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BEEEBMD OB BFTHZI L, (2) REBOBERYPES LRFLHBEERT
_EhRBHo N

SEORFHOER, EEHHEEDSOSZEEEOBMD PEEERMYT 3 LHRE
H 7. CEFHLI29E10H 200 <25

Bone Mass Measurement of Cortical Bone of the Tibia with Quantitative
Ultrasound : Correlation with Peripheral Quantitative CT in Clinical and
Cadaveric Subjects

Rika NOGAMI

Quantitative ultrasound (QUS) is a well-known method with good precision which can be
used to evaluate bone mass simply from the speed of sound (SOS) without radiation. The Sound
Scan 2000 (Omron Myriad, Israel) is a unique QUS device for which the tibial cortical bone has
been adopted as a measurement site. Other QUS devices measure SOS in the calcaneus which is

composed mainly of trabecular bone. However, the accuracy of measurement with Sound Scan
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2000 has not been clarified sufficiently. Combined measurements with peripheral quantitative
(pQCT) (Densiscan-1000, Scanco Medical AG. Switzerland),

bone mineral density (BMD) in the tibial cortical bone can be measured and whose accuracy of

computed tomography with which
measurement has already been established, and the Sound Scan 2000 were made.

For the study with cadaveric subjects, 10 lower legs were used, and correlations between the
SOS of cortical bone in the middle diaphysis of the tibia with the Sound Scan 2000, and the
parameters of bonc mass in the distal metaphysis (19-33.5 mm below the distal end), distal
diaphysis {62-70.5 mm below the distal end), and middle diaphysis of the tibia with pQCT were
studied. It was shown that the SOS correlated with BMD, volume and thickness in the middle
diaphysis of cortical bone.

For the study with clinical subjects, measurements were performed in 46 normal women, and
correlations with the SOS of cortical bone in the middle diaphysis of the tibia with the Sound Scan
2000, and the parameters of bone mass in the right distal metaphysis and distal diaphysis of the tibia

with pQCT were studied. The SOS showed higher correlation with BMD in the distal diaphysis

20000

than in the distal metaphysis, and strong correlation with cortical area or thickness.

Thus, it was shown that the SOS of the cortical bone reflected BMD and the thickness of

cortical bone. {Accepted on October 20,
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mEEOMELTELZKHEEEENCT
(peripheral quantitative CT, pQCT) ™ (Z X & {ll%E
FEREERNET AL DT,
FHEE LORIR» S RAE S L L TiTy,
EEEHMAENAZZ L2 L D EBERMER X F T
EF T ORFAMN S M L /2. Sound Scan 2000
XD EELTEEZ R L7HRENNETEN
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HY, LRSS,
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MEITEH HRARL0ME (BYE 3 L ik 7 14,
SF# L 55~90i%) DIOTHKTH 5.

Sound Scan 2000(Z X % 48 B T8 0Bk
DICAEHEE (speed of sound, SOS) DiflEL,
A REDL2H (GEddd) (7o —7oh
LrEEIYE—ZHER Gem) @SOS % il
L7 g, 1.

pQCT %5 & |2 | Densiscan-1000 (Scanco Med-
ical AG, A4 A) #fHLY, X574 RAE]
mm, AZ 4 ABBELSmm TAF v L7,
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cor-Th

Fig. 1.

pPQCT

++ BMD(cor, to}
BMC (cor, to)
vol (cor, BM, to)

Measurement sites in the tibia in cadaveric subjects.
diaphysis was used for the determination of SOS8, BMD, BMC, volume and
cor-Th. The distal diaphysis was used for the determination of BMD (P

90 %
70 %

density in cadaveric subjects. The region defined by the
difference between the 90% and the 70% core area
was used.

