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Effect of Cortical Bone on Acoustic Properties

of Trabecular Bone in Bovine Femur In Vitro

gws, ol
(Kyo Seung H g and Kang Il LeeT)

(HLUXE 20124 119 129, RHEHUXE 201214 128 282)

2 = 2ol S ) o) 220 & vishaeld 3195l iR o] $24(508) 9 Yool 28t gy
(nBUA)Q}ZEP%% FEA0l A= BE AR Aot o] & 918l 2719 4 th B[S o]-8-ste] LR R=RE 12
7hel e A= AE 9 2 2.00 mm 9] FAIE ZH= 3709 wdE vhE AlRsich Ea3t s H A= AE o
e RS FE/QT s A E B ZUE Alo| o AHBAIE 2RI sfHAE A& 2
S A F2bE w A o] A SRl whel SOS= A3 A 02 sk R nBUA &= 1) 2 & 7]
SOl el B A A Q] S UEtl= A 4 5 AU E3HA R ok FAE 2w o) %‘—ﬂﬂﬂﬂ}i
SOS(r = 0.95-0.97) 2 nBUA(r = 0.53-0.73)2} A E AR 7] BUE Alo] o] =0 AAwA = 9 x| 5] AL o
= STk olef 2 A= 44| 9| 274—4 "] ZZo] AAEA] =2 tElZolA] S8 SFE/o] sfHEze
L5 d&st7]of T5e A ek AS Yugit
HARO: FrhyS, dEE, U, 3E, JF4 235}, 2%, Foid 250t 742

1.00,1.47, &
A5l &9

Ay

_TLU]
==

ABSTRACT: The purpose of the present study is to investigate the effect of cortical bone on acoustic properties
of trabecular bone, such as speed of sound (SOS) and normalized broadband ultrasound attenuation (nBUA), in
bovine femur in vitro. Twelve trabecular bone samples and three cortical bone plates with thicknesses of 1.00,
1.47, and 2.00 mm were extracted from the proximal end of two bovine femurs. The correlations between acoustic
properties and trabecular apparent bone density were also examined before and after attaching a cortical bone plate
to the trabecular bone samples. SOS increased linearly with increasing thickness of the cortical plate attached to
one side of ultrasonic incidence of the trabecular bone samples, whereas nBUA showed a nonlinear dependence
on the thickness of the cortical plate. All the SOS (r = 0.95-0.97) and nBUA (r = 0.53-0.73) measurements with
and without the cortical bone plate with various thicknesses were found to exhibit high correlations with the
trabecular apparent bone density. These results imply that the acoustic properties measured in the femur with
lateral cortical layers in vitro can be useful indices for the prediction of trabecular bone mineral density.
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Fig. 1. Photograph of a typical trabecular bone sample
and three cortical bone plates with different thickness
used in the present study.
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Fig. 2. Schematic diagram of the experimental setup
for the measurements of SOS and nBUA of trabecular
bone samples by using a through-transmission method
in water.
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Fig. 3. Ultrasonic signals received through a typical
trabecular bone sample without and with one side
sealed by a cortical bone plate.
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Fig. 4. Attenuation coefficient as a function of frequency
measured for CTh.0, CTh.1.00, CTh.1.47, and CTh.2.00.

O & Q| AT A2 o2 EA Fabg= W
of| Al Fafrof el APH o= Frtsk= A
2= 9)t}h CTh.0 Y CTh.1.00-2- 0.3 - 0.65 MHz 9] S2uH<=
H Qo] A nBUAE 245} 2, CTh.1.47 ¥ CTh.
2,002 0.3 - 0.6 MHz2] Z=3}2= ¥ 9o 4| nBUAS 2
L i=a

Table 1-& 1] 2 2 Tho] H.2}1w| %] 9k2 3
E(CTh.0) X 2337} 2] O & QJAME] =
Z moj| Zkz}F 1.00(CTh.1.00), 1.47(CTh.1.47), &
mm(CTh.2.00)2] F7 & 2= u &= o] F2- 3
A= AEol el S4E sfHd s 2RV =Y
I, SOS, ¥ nBUAS| H4tgh W #EHAE YeRH
t}. Table 104 & 4= Q150] AR 7] TUE =7
= o83t S H udE o] FAEA] o2 12
7} CTh.02] AX.7] T %= 0362 - 0.633 glem’ 2] |
olof] x5} 01, 0474 + 0.086 glem’ 2] FH7HS

EXx
=
=7

rlr
mlo
2

] 3L
=
9]
2.

N

el
AR E
f=1

jui) [e)
2

S o o

,n rUILI i

ol

A

5l
ar
1=3 =2



AA 9] 2719 & i EEoll A s

Ao A o] &-H 127]2] sHAZ M=
H AR ZUE g2 1471 9] Algt
=& o83t A2t 2371 9] B H A= Al Eo
2] A7) Zulwo] WzH0483 + 0.162
glem )ﬂr & gApst Ao g vepgrh! CThoo)
SOSL= 1706+ 119 m/s&] BHZHS 7HHon, o2 =
who| H.2H%] CTh.1.00, CTh.1.47, 2 CTh.2.002] SOS:=
CTh.02] SOSo|| B3] 17, 53, 2! 68 misTHE: 7] 2] 413
A o7 F7Fsolth EZL Table 104 & 4= §15%0|
CTh.02] nBUAX= 22.2 - 48.9 dB/em/MHz 2] 1] 9of] £
231901, 332+ 103 dB/em/MHz] BH7HS 7HA
t}. PU#OﬂCIthO_J nBUA = 34.9 7.6 dB/em/MHz
o 71
Z1

g
o

=
i

d

x

e
o2
et

2 7bd.on, CTh.1.47 9 CTh.2.002] nBUAX=
2+ CTh.0 2 CTh.1.002] nBUAK T} Z-2-30.1 £9.3

Table 1. Means and standard deviations of trabecular
apparent bone density, SOS, and nhBUA measured for
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CTh.0, CTh.1.00, CTh.1.47, and CTh.2.00.
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CThO | 0474 + 0086 | 1706 = 119 | 332 + 103
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CTh.1.47 - 1759 £ 119 | 301 + 93
CTh.2.00 - 1774 £ 104 | 239 + 89
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Table 2. Pearson's correlation coefficients (r) between trabecular apparent bone density and SOS measured for

measured for CTh.0, CTh.1.00, CTh.1.47, and CTh.2.00 (p < 0.0001 for all r).

Apparent bone density SOSCTh.0 SOSCTh.1.00 SOSCTh.1.47 SOSCTh.2.00
Apparent bone density 1 0.95 0.95 0.95 0.97
SOSCTh.0 1 0.99 0.98 0.98
SOSCTh.1.00 1 0.98 0.97
SOSCTh.1.47 1 0.98
SOSCTh.2.00 1

Table 3. Pearson's correlation coefficients (r) between trabecular apparent bone density and nBUA measured for

measured for CTh.0, CTh.1.00, CTh.1.47, and CTh.2.00 (p < 0.0001 for all r).

Apparent bone density nBUACTh.0 nBUACTh.1.00 nBUACTh.1.47 nBUACTh.2.00
Apparent bone density 1 0.63 0.73 0.53 0.65
nBUACTh.0 1 0.92 0.72 0.96
nBUACTh.1.00 1 0.70 0.86
nBUACTh.1.47 1 0.67
nBUACTh.2.00 1
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Fig. 5. SOS as a function of trabecular apparent bone density measured for (a) CTh.0, (b) CTh.1.00, (c) CTh.1.47,
and (d) CTh.2.00.
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and (d) CTh.2.00.
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