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Fig. 1. Experimental setup for ultrasonic measurements.
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Fig. 2. Backscatter signal of cancellous bone sample (ROI,

region of interest).
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R RO AR R A5

Table 1.  Frequency-dependent attenuation coefficient measurement results.

O BRI BRI A (FHXF%22) /dB-mm “MHz ' (%)
/dB-mm*-MHz ! W W2 TR REE

1 2.30 2.74 (19.1) 2.82 (22.4) 2.77 (20.3) 2.67 (16.2)
2 2.63 2.49 (-5.3) 2.85(8.3) 3.13 (19.3) 2.97 (13.1)
3 2.82 2.39 (-15.3) 2.97 (5.2) 2.78 (-1.4) 3.29 (16.6)
4 3.06 3.04 (-0.6) 2.77 (-9.4) 3.02 (-1.4) 3.02 (-1.3)
5 3.10 2.95 (-4.6) 2.84 (-8.3) 3.39 (9.5) 3.12 (0.8)
6 3.30 2.96 (-10.3) 3.38 (2.3) 2.99 (-9.4) 3.35 (1.7)
7 4.14 2.93 (-29.2) 3.94 (-4.9) 4.21 (1.5) 4.32 (4.3)
8 4.30 3.06 (-28.9) 4.75 (10.5) 3.58 (~16.7) 3.61 (~16.0)
9 4.37 4.80 (9.8) 3.89 (-11.0) 3.66 (-16.2) 4.75 (8.7)
10 4.37 5.10 (-16.9) 4.19 (-4.2) 3.36 (-23.1) 4.25 (-2.7)
11 4.52 3.89 (-13.9) 4.35 (-3.7) 3.87 (-14.3) 4.79 (6.0)
12 4.83 5.35 (10.9) 4.19 (-13.2) 4.53 (-6.1) 4.69 (-2.7)
13 5.29 4.42 (-16.5) 5.68 (7.3) 6.08 (14.9) 5.18 (-2.0)
14 5.50 5.18 (-5.8) 4.38 (-20.0) 4.19 (-23.8) 5.00 (-9.0)
15 5.64 4.73 (-16.2) 5.75 (1.9) 3.96 (-29.9) 5.08 (-9.9)
16 6.19 6.02 (-2.8) 5.25 (~15.3) 4.79 (-22.6) 4.76 (-23.1)

SFIYME (FriE2s) 4.14 (1.14) 3.88 (1.15) 4.00 (0.98) 3.77 (0.84) 4.05 (0.85)
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Fig. 3. Relationship between the measured frequency-dependent attenuation and the standard frequency-dependent attenuation:
(a) the spectral shift method; (b) the spectral difference method; (c) the spectral log difference method; (d) the hybrid method.
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Abstract

Ultrasonic backscatter has been gradually applied to the assessment and diagnosis of bone disease. The
heavy frequency-dependent attenuation of ultrasound results in weak ultrasonic signals with poor signal-to-noise
ratio and serious wave distortions during propagation in cancellous bone. Ultrasonic attenuation measured with
the through-transmission method is an averaged result of ultrasonically interrogated tissues (including the soft
tissue, cortical bone and cancellous bone). Therefore, the through-transmission measurements can not accurately
provide ultrasonic attenuation of cancellous bone of interest. The purpose of this study is to estimate ultrasonic
frequency-dependent attenuation with ultrasonic backscatter measurements and to compensate for the
frequency-dependent attenuation in an ultrasonic backscatter signal from cancellous bone. In-vitro ultrasonic
backscatter and through-transmission measurements are performed on 16 cancellous bone specimens by using
1.0-MHz transducers. Spatial scans are performed in a 10 mm x 10 mm scanned region with a spatial interval
of 0.5 mm for each bone specimen. The frequency slope of ultrasonic attenuation is measured with the ultrasonic
through-transmission signals serving as a standard value. Four different algorithms (the spectral shift method,
the spectral difference method, the spectral log difference method, and the hybrid method) are used to estimate
the frequency slope of ultrasonic attenuation coefficient from ultrasonic backscatter signal. The results show
that the frequency-dependent attenuation coefficient ranges from 2.3 dB/mm/MHz to 6.2 dB/mm/MHz for the
bovine bone specimens. The through-transmission measured frequency slope of ultrasonic attenuation coefficient
is (4.14 + 1.14) dB/mm/MHz (mean 4 standard deviation), and frequency slopes of ultrasonic attenuation
coefficient are estimated by four backscattering methods to be (3.88 + 1.15) dB/mm/MHz, (4.00 + 0.98)
dB/mm/MHz, (3.77 + 0.84) dB/mm/MHz, and (4.05 + 0.85) dB/mm/MHz, respectively. The estimated
frequency-dependent attenuation is significantly correlated with the standard attenuation value (R =
0.78—0.92, p < 0.01), in which the spectral difference method (R = 0.91, p < 0.01) and the hybrid method (R =
0.92, p < 0.01) are more accurate with an estimated error less than 20%. The results prove that it is feasible to
measure the frequency-dependent attenuation from ultrasonic backscatter signal of cancellous bone. Based on
Fourier transform-inverse Fourier transform, the frequency-dependent attenuation can be compensated.The
compensated ultrasonic signals are with significantly improved signal intensity and improved signal-to-noise
ratio. This study is conducive to the subsequent ultrasonic backscatter measurement and ultrasonic imaging of
cancellous bone.

Keywords: ultrasonic  backscatter, bone evaluation, frequency-dependent attenuation, attenuation

compensation
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