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Measurement of Bone Mineral Content in Trabecular Bone of the
3rd Lumbar Vertebra by Computed Tomography
with Phantom for Spine
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Yasumasa Kajihara* and Soichi Nishishita*
Department of Nuclear Medicine, Kawasaki Medical School
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In order to measure non-invasively bone mineral content in trabecular bone of the 3rd lumbar spine,
CT densitometry simultaneously scanned with reference phantom (K,HPO, as standard) was done, and
parameters in scanning were determined. Slice thickness was 10mm. ROI was taken as large as
possible, avoiding regions of cortex and basivertebral vein entrance. Standards in a phantom were
arranged as in 0, 200, 150, 100 and 250 mg/cm? of K,HPO, solution.

The reproducibility was good in short-term repeated measurements, while slightly poor in long-term
intervals. The bone mineral content in normal males tended to decrease with aging.

It was shown that this method was convenient and reproducible, as re-positioned accurately, in

evaluating bone mass.
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CHAWHLhAEERR, BN, BEE#HIALHR
Bk, BEEONEC X AEBHCRL HEER
OHELE R L ind, CTHIZL>ERE
WEHEIC 3R & wbhTwb, ThbOoRE%Y
5wz, CT scan fif7Hy, K,HPO,® stan-
dard % & L 7= % HE B Phantom % &7 3 fE#E &
#iwscan L, £BED K,HPO,0 CTHEENL
# 3 EHEEEE YT 2 K.HPOBE X ko
BHERBREL, AEOFRERSWTHRALE
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1. g

BERABT (F#23~50m%) U4pIrHREL
fe,

2. HiE

(1) Phantom

Phantom (¥, #f40cm, #25cm, JE Zdem @
acryl X high, FEIXEEMARL, Ef2cm O
Ao standard (f& « DEE O K,HPO,) A
5k, SAROMAFOhELE-TWA (Fig.
1). Phantom (3 #Ex & DEMETIC< 5 X 5 ICFRE
L, B BBEEETY HihfncifD, BHEOERNE
fETE 52T +%, s, Phantom O
REFHBHEMEE T I AL H>CEL.

(2) CT o#fedtt

{E FHZEE 1 Delta 2020G A\, 120kVp, 50
mA, 4sec. THf® L7z, 413 center 200, width
700, scan diameter 40cm ZFRE L7z,

(3) Phantom R KRB EIC X 556 3 BHEYERR
FOBREEDEE

%%, BEHEOscout viewr B b, R\WT, B
3 EHERER O IEhES, ©F b MEE A8 5 EEE
g v 5 (Fig. 2), 2 o, [ Phantom
OEWTH Y B 5 & Licind, 103ik5mm @ slice
812 C scan L, £8 3 BEHMEHRA ¥ X% O° Phantom
D% standard - ROI (region of interest) % 5% 7E
+5, O, HHESTR, REECLEEIC
B WEET, TELHREFKES ROIZ &5,
ROIA D CT H5%EH 3 %, Phantom ©
standard ® K, HPO, 2 & CT &5 DR, b,
standard curve #1EE T 5 (Fig. 3). 5 3 [EHeHE

(2)

B,

& 3 BT o B RRERE—CT % M\ 7 Phantom [fiHRIYE

Fig. 1 Phantom for spine used in the present
study.

Fig. 2 CT scan of the 3rd lumbar spine and
phantom.

faEo CT 5%, - o standard curve 1224 T L
DT, HY4T5 KHPORE % TS,

(4) Phantom @ standard @ K,HPO, & & ©
PIE

Standard © K,HPO,EE%, 0, 100, 200, 300,
400mg/cm*Icft % L7z Kg &, 0, 200, 150, 100, 250
mg/cm3ic BT L 705 3 BRI E T OB IE
B BTz oW HB L,

(5) Slice 1&D#E

Slice I D ¥eat %, HFEHABFL2HIITD "
7 -7z, Slice i@5 ¥ 7:(3x10mm Tscan L, -
# ADEEE (mean+S.D., K,HPO,mg/cm®) %
K, SD./mean hHEHEAD CV. (%) ¥FEHT
L, DWT, TDXHILTHELRIZAD CV.
(%) IwoWwT, Ehiwmean+S.D. H#KDT,

ARER & 468 H55
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Fig. 3 Standard curve of CT No. and concentra-
tions of K,HPO,.

