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——— Abstract

This study was performed to examine the correlation among quantitative magnetic resonance (QMR), single energy
quantitative computed tomography (SE-QCT), and dual energy X-ray absorptiometry (DXA). and to examine the
relation with bone mineral density (BMD) through in vitro experiment with pig lumbar vertebrae. The correlation
among 1/T2* of QMR, SE-QCT, and DXA was investigated by measuring the pig lumbar vertebrae BMD five times
each method. It was examined whether there is a significant difference in the values of 1/T2* SE-QCT. and DXA
measured by changing the height (11cm, 20cm, 29cm) of water in water bath in order to make the soft tissues different
in quantity. The lumbar vertebrae were placed in 0.1N sodium hydroxide (NaOH) solution for 24 hours to remove
the residual soft tissue. Each values of SE-QCT before and after removal of the soft tissue were compared. Real BMD,
measured after burning only the body of lumbar vertebrae for 3 hours at 12007, was compared to BMD with three
methods. Based on the correlation analysis of 1/T2* and SE-QCT (correlation coefficient, r= -0.729 to 0.737). 1/T2*
and DXA (r= -0.709 to 0.929). and SE-QCT and DXA (r= -0.878 to 0.862) after measuring BMD within the water
bath, no significant correlation was observed among three methds. Also, there was no correlation between 1/T2* and
SE-QCT (r= -0.587 to 0.447) xeasured in the outside of water bath. SE-QCT (P=0.094) and 1/T2* (P=0.012 to 0.094)
measured in the inside and the outside, respectively, of the water bath were significantly different. When the height
of water in the water bath was different, the change value of the BMD showed a significant difference in 1/T2*
(P=0.012 to 0.403) and SE-QCT (P=0.012 to 0.527). but not in DXA (P=0.012). The values of SE-QCT measured
before and after placing lumbar vertebrae in 0.IN NaOH for 24 hours were not significantly different (P=0.3177).
The BMD and 1/T2* measured after burning showed the similar changing aspect (P=0.028 to 0.106), however SE-QCT
and DXA showed the different changing aspect (P<0.05). There was no correlation among QMR, SE-QCT, and DXA,
however the significant relation was observed between the BMD and OQMR. The value of the BMD was measured
differently depending on the height of water in the water bath. Therefore, although QMR is influenced by the height
of the water bath in some degree, it reflects the BMD very well.
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Fig 1. Axial SE-QCT image of L1 vertebral body and the
round ROI within the trabecular bone for analysis. Crescent
shaped phantom underneath water tank is used for calibration
purposes in all studies.
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Fig 2. Mid-sagittal gradient-echo images of the lumbar spine
obtained under identical conditions (repetition time
(TR)=250msec, echo time (TE)=16msec). Round ROI is used
to determine mean 1/T2* of vertebral cancellous bone.
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Fig 3. (a) Photograph of the vertebral body in water bath
(depth 20cm) using DXA.
(b) Posteroanterior DXA lumbar spine image with
intervertebral markers (L1-14).

Fig 4. Photograph of the burnt vertebral body for 3 hours in
electronic furnace. Pure bone mineral content is obtained
from lumbar spine.
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Table 1. Correlation of BMD between 1/T2* and SE-QCT
Measured in a Pig Lumbar Vertebrae

Vertebral % SE-QCT ~
Level 1/T2*(1/msec) (mgiem2)  © Value P Value
L1 0.00188 2976 -0.58674  (0.2984
L2 0.00155 2824 -044697 04505
L3 0.00149 2946 037322 0.5361
|
0.9 + ‘ ‘ L4 0.00154 302.8 0.14822 08122
1 2 3 4
Vertebral level LS 0.00183 286.6 -0.02181 09722
240 SE-QCT = single energy quantitative CT
1 SE-QCT : P>0.05 r = correlation coefficient

