Ol (55 39 0SS alxo
A7 olo 3T Jgl (saian/EEQ (5o Lo/ @iy 9 pw Jlw

WRF/YN0 18l s & U

VARSIV 1y o dy 1,6

B 9505 OB (g SO P! (A2 5155 o 39 i LS (w3
(DXA) Dual Energy X-Ray Absorptiometry

‘u_;albﬁ saal ‘v‘:lL;.ﬁ.'x".'; S (YQL)..\AA| dgan g O caedy (F-RRVEV

g3 Ao
PRV

O s lezinl (Sixe 115 usi )3 3 slallad Ly p cdalllas oyl pbol 5l Bua L4 oo odlitwl (DXA |, Dual energy X-ray absorptiometry)

35t DXA (8ol Lawsgi g 5 (5508 b

S (5t g Jako Gine w515 St lie 5 605 QL] ool Byl (S paseis 55 4 008 arlie o FO sl ol 3 109,
wlils 5 sl cSas)l Jols DXA (Sl gulbs p i85t (clalas sl comiomed 28,8 5158 awyp 390 bl 3 Jlo 5 cuddS ey (5508
by 9 SPSS j58le 5 5l ookl b Waodls i oslitul pgils ;1 DXA Sl 5| Jols (sloosly causydlb 3JUT g gml S pis o sl (65,15

i8S 18 oo g 40 5,90 Excel

el oS gopn yin bl VY 5 VOY it ey Jlo 5 b3S Sl ey (6 pa8 Sy (g 5 o o (giknn 5135 Sl (e (oS0l BB
Adligad losine ol BL | Jls S i 6508 S8 Gt 5 G ke Syl (Sane o1 (1015 S Al

a9 (553l b Sl (gdnd] (Ll wud (508 Sy gt (gl axe o515 168" 45 519

Ol y88 g s ylgstiun] (FSaxe o515 i 43 JFho kA cwy g des] LD g pe Joudes dpeng lbdes] dojiase cudlu gls
ITV-ATTY (FFQ) ¥ Y48 bl (S5 015l alxe .(DXA) Dual Energy X-Ray Absorptiometry luwsi cud 9 (5 p0S

Olen L e 05,5 (BMD L Bone mineral density) ol sl
Rl 3 eSSk o 5l 5 13 SN 0B 55 o e
Dl e S5 S ol ] e o5 i 28
(M=) il (oS el 5 S
Ol S gy s 3 Gl skl iy ol Jb s
YU ¢35 oS el (DXA) Dual energy X-ray absorptiometry
33 i s (6,8 o3Il Ol gy ol 53 Sl O gl S
2SSl i 4 sy nl 50) 35T e eal 31 Ol gl o1 5
Jev 50 L K b Ohles cansy obs,y 5 Olpal (S5 Ol o
CLJ calizes VL (5) 35 g0 dlgig DXA Sl Ol ys 5l s

O 3 et Sl ime oS15 i ey 3 1 (salane

dodo

0313 Cs Sl Ol oS5 AalS L bl (S gole
o e 055 4S8 050 e L Ol il bl ) i
S et 5 Ol (S Ceols )
3o 3 0=V (Sl St JLe 0V (b 55 065 (V) 355
S el 3l das e o Bl s Sl sl rl.i.z:.wl
Aoy 0/0=) Jals 5 ol s gy anls Ol gnal (ST 5 alS
S Sl g a5 o i 93 5o Olseal (SIS LS Jle s
b Olpaal oS15 als cnl 5 (V) 338 oo 5Ll S ¥ o

Al bl e OLL

e (S aS Conl sl Coeal L G eSS e

Ol ol Olgaeal (Olgasl (K5 f,lc sl (K5 (g0aKisls (Kb je Ko3ud 09,8 pluisls -
Ol pl sl (SLi5 ro,l.c ol (Kb 3 (goaKils (Kb Kb 09,8 ()l oawliss )8 (sl -Y
ul){l Olgaol Olgasl o‘<":')i f}lf— Kials il age goaisls ) )LnT 9 S59lgme il 55; (a5 6,}{.} 692‘Iu|.) -y

