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o #l E

B x £ X

EE OfF, BHREZ I CORBMEERBOBREBLIEET 5720z, Ha OFFRBY L FHEEREN
BA%E ShERICft S hTws. FREEREINERE, BohsiRE, WERL WERKE 77 RE
RSP RREAR LD 0OT, ZORMLBEARRETRETHS. ThoOBEEREDNS D, —ET
X — XBRINPER (DXA) T EAMENER TR Y, BEFEERECERL LTS, FiRXT
3, BEEROFARESHICE T 2%%, DXA ICX3RIENER, RixsREMIRNOF#EEOHE,
RERFRI 7L E D REMC B R~ — 7 — L OBRE RS 5.

L gL&®IC

F % BE (bone mineral density, BMD) o J £
2V EEERIARBEETRBEL I C oML 0 FE
BoBREZIMET 0 ERAFERTHS. B
HERPEIE & 72 2K B3, BITHEHEED 2
P, MRS TE, RIFREBEETTEE, FR
BRESRETTHESE, 1BMEBAERY v~ 7, BMEBRLIE,
BIALEE, SraanFag RS, fidvha
F# L7 & R B HRESCEERD 2 KRR
RRETH Y, BiKicbs2, BHRIEACEL
TR EHEEREOTR L zoFAECHERE+
STz LARELEbh 3.

IL BREREOEE SN

BEARTREL OIRBY L BFHEREL>H
Fah, BRIEEh T3 (Table 1). BHHEE
Hix, WERE»S, 1) XBREEORENE
(MD, DIP, CXD), (2) X#CT o F|H (QCT), (3)

% B EIHAEZEREBBEHRHOABTERTLLT
WEZE RSP ERME BBV L.
* I ERK R ESR
ZMISHEILA2A
BIRIGERS% - ARG E 577 (@ 701-01)
IS ERKFEEER
B ok £ x

(BEE2¢ 31: 207-213, 1994)

FFRILRIEE (SPA, DPA, SXA, DXA) & (4) X
BB s (QUS) chEsh 5. i, HIEX
BN 5, (1) KRSEH (MD, DIP, CXD, SPA,
SXA, QUS) L (2) fE&E A (QCT, DPA, DXA)
s s, HEEEREORAMEIZNT
hRRY, MEEESRTE L, 7— % IUER
FAE W Z L RERBE LD W LR EE
Eohs, &z, DXA GELREAMEREDCRD,
BEREOEM L 2 Y, Fx OffEo DXA 3
& (QDR-1000, 1000 W, 1500, 2000, DPX, -, -L,
XR-26, -30) BHifR & H, AFTiE 300 FLL ED
DXA ¥BABEBEHLTVWS. 22T, FRT
X DXA % Hu RS 5.

L GEFHBERECST 2 BEERORE

BFHEEREITHRRECRYIRE, 2, B
BESHEROHECAVLhTWS. BHRE
i, 2HMOBRETHY, BEESKETL, B
DOWHREESELL, BERKETHLL T B REL
EHEIND. ZORRE, BORESETL, B
BAELRTWREBLEZEShZY. 20kd, B
HRECBWTREEBRVOFTRARIRELLER
hn 5. BE, EABRFRE NRTHIEERE
DT BB 2 RERITFAEL 3B GERERKREE
YR - ITREESER) 1 O IRE Sh e 2MEAECQUE
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Table 2 Standard values of vertebral BMD in normal

Japanese
Male Female
Age

(yrs.) BMD* BMD*

(g/cm?) (g/cm?)
-19 1.03040.149 0.9724-0.104
20-29 1.0264+0.068 1.001+0.079
30-39 1.0274-0.068 1.018+0.066
4049 1.023+0.093 1.005+0.074
50-59 1.0194-0.090 0.9234-0.098
60-69 0.994+0.097 0.873+0.071
70-79 0.984+0.067 0.7864-0.116
80— 0.9034-0.061 0.742+0.193

* vertebral BMD measured by QDR-1000

R) TLEERD (H) iR L TRKERFAYE
Z2bhTn32, ZoSHEETIEERDOZ
Wiz, MEHERIE XARG EOHEERDOBRORIEEL L
HESHhS. BEMEMED IE HoERMH
M) U EoFREF T 5 ERx, BERD (H)
LS ha s, IEEIZHEY 3 3 EH BMD i3
QDR-1000  0.81 g/cm2 #ETH 3. —F, BX
BEPOEHRETIHAE, T02SD H5 T 807
UEDETHZBRBA(H) ET5Z %W,
e B A A D fEHE BMD 0 H¥EEOTE T, B
HBRIEDERILERICEBR TH 5. DMIERELBIG
L, BTHVEHREL BRI LI iERI 2 B &+
5L, ARANDIEHEFIERE D EYE(HIX Table 2
koicizs. B KL bICRRE &1 305
RzFET 5.

