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Correlation of contrast-enhanced ultrasound characteristics and microvascular distribution in a rat skeletal
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[ Abstract ]| Objective To dynamically observe the characteristics of contrast-enhanced ultrasound (CEUS) of rat
skeletal muscle at different stages of injury and repair, and to analyze the correlation between them and microvascular density.
Methods Forty-eight male SD rats were randomly divided into 8 groups, including 6 rats in normal control group and 42
in injured groups (groups of 1 h, 12 h, 24 h, 48 h, 7 d, 14 d and 28 d after injury). A one-time free fall of an 800 g self-made
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gravity hammer struck the muscle belly of the right rectus femoris of the rats in the injured groups, thus establishing a model
of blunt contusion of the skeletal muscle of the lower limb. At 1 h, 12 h, 24 h, 48 h, 7 d, 14 d and 28 d after the injury, CEUS
was performed on the injured sites of skeletal muscle of rats in the injured groups and the corresponding sites in the normal
control group. The changes of CEUS characteristics were quantitatively analyzed by computer, and the mean gray scale value
of echo intensity (Mean) was obtained. After ultrasound examination, the rats in the injured groups were sacrificed to collect
the muscle tissue for hematoxylin-eosin staining, and the microvessel average optical density (MVD) was calculated. Pearson
correlation analysis was used to analyze the correlation between MVD and Mean in skeletal muscle injury area. Results The
contrast agent signals of skeletal muscle in the injured area of rats in the 1 h group and 12 h group were weak, and most of
them showed filling defects. In the 24 h group, the contrast agent in the injured area showed star-shaped distribution, which
was low enhancement. In the 48 h group, the contrast agent in the injured area showed patchy distribution, which was slightly
enhanced. In the 7 d group, the contrast agent signal in the injured area increased intensively, showing obvious enhancement.
In the 14 d group, the contrast agent signal in the injured area was slightly enhanced and was lower than that in the 7 d group.
In the 28 d group, the signal of contrast agent in the injured area was similar to that in the normal control group, showing
low enhancement. Compared with the normal control group, the Mean of the injured area were significantly decreased in the
1 h, 12 h and 24 h groups (all P<<0.05), the Mean of the injured area was increased in the 48 h group without a significant
difference (P>0.05), and the Mean of the injured area was further increased to the peak in the 7 d group and was still higher
in the 14 d group with significant differences (both £<<0.05). The Mean of the injured area in the 28 d group was similar to
that in the normal control group (P>0.05). Compared with the 1 h group, the MVD of the 12 h group was not significantly
changed (P>0.05). The MVD of the 24 h to 28 d groups was all significantly increased (all #<<0.05), with the highest in the
7 d group. The Mean was positively correlated with the MVD in the injury area of rats (»=0.840, P<<0.001).
Conclusion CEUS can dynamically observe the microcirculation perfusion of injured skeletal muscle in different periods,
and computer-aided image analysis can quantitatively describe the change of the signal intensity of contrast agent, which has
good correlation with the distribution of microvessels in the muscle.
[ Key words | contrast-enhanced ultrasound; skeletal muscle; contusions; microvascular density; computer-aided diagnosis
[ Acad J Naval Med Univ, 2023, 44(2): 161-169 |

R SRR R AR R R R
AT, A LUK 22 7 50 B M 4 1 (i A W ¢
i au PGk S IATFSE 2, (E SRS LA &
G AE XD SRR B 5 R R (6 2
BRI RE Y S s Eaab s AT 2 g2 NN R (=hes
%i@ﬁ%g,ﬂ%$ﬁm%E%%%MWﬁﬁ%
A B3NS LA MR AR, DA BPTA 9 E
Mﬁiﬂﬂm%fﬁ%ﬁMMWEM@&a“m]

A5 S LB (R a2 s iadE ) ZEMIK
B Bt 5 g o F s R LA 2 i o
VETE R BEVTAL, 0] SRR PR R LR S 4
3£ (4 1 A DA B AL 2 00 5T o AR AT A T 491 R
AN # SO A S5 e T BoR, #iar
T 2D KBRS T E R U5 XSRS B AR Y
PP L R, eI i R LB S
SRR R 5 M EE RS AR, RERE RS
T R IR I R SR T o3 A B L mﬁ»mﬁm%ﬁ
JER AR M AR SE A B . AR S AT E o KRR

TR ISP R, WS E1E 5 o
T LA ZH St AR Ak, BT RS IR s
UR =L RO R L e (1 VWD By R = | K11 Ea

A8 B A M v 52 ) S 2) [ e i iE
55 5L A8 - Y4 % R
MVD) RIS

KB {E (Mean )

