s | oo Slgeis |
O (Gne 09,See sl o Syt Jls Lo 5l 18
Sy 5l gl g o o SlgFinl duzme (3ll g 0,59
Sty b (KK L8 il o Loold aile Jio b, g5
a8 8 5SSt Jloto] oS 43 s 5 ook
e loa s baygiSB ol 5l golass OF=NY ) e) W
Fracture risk 1331 o .as— 3 oo 43,85 o FRAX
39 9l leyo 4SS (51, assessment tool (FRAX)
b o3l o gleseinl anils 5 wilaid 5 Loy aS7 ol 4
oad (b s GV (S Lol Jg Seiggisal b
Shles 55 (KinS Jlais| (oS craess @dly 45 ol
BNJEY FRESURSRSRI YRS (JENIN X JOPL T RSPESI
5 69,8 e 5l FRAX g T-score a> 5 .(\¥F) oS oo
Sy M (Sl S ) (0055 (6l S
45 98 b Sobd g g e Jie (Jlix sla) S
o Toai jazd,§ lai o aiin & Sge S S j9p 40
TBS (trabecular bone 45 aiaae slpi—inn 2! Sladlas
3O SnSd dw S Sl 65wl I3l Wilsi SCOTE)
T-score b a5l 9wl b 90 i Cubs 4 D Lo
o Ll 5l 6,5les TBS .(V0) wil Jloj
Dual-energy X-ray g, o g a5 el gzl



http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

TBS _wlwl 3 FRAX g FRAX §Ldail iyl juo dunns lio

oMwldl3T oKy (S jy pole alxo /Y

&bl g,

O35 5 09,5 93 O (Sl (o) 2 51 ANOVA s
e 38155 TBS 5 FRAX s b3 56T (gl o
slacl b one sample 39, 5l g oo e K (5 0,le] ulosl
02 813 O (Shnsod 8 0 duslis Jloo <ol
A oolaxwl T-test 5 syl

basl
L JLo #VEFEVAY o 0 Ske b jeee o5l OF0
09 8 Sl o FYIVYED/ - SKsh oy (ks
VAN e £V A e Sl VOYVER/AS 55 4 BMI
CS P 4 58 05 5 65 sleose BMD (1 S0Ls
TBS Sl .0gs +/VYYYE-NVD 5 +/2-0E-NYF
Ol i g A ol e S LY/ YAEL/-Q
SVIVEENIYA (6 oS (sloo o T-SCOTE (1 Silo 2090 V/EY

slpl, 7. ¥ 9 Major osteoporotic fracture (MOF) ..,
Ssy o35 gl cUtOff -laze o Hip fracture (HF) S,
(V) A e b 00 SSs

el g Jlo e 5l 185 e Jols aalllae 4y 59,9 s )Lss
oS 9 JP 9 uél...w.;‘ @Uy ‘(JLAMSJ )‘ f.m..u 0)5.».‘0])
odaliie pac ) o cabs Jolss asdllas 3l zg > (sla lrs 09
il 1508 Slostn j9aJsSl DXA 13 0540 53 b
B y—as aalw Yeml/min 3| S GFR L mg/dl Y<p,
b SBlid e (59,8 B y—ao wolo a5l A (ST 095,55
posiimw il 3l Jlw 99 (b 5 jgmoinl Koo Gloy
VO jS BMI (suS ol )l aile cdo g ailu «SilsS
5 sosilog) §)lom ablw iyayio p @SS YV Sl i
VY )39 55 5angSs 155 5 pcan

Sl Jgel ole,

w‘)a 'bli».b 9 Sl ‘bgw ubl.o.o Lth oalo 9 Sl r:l.o.:
lrools 5l eolaznl g ylgzeiw! yromw plodl gl olasl 5l les
S ledbl ples lass 4y plill b )i b laslgsen] giov
38l glosls 5l eolatw | ojll o S gz 0 488 cols
Ad 4 S oS g plad el cols ) adllas o canS ES L
A oga IRIAU.TMU.REC.1399.457 >l oS L #,b