FZ9] QtofA] £ Fol & thEA ste] $3 DXA,
SE-QCT, 2832 QMR Atele] Zd#3aA= DXAS} SE-Q
CT9] r& -0.87767914 0.86161(P=0.9396 to 0.0504)(Ta
ble 2), DXASF QMR E] rL -0.7094911 41 0.92952(P=0.99
47 to 0.0222)(Table 2), 28] 32 SE-QCTSF QMRS r& -
0.728774114 0.73767(P=0.9856 to 0.1548)(Table 4)2 A
R o= fofg AAIAN glith

SE-QCT{mg/cm3)

Vertebrai level

Table 2. Correlation of BMD between DXA and SE-QCT

0.0045 QME : £>0.05 according to the Different Height of the Water

Vertebral 1lem 20cm 29cm

Level r Value P value r Value Pvalue 1 Value P vajue
L1 061503 02696 046429 04308  -087767 0.0304
L2 004742 09396 050755 03827 063344 02512
L3 -0.58153 03037 086161 00605  -0.87000 0.0352
14 078098 0.1142 ~ 080519 01001 036938 0.5406

0 ‘} - . : DXA = dual energy X-ray absorptiometry

SE-QCT = single energy quantitative CT
r = correlation coefficient

Vertebral level

Fig 5. Mean bone mineral density plotted against vertebral levels
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Table 3. Correlation of BMD between DXA and QMR
according to the Different Height of the Water

Vertebral llem 20cm 29cm

Level r Value P value r Value P value r Value P value
Ll -0.70949 0.17% 0.19509  0.7532 -0.17919 0.7731
L2 0.50954  0.3805 0.54789 0.3391 -0.00419 0.9947
L3 072846 0.1628 089723 0.0389 092952 0.0222
L4 0.31068  0.6109 0.22462 0.7164 037026 0.539%

DXA = Dual energy X-ray absorptiometry
QMR = Quantitative MR,
r = correlation coefficient

Table 4. Correlation of BMD between DXA and QMR
according to the Different Height of the Water

Vertebral llem 20em 2%em

Level r Value Poalue 1 Value P ovaluee r Value P value
Ll 003399 09504 0.32749  0.3%%6 020857 0.7764
L2 -0.01131 0,983 0.73767  0.1548 033625 0.3801
L3 072877 (1623 0.63370 0.229 -0.70204 01863
14 014812 GR121 0.30332 03831 042122 04800

SE-QCT = single energy quantitative CT
QMR = Quantitative MR,
r = correlation coefficient

Wilcoxon 2-Sample Test9] BAHH 07 fzxo) dba
29 Ex°l7F 20ecmY o &4 g SE-QCT(P=0.094) %}
QOMR(P=0.012 t0 0.094)2] g2 AHutH o g7 §2]&} Zjo)
& B3 FFe E%olE llem, 20cm, 28 3 29cm .
2 g2 si9e W= SE-QCTY Pt 05271904
0.0117, QMR 2} PZF- 04034904 001128 $£29] E=
ole} WE {992 gtk Y DXAE F29 &
o7} 1lems} 20cm® o Mol Mz e o
B OLHP=04633 to 00119) AHHoZ Holat Fo
= Kol FUThP=0.012)(Fig. ).
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Table 5. Correlation of BMD Measured with DXA. SE-QCT,
and QMR after Burning Body of Pig Vertebra

Water Tank DXA SE-QCT 1/T2%

outside 0.0001 0.0816
Tlem 0.0077 0.0001 0.1036
20cm 0.0001 0.0001 0.0836
29%m 0.0001 0.0001 0.0276

Parentheses are P Values.
DXA = dual energy X-ray absorptiometry,

SE-QCT = single energy quantitative CT,

G MR FFH J

fua

s Eds

01 N &9
%k SE-QCT9)
Az} ME BREY
g Fo)4de SIRATHP=0.3171)(Fig. 6).

A9 ALV)E olEst SAHE 2RI AAT
Z+ DXA, SE-QCT, 283 QMR z}z+e] AMe-7171 52
A¥ BMDZES WHZEANY SANYORE M2 4
sk A3, QMRS 7712 AA g} {18 wakk
FHP=0.0276 to 0.1056)2 BH o1} SE-QCTe DXAE
E 9FAHP<0.035)2 B THTable 5).
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£
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280 . o
L1 12 L3 L4 L3

