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Quantitative computed tomography (QCT) has been found useful in the evaluation of vertebral
bone mineral density (BMD). It separates cortical from trabecular bone in the vertebral bodies. The
accuracy of QCT, however, is limited because of the existence of unknown amounts of marrow fat in
the trabecular bone. The purpose of this study is to investigate the precision and accuracy of QCT,
with a particular emphasis on the advantage of dual energy technique over single energy technique, as
well as to investigate age-related change of BMD in patients with no metabolic disorders.

For evaluation of BMD, SOMATOM DR-H CT scanner was used, which provided dual energy
scan with rapid kilovolt peak switching system. The lumbar vertebrae (L1-L3) were exposed at the
middle portion together with the calibration phantom (Cayy(PO,)s(OH), 200 mg/ml, 0 mg/ml).

KV-separated images (KV-HI, KV-LO) and material-separated images (MAT-HI, MAT-LO) were
calculated from dual-energy scan data. KV-separated data were considered as SEQCT data.

In experiment, dipotassium hydrogen phosphate (K,HPO,) solution was used to simulate bone
mineral, water to simulate lean soft tissue and ethanol (C,H;OH) to simulate fat. To investigate the
variations originating from marrow fat, a series of phantoms (K,HPO,-C,Hs;OH-H,0 mixtures) with a
constant 10 gm% K,HPO, concentration but with the various mixtures of C,H:OH ranging from
0—40% by volume was scanned with dual energy technique.

The value of BMD obtained from KV-separated data was reduced about 12% per 10% fat by volume
increase, while the value obtained by DEQCT technique was reduced 5.5% per 10% fat by volume
increase. With the dual energy technique the error was greatly reduced.

On the other hand, the higher precision of KV-separated images compared to MAT-HI images was
obtained, as well as the relatively higher precision for determining high rather than low fraction of
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mineral. In conclusion, with the single energy technique, precision is high, and with the dual energy

technique, accuracy is high.

It was also noted that selection of the CT section was the most critical factor in clinical BMD

analysis.

Age-related change of BMD in vertebral trabecular and cortical bone was studied in 161 patients
without bone metabolic disorders. There were two peaks of BMD in females in their 20s and 30s, and a
single peak in males in their 20s. There was a rapid decrease of BMD in females older than 50.

From the result of the age-related BMD, it is assumed that the content of fat in trabecular bone
increases progressively after the age of 40 in both sexes.
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1. BREAEFHE

8 i L 7= X% CT 2 & 12 Siemens # 5. SOMA-
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(Siemens #:#Cay (PO,)s (OH), ; 200mg/ml,
Omg/ml) ¥ X OEfic B BhpvicBa.O Mk (ROD
PEL, HEHRA7 7 v b 2D CTETH(ED CT
fE% A" L, #e1k o BMD % calciumhydroxya-
patite &8 ; CA-Ha equiv, ({7 mg/ml)T¥kb
59,

Ried XBEBETHEY A+ + v LicHa,
Fr A NF -t b X RIEE & WE O RRI
FRERIOYEOE ST —FEOBRIHILT
%, X $58EE & ¥pE o R R B D R HE 2 B\
THEIFBNRPML 2 Ltk - TRFMEE LR
5, U Eo7ray XAk b, dual energy scan
THRDI T — &% H A v 2EMEE & S
B~BERL T3,

ROl o BEfitH o % Fig. 1 wrRT. ¥39%
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P, PsH010%D i %k P, L ED D, HER LB
FO7e 74— lifRERDTCEREFTD0%D A
YHEEEORABLET S, FRPPsD2A%O[A%
Pt L, REBOWHE PcOR I DN% L HEH
LigRE 0w &35, RRCHARI V7 7~
b & RO1 R &2 cF (Fig. 2) 57,
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Fig. 2 CT image with automatically determined
ROIs for cortical and trabecular bone.