Email: shanei@med.mui.ac.ir

L el s Jggmmn (Godum g

YV WAF 55T Jol (gazin /FFA (ol / YO Jlo— Olghuol i 55 0dSals ales

WWWw.mui.ac.ir



OylSad g Cedhu Ls jaane

el sias cole; pde 5 aesls coysb LT (oomen DXA
Cgr S 0 DXA @sz 3 Uas sl el DXA Slsle s
L_gwtvulfi.wl}:JUT)rL?g\&i.w\l.uel‘Ua}ﬁlw)ﬂ
53 el S ok L5 rl;_u'\DXA Sle 5 Sl graus
ol iy 5 gl el s Cole; 05 S GS0s Cund s
33 05l a3l Jeol (sla 0ls ¢ s el s 4 Sl LT g
OBl b a Sl o w0 by e s ges 5 L3 3 Excel J‘)j\f);
.aﬁo}y}\)ﬁw;hud:\;w}qﬁ;.%:ﬁw)
(S oS D D5t 5 oh (fan @S| 5 Dl esd o) S
53 B sl Jl ¥O (VU s b Ol gl S g0 4 Vhie 03 50
ode SNab Ol s oS Cils sy st A5 S g0 anrl e
s Lo 7 58555 4 Laesls o] (oSl plsil 51 g 2als e OLES
)'\.X_a_zl_)éj_ébbia_ﬁn\é}_;d«:&-é}}J\_ATL;«:CM»)A.!DXA
0SBl Gl opl Shealiad b sl e 0L J K cals
o (oS Sl O 5 s Jeade gl I G b s s
SPSS )\)_51(:)_: b)b R d‘)jit“? e “:"iLé-’ B JAT Cewd
4 & (version 20, IBM Corporation, Armonk, NY) Y+ gaseus

b5 5 o g asa s et golel Ogasl Sl eslizal L

B4l
5 I B N PO = e S Y I (G WY

‘MJ@QLL?]_))UJ)?_-;

</A%. o

AV I

W]

</AV0 A

S/A50
WY
/200
-/40- . .

e 658 b 3 penl oSl )l e el pgals (Sl
by G i3 2

Lo 52 055) plsssim! (FSase (5

o

(&

b

Sl sy e y3b 613 ST S
(DXA) Dual energy X-ray absorptiometry

Oloaieal (Same oI5 faaad 50 S3e slalba

O30 3 Sepd bl Il (V-A) S e Ol 608 28

Sl bl IS 5l (e g andl Olgs (e ulud  DXA
() Lo o5 b5 b0l Lo 5 andl in 2 Ol e

sl ¢l @Y s 4 3L BMD (g S eslul g s
O 2l Ol (S Cands ol 5 Sl Sdse (SIS
Gl il 5 o el Sl (555 450 (68 o G B
Ot 4 by e B3lal a5 I BMD )Jc:z.pﬁ.:ﬂg,QU
S el adeor 5l 3 g asls (et oa Sl et (5 S 0510
Sl o gl Gl &S = il e ot sl Esly
OV) el 58

DXA s 5 e slallast oy candllan ol plnil 5l Gt
eyl BT 5 O el IS P8 (30 Camdy I gy i
o=l b e o 5 Shas @35 516 5 oSl 5l Jool (sl osls
Saa (V1) 335 Jol Ol o35 (Sl OF (alows 41 slay oS
Gt ke s (S| ks ) canlllas cplplenil 51 S0

s lalas L OLe 53 (6508 O35 Ot

b9,

NorlandXR46 System, ) DXA oSxws 3l eslizal b iass ol
53 Y40 Ju. s (Cooper Surgical ,Fort Atkinson, USA
o S A Lol Ol Dl (S e S
ol b5l it ST el DXA B = S glales
S 33b BT 5 olKiis O gl IS ple oy Sl 5513
Sl 48 O Sl V0 ol p 55l Sl Sl s
S o s S o e T i LAY 5 e Lo 0 S s
o=l At oslil g e gt lap S AV (SIS L e e Y
S el Lo gte 3 3 S (6 08 DB O s Jolas p 530