H5E WAL NG F I (5 em RO,
AL R (g = A 5 19~33. 5 mm)
LRl (IEEE ARG 2 5 62~70.5 mm)
Thh, ThEh20, 06254 ATATY
¥ L7 (Fig. 1). W@EIZ(FEEE (SD) £— F
(B FEA50 um) & V7, gl
LW (D 100) B K O HLLEE50% 14 B fE I
(D50), wWMACEHEHTIELEE (P100) @
BMD %, BRARAEH & [k i cllle L 7.
iR TIEE S (cor) B
L U (o) ¢ BMD & Fifia
(bone mineral content, BMC), K¢
P, ik (BM) B X U4k
DFEFE (vol) ZWE LIz, 4,
cor-BMD iZ, CT [W{¢ T g &4
NT0~90% Y5 2 miREE D
BMD #&EH L7 (Fig. 2). ¥y
B E & & (cor-Th)
ring model W2 L D)
cor-Th = 4 (Ac + ABM) / 1 —
VABM/ 7 (Ac: B2 & T FE,
ABM : ‘Fr iR 2ok,
Be Rt 12 457 5 Sound Scan

EMD
(D50,D100)

(&, circular

The middle

100). The distal metaphysis was used for the determination of BMD (D 50

and D 100). QUS, quantitative ultrasound ; pQCT, peripheral quantitative
computed tomography ; SOS, speed of sound ; BMD, bone mineral density

200042 & % SOS X, pQCT & =
NH87 2—% L OMBAE KD,

; BMC, bone mineral content ; Th, thickness ; cor-, cortical ; to-, total ;

BM-, bone marrow ; P 100. total BMD in distal metaphysis ; D 50,
trabecular BMD in distal diaphysis ; D 100, total BMD in distal diaphysis.

5 e iy o il 0 IERE R 22
EER R L -
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% K (co-BMD), 2 & & &
(cor-ar), TFHEHEEFE (cor-Th),
£ BEE ((0-BMD) B L VB
fEEA (BM-ar) &Rl £6
iz, EHEE - KE—XA VT

pQCT

"2/ CBD(cor, to)

' ar (cor, BM)
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QUS
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Fig. 3. Measurement sites in the tibiain 46 women. The middle diaphysis was
used for the determination of SOS. The diaphysis 10 cm proximal from
ankle joint was used for the determination of, BMD, ar, cor-Th, Imax and
Imin, The distal metaphysis was used for the determination of BMD (D 50
and D 100) . QUS, quantitative ultrasound ; pQCT, peripheral quantitative
computed tomography ; SOS, speed of sound ; BMD, bone mineral density
i ar, area ; Th, thickness ; Imax and Imin, maximal and minimum cross-
sectional second moment of inertia ; cor-, cortical ; to—, total ; BM-, bone

(cross-sectional second moment of
inertia, CSMI) @ /% 5 A — ¥
(Imax & Imin) #EH L2272, %
B, CSMI L = (Ai - di*) B3k
Bz (Al BEENOME~ O
e VR, d BELORLHE
RN ETOREE.

A R EHRIIZ B 1 % Sound Scan
200012 X % SOS &, pQCT @ =
Noo3F A—% L OHBEETRD,
REEEEOFEHNEOERT K
L7z,

marrow ; [ 50, trabecular BMD in distal diaphysis ; D 100, total BMD in

distal diaphysis.

S BEHRTORE

MHRIT 46 (FFilFC 43~67H, 53.9%
5.68% (CF# = SD)) T, MIEAIZ15%, B
®iINEBTHS. &8, HEREIZEIAMEDOE
#& HEEFHBPLEBXECRELS/ .

