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[ Abstract | Objective To investigate the feasibility of photoacoustic imaging for quantitative evaluation of blood
oxgen saturation changes in skeletal muscle injured by blunt contusion. Methods Twenty-five SD rats were randomly divided
into 5 groups: normal control group and 1, 2, 3 and 7 d post-injury groups, with 5 rats in each group. The skeletal muscle blunt
contusion model was established by striking the right hind limb with a heavy object in each injury groups, and the rats in the
normal control group were not given any treatment. Color Doppler flow imaging (CDFI) was used to observe the blood supply
of the skeletal muscle of injured area at each time point in the injury groups and the corresponding sites in the normal control
group, and Alder semi-quantitative grading was used to record the blood supply parameters of each group. The photoacoustic
imaging mode was performed to measure the average blood oxygen saturation and the total blood oxygen saturation within

each region of interest. The correlations between Alder semi-quantitative grading of CDFI and average blood oxygen saturation
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and total blood oxygen saturation were analyzed by Fisher exact test. Results The CDFI blood flow Alder semi-quantitative
grades of skeletal muscle in the normal control group and 1, 2, 3 and 7 d post-injury groups were [, 0-1, I, 1T -1l and I,
respectively. The average blood oxygen saturation and total blood oxygen saturation in the 2, 3 and 7 d post-injury groups
were significantly higher than those in the normal control group and the 1 d post-injury group (all P<<0.05), and those in the
7 d post-injury group were significantly higher than the 2 and 3 d post-injury groups (all £<<0.05), while there was no statistical
significance between the 2 and 3 d post-injury groups (both £>0.05). The CDFI blood flow Alder semi-quantitative grading
results were: grades 0 to I in 10 and grades II to Il in 15 of 25 rats. There were 11 rats with average blood oxygen saturation<<
55%, including 8 rats with grades 0 to I ; and 14 rats with average blood oxygen saturation=55%, including 12 rats with
grades I to Ill. There were 11 rats with total blood oxygen saturation<<55%, including 9 rats with grades 0 to I ; and 14 rats
with total blood oxygen saturation=55%, including 13 rats with grades II to Ill. CDFI blood flow Alder semi-quantitative
grading was positively correlated with both average blood oxygen saturation and total blood oxygen saturation (P=0.005,
0.002). Conclusion Photoacoustic imaging can dynamically assess the changes of oxygen saturation in the skeletal muscle
with blunt contusion at different time points, which correlates well with CDFI blood flow Alder semi-quantitative grading.

[ Key words | photoacoustic imaging; color Doppler flow imaging; skeletal muscle; contusions; blood oxygen saturation
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Fig1 CDFI sonographic characteristics of skeletal muscle of rats in each group

A: In the normal control group, the CDFI star-shaped blood flow signal was interpreted as Adler grade I ; B: 1 d after contusion, the
CDFI star-shaped blood flow signal was judged as Adler grade I ; C, D: 2 d (C) and 3 d (D) after contusion, CDFI showed multiple

punctate blood flow, which was judged as Adler grade II ; E: 7 d after contusion, CDFI showed rich blood flow signal, and 2-3 small

blood vessels were visible, which was judged as Adler grade Ill. CDFI: Color Doppler flow imaging.
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Fig2 Photoacoustic imaging characteristics of skeletal muscle of rats in each group
A: The normal control group; B: The group of 1 d after contusion; C: The group of 2 d after contusion; D: The group of 3 d after
contusion; E: The group of 7 d after contusion. The grayscale images showed the changes of muscle thickness and echo. There is a
photoacoustic imaging color scale on the left side of the grayscale images. Both images are consistent, photoacoustic images with

color scaling to show areas of high oxygen saturation in red and low saturation in blue. Black arrows indicate the skin.

3 REAANFEERNEHRRFHRI CD34 HRIE (200X)

Fig3 CD34 expression in rat skeletal muscle detected by immunohistochemical staining (200 <)

A: The normal control group; B: The group of 1 d after contusion; C: The group of 2 d after contusion; D: The group of 3 d after

contusion; E: The group of 7 d after contusion. Black arrows indicate blood vessels.
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