Slice & 5 ¥ 72i310mm @ HLlEhrst L,

(6) ROI ok ¥ Xikat

ROI DKM X %, BEECEBZRERAS
F3flico TR Lz, ROL, HEBCmME
WrEIRVWHBHETTELRRTAEL Loy
&, BB L BB Lo BE LRl
L=,

(7) Genant ® Phantom & @8 (Fig. 4)

4 EfE M L7 Phantom (Chugai) & Genant?
D Phantom & % M L 7=, Genant ® Phantom
™ standard iZ, 0, 50, 100, 200mg/cm?®*® K,HPO,
E7na2 =X hitsTWwb, W Phantom % (i
ALT, BERABFIAOEERYAIEL, *
OfE % B L7z,

(8) Reproducibility o #:zt

BERABF 1Mo, 1:BELAK 3E
WEL, £0CV. (%) ¥EHLE, —F, &%
BABF 4 flicowTit, 4 » AorET, BiE
EEAEL, HEL.

9 BERABTFHAOBEE
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Different Phantom

Q@L‘@ %, @.-’_,Q/) Genant
200 100 50 0 ALO mg/ems

:QL_‘T_@Eﬁ,SL) Chugai
250 100 150 200 O mg/cm?3

Fig. 4 Different 2 phantoms of Genant and Chugai
(present study).

Different Standard

_ Slice
10 mm
00200 158 mg/cm3
400 300 200 100 O
000@0 139mglcm®

250 100 150 200 0

Fig. 5 Bone mineral content measured by 2
different standards.

BERASFUAOEERYREL, Fie o

Bah &M L1,
I, #& =B

(1) Phantom @ standard @ K,HPO, & B &
RE

£ x5 1z standard © K, HPO, & R — A D
BIBEHBRBEOBEEYIE L BOEEY
Fig. 5iz73, 400, 300, 200, 100, Omg/cmé®
standard % A\ /e84 13158mg/cm® T b, 250,
100, 150, 200, Omg/cm®*D # k% B\ F- 458413139
mg/cm*TH - 7z, LMEOBEI I E (250, 100,
150, 200, Omg/cm®) Z{FEF L=,

(2) Slice IBD#k5E

BRERABFOE I EHBREOEEREY,
Slice 1§10 % 7= iX5mm 1. THISE U 75L& % Table
1Ry, W0mm QB0 EFEE X, 150.1+19.9
mg/cm*CTH b, 5mm O F hi3147.6+19 .9mg/
cm*E iR Lic, ¥, LEOFREOEHIE, 10mm
TR CV.1.8+1.2%THHDIx L, 5mm Tk
CV.2.8+x1.4%Ch-t. X 51z, 10mm T
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Table 1 Determination of slice width in normal
male. Comparative study of C.V. (%).

Slice
N 10mm Smm
Normal Male 12 150.1+19.9mglem®  147. 62 19, 9mglem®
* CV %) 1.8x1.2 2.8:1.4

»mean £S.D of each C.V. (%) of BMC in 12
subjects

Table 2 Relation between size of ROI and bone
mineral content.

Subject ROI

A #1 1.34cm? 126mglcm?
2 145 13
3529 122

B #1 1.40 132
2 1.40 124
3 17.42 130

C #1 0.99 180
2 0.99 196
3 4.65 197

DOCV. D H 5mm DX hX b /I DT,
LA o#ishicid Slice 1B10mm % fv-7c,

(3) ROImAEE

ROI D A/NMZ & %, BiEEOZEE) % Table 2 1T
7T, ROIZHETHHAPLROI DA E I IT X
h, BEER4~1Tmg/cm*OEF AR L., Lk
DoT, ROIDKkE 3%, HERCOHELXSE
BRWEEATTE BRI KREL LD, ORI
LA,

(4) Genant @ Phantom & @ i

EERLABF 7 flic>\ T, Genant @ Phantom
ZRAWCHIE L EEE & O KO R % Table
3R, Genant ® Phantom CTHIE L 7= EEE
1%, Chugai ® Phantom & H\WCHIZ LELX b,
BECEETHL ENTFER (p<0.01).

(5) Reproducibility o#iF

B X O RO MR CHRE L BIREORKER
% Table 4 \wiR¥, EHECE VR LAEL B
H£DCV. (%)31.5THH, 4» AECHERLI
BEw, 46R2HITEOERIRTH T,

6) BRERABTFHORER

(4)

5 3 MR OB BB —CT % F\7 Phantom RSB

Table 3 Comparative study of bone mineral con-
tent measured by different 2 phantoms,

Normal Subjects (N=T)

100 (%)*
103.9 4 3.2 (%)*

Genant
Chugai

*Genant vs. Chugai  p<:0.01

Table 4 Reproducibility of bone mineral content
in short and long-term interval.