(C2), 133.47(C3), 177.03(C4), 223.66(C5)mg/
cm*DS5SEORTZEFERYH LMEOEREA
Diie RILEHNE V- OT, BHMEHLE =51
F—REEORFICH Iz, 727 ) A g Y ~
v b ALk, AE80mm, B 3mm, AAE320mITSH
D, 77 v+ aARERCITEERS & 2z T dipo-
tassium hydrogenphosphate (K,HPO,) & 8k
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@ scan-to-scan variation
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0. 1B LATH -7, Zhickt L MAT-HI ©ix
E&#hrKE o ?}Ci?;, T TH1.5%LT Tdh -
7o,

@ day-to-day variation

dual energy THEE7 7 v b A% 45E 1 [OEE
128/ A % + v L, dual energy ¥5¢® KV-HI,
MAT-HI & BMD D% &)#% %z (Fig. 3). KV-HI
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Fig. 3 Day-to-day wvariation. The phantom
containing different amounts of CaCO; as a
mineral equivalent was scanned once a week
serially over 12 weeks. KV-HI data had little
day-to-day variation, and MAT-HI data had a
small variation. The meterial with low mineral
content showed greater variation especially in
MAT-HI data.
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Fig. 4 Correlation between the CT number and
CaCO. content. for CT images obtained at three
different tube operating voltages as well as
MAT-HI image. (1) 125kVp; 1.09X-+8.31 r=0.
9992, (2) 96kVp; 1.30X--2.23 r=0.9994, (3)
85kVp; 1.40X-6.03 r=0.9994, MAT-HI; 0.27X —
30.62 r=0.9987

MAT-HI & Tk D 7z BMD 38iE b=
EEHKE ., FhbBEEAOFERICHIET S
CaCO, R & (C3) TR15BLUTOEBHRTH b
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W77 v ha (Cl) TREBEILKEHo T,

@ XP=xrF-—1Qlco, BR77v 2k
CT f& & OB

single energy (125kVp, 96kVp) % X U dual
energy (125/85kVp) TFik7 v v + 4% 5@
DAF VL, XD 3IBWO=RIAF -DZEBE
LU MAT-HI Eg0FH CTELE 77y v + 2D
CaCO, Y= & oHIBIM% &7 (Fig. 4), £ X #
= A AF -FICHBE I RIFTH Y, X =%
F-REVREHEBFEROBEERKE W, Itk
Cl—C5n &R D EH{EIE, 125kVp =0.31, 96
kVp ©0.30, 85kVp T1.81, MAT-HI ©2.21T5
b, MAT-HI O JIGEEDE 2 Fixfliclb~<Tk
?ﬁ‘oﬂ’l.

@ Xfp=xrF-JlTto, BEZ77V AL
BMD & o #EEM:

R BMD L EE 77 v F &40 CaCO,H Y
B oMY 2 (Fig. 5). XfEog=x1
F—EIUOMAT-Hl HETcoHBEEHOME X%
BFIEELL, HBAERVWTRALIBRFTH 5,
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Fig. 5 Correlation between the BMD and CaCO,
content for CT images obtained at three different
tube operating voltages as well as MAT-HI
image.
(1) 125kVp; 0.78X.+10.81 r=0.9992, (2) 96kVp;
0.79X+3.27 r=0.9994, (3) 85kVp; 0.79X-0.09
r=0.9994, (4) MAT-HI; 0.78X —-43.45 r=10.9982

C1—ConZEERDF{EIL, 125kVp T0.52, 96
kVp ©0.51, 85kVp ©2.42, MAT-HI ©5.82C%
b, MAT-HI DflIFEEOWE LD E MK E h oz,
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MAT-HI €091 CchHhh ERTEH LEL LR,
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;' [
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BLO4mMm FTHLCAF+ v Lic (Tab. D, fE
F LB ERFEE (ROD) @ rugger-jersey
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ERH ST,

® =71 2@z X 5 BMD 0 %1tk

F—#ED LidEhROMETR 7 1 AR
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Table 1 The variation due to the difference in
scan level. The vertebrae were scanned at
midplane and at the levels 2mm and 4mm below.

BMD(MAT-HI)
Ca-HA equiv. mg/ml

Case Diagnosis
0 —2mm —4mm

1 105.3  120.7 ROD
2 143.3  145.7  159.6 ROD
3 78.5 77.4 control
4 124.5  119.0 112.3 control
5 37.7 36.1 myeloma
6 54.5 49.0 RA
7 119.2  117.5 control
8 114.6  103.0 control
9 134.7 128.4 hyperparathyroidism
10 75.8 67.4 63.2 control
11 77.4 76.1 control

K7z(Tab. 2), FIEBELX /DL THIDIIZ
BEI8MmM A 71 REXHEY EE 2 BB,

ROD THEfE A rugger-jersey appearance %2 L
TWwich GEFI8), EEEFHODHEEOTHED
BLTWHHE GEFI4) /XA T 1 2ED
BIRPLIETH 5,