& Bz BB o SOS i £ 1 Sound Scan 2000 %
HuwTity, MEHMEREes%PRi (F
FERMEDH15.6x2.3ecm) £ L, EH5em
@SOS ZjE L7z (Fig. 3).

pQCT iZ & % €& BMD @il %€ 1%, Densiscan
-100062 & B fTo 7z, WEHALIZ, EALE Fin
HTIIAEEREAME > 5HAM19, 23.5, 28,
32.5mmD 4 AT AATHY, AZ)—=07
(SC) £— F (HFEZFA50~500 4 m) TH®EL 7.
BV FHERETIE4ATIAEAFY L, D
50& D 100% k& 7. HEAFHITIZ pQCT O A
¥ M) —IZTFHEAMEATEF, Sound Scan 2000
& Tl Uil E SRy SR (B rh gL it) T oM E AT
RAipnzd, FRIEWEBEED 510 cm EiE
#HRE—FT1A54 Al L7 (Fig. 3).
EEBRIGPTIZA4ATAIAFAFy L, D
50& D100k kw7, AUEFRHCEIEESE

WREH 2RI
SOS * pQCT 2k BN BENRFA—FD
MoOEHBREEZRD . BRI AR
p<0.05%FEAREL Liz. -#HMAREDE
&, EHEFRS AR (MEESE) TREL:.

& ®

R&EHAITO®RE

1. EEHashmRifE s o S0s & pQCT i
LA RRE RGBS X ORF%E BMD
& DI

SOS, EMFHWELD DS, D100H L 5=
B E @ PLOOD FH + SD % Table 1 |27R
4. SOS & D50, D100 & UF P 100D B
MiZFNFhr =0.424, 0.330£0.532TH D,
HELMMEZEDLd -7z (Table 2),

2. BEFEHEPIIEESF DSOS & pQCT I
L ZEEEHPRTOZE T A —F L DHE

FEHRPREO (1) FEFBLIUTEZHD
BMD, (2) & BMC, (3) HEE, B#
B L UE&tkofEHE, (4) co-Th O FHy =
SD % Table 1 {275 3. BMD (22w T i3,
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Table 1. Bone parameters of the tibia measured with QUS and pQCT in
cadaveric subjects.
Site of measurement Parameters Mean+S8D
Middle Diaphysis S08 (m/sec) 3346285
Distal Metaphysis D50 (mglem® 76482
D100 (mg/em?) 2204118
Distal Diaphysis P100 (mgicm? 490+248
"Middle Diaphysis cor-BMD (giem?®  1.66+0.39
to-BMD (g/em?) 0.93+0.45
cor-BMC (g) 16.7+9.29
cor-vol (mm?) 9841422
BM-vol (mm3) 9421452
to-vol (mm¥) 1931308
cor-Th (mm) 3.45+1.60

QUS, quantitative ultrasound ; pQCT, peripheral quantitative computed to-
mography ; SOS, speed of sound ; BMD, bone mineral density ; BMC, bone
mineral content ; P100, total BMD in distal metaphysis ; D 50, trabecular BMD
in distal diaphysis ; D 100, total BMD in distal diaphysis ; vol, volume ; Th,
thickness ; cor-, cortical ; to-, total , BM~, bone marrow.

Table 2. Correlations between SOS and parameters measured with pQCT in
cadaveric subjects.

Site of measurement Parameters r
Distal Metaphysis D50{mg/cm?®) 0.424
D100{mg/cm?) 0.330
Distal Diaphysis P100(mglem?) 0532
‘Middle Diaphysis  cor-BMD(glem®) 0.840%
to-BMD{g/cm?3) 0.831*
cor-BMC(g) 0.897*
cor-vol{mm?) 0.900**
BM-vol(mm?) —0.701*
to-vol(mm?) 0.174
cor-Th{mm) 0.868*
Abbreviations are same as in Table 1.
*p<70. 01, **p<<0. 001.
SOS & cor-BMD $ X OF to- BMD & O E DA r BRI

lE& 4 r=0.853£0.831Td H, SOS | cor-
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2 IEAHBEASREO BTz,

