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Abstract Ultrasonic backscattering signals changed with the different regions of interest (ROI) in ultrasonic
backscattering bone evaluation, resulting in the decrease of diagnostic accuracy. The purpose of this paper is to
study the variation of ultrasonic backscatter signals with the ROI changes. 35 cancellous bone specimens were
measured in vitro by spatial scanning measurement. Ultrasonic backscattering parameters were transformed
from the spatial domain to the spatial frequency domain. The results show that the main spatial frequency
components of ultrasonic backscattering parameters were concentrated in the low frequency part. The maximum
magnitude of ultrasonic backscattering parameters in spatial frequency domain (MASF) had highly significant
correlation with bone mineral density and other parameters (R2 = 0.45 ~ 0.83, p < 0.001). The attenuation
coeflicients of ultrasonic backscattering parameters in spatial frequency domain (AC) were also significantly
related to the cancellous bone density and structure parameters (R? = 0.41 ~ 0.72, p < 0.001). This article
shows that the method of spatial frequency domain transformation is helpful for clarifying the variation of
ultrasonic backscatter signals with the ROI changes. The new parameters obtained by ultrasonic backscattering
in spatial frequency domain are feasible to evaluate cancellous bone.
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Table 1 The measurement of bone density

and microstructure

HHEASH B bR BUME S BROKME
BMD/(g:cm=3)  0.24  0.08 0.12 0.46
BAD/(grem™3)  0.56  0.24 0.23 1.21

(BV/TV)/% 2821 10.17 12.80  55.70
(BS/BV)/mm~!' 16.36  3.90 9.51  25.98
(BS/TV)/mm~! 435  1.13 2.33 6.73

Tb.N/mm~! 1.32  0.38 0.66 2.14

Tb.Sp/mm 0.60  0.16 0.32 0.95

SMI 0.70 081  —2.77 177
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Fig. 1 The block diagram of ultrasonic backscat-

tering experiment
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Fig. 2 The ultrasonic experiment platform
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Fig. 3 A typical example of ultrasonic backscat-

tering signal
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Table 2 The optimal selection of SOI

A RUE 5 AL BT i
T HU S5
T1/us T>/us
AIB 2 7
SCs 2 2.5
FSAB 1.5 6
FIAB 3.5 3
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Fig. 4 The flow diagram of spatial frequency do-

main transformation
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Fig. 5 The magnitude of transformed backscattering parameters in spatial frequency domain
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Table 3 The correlation coefficients between
MASF and bone features

MASF
MR ERH
AIB SCS FSAB FIAB
BMD 0.80** 0.89** 0.87** 0.67**
BAD 0.82%%* 0.91%* 0.91%* 0.68**
BV/TV 0.79** 0.88** 0.86** 0.66**
BS/BV —0.48%* —0.74%%  —0.65%* —0.39%
BS/TV 0.68** 0.63** 0.64** 0.59**
Tb.N 0.71%* 0.67** 0.69** 0.61**
Tb.Sp —0.64**  —0.60%* —0.61** —0.55**
SMI —0.50* —0.55%* —0.53* —0.40%*

¥ p < 0.05,%F: p < 0.001.

*=4

RRARSESRZENEXRY

Table 4 The correlation coefficients be-

tween AC and bone features

AL (AC)

R REL

AIB SCS  FSAB  FIAB
BMD  —0.82%% —(.84%% —0.77%% —(.64%*
BAD  —0.85%% —0.84%f _0.79%% —0.67**
BV/TV —0.81%f —0.82%% —0.75%% —0.65%*
BS/BV  0.43*  0.79%*  0.63**  ns.
BS/TV —0.71%% —0.52% —0.58%% —0.55%*
Tb.N  —0.76%% —0.57%% —0.61%* —0.60%*
Tb.Sp  0.69%%  0.49%  0.54%%  0.55%*
SMI  0.56%*  0.54%%  0.42%  0.43*

VE:*:p < 0.05, %% p < 0.001,n.s.: TTRFHIME
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