Vertebral Levels

Fig 6. Comparison of pig's lumbar vertebrae BMD values
obtained with the SE-QCT before and after removed of soft
tissue(Pre=pre-removed soft tissue, post=post-removed soft
tissue)

o 2771 U=
2L T W e H2o drES
= 24 7¥ehee) 88
S A, Al ARSI lE MR
2 AP XM protons) o] T2E #olA7) B &
o] =22 (bone tissue) ] FF o] Brhssith. 2 8
HZ-2 T-919] =5 (bone marrow) &
g

=
qo% Wik & Ank o Pye AT

T
M
fil
X
tlo
ot

o = & X

32 A~ }\‘1

1 =T
2 oh& z}zke] A3-8-(magnetic susceptability)-S 7R3
1] 2] 914K physical phases)o] ¥&}slH MRe] &

AR
A A7 (static magnetic field) Qb A F7H4 vlFA A (sp

atial inhomogenities) 22 X HF = AL o]83 7

o2

- 213 -



sty

A

o] shujst

olt}, o] B|FA X EL gradient-echo image A A&
73 (signal intensity) 9} T2*gke] Z4AE FEAZ o A
£ 32 2}7) 3} (transverse magnetization)2] $}4 o= (de
phasing)-& Tk

BMD9}F MR} T2* o] 2+A] 7Hrelaxation times)AFo) <)
AT A Jet BA oA BL A7} olFoix|
Jt}. Davis 5% 21318 bone powder (ground trabecul
ar bone) & ©] & AA 9 ArdA FLxe} 722 7]
& &(oll solution)# £l EXHUS @ T2*2] Lol
ZAaFROY 71F 898 F/FESE A R )
3 F 9] ¥]&(surface to volume ratio)o] Z7}ate] T2*
e 71 Sgith Rosenthal 570 o)ahd H3

ZA) 8+ E(extratrabecular water) 2
2357 Wehrli %) o]35}3
AAS F B& AYF Y 24
o] T2*3Eth WAl S E G s ¢

Z
o AollA ZF Holl SAske a2 H)

& 5 ok

ABA] Woll A gradient-echo imag
esZ AlPe 1 PH AT F=rt i JIFS vl
&R dAxstgdrt. Z7Hdiaphysis) 3 27+ (metaphysi
)] 7917} ZFHepiphysis) Bt} B8 B& AI(fa

1S
marrow) 2 Q13 T2 AIAEE HFHoH sjHs] 2=

% 233 27712 AATETH QURE
ol g2 M= rigle dBdE By
A9} rER IR 2 QMRo] HHE-2)

.

j-12
o}

A A19A 13, 2004

o
ot
Y
)
22
ol
of
i)
rlo
X
2
clo
2
o
il

ilu

1w

)
o5
]
ik
:i

il
paca
ki

s
=

4 do
N
ofp rlo

%0,
o
i
T
0!
N
>
2V

A
5
o

o o

-

i
M5
3]

1
N O

g
S
®
=,
g
a

R
o
r U
ftio

M

noa rlo
20w
2
%

g
L

>
v
[
»
to
§23
ty
")
=

]
ik
[T] o
SMI%

oo rlo
o

s

ko

i

R

D o
uhd

o

rlo

2o
—Hz
2

i
S

Jl)lt J
oxt oX

)
£
g_[_:ﬁ
Bl R
ik
i)
_)_4_"
{i2)
s
o

tlo M

S
N
z
e
rlo

2

X,
3
o

e
2
lo
fru
off 2
L4

ot

o
Jd
DX

< 11
2
ud

)
e

2

M o
Hy
o
e

Ol
=i
of

ofo
p‘_lg
£
|
4a
N

%,
ﬁ
w8

- ofj o

)
N
o

o

ok

ol
ox
bo®
flr
(T
N oX,
tlo
4
oL
o
i

ol

beam hardening effect 52}
ANHUS R 33

—

fo
2
20

dr M

A

1l

A

3 alcohol 30% 289
100 mg/mlo] HEE 3lej A708 A3} =]
92} SE-QCTE 30-40%, ©1F =]
rgy QCT, ©]3} DE-QCT)& 2% o9
B2 DE-QCTE ol§go2H X
Z9 FHY FIE ¢S UL A
2 Sk A2 A= SE-QCTE