Mot e agiondls 5 Sl Fyo8 ML) Jgar

IS 0 Sile

sHbS 2 09,8 50 Sikee

ol 4 M 05,5 50 Lo

SVIPFLV/AT FVINVELEY/P SYAAEY/ A (L) o
FYIVYED/ - A FYIVOEFIHR FYIAALE/A (Jlo) (FKuly poo
VOV VED/AP VO VEF/VE VOAIVYEF/SY Giowilo) 03
YA ) /A Y- JAEEA/A YYIAYEY VAA (¢ ,59LS) &35
\GES N YA/RZ/Y YAIDES/Y BMI (kg/m?)
“VYSEVYA SAYYEVVA VEV/FE L1-L4 T-score
VAPV SVVAEY/Y V- FEVYE Femoral neck T-score
TAREIAL VIYaE /Y VIVAE- QA L1-L4TBS
FIVEY/Y FIALY Y FIVEYIY FRAX-BMI, MOF
< IYE-/a8 </aE-/9¥ NTESNLLY FRAX-BMI, HF
AAE=1A1 /VEY/N 0LV E FRAX-TBS, MOF
< IAE- /AR “IAE- /20 NCESNLY FRAX- TBS, HF
T-score bl » TBS cunsy @595, ¥ Jgu
T-score
P-value Jb s g 395295l

<efeee Ya(\V/FL) YORIAYA) OY (V) al als
<efee Q- (PEIVY) VY - (FAIEL) YAOBIYY) wsl mals L TBS

<efee MEYIV) FEXYIAL) O(YIAL) Jby

Sefeves) Yeoe(Nor?) Yfa(\ - +7) LYACRRVA Egome



http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

VFe) Gl @ Foojlols ® VY 0590

05,5 oal L3l L YAIFLols Laeis Jloy |, (4 YY)
YE/E g amsl Lials L TBS 7 FV/Y sl ials TBS

T-score 5,908 T-sCOre ;o blLs )| .acils Jl,s TBS Y.
P<eleeeN) og o gxn 09,5 15 o) ;o TBS L s o 00
5 5508 T-scOre o bl )l Jlu £+ oYL o 05,5 105 o
g P<efeeeV) 09 lo s TBS L ,Leg) T-score
s sl 05,505 55 S5 & bl ol (<o oY
D Sagy e Jlo P YL (ks e

3,90 O g FRAX 5l » (/1 1Y) 0,50 § digad JS 0
03 yg5le KiSd Sy, FRAX-TBS ek 5 (/. +/9)
FRAX 55l 50 52 b a8 Jb> o aunals YU alls
SiSs YL s s 3lee /) e 390> FRAX-TBS
N3 g0

Solad cubo e g cobs 4 M el aslis o
S Y Sy b oLyl ao s g slass 45 (gl e
sanlie FRAX-TBS L FRAX _ulul 5 az alls o5 ,sbs
FRAX- 5 FRAX oo ,55)| 55 12 3ok a5 Jl> 4o ot
e 05,5 3 pged (SESh Gl S, b 3131 TBS
FRAX-TBS .04 cubo e ol 315l iy ol 50 090>
Slawi Traidee (0bo s 5 Cubis a4 i 05,5 95 ;0 50
yood K SV s 53 FRAX & Cans |, (6 iy
Wjee e

FRAX- s FRAX &b 5 oJlo $+ 5l 5ire glagils )
03 pile KiwSh S, VLIV 57V i 4 TBS
JLe £ 51 50lez 09,8 15 90 dulie yo aiilo YU alls
;5 FRAX 3 FRAX-TBS lis Lo $+ 5l j3ims s
@) S92 10 Fxe j30d 9 s55le (S (Vb Sy eSS
(P<efe e} gP<efeene) (s

ER Nad ooly asid Sl a5 Wil VEe
S5 gl YU Sy, b FRAX | FRAX-TBS S,
0) IV, FRAX  Lulul 5 a8 Jb s wumalas ik
FRAX- ulwl y g (AN =7 207 i liabl alold ws o
Y1 =LV E o lebl alols ao s 38) 7 VY TBS
WAl gan Al 908 (SilSh (SYL Seun; L olse