EF fib24

1003

(3) B ROl RECHE K

SOMATOM DR-H @ 1 20813, B ROI
BREDT w7 F 2L ROIREDEIFIZL B
BEENDPNZ N ETH DY,

DT eSS AW ROIBHOBERLE 2
BEtLich, ko & 5MBEARD -7, OKE
R DGR %2 HEKRTE: & 22T 5 FAH9 3 %iw 2
bhic, FICHFRECIFFITET LAchlCIiImRg
AOPLEEBNCERTET, BEIEET S
DERECDZ E0D -7, @ 2 %iz ROI A3
ER77vbtalbThaobpigsi, FES
ORREBEOWET L > T ROIDBEEHZESH
5, MESQURERI Mt Y, BENFE
HCTROIZHEL 77 2D CTELEEE
DOEVRER L D BEELRD A,

(4 MO S Bk T 5 HEE

@ H.0,K;HPO,, C,H:OH @ X fg =% L ¥ —
W

H,0, C,H.OH, K,HPO, (80g/100mD) ©%h
Fhix&8tL7 7 VA BIER 7 > v + A%, single
energy(125kVp, 96kVp) s & OF dual energy(125
kVp/85kVp) T5EF DA%+ v LT CTEDE
% A7 (Fig. 6)., H,0, C,H;OH o CT fi1x X
W=F AL F—EIEL T —ETHBD, K,

Table 2 The variation due to the difference in slice thickness. The
vartebrae were scanned with various thicknesses (8mm, 4mm, 2mm) of

slice at midplane.

BMD(MAT-HD

Case Ca-HA equiv. mg/ml Diagnosis
8mm scan 4mm scan  2mm scan
1 87.8 83.3 82.3 postgastrectomy
2 83.9 86.7 83.3 control
3 .7 35.2 34.1 control
4 46.4 27.2 22.3 control(L;) Yrcompression(+)
48.2 39.3 40.3 (L) compression(--)
5 85.0 76.5 83.4 REA
6 88.0 91.2 RA
7 91.1 96.8 ROD
8 109.2 81.7 ROD ¥r sclerotic change
9 117.5 108.6 108.6 ROD
SFRCTTAE 8 A25H (25)
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=100
-200
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-300
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Fig. 6 Plot of CT number for equivalent sub-
stances versus tube operation voltages. Water
and ethanol had a small change of CT number,
while CT number of K,HFO, changed greatly.

HPO, TR XM= A F-2NEL B3 ECT
EFESITET L b9,

@ MEMchkT58EE

FEiEH & 2T CGHOH & ER»E 2 5
ki b, PERSwERT S CT Bk X 0 BMD
DEEXHE LI, Db 77 VABER 7 » v
F ADHEHED 5 b KHPO,BE # —& (10g/
100mD) L, €8kt s C,H;OH DE%
0%, 10%, 20%, 30%, 40% LZ{L&g5, =
% dual energy TAF + v L KV-HI, KV-LO,
MAT-HI E#& o CTE0 Z4 (Fig. 7) B XL U
BMD oZE{t (Fig. 8) *#&atL 7z,

C.H,OH o IRz 5 c2h T, Wwiho
CT & b B Lic, T b CH;0H »3
10% 883 5 1=pey, KV-HI, KV-LO t&£hZth
SE1913.3%, 11.6%1ET L7z, MAT-HI Ti3EY
8UDETTH h WARZMITERDLEr -
o, AR CGHOH EE LM T 5ic2oh T
BMD & B CHE A Lz, 722 L C,H;0OH 28
10% 83 5w pévs, KV-HI, KV-LO Tix %

200\\

150\

CT number

50 \"N KV=-HI

P—
——————— . FAAT=HI

10 20 30 40 C2H50H(%)

K2HPO4 1Dg/ {00ml

Fig. 7 A series of phantoms (K,HPO,-C.H;OH-H,
O mixtures) with a constant 10gm% K,HPO,
concentration but with the various mixtures of C,
H;OH ranging from 0~40% by volume were
scanned with dual energy. In KV-HI and KV-LO
data, CT number decreased 13.3%, 11.6% with
10% increase of ethanol content, and in MAT-HI,
it changed about 8%.

BEMD
120

Sﬁ

20 k‘a
" —
\:ﬁ‘-ﬁ-ﬁ"‘ MAT-HI
70 \‘Q§
° N wie
50
o 10 20 30 40 C2ZHSOH(%)

K2HPO4 1Dg/ 100ml

Fig. 8 A series of phantoms (K,HPO,-C,H;OH-H,
O mixtures) with a constant 10gm% K.HPO,
concentration but with the various mixtures of C,
H:;OH ranging from 0-40% by volume were scan-
ned with dual energy. In KV-HI and KV-LO data,
BMD decreased 12.6%, 11.7% respectively with
10% increase of C;H;OH content, while BMD
decreased only 5.5% in MAT-HI data.