Reproducibility
1. Short Term (Within 1 Week )

155 mg/cm?
155
151
mean+ S.D  153.7% 2.3
C.V. (%) L5%
2. Long Term (4 Months Interval }
Subject 0 4 Mo.
A 154mg/cm® 152 mg/cm?
(101.3%) (100%)
E 122 130
(93.8 ) (100 )
G 139 135
(103.0 ) (100 )
D 145 144
(100.7 ) (100 )
mean 99.7 (%) 100 (%)
+S.D + 4.1

BERABFAOFEELFin L oMRE
Fig. 6 w7, BiE 813122 ~196mg/cm® D& 1
SAR LT, Fio, g k3Rl 5 E R HEE
Shic,

Iv, # &=

5 3 EHEREE O B R B NIE 17 HEF Phantom
& FECRE T2 CT scan i & 1T L, ZEMAE
HETV, REOBER L parameter X RIE L
7z, Phantom ® standard 1= fl \» 5 K,HPO,#
B roEFITE, 250, 100, 150, 200, 0mg/cm? A}
BMLEX bR, ZOHEE, EHAOSE3E
MevgRE B OB EE100~200mg/cm*TH 5 & &,
[EHEE T 3 BEERE o FERCEE LV
KHPO* BB T hIiXENES R &, K,
HPO, D EiEE (300, 400mg/cm?®) FHEEOF

HAB A #4658 55
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Fig. 6 Changes of bone mineral content of normal
male as function of aging.

BERAECIEL T30, BREOES IR
HATHY, »xoTartifact ¥EU BERE v 2
ZEir i 3<, Slice §iTBi L Tit10mm %
BRUI, ZhXEWALRGIOKE X b Slice g
10mm D5 H5mm DR L ) & JIEE D L8 534
o<, ¥lEREOElY X h ERCIEET 5 1c
EERBRED Slice 8% ET % = & 5 510mm %
ZR L7z, ROl DKk ¥ e o Tk E LM
W8Iy, TEAHRIAEHROIAZFEAL
o, TR bIE, ERETCLHMEOSMIT—E
Tix<, ROIDIAzIz X h S 1B 75 (Table
D. Lo T, BRELEOBELYMm DI,
TELRITKELS ROIZBEST S EBNBET
Hodc., AYETHERL Phantom (Chugai) &
Genant @ Phantom & @ kb # ¢ i3, Genant ®
Phantom 2/ L&, F BB EENMET T
BT ENRShic, ZOMEFCORMEEDE R,

FEFN614F 5 A25H
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£ /i L % Phantom @ % % % standard o K,
HPO, DR « BFICEENT 5 L Bbhs, %
Y, Chugai @ Phantom % _F & 53 [M1 ¢ % h, K,
HPO,® standard & Phantom _Ef& % 7243 Fif &
DFEREA—E TH -7z, —7 Genant ® Phantom
X EEEAFETH D, standard & Phantom |
T ¥ 7T & OB, L TRAATHD,
PRI S  B/NTH - 72, Zh b, Phantom o
TR D&\ DA, standard © K,HPO, ek 2E 5|
DECS, WEECHELYE2 b0 LB h s,
B DERE CT scan b, CT {Eicfd a5y,
ZHCHWREMD D % 0T, [/ U4 D Phantom
Z{iH L, standard © K, HPO, 3 M UEE TL 2
SFEC L5 BIIL it hid, B6hiBlEEo
BREAELOLRIR#ETSA 5. AEEOEE
HEOKRRTIR, LBUPAKEYELREL -5e
BREFTH-7e’, 45 ABRCHER LB, 4
Bk 2 BICHEE O FRMEZPORETH - 1o,
COREE L, ##ER standard DB ASE
b, standard  BHAMGE R T 5 L/ X 1eZem
BELHZERBDLRBD, o2 flEER
HFEBERRERLEIE LY, FOTERE L
WD EEZLRD, —7, B0 FORIEBS
& LT, CT scan RO BHM: D B\ positioning
CPBEBATADELNE 2 bRD, BE, Table 4 ©
BIEGITREEA 2 D %4 n% 2 [0 BIEE 1 B
BEZOTREVHEHER SIS,