5 ek D Sengrtul sbapls 51 So e 5o
Sb Al os yle KK @V Sy, ol
o b a5 Jl s 0t saslis FRAX-TBS L FRAX
@Vl Sy, b o3l FRAX-TBS 5 FRAX 25,501 o
1A i plp 90 090 (S0ld 05,5 53 90 (KinSS
sobo g 05,5 90, ;0 FRAX-TBS .5 oobo e

VIO 5 =01 A e (S g e G i b
Oy b =VVPENV 2D 508 0,8 T-score .Sl 4
J992) 092 =V g =VIVA i i 4y jlade 0 528 5 lade
O

S el (L VY/F) a8 A7 slass T-score Lulw! ,
by (L OFIF) a5 Yo 9 Spsiiwl (1 YO/F) Lo VF-
Gl 3, TBS polie wlel 5 w6l ools aseis
S0 YFA o sl pals (1 Y+/7) @Y o Slesei!
by (L AIYY) 0,50 VYo g Bl als Liews (7. YO/O)
s =VIYFEVIYA 5,05 o 0 g0 yo T-sCOrE 1 Slo 045
CS gl s Ve ool 0g —VNYPEN/ 2D jeed 0,5 j0
SleMb!l a5 aisg s 50 go5 Cubs 4 oS
oanlin Soboyd 09,8 L g b cme Dol SIS 500
Jols) w3 18 Jlo £o oYL 09,5 5 40 3550 YAA
O eile a5 (b € 5550 YYO 5 (b jlew VY
9 2,5 oS YYIAVEN /Y 59 ouSibee (Jlo #Y/AAEYV/D
TBS Xl 041 yio glo VOAVYES/A 08 Sl
g —VYYE/AA 508 T-score . Sle N/YVE-/V
g VIWYEVYY 6,05 sloo e T-sCOre .Sl
Sy90 YA i ) 4y (Jloy T-score b o0 Yoo o
TBS (/. Y#IY) 5,50 A+ adl ials TBS (/. VVIY)
aazsls Jbo,s TBS (1 £YIY) ,a5 AY g a8l als Lo
FAIF) 0,50 VYo (. 04/3) 5,50 AD (S g2l 05,5 0
Ls a8l 2alS TBS s y5 a0 (L YY/A) 0,50 ¥¥ 4 (V.
Gepsiimwl b wls 0,50 A7 5laiils Jloy g a8l rals
TBS (/. VO/Y) yai YA sl ialS TBS (L YV/Y) a5 0Y
sy Jloys TBS (7 YIA) 0,50 O g a8l rals Los
sleo,ge T-score 5 TBS o )l s oo bLS )
(P<efee e V) 390 51850 5508 (53,5 5 55

V) 0,50 V4 T-sCOre yuluwl pcobo awdloo,8 Ve
S50 T« Snszal (4 YY) 0,50 YV Sy gl (U
TBS 05,5 cpl ol 31 7 Y7 wuls oL, Jloy (4 F9)
TBS 7. Y# 5 a8l yials Lews TBS 7 YA sl als
ol 50 TBS L 908 T-score o blo,l.ascils Jlys
o blslas Jb jo «(P<e/YY) 0. Lo cxs 09,5 13
S0 gae 09,5 1y ol ;0 TBS g (6,05 (sloo 4e T-sCOTE
P+ 2 \YY) 04

Iy (LVYIY) 5,90 VY (T-score b)) cobo jué 05,5 0
S V0Y g Sssziwl ) (1 FAIA) 8,50 YV (S g p g2


