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Abstract

In a dual-energy X-ray absorptiometry (DXA) system for axial bone, the measurement of body composition (fat mass,

lean mass) is possible as well as bone mineral density in a measurement mode of whole body.

We evaluated whole body phantom developed for use in quality assurance.

In this study, six whole body phantoms were used and measured with DXA system (QDR-2000).

We evaluated measured value provided by a difference of setting position of phantom, a difference of scan mode and a

difference of phantom in itself. Furthermore, reproducibility of measured value was studied.

As a result, by evaluation in six phantoms, significant difference was recognized between phantoms in each index. As

for the reproducibility assessed by CV, CV value for in-vitro was better than that for in-vivo in body composition indices

(fat, lean, % fat).

From these results, we concluded that this whole body phantom was available for internal quality control for the

measurement of body composition with DXA.
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TR E DFHAN IR B, ko, BIEEE,
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BIA) R S FESEHEVD LD, FHUFHEOEKE
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&5 7724 (Hologic) ¥k (TR), & (&
B), /N (LB) o3#M»roERashtih, #ne
NASE EH2.4emD g FH B OFA & FHOIFIY S h
T-BIBRB OFRD 2 b oTwh, B, Fik
TROIEREOFRAIEDAEN TS, AFF6HK
DOFRICIE L MORDEHITFONTBY, £IICHFER
DET BT ELICLoTERESINS. FZIETESHE
36.1cm, #£76.2cmTd 1), HIEAME25.9cm, #HE66.5cm,
EFREHHE18 5em, #E36.6cmTHAL. F LT, FEIOEE
13144emTH Y, BEEIF281kgTH S (Fig. 1 /).
MEE, RIS EICEEEEOR) F LY, B
PRI LA E IR ke =— b, BSYEICIE
TIVIZTLARENEFNHVLNTWA, Fig. 1 AI
DXA #EBCEHIL-2H7 7 ¥ M 2AOHEGRERT.
ZITIE, BIEELAYWENACIE2E&DE, 770D
LDEWESENKBETEREINT VA,

3. % &

A% & L T, DXA % & 2 13 QDR-2000
(Hologic) %, FHHIMZRICIZZHT 7V A 6MK%EZ
NZNEEH L 72, QDR-20000 £ HHD A ¥ ¥ »E— F
IZ1% pencil & array @ 2 @A H 1, A& I3V XA
HE L B—HEBROMAE LT, BEIFEEOME
ERUIRICEY E NSO AEDLE TEZD A
Xy Ut ibihs, F72, AF % i, pencil TldfE
BZEAIZ, array TIIZEZEBRITIRICZ SN S (Fig.
2). B, T—FNET A DOHEIX pencil TIE13
mnC, array ClI39mmTdH V), &5 OFHAKFRH 1T pencil
TI3H15%7, array Tl 545 Th 5.
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ML LT, ORERLD7 7 v M ADREMEIC
X BEHAMEDE, QA F v v E— FIZ L 2EHIEDE,
QFHlNEE, BLU@64D7 7 v b AMOFHIMED
EDFF4HBIZOWTHE L.

B, BARMRFHIEEE, 77 Y PAEE—7 7~
FARFRALT, REMEBIX LA, A%y rE—
NiE Array 2 L 7-.

77 v N ADREMEIC X B FHIMEDZE ORMEN,
&7 7 MAOBREMELFIg 3IIRTLIICER
B (upper : U), H9E (central : C) BL I TFHE

(lower : L) 3@ATICREL/A. £L T, EHLETH
L 5 [\, FoEixl0mEEnENEHIIL, JoN-E
A% e 5 2 L& - CEEl L 7.

AF ¥ - FIZLBFHAMEDEIX, XF v E—
F& L Tarray & pencil ® 2 ODAF ¥ v E— K%
ERLE. Z2LTC, TREFNOAF Y VE— FiZoWn
T2 OFMHAIL, BoN/AFHAMER LT 52 &1
Lo TEHM L 7.