S HEHAIT O

1. BEEHmbRHO SOS &
PQCT IZ X A EBEMNERID
BMD & O A

46f51 0> SOS, D503 X U D 100
DEH +SD % Table 3 |Z7R7.
SOS & D50 F 7213 D 1009 # [
BEIZFRNFRr =0.48250.492
Thh, LLIIFWEMYEZHED
7z (p<0.001) (Table 4),

2. BEEHPRIED SOS &
pQCT (2 X % BB &L F #HEfD /3
5 A—% L OHH

46#]@ cor-BMD, to-BMD, cor-
ar, BM-ar, cor-Th, Imax 3 & O¥
Imin ® 3 = SD % Table 3 |2
AT, SOS & cor-BMD  7-11 to
-BMD @ 1 B i, r =0.688 &
0.545CTdH H, LLIZHE (p
<0.001) ZIEMRA% R,

SOS & cor-ar ¥ 7= {3 BM-ar &
OHEBEIZ2WTIE, BiHEEr =
0.3120F & (p<0.05) ZIEHHME
ERDLN, BEILr=-0.248CT
hY, EELHEERD Lo,
cor-Th {Z2wTid, SOS & r =
0.3720KE (p<0.05) ZIEHHE

Imax & Imin (22T, SOS £ ®d
BOMEEIEr =0.10620.079TH b, HELME

BMD % 72{2 1o-BMD X DRICEE (L biZp %R do .
<0.01) ZIEL+8EE % § ¥ 7z (Table 2), BMC
2w TiE, SOS & cor-BMC OB O FE L ¢ x =

=0.897THH, AE (p<0.01) ZIEAHEZR
i, EKEIZowTIE, SOS i cor-vol & HE
DIEME (r =0.900, p<0.001), BM-vol * &
ExBMEE (r=-0.701, p<0.05) ZRLAA,
to-vol(r =0.174) LIXAELHBLEDLH»
=7z, cor-Th & OBz 2w TlE, SOS & cor
~Th OWMEZEOHMIZIEr =0.8680FE (p<0.01)

BEADOEEHUEED S B, QUS IHEE ¥
HY, pOBEICERERETIE RS 0,
EHBEOMBIZILCEHIL TS, QUS
FEEOKRSTIE, HREITHEOEE I EL
e, L7bEErERTAS0S #RDBD
DTHLY. BELEYORERTHE, #HEFO0
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Table 3. Bone parameters of the tibia measured with QUS and pQCT in

clinical subjects.

s,

Site of measurement Parameters Mean= 3D

Middle Diaphysis 508 (m/sec) 3450106
Distal Metap hvmq T D30 (mg)'cmd) 198+58.4

D100 (mg/cm®) 4901+90.3

Diaphysis cor-BMD (glem?) 1.19+0.08

to-BMD (g/em?) 1.91+0.14

cor-ar (mm?) 211+15.2

BM-ar (mm?) 120+£27.3

corTh (mm) 4124044

Imax (mm?) 1.35£230

Imin {mm% 270460

QUS. quantitative ultrasound ; pQCT. peripheral quantitative computed to-
mography ; SOS, speed of sound ; BMD, bone mineral density ; BMC, bone
mineral content ; D 50, trabecular BMD in distal diaphysis ; D 100, total BMD
in distal diaphysis ; cor—. cortical ; to—, total | ar, area ; BM-
Th, thickness ; Imax and Imin, maximal and minimum cross-sectional second

moment of inertia.

Table 4. Correlations between SOS8 and parameters measured with pQCT in

clinical subjects.

. hone marrow ;

Site of measurement Parameters r
Distal Metaphysis D50(mg/em?) 0.482**
D100(mglcm?) 0.492%*
Diaphysis cor-BMD(g/cm?) 0.688**
to-BMD(glfem®) 0.545%%
cor-ar{mm?) 0.321*
BM-ar(mm?) —0.248
corTh{mm) 0.372*
Imax{mm®) 0.106
Imin{mm*) 0.079

Abbreviations are same as in Table 3.
*p<<(. 05, **p<0. 001,
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