IV. DXA [CL&ZBEFTEORE
DXA i k 3 [EHEDBHERIZELT, LT

EHhxEo 388, TOMEHIRERRCKES.

2% Y, () FHOERCHRE o {l#, 2 JE
HER D WFR N ICREDOET, BiFE i EE L
G EBRBOLNIBETHE. £z, ROBA
CRHHECHEALETHS. 20, (DH
EHAEOREDORY, ) JEHE D SMERED
By, Q) PEBFmEORENEY, D) FKALo
PLBRH T REME, O) BBEInLE2BOIHAT
H5. B, DXA TRIBHESHERDEY Rt
TH58, BIAFHLICHBE LA HEL AR

LB A AR EEL 2. Tk, BEEMEC
5% L EOEEHR A LN S & EICIERITSLE
Ths5. DXA LB BEHERIR—R++ 74~
PEALLTEHEN DT, BET—EON—
254 VORENHETH 5. DPX HZR XR F
TRER—Z +» FAVOREIZIETA VERVBEA
ERTWB DT, HEZERORRIAERTS
iR, MEHHOKIEEZ —EICT I LENRDS.

DXA Iz & 2 KEFEEMOBHERK, T O
BEIRETHSB. 2%, () EBERE+HT
< (QDRZB IV XR % Tt 1 cm, DPX &R T
¥ 1.5 cm), BOEEIR (ROD) % 3BT & R WHA,
QHEHOROI DAy 7 « 75 v v FEEE 4
ICRERTER WD, =R « A VOREHBR
B LHESHBHEA, Q) BT o KRR
PO WEERETHS. (i, T|H» ROI
KEFE, REFLRBETO—HEBEEL TS
BAIERETALETH .

A7 BMD 0 Z g2 »5% L &iciz, (1) 3|
#o ROI DB R X OAENHEIE B oY,
Q) EROBEEORFHERNE 5L 2B X 2%
BRERITETS. wTFhitLTh, KEBEHEES
DEEEROWEEEIBHEDOZL LY 45,
ZOREA & LT KBGO RERLL O FHMES
BNz LBEFoNE. 20z, ROIDfLE L
AEL B THRERY A—CRET S L 5F
Eths., i, HAEEHEGB@ X ERA—CTS
L rbiz, FEGENCKETMIoRREE ZR
BRRWHAEWE IRETS (HRLLTKRE
Fh5H4MUl 1 em PIR).

V. DXA QORIEREE

BxDEFEERED S b, DXA i3 BARHY
Y ORFEBAEVWOT, GREOHITSH -
THHEAENRBEID V. £, RO
7N HF AL XbNEVDT, DXA TREEL
T =2 OBMENRFET, BYVELOJESHFHR
%, >% ) MEEEShoBREERESL Y LEL
T35 (Table 3). B&F, EHE (AIH) SKBEH
o DXA iz X 2 KRR, CV=1~27 &
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Thd. —FH, ERESHEPBHRICERL M
BREITHIEL - BMD fE0 BB Mk, CV=2~
3%BETHS. ERELIEROHEDOHOEE
ERFHFAE»LDF— 2 INETITbN B, &l

BHED S 07— IR I L RIS 5.

TR RIBMLC 7 — # IR 21T 5 FE TR RER
MOBBRMENREL RS Z LR, XFREBETRE
PEHESETEF I LT REL 2D, BELSRIX

DML CHEFHZBENEMT 22D TH 5.

B, BHRECKBHESCIRRR DO
flilick&hEBrE25. 2%, WEHELR
FchhiX, BMD oMbl BbritiETs 2 L
BHR[ETH 5.