AR X, 2877 v bAaEFHIANSGE L7 in-
vitro &, ABEIC K A REZ B -BEBERTI VT4 7

(SRS AR i © 21~55m%, “F¥932i%) 6 % 5Tl
R E L7z in-vivo IZ2WTHT o 7z, FHlIZ, in-vitro
&5 HMIZFES0ME, in-vivo I22WTiE 1 fliconwT
SHMEICEF3EZENENFHIL 72, £ LT, FHlEE
313 5 N2 FHIME D Z BI42 %L (coefficient of variation,
CV) TEHiliL7z. % B, FWREIC L 2HEHEL, 1§
XA (B0 uSv (Y= 1)) R F DX

(4mSv) ICHLTH 2uSvEBDOTHMETH 5.

77 v M AEOFHIMEDZEIL, 6D T 7 FAIC
DVWTENEN20EEHIL, 55 N7-5HHE % ik
5T e Lo CEHE L 72,

Fig. 1 Hologic while body phantom
Left : external view, Right : scanning image
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B, TRNTOMFIZBWT, FiEE (bone mineral
content, BMC), E%E (bone mineral density, BMD),
Jefig (fat), BJEMIE (lean), total (BMC+fat+
lean) B L U% fat @ 6 DDIBEIZOWTEHME L 7.

4. ¥ BT BB AR

FEHRITIZ OV T, BERLOT7 7 M ADFRE
MEIZLAEHIMEDZE L 2% ¥ v E— FIZ X 5 EHIE
DEOFAMIZ X paired t IRE X FH W72, 72, 614
D7 7 v M AHOFHIMEDZOFHMIZ D\ Tid Sheffe
MEZHWA., 2L T, Bty 7 b7 =721 Stat
View (Abecus) % vy, HEIKEF p<0.05& L7,

FHIBEEIC D WTiE, Bon/z 6 20FHIED CV
fE&, Gluer 5P OHMEICE D WTI%ETE L IRME %
B L.
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Tablel 2, 77 ¥ N LADEREMEIZE S EHIMED
EOMEIAEREZ/RT. lean < 5 2DIEIL, 77
YhaEEHICEELAEAVRLIESMEE R L.
FHAE o & #7132 BMD & total T2 54, BMD
TIIFREMED EE L PRE ORI (paired t-test,
p=0.042), total TIXITRCOBREMEMICBVWTEE

EZ 7 7/ A€—— Detector VL A
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Fig. 2 Schematic diagram of the scanning mode for whole body
Left : pencil mode, Right : array mode

ZRAD b7z p=0.0107~p<0.0001). L2*L, BMC,
fat, lean BL % fat D4 oDFETIX, 77 b A
DRENMEICLZEHIEDERRD SN o7 £
7z, FHAME®D CVix, BMC, BMD B X U fat 122\ T
T ERDS, lean (2D W TIZ EERAS, total & % fat (2D
WTIRHRE E TEI N TR EN TV

A% v vE— FEZEIL, BMC, BMDB & Ufatd 3§18
ECld pencil & array DEICEEZ %2 RO 7D I2%t
L T (paired t-test, p<0.0001), lean, total BL U'%
fat D IFBE TR EAEEZRD L o7z (Table 2).
F7-, FHAfE®D CV i, BMC, BMD B & UF total 12
DWW IS pencil DS, fat, lean B L % fat (22
Tld array D FBSENEINEN T,

Table 3 |2 in-vitro & in-vivo THGES L 7-5HAEE &
LT, CVIEEI%EHE LR % /RT . In-vitro DFHAIFE
I, 3 XTOFREIZBWT CVELT% LT OFEN
fE% 7R L7z, ZUZx LT in-vivo &, BMC, BMD,
lean X 0" total @ 4 FRIEIZOWTIE CV {H1.37% LL
TOENTAEREE X R LA, fat & % fat @ 2 5
T4 BB LERPRARETH o7

77 bABOFHIMENEZ, 6077 A
M OFMERFHSHIZ D W CEHEME % #E L 72 (Sheffe
test). FOFEHR, total B4 EF L L DHEET
HEZZRD, IRWT fat & % fat D134, lean D10
#, BMC @ 84, BMD 0 7 $lONHIZ A E L% BT

(Fig. 4 ).