Ol 1S plomil 51 3 1l 0 el S e 36 s 1
S ez oSl 5 o8 S ol r,;;ucx.d\uliz_@_;m
o S el s 4 5 A ol ol O gl IS
L G ooy 53 Y=Y s i) oo sl (5,513 3
e e S plmil ands ol 53 Sl A il 2
=S 3253 48 G Dol sl Cands 5o p sl sy
355 e ) el (godnS C Ll Sl eslinad b ley
A Sl

ot gl ol 558 e Sl b e
U INCHIUNDUCINS [P N 2l e 03l 13 0530 5,
I35 5l Sl =Y 5 s ) 13 6550 Sl =)

PSR U P AP I S, Bde Y s o S

A% ,5T Jol gazin /FFA (gosladi / YO Jlo— Olghusl S5y oSl ales YA

WWWw.mui.ac.ir



OylSad g Cedhu Ls jaane

«(BMD) Bone mineral density :.Kls .\ >

5 o= Joaits T-Score 3 (BMC) Bone mineral content

S5 Sl O g
shuso 1 51 (Slen e o515 Sl sl
VAL /Y (5 /00-1/)A) (305 03,8) <op Juais BMD
YOAEVAL SOV SVinY) (L2-L4) ¢ o8 <l s & s BMD
FIVY £ < JAG /OA-V/AY) (5305 03.8) <ot Juaie BMC

£ /A0 V/0 (Y8/F4-5Y/55) (L2-L4) ¢ ;8 ol i o 2w BMC
(308 338) <up Joaia T-Score

SVAYENY CYAYAS)  (L2-L4) ¢ .8 i o s T-Score

—V/PAEN/ 2V YN -VXP)

BMD: Bone mineral density; BMC: Bone mineral content

Gt bade il Gbla e (S| 5 ek Ol 00
S ol Rl mpe e Bl/p SV/OF e S 20851 e
Sl (P < /000 350 ls ime ol Bl 4 e 2alS oyl
So S8 Sl e (5508 DR Ot e 0S| 5 Dl S Ol e
O LS Gl &S il el m e e Slse SV Jle
(P < /000) 545 I3 pme golel Ll

WL )
)3@M@Lﬁda)ﬂw;qélﬁDXAa@AdAJw
OF 035 slazel | 5 cnl Coenl 5l Sl Oleys 5 2l
L;l_a:Ua;‘-g)O_Llj\.(\V)Q_«lk_;)})_..éd'.:)l{@l.ﬂﬂﬁélﬂ
DXA olSurs & ol IS pde i DXA il 1 IS 30
ol losls o ol LT 5 5L g Gl o psl 5,851 3

23S 3 w5, DXA S

S 4 doyd /AN Qﬂ\x._\llsr,\:«j;t&lﬂl]a}w):
L}J.GAO_..UJ{:))_ADXAMé\ﬂLla;'-)lJ._bQ_l\.J_J
ez Olg5 o a8 s S 0Ly Ol s Looker .ol s
‘)')—?“:’—sd‘};g{’u"io\'> @;a%bbbdw‘iﬁjg‘)‘&;b
J)}ADXAa@)t}p&DXAeK@bbw\ngw‘
Sl Ut s )s ) K3 4 a5 L (e 5 esli
L'):éj_'alejjw&}ﬁW}jéjzw)éuL;;)l}
5 ol oS S Joluos 3l eslizal U jlaw oS 39354
ﬁ\)sdﬂ}ﬂy‘w.miw;@x;}: —/0 51/0
P EPERY NCR SR S R SN R MINCIE SRS
OF) s, Sl Cuf

Gl 5 3 by b gl Ut s ¥ Ko warg L
ST 55 DXA s il 5 a5 b 51 30 oS

6%‘_}4&)}_&6.*.&)@0&@@.#]@)4{“)3 \D

Oloaieal (Same oI5 faaad 50 S3e slalba

N7
NI
¢
/YA

5 8 psls oSl D ams sl oSl 3l 51 5l e Sag)] e
35 xSl HpSilE I et 38l o5 g

—

~

=
)