VL. R#23 DXA BESITRLRD
FEE— k& BMD &

DXA (B AREREBETHH DT, Ri?
BEThoTLBLIh2 BMDERRA—TH DR

Table 3 Measurement precision in various bone
mineral quantifying methods

31 % 2 & (1994)

EThHDH. LhL, HECRERZIKETELNL
7zBMD iz B3, o JREELLT, (D%
DXA (B A Ih T3 BEEHES EEYME
BRZBzZE, 2 BMDE0HHICAWLRDS
BEEOWRE I LEL FIBOREHEN 4 DXA
BEcREEZ L, Q) KERLEOYA XDOHMIE
HENREZZ LR EBEELTWS.
L7zhoT, EnsgfEcEohz BMDfEL
EECHETs L TE v, 8o, BRRR
BMD fEDE(L% Tl T2 DIARARETHS. £
T, R DXA #fER o BMD [E0BEXD
TERRASRA b, #Ek, HHERH o BMD fED
BER L R 20 flL OREOBHEMMEEZ
N+ 277> baBER SR TWEL, in vitro
Linvivo T mERXO HE LU L RERELZDOT

Table 4 Cross-calibration of BMD values between
different DXA instruments

1. Vertebral BMD (N=30)
QDR-1000=0.823 x (DPX)+0.046 (r=0.995)
QDR-1000=0.906 x (XR-26)+0.102 (r=0.993)
QDR-1000=0.877 x (DCS-3000)+0.112 (r=0.989)

Method Site CV (%) I1. Femoral Neck (N=30)
MD 2nd Metacarpal Bone 2.65 QDR-1000=0.748 x (DPX)-+0.091 (r=0.958)
SPA Radius 1.75 QDR-1000=0.851 X (XR-26)+0.121 (r=0.972)
DPA La_4 3.53 QDR-1000=0.877 x (DCS-3000)+0.025 (r=0.937)
DXA Radius 1.00 III. Radius (N=29-30)
La_4a 1.80 QDR-1000=0.852 x (DPX)+0.114 (r=0.987)
Femoral Neck 1.97 QDR-1000=0.825 x (DCS-600)+0.118 (r=0.993)
Table 5 BMD values in different scan modes
COMAC Phantom
System Scan Mode
Low Medium High
QDR-1000 Normal 0.466+0.004 0.91140.013 1.25440.012
(1009¢) (100%¢) (1009
QDR-2000 Pencil 0.460-+0.004 0.9054-0.010 1.2244-0.015
(98.7%) (99.3%) (97.6%)
Hi-resolution 0.488-+0.004 0.957+0.007 1.3174+0.014
(104.7%) (105.0%) (105.0%)
Medium Array 0.487-£0.004 0.9494-0.006 1.3154-0.009
(104.5%) (104.2%) (104.9%)
Fast Array 0.473+0.005 0.937+0.007 1.3244+0.017
(101.5%) (102.9%) (105.6%)
Turbo Array 0.486-+0.009 0.9761+0.016 1.35540.031
(104.3%) (107.1%) (108.1%)
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BMD
(g/cm?

* Female
° Male

0.8 4

Vertebrae

0.6

0.7 4

0.5 4

E Radius

0.3

200 30 40 50 60 70 80 80
Age (yrs)

MEZRIERNR L LEEHARCIBEIETE V.
%z T, invivo 0fEH, KBEHETLEEO
BMD fE0 BERHMER & vz (Table 4). 723,
BER T FRETL S L2 RO B LERH B,
ThonBERZFERTIE, B2 s BERAO
BMD fE0 ikt h 2 REFRETH 525, WPk
BMD fEn b2 B+ 5 I3 A—0BET HE
FTRETHSS.

F—» DXA @B ChH-THRALZHEE—F
TEEERL T4, B0l BMD fEX R
wRBE 3z LabH B (Table 5). zhix, BlIEE—
FizkoTErstn - $A XBEEZZ LR, W
ERMOEMIC XV HEHENRENP RIS Z
LHENEBLTWELOEEDRS.