w7 g &

do e

o

i

[e)

O

Y Mg

Lo

=)
[=1

f
o
ol
2
Lo
e

of

z
ot
of¢
2,

- 7

[

HeF7he] A}o)
7o elshd SE-QCTE
ol g3ttt Ao QW EHA wWolrt Ax] o} I
A AA) TR7ARC} 15-20% A SAHAIT Y
oo W& e} Fvtell g AL T 4 U5 DE-Q
CT 2t} 2v) A% & Al gZ s oA oj&-&
o 2o QAR O Z DE-QCTE L} §E- S35 ojof o

[e]
e

- 214 -



WA SIS A AFE A1 FHGR B oA 4R
T st AREE TH12 AARRS 3P L
219 DE-QCTE o] §steio} shA\3t 218 wg 8219)
Yol SE-QUTE olg3he ol v st 2
2 9+ 9

DXAE 24} A B, Re WA %, 2

ol

e Bexe “"}oi 2 A FohF
Aol de o] &5 Q) & A
9ol A Y] 255 o] 83t HAEF AroA DRA
(Dual-energy radiographic absorptiometry) 2 &3 3% =5
2 &+eFBone mineral content, BMC)3} £ 3¢)
S BAEHe o d@gel A TRHAJEE A4
Aol M= DXARE 48 BMD9} 855 A2 $
= 13 AAGgHs dBdo] A Utk

e,

ofN K

o

22 34-36) Ho =22
KB

==
=

.EL

A ne

H

ik
[

o
-z
)
g T

e
ol
o
8
N,
5}
Y
~
>
1o

)\
2
O
ko

P

rir

=

k]

o,
kd

2

o

BN B ko hrh
2 b
M o,
2,

mouorg oo

718 AA G vlasteds
of Aol o5ty o] EEold w2t BMD-J 7‘01 Q
MR} SE-QCTH.th= DXAIA Fololl w2 A=2e) A}
o]7} AAUTE BE, DXANME x2te] Buj7p 47
= A o= A Jups|F oA I A}l

7)i O] q_-f?'/f?'\))

€
of

A

off

QMR, SE-QCT, Z8]3l DXAS o] 83 2%
W Abole] AoBAE YR oY BMDS QMR A
e §}°W° Atk 28y 24 FHe 4
& & =Eel9 B w2 QVR, SE-QCT 283 D
7} Foldl wet M2 t2A FAHAA N DX
T ¥sbrh Aot agEE =

71de) MFEde FPseln Ao AS

o e

}.

=

N

=l
XA BE
AclX =

i

7] A /'J;(]ﬁt‘jl—

AFHAAL J= QMRS o] &3h= Zo] Fow QT
T olF AR & o] &3t DXAE A8tz shs ¥
A AAZo FPA7)E TR AAGFH exbe
Y F Ug Holth T2|IZ DXAE 7 FH| AR
Z2A 9] FEFL AA LAV AYFFE o= A= A9
How BAYL F F ZA%E Aol 8T Zolth QM
R, SE-QCT, Z8]3. DXA A 22+e] Aa#AAE wils}
7w AEFHOE ool AT s s= BM
Do} WL HHE YA & Fu Ak ol5e] A
e Y 7 3% Ao Asdd
2 ]