—

~

=
1

—
1

(&0 S (Flw 2 0,5) plgsinn! (Fxo (g dipmudls

Sl sy Mgy SULY IS
(DXA) Dual energy X-ray absorptiometry

Ol S e gl Lot Ol gl 5 sl al Ly
aily i e jlew oS e 5 Saynl 6,818 (s s /AN
oS 35550 aS Al g3 Syl (6,853 oy VO il
Wil e e 5l eBaus (g oS o olus 5l ealizad b lay
S G s 3 s Yo/ b e s oy =2 /O
LT o 3 5 o3 Ve/es DXA s 8l 3 s
el s s Aoy /Y DXA Sl ol gl esls oyl
3 S st DXA (Sl il bl ol 36 Ol ¢ g

P 4 S DB O g 5 d Jeads (G pts S35 Ol e
:(\Y’).Lirb_u'!ﬁj Olealwe b 5 ol a5y Aoy Ve 5 VY

05 ) VA X\ = VA 5 (Ga |2ie) YA x V/Y = ¥/T5
(8 S il ,ad

S Uly&l;a.hf@;@élh}'w):éwwh
2L s B sl Gl e 50 e S e e
S &S o sl (508 DB O 5 oo o (Sl il
laesls o 3U LT 0 gl oIS oo Gl 25 2 5 5 4 (O
S oslital b slony oS 55355 (55 0w 3 s DXA (Sl 5 Jols
DXA @sz 53 U syl écel ol (gousS s Sl
s =l Gl Ll Lo Gl o o a5l s
28 el USe

S O 5 cop Jeade Gdae (SIS D dS e 2 L2
Ol Jlw ¥0 (VL e b Ol sl S 5 4 Mo 03 50 6 oS
s (BMC) Bone mineral content BMD slac_.S .20
V dsdr )3 S Ol s 5 a Jaie sl T-Score

RGw EJ.AT

YY4 W5 5T Ul sacia /FFA (goslas / VD Jlo— Olgial SC 5 otSiils alome

WWWw.mui.ac.ir



OylSad g Cedhu Ls jaane

Ol Gdons oS5 2alS (S 55 b 4y .(04) < BMD 4
SBMD oy LUl a3y on (St 5 GRl58l el 1 VY
(7)) o o al Sldlas 31 (b 55 (SanS as

R ] 0351 s S ol g (¢S e
el sl cil Coenl b b 8 5o L DXA
el S oo 5l le has o 13 b co |, DXA S
Syl JUT 5 518y e Gl Sl 6 5515 olKaws
Lallax ol 5l dn B candl sl o Sl 51 ol (slaesls
e Sl KN e el 53y S s bl el 52U
2 Sl gl bl 3G o ate ) S G s ol
PERUEUSTS S5 PO O PNV I E PN e g ERE e
Al e Sl gl Sdas oS1

33 0 53 Sl o515 e S Gl 08 Sl ey piaen
ol S ol B alS (g eS Oli O s 5 cor Jeade Cand
il (3 Slides elal 555 ls gme g bl Bl 51 2als
Sl mn eiS (Lin gy ans S 1E Lol Olays St a5 (gal 3l s
Ol Kozl a8 Cslins s 3555 slw BMD s

() Al e sl

SN0 9 S
o805 53 FAOYVA (goslods 4  SLisios oAb Jol s

Dy o S13,08

References

1. Salamat MR, Shanei A, Khoshhali M, Salamat AH,
Siavash M, Asgari M. Use of conventional regional
DXA scans for estimating whole body composition.
Arch Iran Med 2014; 17(10): 674-8.

2. Larijani B, Mohajeri Tehrani MR, Hamidi Z, Soltani A,
Pazhohi M. Osteoporosis, prevention, diagnosis and
treatment. J Reprod Fertil 2005; 6(1): 5-24. [In Persian].

