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Trabecular Bone Spacing Estimation Based on Hilbert Transform and Fundamental Fre-

quency Estimation Method

Ta Dean"?, Li Ying', Liu Chengcheng'

(1. Department of Electronic Engineering, Fudan University, Shanghai, 200433, China; 2. Key Laboratory of Medical Imaging
Computing and Computer Assisted Intervention (MICCAI) of Shanghai, Shanghai, 200032, China)

Abstract: Ultrasonic backscatter signal is quite sensitive to the microstructure of cancellous bone. Tra-
becular bone spacing (ThSp) is an important parameter for characterizing bone microstructures. In order
to acquire ThSp accurately from the ultrasonic backscatter signal of the cancellous bone, a ThSp estima-
tion method is proposed using a combination of the Hilbert transform and fundamental frequency estima-
tion (HFE) method. The HFE results from the cancellous bone in vitro are compared with the ThSp ob-
tained from ;~CT. The HFE results are accurate (estimation error<<3%) and stable (standard variation
<4 %) at higher frequencies (5 MHz and 10 MHz) , and more accurate when standard ThSp is large, and
have a high correlation (+*=0.75—0. 99, p<C0.01, n=16) with the standard TbSp at different frequen-
cies. It shows that the HFE method is accurate and stable for ThSp estimation. The HFE method is ver-
tified to characterize the cancellous bone ThSp.

Key words: trabecular bone spacing; cancellous bone; ultrasonic backscatter; Hilbert transform; funda-

mental frequency estimation
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Table 1 Information of transducers used in experiment

WL w5 bR/ MHz Wk EHAE/em AR/ MHz
1 V301 0.50 2.54 0.31~0.60
2 V302 1.00 2.54 0.59~1.18
3 V304 2.25 2.54 1.48~2.96
4 V380 3.50 2.54 2.55~4.75
5 V307 5.00 2.54 3.07~6.17
6 V327 10. 00 0.95 6.58~12. 64
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Table 2 HFE-estimated ThSp results at different frequencies

FEA ArUE(E/ flTHE T3 22) /mm (20)

% 5 mm 0.5 MHz 1 MHz 2.25 MHz 3.5 MHz 5 MHz 10 MHz
1 0.43 0.06(85.7) 0.40(7.0) 0.54(25.3)  0.51(18. 1) 0.43(0.2) 0.43(0.2)
2 0.47 0.49(3.9) 0.49(3.9) 0.34(28.6) 0.46(2.6) 0.46(2.6) 0.48(0. 6)
3 0.40 0.46(15.7) 0.31(22.8) 0.45(13.9)  0.25(38.3) 0.40(0. 3) 0.42(4.2)
4 0.50 0.51(2.2) 0.23(53.5) 0.17(65.9) 0.49(0.9 0.45(10.2) 0.49(0.9)
5 0.66 0.66¢0.4) 0.6009.7) 0.66€0.4) 0.66(0.4) 0.660.4) 0.66(0.4)
6 1.05 0.94(10.9) 0.94(10.9) 0.93(11.9) 1.12(6.6) 1.05(0. 7) 1.05¢0.7)
7 0.43 0.57(32.5) 0.55(28.9) 0.43(0.2) 0.39(10.5) 0.45(3.8) 0.43(0.2)
8 0.47 0.45(5. 1) 0.48(1.4) 0.42(11.7) 0.48(1.4) 0.49(4.7) 0.46(1.9)
9 0.75 0.77(2.7) 0.7500.7) 0.750.7) 0.7500.7) 0.7500.7) 0.75€0.7)
10 0.72 0.72(0.4) 0.74(2.5) 0.68(6.0) 0.72€0.4) 0.75C4.7) 0.72€0.4)
11 0. 69 0.69(0. 8) 0.57(17. 1) 0.69¢0.8) 0.69(0.8) 0.68(1.4) 0.69(0.8)
12 0.70 0.45(36.6) 0.66(6.0) 0.710.6) 0.68(3.8) 0.71€0.6) 0.71(0.6)
13 0.72 0.75(4.2) 0.77(6.3) 0.72¢0. 1D 0.71(2.2) 0.72€0. 1 0.72(€0. 1
14 0.62 0.72(16.3) 0.62(1.0) 0.69(11.3) 0.63(1.4) 0.63(1.4) 0.62(1.0)
15 1.02 1.08(5.2) 1.02(0. 8) 1.03(0.7) 0.9209.8) 1.06(3.7) 1.03(0.7)
16 1.18 1.14(3.2) 1.05(11. 1) 1.17(0.6) 1.16(1.9) 1.02(13.7) 1.16(1.9)
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Correlation between HFE-estimated results and standard ThSp at different frequencies
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