1. Black D, Cummings SR, Melton LI
mineral and a woman's lifetime risk of hip fracture.
Miner Res 7: 639-646,

. Grampp S, Jergas M, Cluer CC, Lang P, Brastow P, Genant
HK: Radiologic diagnosis of ostecporosist current methods
and perspectives. RCNA 31t 1133-1143, 1993

3, Cummings SR, Black D, Nevitt \i Browner W, Cayley I,

Appendicular bone
J Bone

S

Ensrud K, Genant HK, Palermo L, Scort I, Vogt TM: Bone
density at various sites for prediction of hip fractures: the
study of osteoporotic fracture, Lancet 341: 72-73, 1993

4. Beck TJ, Christopher BR, Warden KE, Scott WW, Rao GU:
Prediciting femoral neck strength from bone mineral data: a
structural approach. Invest Radiol 235: 6-18,1990

. Mosekilde L: Sex differences in age-related loss of vertebral
trabecular bone mass and structure: biomechanical conse-
quences. Bone 10: 425-432,1989

6. Parfitt AM: Travecular bone architecture in the pathogenesis

|94

and prevention of fracture. Am ] Med 82(suppl 1B):
68-72,1987

7. Hansson T, Roos B: The relation between bone mineral
content, experimental compression; fractuers, an disc

degeneration in lumbar vertebrae. Spine 6: 147-33, 1981
8. Jones CD, Laval-Jeanter AM, Laval-Jeantet MH, Genant HK:
Importance of measurement of spongious vertebral bone
mineral density in the assessment of} osteoporosis. Bone &:
201-206, 1987
9. Lang P, Steiger P, Faulkner K, Gluer C, Genant HK:
Osteoporosis: current techniques and recent developments in
quantitative bone densitometry, Radiol Clin North Am 29:
49-76, 1991
. Hnasen MA, Hassager C, Overgaard K, Marslew U, Riis BJ,
Christiansen C: Dual energy X-ray absorptiometry: a
method of measuring bone mineral density in the

precise
lumbar

- 215 -



A

o

spine. J Nucl Med 31: 1156-1162, 1990

11. Cluer CC, Steiger P, Selvidge R, Ellisen-Klieforth K, Hayashi

C, Genant HK:Comparative assessment of ~dual-photon
absortiometry and dual energy radiography. Radiology 174:
223-228, 1990

12., Getlere SJ, Gold RH: Osyteoporosis and bone density mea-

surements methods. Clin Orhtop 271: 149-163, 1991

13. Cann CE, Cenant HK: Precise measurement of vertebral

mineral content using computed tomogfaph’y, I Comput
Assist Tomogr 4: 493-500, 1980

14, Genant HK, Steiger P, Block JE, Glueer CC, Smith R:

18.

Quantitative computed tomograpgy; update 1987. Calcif
Tissue Int 41: 179-186, 1987
. Steiger P, Block JE, Steiger S, Heuck AF, Friedland A,
Ettinger B, Harris ST, Gluer CC, Genant HK: Spinal bone
. mineral- dnesity .measured .with. quantitative. CT: effect of
region of “interest, ‘vertebral level, and technique. Radiology
175: 537-543, 1990
. Davis .CA,- Genant HK, . Dunham JS:" The effects of bone on
~proton NMR .relaxation times of :surronding: liquids. Invest
Radiol 21: 472-477, 1986
. Majumdar S, Thomasson D, Shimakawa A, Genant HK:
Appearance of bone marrow in the presence of trabecular
bone: quantitation of the susceptibility effects and
correlation with bone density(abstr). Radilogy 177: 128-129,
1990
Majumdar S, Thomasson D, Shimakawa A, Genant HK:
Quantitation of * the susceptability difference between
trabecular bone and bone marrow: experimental studies.
Magn Reson Med 22: 111-127, 1991

19, Majundar S: Quantitation of the susceptability difference

20

21

22

between trabecular bone and bone marrow:
simulations, Magn Reson Med 22: 101-110, 1991

