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Computer-aided quantitative analysis of ultrasonic texture characteristics during repair process of rabbit
skeletal muscle acute injury caused by microwave ablation of different powers
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[Abstract] Objective To quantitatively analyze the ultrasonic texture changes in the repair process of rabbit
skeletal muscle acute injury caused by microwave ablation of different powers by computer-aided diagnosis technology.
Methods Four of 44 healthy New Zealand white rabbit served as a normal control group (without microwave ablation),
and the other 40 rabbits were randomly divided into 30 W and 50 W groups (7=20). Under the guidance of high-resolution
ultrasound, the right femoral muscle was ablated with 30 W or 50 W powers for 3 min. Two-dimensional ultrasound images of

long-axis section of femoral artery trunk and femoral muscle of right lower limb were acquired at 1 h, 1 day, 2 days, 7 days and
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28 days after microwave ablation, while images of normal control group were acquired at the same time points. Eight
muscle fiber texture features (texture grayscale mean, texture grayscale standard deviation, texture number of blobs,
texture irregularity of blobs, texture average size of blobs, texture homogeneity of distribution, texture directionality of
distribution, and texture periodicity of distribution) included in each image region of interest were extracted by Matlab 7.0
software for quantitative analysis. Results The eight texture features of 30 W group and 50 W group were significantly
higher than those of normal control group at 1 h, 1 day, 2 days after microwave ablation (all P<<0.05). Seven days after
microwave ablation, the rabbit skeletal muscle texture grayscale mean, texture number of blobs, texture average size
of blobs, texture homogeneity of distribution and texture periodicity of distribution in the 30 W group and 50 W group
were all significantly higher than those in the normal control group, and texture grayscale standard deviation in the 50 W
group was also significantly higher than that in the normal control group (all P<<0.05). On the 28" day after microwave
ablation, the rabbit skeletal muscle texture periodicity of distribution in the 30 W group and 50 W group was significantly
higher than that in the normal control group, and the rabbit skeletal muscle texture grayscale mean, texture grayscale
standard deviation, texture number of blobs, and texture average size of blobs in the 50 W group were also significantly
higher than those in the normal control group (all P<<0.05). After microwave ablation, the texture grayscale mean of the
50 W group was higher than that of the 30 W group at 1 h, 2 days and 7 days, the texture grayscale standard deviation of the
50 W group was higher than that of the 30 W group at 1 h, 1 day, 2 days, 7 days and 28 days, the texture number of blobs of
the 50 W group was higher than that of the 30 W group at 1 h and 1 day, the texture irregularity of blobs of the 50 W group was
higher than that of the 30 W group at 2 days, the texture average size of blobs in the 50 W group was higher than that in the
30 W group at 1 day, 2 days, 7 days and 28 days, the texture homogeneity of distribution in the 50 W group was higher than that
in the 30 W group at 1 day, and the texture periodicity of distribution in the 50 W group was higher than that in the 30 W group at
1 h and 2 days, the differences were statistically significant (all #<<0.05). Conclusion Ultrasonic texture features of acute
muscle injury repair in rabbits at different stages induced by microwave ablation extracted by computer technology could
quantitatively describe the geometric features of muscle fibers after skeletal muscle injury in rabbits, which will be expected to
provide evidence for clinical ultrasonic quantitative diagnosis of skeletal muscle injury repair.
[Key words] ultrasonography; skeletal muscle; injuries; repair; texture
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Fig1 Two-dimensional ultrasonogram features of normal skeletal muscle and injured skeletal

muscle by different power microwave ablation in rabbits
A: Before microwave ablation injury, normal muscle texture showed a linear or network-like arrangement induced by hypoechoic
muscle bundle and hyperechoic myofascial membrane; B: One hour after 30 W microwave ablation injury, the echo level in ablation
region increased transiently with posterior attenuation, the continuity of the inner muscle texture was interrupted, and the network
structure disappeared, showing a ground glass-like appearance; C: 7 days after 30 W microwave ablation injury, the muscle texture of
ablation region could be detected gradually; D: 7 days after 50 W microwave ablation injury, the muscle texture of ablation region was