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

TBS wlwl » FRAX FRAX §ldail 4l ju0 dunslio

eohlol3T olEiils Sy pole alxo [FIF

z .
o038 @ 1l as” conl Slgseil bslu gy WSl TBS
S8l e 4 TBS 0,8 adlal .ol ouls adlsl FRAX
ol o (KiaSlss (ppadss JoSo ,eiS1 lgie 4y FRAX
o el sl zals s FRAX o,65) (o5le digy o
5 TBS o5y Sl as’ Yo (ol3dl M5 5 (VY -YY) 09l
A5 33195 s9rm cilos S skae 1) FRAX 5 5.8 (o i
S (YY-YA) 5,106 s> QT Sloslaiwl p las sloxl g IS
3 Jels cainS B S lae 08w p addlie v,
el FRAX-TBS 55 55 ail oads  >)b v Olalllas
3 &6 s slocirez (59, Olalllas 3l 09250 Sl
SSL oy p &5 Sl LSlen; g iz g
el odal Cawd 4 395 (5K le) o g Syl
03,z 4o Bl g Wl YA (5, (SN So anlllas yo
S O S olsie 4 TBS S5 eanl & jenss aslllas
FRAX 5l Jaiue SuSs Sy medd 50 g0 00iS
S dalllae aile addlas ol jo 58 L (YY) wb asls
2 Ol OB Olg Suex 50 (e laasdly (S
4 addlae 9o ;o 0 aldl (oS lay FRAX-TBS Saus
ools lis ol o KSs dm G 0SS Ol
ploul aslllas 4y a4l a5 il Sen g 0l )5S axlllae o .ol
YU oz b gy olhlew j0 a5 Solas ol b ccanl Lo oo
Sz 0 a5 gol,8las suds eole Lid (YY) el ouls plo!
FRAX- | FRAX | 5l ooliciasl caiies (5 5Vl SonSts
Jlo £ 5l 5YL e 09,5 55 50LT o .ol alie TBS
FRAX-TBS _ulol 5 oleys aloe 4 5L ial3dl | it
S gl 0l 3l alas ol ools L 55 Lo ardllas o .aslazils
YL sy s FRAX-TBS L FRAX bl oS
s LB L Fe 5 (G 09,5 25 50 W)l 5508
oy lewiiue OFFLEY adlhas ,o il Kan g (59,590
(FF Y wo S adlhae JlSs oo i 9,TBS
Slogd T-SCOME o) o g a3l 01,31 150,57 o g a5 51 Lo aslllas
TBS OFFLEY aalllas 1 5 el OFFLEY anlllas ajlie
5 il sy SSls S, ez o |, BMD
adlas ,o .08l BMD 5 09)le TBS 3l oolawl jo Sglas
s sl o0t olil TBS Lulul 3 FRAX ;| OFFLEY
ol andllae jo .ol 00l (gwyp o0 390 Ol Lo anlllas yo
Gdauslio wituily 5 WS 6,80 1) hlew Jlo can
o] dasdllae i sl ey Job jo 1) Lo ardllas 3l (5 i

YU a5 )5 FRAX & i |, (6 i olotas | aitoie
JS a5 wms e las Jlo £ 5l S 09,5 05 0 5L
oS jged (KiSh YU sl o0 45 (60)lse olass
Al gl 09,5 15 ol Ho Wileads oo

;o FRAX 4 FRAX-TBS (1o 658 Codn  Sawod
(V5 ) slajlogad) b oayd (SuSll Sy (55

FZ Linear = 0836

MOF risk prediction by FRAX-TBS (%)

=14
o€

]
=]

ST

MOF risk prediction by FRAX-aBMD (%)
FRAX 5 FRAX-TBS (o (Siwrod SaiSTy jloges ) loges
(r=+IAYF (p<e/s v+ V) MOF jgile | Sousil S, CymadS ,

RE Linear =0.922
g "
[¢]
&
-
F] 6
=
ke
<
=
™
>
a
c 4
2 o
z 0 4
‘E &
= (¢} o
a &
- 0 Yohe
2 1 4 QB 0
w et
I ol
0 P O
oo e ©
Fa
o4 §Fo
T T T T T
a N Iy w0

HF risk prediction by FRAX-aBMD (%)

FRAX 3 FRAX-TBS (y (Siwpats (Sl Jlogai ¥ 510903
(=AY (p<e/e o V) HF 50 SoaSd S (a5


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

VFe) Gl @ Foojlols ® VY 0590

3 el gopsl ol 4 Mie iz 90 ;2 0TBS a5 ols
oo 4 Mo iz 90 12 40 (6,05 (5o o BMD a5 JI>
5 TBS  LugSae alal) o 5 azgs (LLS &S5 09 i
(F7) conl biil (gl mans ¢ Ll wu3 g HbALC

sl sl Curez (59, Lo asdlas dalllas 4w ol wiile
99 o Calio 4 M ol 31 o Wilgs e aS olo lis 18 Syl
OO ol 5l o0 a0 ez 0gd T-COTE (351>
Ll jepgiiwl flaie 4 T-score L aS g0 o ol
TBS wilazilsy yleye a4 5ls FRAX Lwlwl o b wiloos
Lol Gleyo yeuwlSouil L FRAX-TBS L aisl als
G rogimmils g, b g0 2 TBS 4 T-scOre asiul 4y axgs
g aid I8l e b TBS aculbre g w55 ojluil LB
2 0l GgrmlSasil (g )l L5 (slabi>Ne LB 23y
b 4 M ol 81 s Wlgs o FRAX-TBS L, TBS !
Al Ll ae Jlu e 5l 285 00,80