3. Salamat M, Rostampour N, Shanehsazzadeh S,
Tavakoli MB, Siavash M, Almasi T. Assessment of
bone mineral density with dual energy X-ray
absorptiometry in pre-and post-menopausal women.
Iran J Radiat Res 2008; 6 (2): 103-7.

4. Salamat MR, Shanei A, Salamat AH, Khoshhali M,
Asgari M. Anthropometric predictive equations for
estimating body composition. Adv Biomed Res 2015;
4:34.

5. Salamat MR, Keshavarz A, Salamat A, Shanei A.
Assessing the effect of in vitro soft tissue thickness
on bone mineral density using dual-energy X-ray

Oloaieal (Same oI5 faaad 50 S3e slalba

‘;}Ln)'w}ylﬁﬂu_.u\;s‘;a .>l>.v_i|DXAO§.w‘@l:.}).>b yﬁ&u
G DXA i Iyl 5 s 58 51 ab e SUs )T oS

S5y S gl pde Ll 4 G Wt (6lMRe Olizmen 050 s
a0 alie Oladlas ool a5 BB 55 Uas e ol 550
00) wsil cos pilie mls

Sl 31 ol glaesls sl DT (ol o U o s
i BB 55 et Olpe ol el s 4 4o s +/Y DXA
In vitro 5 In vivo Lyl & 3 edosl s 4 RN O
03 el i In Vivo el i ps Usst Ol e il oo o sline
Ol Bl baslis 5o gl Sl eslizad b AR Lyl
V) il a8 a3l (6,513 5 5 sl e e S

e (1SS Dl ek e S s (pl 3 el w
et 5 e i ;505 5L e SOl e oS Sley PO (Ol gl
el 8 S 15 andliae 550 3 S anrl e Olghool Ol il S
oS edee ol 3 deay a8 sls DL ) Jadr 3 edal s @
G B P Y S Y S I L o TS PRV TS| PECIW N P
Sl e oLl BLsd 51 La jaalS candl ol al 2alS (5 a8
C;L.q gan S plasl e ol 03 s galnis Sladllas s 50
L5 AY) Cl sl s 4 gl

aa OA) 4Bl s plin i 4 50 O Cauley
G (o Joain) S sla Kus a5 ol ol 0313 OLES oDl
ol 5SS e 5Ol Ol I Sl e 5 6 sk
)Q_MIQ_QMJJQJJI Jl 53 Aoy Yo s 50 Ol 5
AWV)das o ialS Loy \Y By S5 4l

il y Ol il (g oS A eals LS OS5 Li ganllas ;s

absorptiometry. J Isfahan Med Sch 2016; 34(378):
347-54. [In Persian].

6. Salamat MR, Shanei A, Asgari M, Salamat AH,
Khoshali M. Using anthropometric indices predictive
equations for estimating whole-body fat mass instead of
whole body dual-energy X-ray absorptiometry scan. J
Isfahan Med Sch 2014; 32(292): 1046-53. [In Persian].

7. Eastel R. Assessment of bone density and bone loss.
Osteoporos Int 1996; 6(2): 3-5.

8. Kim HS, Yang SO. Quality control of DXA system
and precision test of radio-technologists. J Bone
Metab 2014; 21(1): 2-7.

9. El Maghraoui A, Achemlal L, Bezza A. Monitoring
of dual-energy X-ray absorptiometry measurement in
clinical practice. J Clin Densitom 2006; 9(3): 281-6.

10. Bonnick SL, Johnston CC, Jr., Kleerekoper M,
Lindsay R, Miller P, Sherwood L, et al. Importance
of precision in bone density measurements. J Clin
Densitom 2001; 4(2): 105-10.

A% ,5T Jol gazin /FFA (gosladi / YO Jlo— Olghusl S5y oSl ales Y

WWWw.mui.ac.ir



OylSad g Cedhu Ls jaane

11

12.

13.

. Blunt BA, Jones D, Svensen RK, Hans DB, Feinblatt
JD, Genant HK. Good clinical practice and audits for
dual X-ray absorptiometry and X-ray imaging
laboratories and quality assurance centers involved in
clinical drug trials, private practice, and research. J
Clin Densitom 1998; 1(4): 323-37.