NFEH12.6%, 11.7%ETFLicoizxiL, MAT-
HI TEFHE5 5% D E T & b o7z,
4, RERERFTOHE
X#BCTAF+vEAVWEREEREOEE
4 A SEBRIICHERE Ui,

BAERERE $49% HES



PR

EBCHRTAIEREDI L, AF¥+ VHEBLID
AEZEN: KV-HI, KV-LO Ti&E Iz b5 <,
thbick~5s & MAT-HI Tl E®BRADH 5
M, FRTHLEBUTTH A, L LEEEDE
WBSREBRIKE ot Ko TREROE
WEEPI CHRBIEREENKEL D 5B LEZBA
¥k XH=FArF -2 FLIRTCEE7 7 v
b & ® CaCO#¥4%E & CT{ES X 0'BMD 0 #
Bi%x Hichs, MHBEMIIFERCRIEFTH -7, HBL
< DEQCT #:ic X A BMD {lll & ¥ o #3512 i1 3F
T 545 (precision) L H[E, AF+ vEDEE
PEBLT3I%BLUANEE 20, SEQCT kic®
FHD, TORLDNTIERORE LIZER
BThsb, TREBHROIFRED 7 m /5 AD0HE
HIRHFTHD, ROIFEC KT HBIFELOEE
BRI TWBEE LS.

WICIERERE (accuracy) oW THs3 %, g
BERL A A3 10%H 3 % & & iz, KV-HL, KV-LO T
#¥12% o mELR £ Uicoiext L MAT-HI Tix#
5.5%DHEICBE fnh -7, DEQCT =iz X b g
Bl s@ELrE &R LNTE, THE

ET fit2 4
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(accuracy) 2Ll bicHFEEh 5 EE-T X
D3

L Eo#si#ie LT, DEQCT Biic & h IEFEE &
MINT B AERCRETTHE LI, Th
1135% © SEQCT #: & DEQCT o bzt o
BREYE—FT5, - TCMAT-HIfEX D BE o
FERELZMD, ¥FoEARECHEYRITERE
KV-HI, KV-LOE*Z#icT2D0KE L EDH
ns,

positioning IZ 3T A EE IOV TIL, HfFo
A5 A AFLOTABBREVELRKOER & /e
AR D DY, Ax v VIRHRICEFEN B VI
h, HEEOERILEDicdAF v v I OREMN
HLWBAERY, bhroThokwasgiEir
KEEREPEL S, F8iZ ROD /it & CHfk
DBEBENE L "HETBERBEDOKEL L
HRNYDB, - THEXMLI®H I, A
Fr vhDBEECHETER L UAF + VEIORE
BOOETEENEETH D,
BE R B To#RET
1. X%

Table 3 Mean EMD and standard deviation in female.

KV-HI WAT-HI
Age Cases trabecular cortical trabecular cortical

mean SD mean SD mean SD mean SD
5~10 4 143.0 (17.7) 254.7 (6.0) 120.6 (17.9) 220.5 (10.3)
11~15 5 180.1 (19.00 287.7 (53.1) 153.0 (18.1) 259.4 (39.0)
16~20 4 220.2 (25.6) 342.0 (18.2) 197.0 (20.8) 309.2 (17.8)
21~25 5 194.3 (27.1) 327.3 (46.3) 178.5 (19.6) 295.5 (45.3)
26~30 5 184.3 (31.8) 320.2 (72.8) 157.8 (24.7) 304.5 (62.0)
3135 5 187.7 (20.1> 385.3 (38.4) 162.1 (17.5) 345.4 (34.4)
36~40 4 167.6 (28.2) 348.4 (51.0) 144.6 (29.9) 317.6 (44.1)
41~45 5 139.4 (28.5) 329.5 (40.2) 136.5 (18.9) 302.3 (39.2)
46~50 8 142.3 (22.7) 316.7 (29.4) 124.2 (17.3) 286.1 (33.3)
51~55 8 124.4 (16.00 293.7 (37.4) 121.0 (12.7) 262.0 (33.8)
56~60 9 111.5 (17.9) 283.2 (34.0) 102.4 (8.1) 254.5 (34.5)
61~65 6 90.4 (14.8) 260.3 (32.3) 88.4 (15.5) 235.8 (319
66~70 5 67.9 (11.3) 224.6 (42.7) 68.9 (15.2) 199.6 (41.1D
71~75 6 48.1 (13.9) 223.4 (36.6) 58.5 (9.5 207.1 (32.5)

(Ca-HA equiv. mg/ml)

RTS8 A25H (27)
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Table 4 Mean BMD and standard deviation in male.