Ol 5o Sebd 4 M 09,5 25 b Sl 4 az g LAz S
wiged slhd 4 i Wilgi o 00l 00yd Dol axlllas
5 FRAX-BMD 1.5l a5 1> w0gd ooy Cod (6,45
5 Sebd @ M sloogSpy 0 9 S5 > FRAX-TBS
5 Al i 51 Lo 725l 2aS 5 VL e 5 (Rbo sl
ol asle lai o b Ll () Jau) cenl jiaS leyo 4
o9 Sy Pl aarglglen b 28,5 5l 0 aS
5 Camsl S Gl 5 5l e 9eb (SiSE YL
DL Az gs He5 50

Lol 4 M slapsls a5 ol ool las asdllas (ol o
FRAX -TBS ;| el Saw Jlo £+ YL aily slapils
alio 5 glpl assl> )0 dalllas ploxl casdllas pulisd Ll
olaad adlas cpl s bly o b e g gobs ol 3l
Ohlews Slgll 5 jlaw (s ytian dlaas slaools 4 Lo o s
S Olaie 4 05595 Bpan g cemnileg) (5)le abils
A dalllas 5l SlSls (gYL

ML).: )...uu oS u.....su ..\J‘ysa aS Sl )5)495....»‘ uLA)Q
M &933 R 6‘)" )in o..\...u] Sldlao e..\.ul.v ‘5>Lo)é
@wlwﬂowéﬁo)lmlwﬁ)b@bg

2TBS 80 sy 5 (o e 000 5 065 2 9w S0
anlllas 1o 5 (¥D) Censl oo, wlz 4 Y1V Lo oFRAX
;3 FRAX 4 TBS yui adlal 5l (o)l sme dguw 04>
2 FRAX 5l oslical a5 b 55 0,55 gy janse (slgails
Aiwd [0 Dol wo )8 iy Sgu cuz Glose ;0 TBS Ll
FRAX (bl Sas & S g5l (SanSlls Sty (g0
2,5 obml ol 4

5 TBS (o bwge 5 Jlgne (Sily aslllae wiz o
15 88ls5 ol DSy (F %) Casl o 00l L aBBMD
ol 5 el e Jlas! glallas 4 sl aBMD 5 TBS .
S8l o ol slas BMD slacgsgams 5l (S sl azg5 g0
CFV) s oo 55 W0 g Tginsl 51 el a8 sl s
3 5 5 e |y 5 ] il o TBS sy o 15
wily zals TBS Js Jloy BMD Llaw VY Lo (sladiges
Al oamlice al axxlye ol 3l ol gy a0 (289 a5 ails
a5 bl (6 ks slacadginl X andl b gl pgas 5o
TBS a5 (co575 s 05 azgi |, BMD (51 Jlo 5 il oo
s S s Lo sln ) (lgeial (oa8ly )l lu ) Wls o
Oy Salib yo ol slaaisl, Coeal 390 ;5 Zuslad pus
Gl Jlgm Cnl @ el (o o (YT B @ly 020,18 0924
5,15 05l TBS 5 Jloyi BMD 4 (55,8 3,00 ) 45 qud
235 65 el Wb $o5