Looker AC, Johnston CC, Jr., Wahner HW, Dunn WL,
Calvo MS, Harris TB, et al. Prevalence of low femoral
bone density in older U.S. Women from NHANES II1.
J Bone Miner Res 1995; 10(5): 796-802.

Baim S, Wilson CR, Lewiecki EM, Luckey MM,
Downs RW, Jr., Lentle BC. Precision assessment and
radiation safety for dual-energy X-ray
absorptiometry: position paper of the International
Society for Clinical Densitometry. J Clin Densitom
2005; 8(4): 371-8.

14. Zack MK. Reliability and Validity of body

composition and bone mineral density measurements
by DXA [MSc Thesis]. Blacksburg, VA: Virginia
Polytechnic Institute and State University; 2002.

15. Kirag FS, Yiiksel DG, Yaylali OT. Pitfalls in the

measurement of bone mineral density by the dual-

WWWw.mui.ac.ir

18.

19.

20.

Oloaieal (Same oI5 faaad 50 S3e slalba

energy X-ray absorptiometric method. Clinical
Nuclear Medicine 2001; 26(10): 874-5.

. Imai K. Ex vivo and in vivo assessment of vertebral

strength and vertebral fracture risk assessed by dual
energy X-ray absorptiometry. In: El Maghraoui A,
editor. Dual energy X-ray absorptiometry. Rijeka,
Croatia: InTech; 2012. p. 105-20.

. Tosi LL, Lane JM. Osteoporosis prevention and the

orthopaedic surgeon: When fracture care is not
enough. J Bone Joint Surg Am 1998; 80(11): 1567-9.

Cauley JA, Lui LY, Stone KL, Hillier TA, Zmuda
JM, Hochberg M, et al. Longitudinal study of
changes in hip bone mineral density in Caucasian and
African-American women. J Am Geriatr Soc 2005;
53(2): 183-9.

Li X, Ominsky MS, Warmington KS, Morony S,
Gong J, Cao J, et al. Sclerostin antibody treatment
increases bone formation, bone mass, and bone
strength in a rat model of postmenopausal
osteoporosis. ] Bone Miner Res 2009; 24(4): 578-88.

Syed Z, Khan A. Bone densitometry: applications and
limitations. J Obstet Gynaecol Can 2002; 24(6): 476-84.

WAF 55T Jol (gazin /FFA (ol / YO Jlo— Olghuol i 55 0dSals ales



Journal of Isfahan Medical School Received: 05.05.2017

Vol. 35, No. 449, 1* Week, December 2017 Accepted: 16.09.2017

Investigation of Errors Affecting Bone Mineral Density of Lumbar Spine and
Hip in Dual Energy X-Ray Absorptiometry (DXA) Scan

Mohammad Reza Salamat', Vajiheh Ahmadian®, Mehri Khoshhali’, Ahmad Shanei'

Original Article
Abstract

Background: Osteoporosis in the lumbar spine and hip are diagnosed using dual-energy X-ray absorptiometry
(DXA) scan. This method reveals remarkable accuracy and precision in the results. We aimed to determine the
errors affecting measurements using DXA scan and investigate the changes in mineral density of hip and lumbar
spine over one year.

Methods: The study was performed on 65 patients referred to the Isfahan Osteoporosis Diagnosis Center, Iran,
and changes in mineral density of the hip and lumbar spine were examined. Moreover, phantom study was
conducted to determine the errors affecting the results of DXA scan including metal artifact, patient incorrect
position, not calibration, and incorrect analysis of data gathered using DXA scan. Data were analyzed using
SSPS software.

Findings: This study showed that any error led to a slight change in measurements by DXA scan. Additionally,
the mean value of changes in mineral density of hip and lumbar spine decreased 1.53 and 1.42 g/cn’,
respectively, which was not significant (P > 0.05).

Conclusion: According to the present study, any minor error can impact on the results of DXA scan.
Furthermore, the reduction in bone mineral density of the hip and lumbar spine occurs after one year; however, it
was not statistically significant.
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