¥ {H ( microvascular density,

1 ##FnTE %

1.1 A (@R AUAEEYE SD K 48
(RN 180~220 g) WY H LigdiHRIAFERF
WA SR s 280 [ S g s AV Al S R
SCXK (/) 2018-0006] , & PEmE 7 1 J& J5BaEHL
gk 8 s IEF AR K #ii)5 1 h, 12h, 24 h,
48 h, 7d. 14d, 28 d4l, &4l 6 K. IEH X4
KEATAEATHl, 04 K RZ 2% I %
B4 30 mg/kg MRS RIS, 45 BT B4R, L
IEM, T, B E 90° & TG . KA
HATBE I EY T2 E (1) , il 800 g F
FYPHEM = AL DL A O — R R
A E BOR RS A, 43 5 LA N E 5 <R ik, Sh
S5 R T, BEHMRTERZ R 1.0 em®, fEH5
FHOGHRA B R SE48 . ol . JoEdr, Leaapp
HIVETERL . AR RUE TR S LR, bR
J5 1 h 2k, HAl s R R ESKEE & 6 h, FliJE K



55 2 W1, 1SR A R R R LB Ao RS 8 10 7 1 52 P (U5 A8 A O AR DG B « 163 -

RIEHRE, R R 0 R RS, 8RR A
RAGERIE B2, 200 RIS B . SEged
XTSI AL BTG B R R AR B R A
CERRBE RG] |, s S g 2t 424
BRRE (55 4R ) M E R s e %
P HAE (20ZR1457900 )

B1 BRXRITHERERE
Fig1 Self-made model device for striking rats
Black arrow indicates bracket for hanging heavy hammer and

white arrow indicates animal fixed platform.
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Fig2 Gross specimens of femoral skeletal muscle of rats in each group

A: Normal control group; B: 1 h after contusion, the muscle was obviously swollen; C: 12 h after contusion, the muscle was

swollen with deep ecchymosis; D: 24 h after contusion, the muscle was also swollen; E: 48 h after contusion, the muscle congestion

was obvious; F: 7 d after contusion, the muscle swelling was alleviated; G: 14 d after contusion, there was no obvious bleeding;

H: 28 d after contusion, the ecchymosis disappeared.
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Fig 3 Characteristics of gray-scale ultrasound images of rat femoral skeletal muscle in each group

A: In the normal control group, the skeletal muscle texture was arranged in a linear and network pattern with hypoechoic muscle

bundle and hyperechoic muscle bundle membrane alternately; B: 1 h after contusion, the echo of the injured area was obviously

increased and some muscle fibers were broken; C: 12 h after contusion, the echo of the injured area was slightly increased and there

was hypoechoic area; D: 24 h after contusion, the edema was obvious and muscle texture was blurred; E: 48 h after contusion, the

hypoechoic zone was reduced; F: 7 d after contusion, the echo of the injured area was slightly decreased; G: 14 d after contusion, the

hypoechoic zone disappeared; H: 28 d after contusion, the texture of muscle in the injured area was clear, which was basically similar

to that of the normal control group. Arrows indicate hematoma.
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Fig4 Characteristics of contrast-enhanced ultrasound images of rat femoral skeletal muscle in each group

A: In the normal control group, contrast agent filling could be seen in muscular vascular branches, and trace contrast agent distribution

could be seen in muscle tissue; B: 1 h after contusion, there was minimal contrast agent perfusion in the muscle tissue of the injured

area; C: 12 h after contusion, there was also minimal contrast agent perfusion; D: 24 h after contusion, a small amount of contrast

agent perfusion could be seen in the muscle tissue of the injured area; E: 48 h after contusion, contrast agent perfusion signals

characterized by multiple patchy enhancement; F: 7 d after contusion, contrast agent perfusion was obvious in muscle tissue of injured

area; G: 14 d after contusion, contrast agent perfusion signals characterized by multiple patchy enhancement; H: 28 d after contusion,

contrast agent perfusion had weak enhancement.
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Fig5 H-E staining of femoral skeletal muscle of rats in each group (100 X)

A: In normal control group, normal myofibers staining pink arranged closely and nuclei staining blue were located in the sarcolemma;

B: 1 h after contusion, the muscle fibers in the injured area were different in size and were divided and arranged disorderly, and there

were a lot of hemorrhage and a small amount of inflammatory cell infiltration; C: 12 h after contusion, interstitial edema with obvious

hemorrhage and increased infiltration of polymorphonuclear leukocytes and neutrophils; D: 24 h after contusion, infiltration of large

numbers of nucleated leukocytes and neutrophils in the injured area; E: 48 h after contusion, muscle fiber degeneration and necrosis

occurred in the injured area, and muscle satellite cells appeared; F: 7 d after contusion, neonatal skeletal muscle could be seen in the

center of the injured area; G: 14 d after contusion, most newborn skeletal muscles fused with the residual ends of muscle fibers in

the injured peripheral area, and a large number of dense collagen deposits can be seen in the stroma; H: 28 d after contusion, skeletal

muscle structure in injured area basically returned to normal. H-E: Hematoxylin-eosin.
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Fig 6 CD34 expression in rat femoral skeletal muscle tissue in each group detected by immunohistochemical staining (200 <)

A: Normal control group; B: 1 h after contusion; C: 48 h after contusion; D: 7 d after contusion; E: 14 d after contusion; F: 28 d after

contusion. Black arrows indicate blood vessel and white triangles indicate inflammatory cells.
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