s (552 BMD L 50 s Sl b oy o8 5530 0
el ((FY FY) sl ooy OlS1 & W g0 (SonSlls
SR nl 5o (RS (e Sgnp Sz 60,509, el
SYLBMD 552 L a5 ilosls L axlllas dus | oy
GPAomb TBS ( gobs pe ol 3l 4y s 90 od <obs o
Sl 2o oahaie saali-o g0 asllas ;o (F£-FF) &)l
o 5 T 33 o Sl @ e il OV S
p-value L YL BMD 4 50LTBS aias aslie ubo
Lol 5o odle 4y ol (B)158 5VL «0) gelo 0} oS5 4
5 Somb TBS (VI0; VG Ale) cobs dans S
ot gs (FO) P= +/+V) 09 jlo cxe Dglas 90y BMD
b gl LSl a8 Gl 00,5 s 48 ol alie oyl
AV BMD 55 L (S 3l S50l ool Sae
b Al e ol ol 47,5 ans st |,
Sl gb a4 gulS Wil oo a5 — ablite sla S
(F5) Sigd oo 00 yas Lol Vs 5l —aily Slgsea

Al ol VOV g 0,0 VYV Jols Ansung  &e0eS
olid (Cubo @D Wb YV g Cobs 4 M 0,0 YYVO)


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

TBS _olw! s FRAX § FRAX §ldsil )l jwo duns Uio soMlsl3T olEiils Sy poke ala [F1S

9 w‘ [ ) uﬁb)\) G]LA L;LA—A*AMJ s:\.nan.n U"‘ ﬁl}u‘ 6‘,» g_)l....: Mjﬁ)ﬁsﬁu 4.1.0.‘> )l cba_»l.v )5).193....»‘ )J 505)'{9
5y 1y @l )15 5 5T o @ile o)l pBaie s alS 99 i ko 5 o)l sl (sads il sule (JSLS

REFERENCES

10.

11.

12.
13.
14.
15.
16.
17.
18.

19.

20.

21.

faiS ol (g ymts Gloyd (5 aalip (s

Riggs BL, Melton LJ 3rd. The worldwide problem of osteoporosis: insights afforded by epidemiology. Bone
1995;17:505S-5118.

Johnell O, Hertzman P. Health Evidence Network report: What evidence is there for the prevention and screening of
osteoporosis. Copenhagen; WHO Regional Office for Europe; 2006.

Melton LJ 3rd. Hip fractures: a worldwide problem today and tomorrow. Bone 1993;14:S1-8.

Holroyd C, Cooper C, Dennison E. Epidemiology of osteoporosis. Best Pract Res Clin Endocrinol Metab
2008;22:671-85.

Irani AD, Poorolajal J, Khalilian A, Esmailnasab N, Cheraghi Z. Prevalence of osteoporosis in Iran: A meta-analysis.
J Res Med Sci 2013;18:759-66.

Harvey NC, Glier CC, Binkley N, McCloskey EV, Brandi ML, Cooper C, et al. Trabecular bone score (TBS) as a
new complementary approach for osteoporosis evaluation in clinical practice. Bone 2015;78:216-24.

Hui SL, Slemenda CW, Johnston CC Jr. Age and bone mass as predictors of fracture in a prospective study. J Clin
Invest 1988;81:1804-9.

Kanis JA, Johansson H, Oden A, Johnell O, De Laet C, Eisman JA, et al. A family history of fracture and fracture
risk: a meta-analysis. Bone 2004;35:1029-37.

Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: synopsis of
a WHO report. WHO Study Group. Osteoporos Int 1994;4:368-81.

Winzenrieth R, Dufour R, Pothuaud L, Hans D. A retrospective case-control study assessing the role of trabecular
bone score in postmenopausal Caucasian women with osteopenia: analyzing the odds of vertebral fracture. Calcif
Tissue Int 2010 ;86:104-9.

Choi YJ, Ock SY, Chung YS. Trabecular Bone Score (TBS) and TBS-Adjusted Fracture Risk Assessment Tool are
Potential Supplementary Tools for the Discrimination of Morphometric Vertebral Fractures in Postmenopausal
Women With Type 2 Diabetes. J Clin Densitom 2016 ;19:507-514.

Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas P, et al. Predictive value of BMD for hip and other
fractures. J Bone Miner Res 2005;20:1185-94.

Siris ES, Baim S, Nattiv A. Primary care use of FRAX: absolute fracture risk assessment in postmenopausal women
and older men. Postgrad Med 2010;122:82-90.

Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: synopsis of
a WHO report. WHO Study Group. Osteoporos Int 1994;4:368-81.