KV-HI WAT-HI
Age Cases trabecular cortical trabecular cortical

mean SD mean SD  mean SD mean SD
5~10 3 156.6 (12.7) 326.6 «(21.4) 128.7 (12.3) 268.0 (22.2)
11~15 4 173.7 (17.4) 287.8 (49.2) 145.1 (15.5) 254.0 (47.7)
16~20 4 192.6 (15.3) 351.0 (42.8) 171.2 (15.2) 323.6 (42.1)
21~25 5 197.8 (21.9) 398.0 (45.6) 175.2 (19.6) 366.2 (48.2)
26~30 4 158.8 (14.3) 350.7 (20.5) 139.6 (12.8) 320.6 (18.5)
31~35 7 154.5 (12.5) 296.5 (29.2) 136.8 (14.3) 260.6 (34.5)
36~40 6 144.7 (24.4) 315.9 (22.7) 128.1 (19.7) 284.9 (22.9)
41~45 i 140.8 (27.0) 326.8 (42.7) 126.1 (18.0) 296.1 (38.8)
46~50 5 120.2  (26.3) 313.2 (42.5) 114.9 (22.9) 287.3 (33.3)
51~55 6 105.7 (19.3) 308.1 (46.6) 101.6 (16.0) 285.7 (46.5)
56~60 9 99.5 (21.00) 319.4 (52.8) 99.0 (17.9) 291.6 (55.0)
61~65 7 97.1 (25.8) 308.0 (59.0) 95.6 (14.6) 302.6 (54.3)
66~70 7 92.5 (21.7) 316.3 (26.90 95.8 (16.2) 289.4 (26.3)
71~75 49 74.2 (14.7) 340.0 (42.4) 76.2 (14.3) 324.2 (46.3)

(Ca-HA equiv. mg/ml)

ZHETIPIC 6 K ~ToR%), 53ME82(107%% ~ 745%)
ThHDH, ThbiTEBERHEEIE 2R BER
(Ao WER, BEETS, BERR FELE B
FEmicL) e,

2. RFvDFIE

BEELBER 77 v 2L OBEEWHILTH
fedd, KEMO< v b HBE 20 i EE 2 ME
iz T ER5, MERDDIDOEKAES
(Topogram) X L, MEHE 1 ~5 3 EfEOH
PR EPAF + vTEBLLIRHA VY ) —DHEE
T TINAMERYRET B, #EohREY RS
4 218 8mm CNEDEEILE % 4mm) T dual
energy CA¥ v+ v 5% HAEZELWEFob
LHEWTIIEI2RIHECE A BHEAY RS LA S
5, HAOBBRIEEALZPLIEAF + v ERT
VB ERHERT A, BT oW TRETIR L,

B 3 BHEOFEEY A 20, £ 3EME
BEHEIAEEThT b, EROSIBE
2 EHEE 3 1 BB E R B\ e,

3. #ER

Table 34 ICBRBEED R\ Lt L VOB

(28)

OFEELYRT, ¥icFig 9, 10 itk X OB
o E AR OFERIS A, Fig 11,12 ki
MRIOCBEHOKREFEEEOFEBINI A TH
5,

Fig. 9, 10 TBE X h 5 X 512, Tl TR0
R} L O30T — 225 b, BETIR0EA
WY —2hbote, FRLMTIIS0EUETTHME

BMD A
200 £\
’
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/ AN
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Fig. 9 Mean BMD of trabecular bone in female.
(From Fig. 9 through Fig. 12, solid line means
BMD in MAT-HI, and broken line means BMD in
KV-HL)
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Fig. 10 Mean BMD of trabecular bone in male.

BMD
400
S
ik
LN
i / N
J
300 ! /\_J

200

10 20 30 40 50 60 70

AGE
Fig. 11 Mean BMD of cortical bone in female.

BMD
400 4
i ‘\\
\
; \\\
’ N ” ~
\\ ”) \\\ ”_,—’ “"‘\____,J"“"-_---—’/
300 \\\ ; N ____/-"\
‘ \//\
200
10 20 o 40 0
2 3 50 [ 70 AGE

Fig. 12 Mean BMD of cortical bone in male,
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