. Grampp S. Majumdar S, jergas M, Newitt D, Lang P, Genant
HK: Distal radius: in vivo assessment MR imaging, peripheral
quatitative CT, and dual x-ray absorptiometry. Radilogy 198:
213-218, 1996

. Wehrli FW, Ford JC, Kaut-Watson C: Quantitative MR: a
new method for in vivo characterization of trabecular bone
structure(abstr). Radiology 177: 245, 1990

. Ho CP, Kim RW, Schaffler MB, Sartoris DJ: Accuracy of
dual-energy radiograpgic absorptiometry of the lumar spine:
cadaver study. Radiology 176: 171-173, 1990

computer

23, Cann CE, Genant HK: Precise measurement of vertebral

24

mineral content using computed tomography. J Comput
Assist Tomogr 4: 493-500, 1980
. Borders J, Kerr E, Sartoris DJ, Stein JA, Ramos E, Moscona
AA, Resnick D:Quantitative dual-energy radiograpgic
absorptionmetray of the lumbar spine: in vivo caoparison
with dual-photon absorptiometry. Radiology 170: 129-131,
1989

5. Rosenthal H, Thulborn KR, Rosenthal DI, Rosen BR: Mag-

b o hE e #1939 13, 2004

netic susceptibility effects of trabecular bone on magnetic
resonance bone marrow imaging. Invast Radiolo 25: 173-178,
1990

26. Wehrli FW, Ford JC, Haddad JG: Osteoporosis: clinical

assessment with quantitative MR imaging in diagnosis.
Radiology 196: 631-641, 1995

27. Sebag GH, Moore SG: Effect of trabecular bone on the

appearance of marrow in gradient-echo imaging of the
appendicular skeleton. Radiology 174: 855-859, 1990

. Lenchik L, Sartoris DJ: Current concepts in osteoporosis,

AJR 168 905-911, 1997

29. Guglielmi G, Grimston SK, Fischer KC, Pacifici R: Osteo-

porosis: diagnosis with lateral and posteroanterior dual x-ray
absorptiometry compared with quantitative CT. Radiology
192: 845-850, 1994

.. Rutherford RA,. Pullan BR, .Isherwood: E measurement of

-effective atomic number and electron density using an EMI
scanner. Neuroradiology 11 15, 1976

. Wetssberger MA;- Zamenhof RG, Aronow S et al: Computed

-, .tomography for the measurement of. bone mineral in human

37.

38

39.

- 216 -

- A=A, JER), FF

spine. J Comput Assist Tomogr 2: 253-262,
1978

H

iy,

2 E oA AaHeE
A

sheko] X EEM B gl Ehuka
(ehis R US .

FEg 08T 27712 T

©) 3]} 25t 586-592, 1989

. Cluer CC, Reiser UJ, Davis CA, Rutt BK, Genant HK:

Vertebral mineral determination by quantitative computed
tomography: accuracy of single and dual energy measure-
ment. J Comput Assist Tomogr 12: 242-258, 1988

. Sartoris DJ: Clinical value of bone densitometry. AJR 163:

133-135, 1994

. Rizzoli R, Slosman D, Bonjour J-P: The role of dual x-ray

absoptiometry of lumbar spine and proximal femur in the
diagnosis and follow-up of osteoporosis. Am J Med 98:
33-36, 1995

. Sartoris DJ,- Resnick D: Dual-energy radiographic absorp-

tiometry for bone densitometry: current status and

perspective. AJR 152: 241-246, 1989

©0FY, B0, o)gr), A3, o)9Y, FHH: °IF YA}
A FFRe 0189 B9 TUC 239 o g

At e 8+3)A] 32: 971-974, 1995

Tothill P, Avenell A: Errors in dual-energy X-ray absorp-
tiometry of the lumbar spine owing to fat distribution and
soft tissue thickness during weight change. Br J Radiol 67:
71-75, 1994 '

Tothill P, Avenell A: Anomalies in the measurement of
changes in bone minera) density of the spine by dual-energy
X-ray absorptiometry. Calcif Tissue Int 63: 126-33, 1998