Hans D, Goertzen AL, Krieg MA, Leslie WD. Bone microarchitecture assessed by TBS predicts osteoporotic
fractures independent of bone density: the Manitoba study. J Bone Miner Res 2011;26:2762-9.

McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson H, et al. A Meta-Analysis of Trabecular Bone
Score in Fracture Risk Prediction and Its Relationship to FRAX. J Bone Miner Res 2016;31:940-8.

Boutroy S, Hans D, Sornay-Rendu E, Vilayphiou N, Winzenrieth R, Chapurlat R. Trabecular bone score improves
fracture risk prediction in non-osteoporotic women: the OFELY study. Osteoporos Int 2013;24:77-85.

Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ 3rd, Khaltaev N. A reference standard for the description
of osteoporosis. Bone 2008;42:467-75.

Miller PD, Siris ES, Barrett-Connor E, Faulkner KG, Wehren LE, Abbott TA, et al. Prediction of fracture risk in
postmenopausal white women with peripheral bone densitometry: evidence from the National Osteoporosis Risk
Assessment. J Bone Miner Res 2002;17:2222-30.

WHO. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: report of a WHO
study group (meeting held in Rome from 22 to 25 June 1992). Geneva: World Health Organization; 1994.

Albrand G, Munoz F, Sornay-Rendu E, DuBoeuf F, Delmas PD. Independent predictors of all osteoporosis-related
fractures in healthy postmenopausal women: the OFELY study. Bone 2003;32:78-85.


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

BIV ] oy Kes 5 sl o LLaS) VPe) oyliwo; ® Foples ® Y'Y 6,90

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Diez-Pérez A, Gonzalez-Macias J, Marin F, Abizanda M, Alvarez R, Gimeno A, et al; Ecografia Osea en Atencion
Primaria study investigators. Prediction of absolute risk of non-spinal fractures using clinical risk factors and heel
guantitative ultrasound. Osteoporos Int 2007;18:629-39.

Cohen A, Dempster DW, Miiller R, Guo XE, Nickolas TL, Liu XS, et al. Assessment of trabecular and cortical
architecture and mechanical competence of bone by high-resolution peripheral computed tomography: comparison
with transiliac bone biopsy. Osteoporos Int 2010;21:263-73.

Graeff C, Marin F, Petto H, Kayser O, Reisinger A, Pefia J, et al. High resolution quantitative computed tomography-
based assessment of trabecular microstructure and strength estimates by finite-element analysis of the spine, but not
DXA, reflects vertebral fracture status in men with glucocorticoid-induced osteoporosis. Bone 2013;52:568-77.

Diez-Perez A, Glerri R, Nogues X, Caceres E, Pefla MJ, Mellibovsky L, et al. Microindentation for in vivo
measurement of bone tissue mechanical properties in humans. J Bone Miner Res 2010;25:1877-85.

Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley N, et al. Trabecular bone score: a noninvasive analytical
method based upon the DXA image. J Bone Miner Res 2014;29:518-30.

Winzenrieth R, Michelet F, Hans D. Three-dimensional (3D) microarchitecture correlations with 2D projection
image gray-level variations assessed by trabecular bone score using high-resolution computed tomographic
acquisitions: effects of resolution and noise. J Clin Densitom 2013;16:287-296.

Simonelli C, Leib E, Mossman N, Winzenrieth R, Hans D, McClung M. Creation of an age-adjusted, dual-energy x-
ray absorptiometry-derived trabecular bone score curve for the lumbar spine in non-Hispanic US White women. J
Clin Densitom 2014;17:314-9.

Leslie WD, Caetano PA, MacWilliam LR, Finlayson GS. Construction and validation of a population-based bone
densitometry database. J Clin Densit 2005;8: 25-30.

Leslie WD, Anderson WA, Metge CJ, Manness LJ. Clinical risk factors for fracture in postmenopausal Canadian
women: a population-based prevalence study. Bone 2007;40:99.

Hans D, Barthe N, Boutroy S, Pothuaud L, Winzenrieth R, Krieg MA. Correlations between trabecular bone score,
measured using anteroposterior dual-energy X-ray absorptiometry acquisition, and 3-dimensional parameters of bone
microarchitecture: an experimental study on human cadaver vertebrae. J Clin Densitom 2011;14:302-12.

