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Estimation of cortical bone thickness by vibro-acoustic
excited ultrasonic guided waves

LIU Zhen-li, XU Feng, TA De-an
(Department of Electronic Engineering, Fudan University, Shanghai 200433, China)

Abstract: Using vibro-acoustic excited ultrasonic guided waves to evaluate long bone is a new attempt. Based on ultra-
sonic axial transmission technique and three-dimension finite element method, simulations are performed to analyze the
transmission characteristics of vibro-acoustic excited ultrasonic guided waves. Then the phase velocity of A, mode is
calculated according to the simulated signals. Finally the bone thickness is obtained by comparing the measured velocity
with the theoretical dispersion curve of phase velocity. Bone plates with different thickness (2~6 mm) are used in sim-
ulations. Results show that the average error of thickness estimation is only 2.61%. This method can effectively estimate
cortical bone thickness and provide a new idea for the clinical application of ultrasonic guided waves in disease diagnosis

of long bone.
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Table 1 The material parameters of bovine tibia
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Fig.1 Phase velocity dispersion curves of bovine tibia

1.2 ’RHEIRIE
TERAE BT, HAZB ER ST #

i? j'\j[ls]

=[] d, (E)dxdy ()
oo, SAREICEIKIR, d (KIS RMEE, (E)
AR e L A TR~ 24 4H

PRz A 7 i LR AR A NI (Af ) I
E AR T IR T AHGUEEAL, AL XA
FESN AR 1 RSN N R ANE A 22y Af ARSI
P R BRI S 48 5 0 o ) o oA

F, =|FAf]cos(2rAf +Ag) #))
b, [FAS| A1 AG 73ISR 17 B IR REATHA

(ST 2= ¢ TR ST IS N R PP E
BTG, AT BRI SRS 5.

2 5 ik

ARICRA] ABAQUS B AFHEAT A IR TR AN 7
T, AROrEAERIE 2 s £ 2, 3t
REHpE A B EA BRI LRI RN AES,
FRAI KA ILRE TR L, WK x 7 A%
BRI RERS, T LS B 2 AN BLA I
oo MRAR I Sk A 45 SR T LA — 20T B A B
AR, FRHERE EE AR B i 4, f%
LT LS B S R EE A T

St Y
Hifeas ;
KA ;Q

() WHRER

2d=5.0 mm

¢ >

2¢=3.6 mm
.«
2b=3.4 mm

S "
L

o

K B

(b) FEREH RS RN
Bl 2 AR RSP 7 R S e AR Y
Fig.2 Simulation model for bone plate thickness estimation
AL 3 mm ABK, DRAAEREER N 100~
121 mm YA REEE T DT BRI

i P



444 B

2018 4

W, BARKIREISHNE 1 R, BREEREN
2~6 mm. JLEFERBER IR EEME 200)Fs,
HHa. by o d 3 ARRIRBESR IUARRE . N [FPEAR
[FEZNAE RV Y e
PR B v AR PR NS T T ERIA N
qn:gmzwmea—%?) 3)

Hrp, (AREEFR, ¢ UG T IR R, f
REE SR OEER, G REEIRE. ACER
Bt =50us, f=2MHz, f,=(2+Af) MHz, H,
Af RREFZEH, LA 10 kHz APKAE 50~100 kHz 78
BBl N AR 1L

3 4iRkENHE

B3 g5t T EAREEEA 6 mm B, BWCKIBAE
AN TR ZE AT R TR -BR RS I, L rp B R AE e
AL, WERMEMRAEEL. BT RAMZE/NT
A ERIEUESER, RIS 5 e S
A A R AT LR BRI B, £ R
DA ER . TS AA BT E A A,
BME S AR SR A7 A AN AN e, RS

= 100
g
1§\E 110
& 120 ‘ 1
60 75 90 105 120 135 150
B[R] /us
(a) 50 kHz

60 75 90 105 120 135 150
B[R] /us
(b) 60 kHz

n
60 75 90 105 120 135 150
B[R] /us
(c) 70 kHz

(d) 80 kHz

HEES /m

60 75 90 105 120 135 150
B[R] /us
() 90 kHz

HEES /m

I
60 75 90 105 120 135 150
B[R] /us
(f) 100 kHz
3 7E 6 mm FAR AN E ZEATRUR T I - R 07 A R
Fig.3 Simulation results of the 6 mm thick bone plate under
the excitation of difference frequencies
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