LLED X 5, standard @ K,HPO, & % X O
EFl%, 250, 100, 150, 200, Omg/cm®IcEBE L,
Slice I % 10mm ic & b, ROI % BE & % i %
ZRERCHBETTERRIAREL LB L R,
REOERER I BiG St L Ui, BER OB,
EHDOLDOFES—BIELBDTIIRLL, THE
TOPPHRELNE VbR T W29, BT, &
BEDOERE L LCH 4« OIBIAY R HEE D
hTW52, RE, BHE, fEs, BEBo%m
R EREDEFHETRTHBRTE D HERD
V. EDR, SEIFEESIEHLE CT AgiEs
Phantom %58 3 JBH#E & 31z scan L, +oling
DEIEETRD L FEZ, EBHRN»S, ch
DOFER BITFITZ LRI hi, 2% D,
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BEEOMY LMD o LN TE B 3 EH
FRFCHVbADZ L, GHEOBRTR, B
BHEEVRBFTCHL L, BERMISEBELE
{, BEEBEERPRIBTTELLE, B
#o CT #BrfITE, #AT % Phantom (X
HEEMTh B il THote, LichioT,
AEGFEROE LR CmB LR TES L
iR T s B ROEBHE BT H LN T
x5 LIS, AEOMBRE LT, X
D = N F — 5AF DS Tn i ¥, beam hardening
X Y PEREOK E IPHBIEKFENRLLNS
&, artifact BEU 5 Z & P HEBEHNHEREED
KighE LinlThHs, ThbORBERIIHLT
%, #iREO ERET positioning, PN A D7
FF=w s THIE, BEAOERENZDLIRS
PR A EET5 L, IEME 3 Efo
Eh#fiw scanTHZ LI OEBNBLETH A
5, thbOoRETHRERL, AEELETTH
A RERIE bR, SBESERTAE
ERRVWIEE T h D,
V. #® &

FH#EE Phantom # 0 L7 CT scanic X b,
5 3 BRI B O ERE ORIE 24Tz, Slice
fE10mm T scan L, ROI BB &I EH#E %S
¥ 7o Wil ¢/A < & b, Phantom b standard
O K,HPO, BECAHY T 2 EZEH L, EER
ABFAT R & BERIR T 5 ER
b bhie, #HE% EREIC positioning 3 iX
BREELBIFTHY, ABEISBELETILS
RIS S,

AT A L7 Phantom # 84 LTIl fo dh ot BUSERE
4k 3 L U Genant @ Phantom % #4500~ fo i F &
FHEIPF EMRSHEECEBBEL T,

M

1) HEE, WTFEARL X B X 2 5ZEMmER
EORA, EEEWIR | BB, 105—118,
1981, BEHFEHAL, HHt

2) ARk, BXER, EkCk, RIEEE, 8l
MEF-, #EMEEEF, EA B Bone Mineral Anal-
yzer 12 X B FIEER, BE¥, 13 759—767, 1976

3) Price, R.R., Wagner, J., Larsen, K., Patton, J.
and Brill, A.B.: Regional and whole-body
bone mineral content measurement with a
rectilinear scanner. A.J.R., 126: 1277—1278,
1976

4) Revak, C.S.: Mineral content of cortical bone
measured by computed tomography. J. Comput.
Ass. Tomogr., 4: 342—350, 1980

5) #REIpER], mHFHEE, fAkCHE, HEESFE, LF
e, chEFEA, E/NKES, R MB, BIFEE
2 v a— 42 —WE% A7 dual energy scan-
ning 2. £ % bone mineral content ®RIE, 1
#, 14 1 122--127, 1981

$) Smith, M.A. FEastell, R., Kennedy, N.S.J.,
Melntosh, L.G., Simpson, J.D., Strong, J.A. and
Tothill, P.: Measurement of spinal calcium
by in vivo neutron activation analysis in
osteoporosis. Clin. Phys. Physiol. Measurement,
2: 45—48, 1981

7) Genant, HK., Cann, C.E, Ettinger, B., Gordan,
G.S., Kolb, F.0., Reiser, U. and Arnaud, C.I.:
Quantitative computed tomography for spinal
mineral assessment : Current status. J. Comput.
Ass. Tomogr., 9: 602—-603, 1985

8) Wahner, HW., Dunn, W.L. and Riggs, B.L.:
Assessment of bone mineral. Part 2. J. Nucl.
Med., 25: 1241—-1253, 1984

HAEREE 5465 855