Kalder M, Hans D, Kyvernitakis I, Lamy O, Bauer M, Hadji P. Effects of Exemestane and Tamoxifen treatment on
bone texture analysis assessed by TBS in comparison with bone mineral density assessed by DXA in women with
breast cancer. J Clin Densitom 2014;17:66-71.

Krieg MA, Aubry-Rozier B, Hans D, Leslie WD; Manitoba Bone Density Program. Effects of anti-resorptive agents
on trabecular bone score (TBS) in older women. Osteoporos Int 2013;24:1073-8.

Popp AW, Meer S, Krieg MA, Perrelet R, Hans D, Lippuner K. Bone mineral density (BMD) and vertebral trabecular
bone score (TBS) for the identification of elderly women at high risk for fracture: the SEMOF cohort study. Eur
Spine J 2016;25:3432-3438.

Popp AW, Guler S, Lamy O, Senn C, Buffat H, Perrelet R, et al. Effects of zoledronate versus placebo on spine bone
mineral density and microarchitecture assessed by the trabecular bone score in postmenopausal women with
osteoporosis: a three-year study. J Bone Miner Res 2013;28:449-54.

Iki M, Tamaki J, Kadowaki E, Sato Y, Dongmei N, Winzenrieth R, et al. Trabecular bone score (TBS) predicts
vertebral fractures in Japanese women over 10 years independently of bone density and prevalent vertebral deformity:
the Japanese Population-Based Osteoporosis (JPOS) cohort study. J Bone Miner Res 2014;29:399-407.

Briot K, Paternotte S, Kolta S, Eastell R, Reid DM, Felsenberg D, et al. Added value of trabecular bone score to bone
mineral density for prediction of osteoporotic fractures in postmenopausal women: the OPUS study. Bone
2013;57:232-6.

Leslie WD, Aubry-Rozier B, Lix LM, Morin SN, Majumdar SR, Hans D. Spine bone texture assessed by trabecular
bone score (TBS) predicts osteoporotic fractures in men: the Manitoba Bone Density Program. Bone 2014;67:10-4.

Kanis JA, Oden A, Johansson H, McCloskey E. Pitfalls in the external validation of FRAX. Osteoporosis Int 2012;
23:423-431.

McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson H, et al. Adjusting fracture probability by
trabecular bone score. Calcif Tissue Int 2015;96:500-9.

Su Y, Leung J, Hans D, Lamy O, Kwok T. The added value of trabecular bone score to FRAX® to predict major
osteoporaotic fractures for clinical use in Chinese older people: the Mr. OS and Ms. OS cohort study in Hong Kong.
Osteoporos Int 2017;28:111-117.


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.10235922.1401.32.4.6.7 ]

[ DOI: 10.52547/iau.32.4.409 ]

TBS _ywlwl y FRAX 3 FRAX GLdnil () jmo dusss i eoMulsl3T olEiils Sy poke ala [F1A

42.

43.

44,

45,

46.

Couraud G, Souffir C, Gaigneux E, Kolta S, Roux C, Briot K. Adjusting FRAX® on TBS for identification of subjects
at high risk of fractures. Bone 2017;101:214-218.

Garg MK, Kharb S. Dual energy X-ray absorptiometry: Pitfalls in measurement and interpretation of bone mineral
density. Indian J Endocrinol Metab 2013;17:203-10.

Saito M, Kida Y, Kato S, Marumo K. Diabetes, collagen, and bone quality. Curr Osteoporos Rep 2014;12:181-8.

llien-Junger S, lu Y, Qureshi Sh, Hecht AC, Cai W, Vlassara H, et al, Chronic ingestion of advanced glycation end
products induces degenerative spinal changes and hypertrophy in aging pre-diabetic mice. PLoS One 2015;10:
0116625.

Kim JH, Choi HJ, Ku EJ, Kim KM, Kim SW, Cho NH, et al. Trabecular bone score as an indicator for skeletal
deterioration in diabetes. J Clin Endocrinol Metab 2015;100:475-82.


http://dx.doi.org/10.52547/iau.32.4.409
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.4.6.7
http://tmuj.iautmu.ac.ir/article-1-1964-en.html
http://www.tcpdf.org