Table 1 Effect of a setting position of phantom on the examination
bed
Measured values®
Upper Center Lower
(n=5) (n=10) (n=5)
688.95+7.53 682.84+17.34 685.99+5.43
BMO ) (1.09) (2.53) (0.79)
s 1012310019 1.102+0.013 1.114%0.007
BMD (g/en’) (1.68) (1.18) (0.63)
Fat (g) 15682.3+88.8 15603.8+91.0 15531.9+86.2
- (0.57) (0.58) (0.55)
£ s e 11616.1+69.7 11659.2+92.9 11685.8+93.9
S (0.60) (0.80) (0.80)
Total(g)*™ 27987.7+37.6 27945.8+£13.9 27903.7%15.2
— (0.13) (0.05) (0.05)
56.0%0.3 55.8+0.3 55710, 3
o
% fote) (0.54) (0.54) (0.54)

* I mean=S. D.
™ . upper vs center ; p=0.042
“* upper vs center ; p=0.0107, upper vs lower : p<0.0001, center
vs lower ; p=0.0106
() : coefficients of variation (%)
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Table 2 Comparison of the measured values obtained by pencil-
beam and fan-beam in QDR-2000

Measured values®

Pencil (A) Array (B) p value*™
648.58+4.25  685.16+12.94 <0.0001
BMC(g) (0.66) (1.09)
o 1.22340.010  1.11040.016 <0.0001
BMD(g/en’) g g9) (1.45)
_ 15798.6+128.1 15605.5+100.6  <0.0001
i (0.81) (0.64)
Lemn(e ~ 11752.0%127.8 11635.1%87.3 N.S.
RS (1.09) (0.75)
Total(  BL92.2E13.7  27945.737.0 N.S.
HEE (0.05) (0.13)
56.040.5 55.820.3 N.S.
¥ B (0.89) (0.54)

*mean=S. D.
= (A)vs(B), paired t-test
() coefficients of variation (%)

Table 3 Comparison of precision data between in-vitro and in-vivo

study
In-vitro® In-vivo™
CV (%) 90% UCL*** CV (%) 90% UCL
BMC 1.44 1.73 0.97 1.47
BMD 1,72 2.06 0.98 1.48
Fat 0.90 1.08 4.76 7.21
Lean 1.35 1.62 1,37 2.08
Total 0.17 0.20 0.99 1.50
% Fat 0.92 1.10 4.67 7.08

* . whole body phantom,duration : five days, df=49
* . 21-55y.0., 6 men, duration : three day, df=12
** 2 90% upper confidence limit
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MEOREEENEE L LIZANOFEETH 5.
2L, Btz HCBETIE, MERE LR,
DSR2, BEEHONZELTE b
TR 77V P2 HVLONRBRITH A, FD7
B, 77 bAORIRRPHEBICL o TIL, B5NM5H4
RO bR E LHE ERE S TRRES 5 TR
Hb., LIzhoT, BEEESLERIHERT 77~
FAZDWTIE, ZOMEZFHMET A EPEREL
5. T4, DXA 2 X AEMBEHI 0SS
RICRHABEINE25 7 7 ¥ P AIZDOWTEHE L 7.
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Fig. 3 Setting position of phantom on the examination bed

1% quality assurance (QA) & good laboratory practice

(GLP) 2451, QA IZ total quality control (Z4H24
TH5LDTHY, GLP 3 FHE, M, EELZ EOEH
EEICHTALDEEINTWAS, T2, QA OBRE
Fi, FEEOMGENT v 7, ZEL, NTEEE
P (internal quality control, IQC) B & U4k EE
P (external quality assessment, EQA) ® 4IHH »5
%5,

EHM 77 v A% DXA 2 X 2 HEBEHIOREE
BFHICHEHT A2, QA OFEELKRC 3IHE
ZRHIG LS B E 2 b, SHOKRE 24 TIED
5E, FHFEOMY A BIIE L7277 ¥ D ADRERE
L& & AF v ¥ E— FOMREIIRELIZ, FHBED
X IQC 12, 7 7 ¥ P ABMZE ISR TOMETICH
WTHIEL 2 ADTEQA IXFNFNMHLYT A LEER
YR

