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after skeletal muscle injury induced by microwave ablation of different powers. Methods Forty New Zealand white rabbits
were randomly divided into 30 W group and 50 W group, with 20 in each group. Another 4 rabbits served as normal controls
(normal group). Rabbit models of skeletal muscle injury were established by microwave thermocoagulation with different
powers (30 W and 50 W) for the right medial femoral muscle for 3 min using the K'Y-2100 microwave ablation instrument
(2 450 MHz). One hour, and 1, 2, 7 and 28 d after microwave ablation, ultrasound elastography feature strain ratio (SR) values
in ablation areas were calculated. At each time point, the thermocoagulated muscle tissue of the right medial femoral muscle
in the 30 W and 50 W groups and the muscle tissue of the same area on the same side in the normal group were harvested for
pathological observation. Results The ablation areas extracted from ultrasound elastography were mainly blue in the 30 W
and 50 W groups, while green area appeared in those areas 7 d after microwave ablation. More blue areas were seen in 50 W
group compared with 30 W group 28 d after microwave ablation. Compared with the normal group, the SR values in the 30 W
and 50 W groups were significantly increased 1 h, 1 d, and 2 d after microwave ablation (P<<0.05, P<<0.01). At 7 d and 28 d
after microwave ablation, the SR values gradually decreased in the 30 W and 50 W groups; but SR values in the two groups
were still significantly higher than that in the normal group 7 d after microwave ablation (P<<0.05, P<<0.01); while 28 d after
microwave ablation, SR value of 50 W group was significantly different compared with the normal group (P<<0.01), SR value
in the 30 W group was similar to that in the control group (>0.05). H-E staining showed different degrees of tissue damage,
carbonization, and coagulation necrosis of peripheral muscle fibers. Inflammatory cell infiltration was seen at the injured
junction 1-2 d after microwave ablation, and the macrophages in the 50 W group was more than that in the 30 W group.
A large number of neovascularization, fibroblasts and scar formation were observed at the junction 7-28 d after microwave
ablation, and inflammation and turbidity swelling were alleviated in the 30 W and 50 W groups. Masson staining showed less
fiber contents and no obvious fiber proliferation 1 h after microwave ablation in the 30 W and 50 W groups. At 1-2 d after
microwave ablation, different degrees of new collagen fibers and muscle interstitial fiber proliferation were observed in the 30
W and 50 W groups. At 7-28 d after microwave ablation, a large number of newborn collagen fibers were observed in the 30 W
and 50 W groups, accompanied by a significant increase in peripheral fibers of vascular wall. Sirius red staining showed that
a large number of newborn collagen gradually appeared in the 30 W and 50 W groups. Immediately and 1 d after microwave
ablation, there were mainly type I collagen fibers, and type Il collagen fibers were found 2 d after microwave ablation. At
7 d and 28 d after microwave ablation, there were more type Il collagen fibers reticulated in the 30 W and 50 W groups.
Conclusion Microwave ablation with different powers can cause acute muscle injury in rabbits, the injury intensifies during
1-2 d after microwave ablation, and begin to repair 7-28 d after microwave ablation; the repair of 50 W group is later than
the 30 W group. The dynamic changes of ultrasound elastography are consistent with the pathological findings. Ultrasound
elastography can noninvasively evaluate the dynamic changes of skeletal muscle tissue repair after muscle injury, and it is a
complement to the conventional ultrasound examination.
[Key words] ultrasonography; skeletal muscle; microwave ablation; injury; repair; elastography
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Fig1 Two-dimensional ultrasonogram features of rabbit skeletal muscle before and after microwave ablation
A: Before microwave ablation (normal group), normal muscle showed a linear and network-like arrangement of hypoechoic muscle
bundle and hyperechoic myofascial membrane; B: Immediately after microwave ablation, the echo level in ablation area increased
transiently with posterior attenuation, and muscle texture disappeared; C: One hour after microwave ablation, ablation area showed
hypoechoic and blurred muscle texture with ground glass-like changes; D: One day after microwave ablation, the echo level in ablation
area became lower; E: Seven days after microwave ablation, the echo level in ablation area became slightly higher than before, but still
lower than that of surrounding muscles, and muscle texture could be partially detected; F: Twenty-eight days after microwave ablation,

the ablation area became smaller, the echo level of ablation area showed isoechoic and slightly hypoechoic with clearer texture

B2 SERARGRHER R A8 B REFE
Fig2 Ultrasound elastography features of rabbit skeletal muscle before and after microwave ablation

A: In normal group, the rabbit muscle showed homogenous green and mixed with red (SR=1.01); B: Ablation area of 30 W group

was mainly blue (SR=36.50); C: Ablation area of 30 W group showed blue mixed with green 7 d after microwave ablation (SR =3.45);

D: Ablation area of 50 W group mainly showed blue 28 d after microwave ablation (SR=14.62). Yellow circle indicates SR sampling

in ablation area; Red circle indicates SR sampling in normal area. SR: Strain ratio
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Tab 1 SR changes in ablation area of rabbit skeletal muscle at different time points after microwave ablation

n=12x*xs
Group lh 1d 2d 7d 28d

Normal 1.85+0.75 1.88+0.80 1.86+0.75 1.91+0.63 1.84+0.78
Microwave ablation

30W 19.69+8.35 36.64+2.13" 32.10+£11.99° 7.2241.54" 1.6940.66

50 W 64.594+16.98"4% 1164441337722 67.494£20.027°°  4635+£6.7774% 2692469844
F value 67.450 434.094 45.778 279.864 99.921
P value <0.01 <<0.01 <0.01 <0.01 <<0.01

SR: Strain ratio. "P<<0.05, "P<C0.01 vs normal group; ““P<<0.01 vs 30 W microwave ablation group
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Fig3 H-E staining of microwave ablation area of rabbit skeletal muscle
A, B: One hour after microwave ablation; C, D: Twenty-eight days after microwave ablation. A: 50 W group. Muscle tissue
showed coagulative necrosis (arrow) and large carbonization areas without normal cell morphology; B: 30 W group. Muscle
fibers showed a smaller necrotic and carbonized area (arrow); C: 30 W group. Neovascularization and fibroblasts (arrows) were

increased at the junction; D: 50 W group. A large number of new collagen and scars (arrows) were observed at the junction. Original

magnification: X 40 (A, B), X250 (C, D)
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Fig 4 Masson staining of microwave ablation area of

rabbit skeletal muscle
A: 30 W group. One day after microwave ablation, a small
amount of new collagen fibers and muscle interstitial fiber
hyperplasia (arrows) were observed at the junction; B: 50 W
group. Twenty-eight days after microwave ablation, a large
number of new collagen (circle) were observed at the junction.

Original magnification: X200
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Fig 5 Sirius red staining of microwave ablation area of
rabbit skeletal muscle
A: 30 W group. One day after microwave ablation there were a
small amount of yellow or red striped type I collagen fibers (arrow);
B: 50 W group. Twenty-eight days after microwave ablation there
were a large number of typell collagen fibers (circle) in various

colors. Original magnification: X200
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