Table 6 Correlations of BMD values between differ-
ent sites or bone mineral quantifying methods

I. between DXA (100 Females)

La_4 vs. Radius r=0.676
Lo_a vs. Femoral Neck r=0.700
Radius vs. Femoral Neck r=0.518

II. between MD and DXA (115 Females)
2nd Metacarpal Bone (ZGS/D)

Fig. 1 Age distributions of BMD values in lumbar vs. La_g r=0.718
vertebrae and radius. 2nd Metacarpal Bone (ZGS/D)
vs. Radius r=0.809
No.
10 Females -
45 - 54 yrs.
N =54 ]
5 —
L] | I
-20 -10 -5 0 +5 +10

Vertebral ABMD (%)

Fig. 2 Annual changes of percent vertebral BMD.
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VII. R723AEHLREO BMD D8R3

EHOFIMENE L LEHEOLRE—RTAR V.

Lz, BESPFREIREBOEANEL,
S EHERE B X ERE O FAENE Y. EEER
REEBCH L TRERABARE L, BREEER
BNz, M BERBO PRSI LALE
BicErs twbhd. FE Fig 1ITRTX5
KEBRICH L CERET IS BRRD IR
#Hizkrs. Tokw, —Eio BMD 2JIET

NITHIBALO 2 h 2 HERI T & 3 28 H 13 BBRTE V.

Bz, BHERET LI LIEEIS A LN 5 EH,
KEBEEE LB E 75 £ oAz BMD o fIlE % fh
WO EEERECRATENWIERLE TS Lz
ARAKTHS. DXA CRIE Sz B0
fEHE D), KBEHETE B3I CEFR B
BMD n#EEH: Table 6 i;7+ X 5142, Lvs. Rz
r=0.676, L vs. F 3 r=0.700, R vs. F ;3 r=0.518
THb. £, MDETHMESNZE 2 FFEFD
ZGS/D iz, DXA t#Hoh/ EH BMD & r=
0.718, & BMD L r=0.809 0 EAHEE* ;7T
ThbeRETS L, MEFIIFNERTID LA
EECHEE X, REBRERE XY LREE
LRSI W EBSNY, Zh b ORIEERAE
TIE—FH DML BFHEER THHALO BMD % &
ZEEHIT I LNTELZLDEEDRS.

VI @R EEEROwEY

S ENEBERET T3 2 L 3E<Ambh
7-HEETHS. LarL, BMD o {bLRIIFEAZE

31 % 2 5 (1994)

BREVWDOT, »5—FEDBMD 25750 T
R BEEREIT) ZEDVPLETHD,
BHERIE O BRI 3 X OB IA RO B AR
DYPEIZESID. Kz, BEALBHEER T fast
loser ¢ normal loser » &RIZFIH < & 5 (Fig. 2).
BMD 2FA—Th->Th, BIHEHEICHLTE
BIcBITOREICETS. 20X iz, 6 4A%
WL 1ED IR0 R 1 B E R B HRED
RRBECIVETHS LBbh 5.

X. &&8

BEEREIFRERECRE CEROERE
BT 22, SBRBORTECEELRETEE
LTl RETHAHH. &b, BEEL
TwaERFRECER T ERH~— 2 —OHl
ELEETH Y, BRHEEE ARFCMD 2 L2
TENE, BHEEREL LLICEROBEBDO
BEOTFHMICHATES Z L #fFFsN 5.
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Summary

Quantification of Bone Mineral Density

Masao FUKUNAGA

Department of Nuclear Medicine, Kawasaki Medical School

To evaluate the skeletal state of bone patho-
physiology in metabolic bone diseases including
osteoporosis, various non-invasive bone mineral
quantifying methods have been developed recently,
and used clinically.

As each bone quantifying method differs in its
principle of measurement, the index obtained, the
site of measurement, precision, data-acquisition
time, and radiation dose, the characteristics of and
problems with these methods should be kept in
mind. Among these bone quantifying methods, the
fundamental performance of dual-energy X-ray

absorptiometry (DXA) is excellent, and it is the
most popular bone quantifying method at present.
In this paper, the role of bone quantifying methods
in the diagnosis of osteoporosis, the actual pro-
cedure of measurement by DXA, the relation be-
tween bone mineral densities at different sites of
measurement, the importance of longitudinal
measurements, and the relation to bone metabolic
parameters were reviewed.

Key words: Bone mineral density, Dual-energy
X-ray absorptiometry, Osteoporosis, Bone loss,
Fundamental performance.
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