still obscured, with lower echo level than ablation region of the 30 W group
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Tab 1 Changes of texture features of rabbit skeletal muscle at different time points
after microwave ablation with different powers
xts
Feature Time after microwave ablation
1h 1d 2d 7d 28 d
Grayscale mean
Normal control group n=4 7.43+1.82 7.45+1.70 7.38+1.65 7.41%1.46 7.23+1.43
30 W group n=20 40.51+6.86" 52.78+4.06" 33.38+2.80" 10.34+2.21° 8.88+1.88
50 W group n=20 47.54+3.88"" 53.03+4.47" 442943.6874% 133842977 10.0612.04"
F value 162.288 404.470 343.670 13.060 4818
P value <0.01 <0.01 <0.01 0.001 0.029
Grayscale standard deviation
Normal control group n=4  58.87+8.92 58.811+8.92 58.87+7.46 58.34+3.37 58.10+2.66
30 W group n=20 79.83+10.31 97.16+17.82" 84.99+6.46" 66.301+4.03 56.45+4.02
50 W group n=20 143.53£20.917"" 387.52430.657°" 325.66+27.407"" 194.65+12.217"" 122.43+8.807""
F value 71.942 559.065 589.729 755.642 325.582
P value <0.01 <0.01 <0.01 <0.01 <0.01
Number of blobs
Normal control group n=4 1.84+0.68 1.8710.66 1.76 +0.73 1.85+0.81 1.85%0.76
30 W group n=20 431+1.36 4.62+1.44" 5.67+2.80" 4.58+0.98" 2.77+1.48
50 W group n=20 6.724+3.23"4 8.5943.74744 73242527 5.2940.62" 3.8041.78"
F value 10.700 15.754 18.592 38.726 4.170
P value 0.002 <0.01 <0.01 <0.01 0.042
Irregularity of blobs
Normal control group n=4 4811143 4.861+1.51 4.73+1.35 4.81+1.39 4.59+1.21
30 W group n=20 7.60+1.44" 9.25+2.23" 7.95+2.45 6.02+1.71 4.89+0.98
50 W group n=20 9.51+3.04" 11.55+3.47" 10.35+£2.417 6.79+1.37 5.50+1.59
F value 9.677 13.846 13.484 3.514 1.017
P value 0.003 <0.01 0.001 0.063 0.391
Average size of blobs
Normal control group n=4 2.40+0.54 2.36+0.53 2.360.61 2.28+0.72 2.18+0.86
30 W group n=20 3.7740.66" 458+1.14" 5.55+1.86" 436+1.56" 3.3540.97
50 W group n=20 5.50+1.93" 5.85+1.407" 74241727 6.36+2.107" 525+13374%
F value 12.593 20.295 22.172 14.659 16.024
P value 0.001 <0.01 <0.01 0.001 <0.01
Homogeneity of distribution
Normal control group n=4 5.07+1.77 5.06+1.71 5.08+1.71 5.12+1.58 5.13+1.46
30 W group n=20 8.81+1.55" 10.89+1.99" 9.70+2.10" 7.99+1.65 6.05+1.01
50 W group n=20 8.37+1.82" 13.86+2.717 11.48+1.76" 8.34+2.68" 6.11+1.17
F value 10.969 32.621 24.014 5.828 1.563
P value 0.002 <0.01 <0.01 0.017 0.249
Directionality of distribution
Normal control group n=4 1.56+0.58 1.57+0.63 1.51£0.69 1.56+0.78 1.61£0.76
30 W group n=20 2.82+0.81" 3.26+1.077 3.03+£0.76" 2.10+0.82 1.59+0.54
50 W group n=20 3.124+0.53" 3.66+1.34" 3.38+1.16" 2.29+0.75 2.07+0.93
F value 12.458 8.475 9.644 1.634 1.267
P value 0.001 0.005 0.003 0.236 0.317
Periodicity of distribution
Normal control group n=4  0.133+0.012 0.133+0.007 0.138+0.008 0.140%0.008 0.13740.009

30 W group n=20
50 W group n=20
F value
P value

0.645+0.188" 1.2394+0.386" 1.243+0.307" 1.0514+0.181" 0.556+0.193"
1.037£0.178"4"  1.493+£0.327" 1.735£0.352"4% 121140304  0.720£0.1817
70.630 47.144 70.765 61.546 29.824
<0.01 <0.01 <0.01 <0.01 <0.01

*P<<0.05, “P<<0.01 vs normal control group at the same time point; AP<0.05, ““P<<0.01 vs 30 W microwave ablation group

at the same time point
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