PRI A EDOEEIZOR DA 7 7 v P ADEEMNE
EAF ¥ yE— FOFERIL, BONIIBEOHIEL
LEIRBOLETIE, —EDEMPEDLNT,
NOEGZERIREDPOHEIIRETH 72, L
L, FHllOBEERZE/T 258121, 77~ A
DEREMEBEEAF YV E— F2RETHLLEIRD A,
Z2C, AREOFHISTRZEG, 2V 77 b A
DEREBEMEBIZOWTIRAF Y VS AP LT HMTD
NAHDOTEEIZ, AF v vE— FIZDOWTIE pencil &£
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BMC BMD Fat
(g) (g/cm?) pe—————— =g (g) —
1 b R |
800+ ———— 1.16+ —_— 17000+ —
S 1 | — )
750 1 1.144 — q1 1
— 1.12 165001 —— 1+
700+ 1104 | —
650+ 1.08 16000+
6004 1.06 E
_ 1.044 15500+
8501 1,02 ]
] 15000+ iU
e 1 2 3 4 5 6 L0 1 2 3 4 5 &6 0 1 2 3 4 5B 6
Phantom Phantom Phantom
Lean Total %Fat
| E——————
(2 () ——— (%) — !
125007 | 29500+ — 621 —
e e 2 0 1 | e |
1 | | R | . S |
— 29000 — 00y —— ———=
| e | Y
12000 584 F——— =

28500

Phantom

| S S R | 1
| — 1 | —
| — |
564
11500 280001 54
i 275001 ] 52
16007 —o—2—4—2—= 20003 —2—2—3——2—= 504

Phantom

Phantom

7. Sheffe test; p=0.046~<0.0001

Fig. 4 Comparison of the measured values in six phantoms

DY AFy VEEDHE array I[CFNFNPE L7,

FHAREOKET T, 77 bAazXHRE LA in-
vitro Tl fat, lean, total, % fat ® 4 DO,
b & &S & L7z in-vivo Tld BMC & BMD @ 2 2D
BRENL VEN CVEERRLZ. ZOBRELL, K
7 7 ¥ b Al fat, lean 7 & OB EHA O B SR
123 LT\ 5 %%, BMC % BMD & o 72 B EIRIE
WIES W EEZ BN,

—HRIZT7 7 ¥ M ATIE, FHEAROMRIZEE S FE) 7%
ER—EE L \Wwizo, in-vivo & ) DENEHEEE
HELNDY, LarLl, SEOKETIE, fat % lean
% EDORBAIRETIEFEBEY invivo £ ) b in-vitro
DHHEREE BN T 2023 L, BMC % BMD
% EOFERETIEHEIC in-vivo D FDENR T2,
COERD1I-2E LT, &FAF v TIAERHEE
Y EHT 5720, BHERKBREEMEZ & DR EIM
DAFX VI LTT—SNET 1 > OMRZ EDA
CEEENTVWAZLIGERLTWwAR EEZ b7,
2% ), EFAFy yTEEWT—FF S 7
Lo THREMET L, HESROEBEL /NS WVIGE
WITHEREOERT 2B/ LHEI N, AKRENT
Wb AF X 7 — & @ point resolution (&, FEHE P ABR
BIEALER 2 OB ERMOAF ¥~ TlX0.8mTH 5

DIZH L, EFAF ¥ Tid2.2m & B S M IO REED
%5, LT, fat ¥ lean DR ENREATH 5 &1F
D 2 RITEFEICOVTITHEBEI R ON RV, T 7
¥ b LTI EDOIEA 5 2750.8cm? (76.2cm X 36.1cm) &
VW) 2RTEESEETRETH D, ZToOEIFIL M2
RICHEEDS0BEE LR I NG, ZTHLT, &
D 2 RITHEFZHEBEIHFESN, 77~ P ATIE6195
m’THY, KT U747 6 ZDFIHE2238.9 cn’DF
1/4 E/NEhoiz. TRBIZEY, 77 boaD&g
AF X ZBVWC, B MIELTT7 7 ¥ b2OEERE
WINED o722 7%, BMD % BMC DOHIERE DK
TIZEE LTS LB,

77 v N AHOFHIMENZEIR, 6 DDIEDETIZ
BWITEEEN RO, Zhickh, 777 b
LABICEBONZETIENER LI EVPHLNE 2o
7. EQA iE, FHlMfEDMMOZEZMNTHI LR
HiEk I DORIEE HE9E LTWwWA, Sk i ReE LT
EQA Z21T) A, LRIIZEZK D77 v b A UE
EFTBY, K77 PAIZ I EEBICESNAENERER
HZOTIOHMICIIAME L WZ S, Lzd>T, &
77 v MAERRBEEBICHERT AGE, MENTHER
T5 IQC CRETRETHA.
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