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Quantitative MRI assessment of paraspinal muscle edema area and its correlation with structural injury in patients with cer-
vical spinal cord injury
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Hospital , Shanxi Academy of Medical Sciences, Tongji Shanxi Hospital, Taiyuan 030032, China;College of Robotics Science and
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Abstract:  Objective To investigate the application value of quantitative MRI in assessing the area of paraspinal muscle edema after
cervical spinal cord injury (CSCI) , and analyze its correlation with structural injury to the cervical spine. Methods A total of 91 patients
with CSCI were retrospectively enrolled and divided into a fracture-dislocation group and a non-fracture-dislocation group. On T2-
weighted imaging (T2W1) , the paraspinal muscles were manually segmented into four zones (Zones I —IV ) using 3D Slicer software,
based on muscle function and anatomical location: deep posterior cervical muscles (Zone I ), superficial posterior cervical muscles
(Zone 11 ), sternocleidomastoid (Zone Ill ), and anterior cervical muscles (Zone IV ). The edema area and its proportion within each
zone were quantitatively calculated. Differences in the proportion of edematous muscle area were compared between the two groups
and among the four zones. Spearman correlation analysis was performed to evaluate the correlation between the proportion of edematous
muscle and the number of structural injuries at the involved segments. Results The overall edema proportion across all muscle
groups was significantly higher in fracture-dislocation group than that in non-fracture-dislocation group (P<0.001) , and was higher in
patients with complete paralysis than in those with incomplete paralysis (P=0.004). Among the four zones, Zone 1 (deep posterior cervi-
cal muscle group) exhibited the highest proportion of edema, which was significantly higher than those of Zones 1l , Il , IV (P<0.001).
Subgroup analysis revealed that, the edema proportion in Zone I was significantly positively correlated with the number of structural
injuries detected on MRI in non-fracture-dislocation group (r,=0.685, P<0.001). Conclusion ~Quantitative MRI can effectively assess
the area and zonal distribution of cervical paraspinal muscle edema after CSCI and reveal the correlation between the degree of paraspinal
muscle edema and the structural injury to the cervical spine.
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Table 1 Baseline demographic and clinical characteristics

of the study subjects
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PERI W 2
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Table 2 Ligamentous and structural injuries in patients
with cervical spinal cord injury without fracture

dislocation
Ap i % (%) Gy 1% (%)

eyl et HE ] S

0 3(5.7) & 46(86.8)
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Figure 1 Schematic diagram of region-of-interest segmentation of cervical muscles, normal muscle reference
signal sampling, and edematous muscle segmentation on axial cervical MRI
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Table 3 Comparison of the overall cervical muscle edema area proportion between fracture-dislocation group and non-
fracture-dislocation group

21 31 n KR A (mm?) WUETE B (mm?) IR 1 (9% )
BT 2 38 1346.76(719.27,1 930.9) 14 128.98(11 766.05,16 602.58) 8.397(4.60,12.64)
TeE YA 53 299.49(143.25,487.86) 12 202.43(10 424.65,13 610.74) 2.312(1.07,4.00)

U 277.00 584.00 284.00
P <0.001 0.001 <0.001
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Table4 Comparison of the proportion of edematous muscle area between the fracture-dislocation group and the non-frac-
ture-dislocation group at different cervical injury segments

P B 21531 n SV B o5 B (%) U P

C3-4 BT 21 8 12.75(7.33,13.54) 14.000 0.003
PRy e 15 2.82(0.66,5.01)

C4-5 BT 9 8.44(4.42,16.34) 25.000 0.002
TeE A 20 2.20(0.97,3.53)

C5-6 BT H 11 8.21(5.49,10.04) 10.000 <0.001
TeE YT 14 2.29(0.79,3.87)

C6-7 BT AL 10 6.09(0.42,7.99) 3.000 0.016

JToE TR A 2H 4 0.23(0.18,2.10)
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Table 5 Comparison of proportion of muscle edema area
among different cervical muscle zones

IrIX SRS
Zone [ 3.24
Zone 1l 2.26
Zone I 2.49
Zone IV 2.01

n 91
X 47.874
df 3
P <0.001
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Table 6 Pairwise comparison of the proportion of edema-

tous muscle area among different cervical muscle

zones

AR | Z P
Zone | vsZone Il -5.921 <0.001
Zone | vs Zone Il -2.846 0.004
Zone 1 vsZone IV -5.248 <0.001
Zone Il vs Zone Il -1.897 0.058
Zone Il vs Zone IV -1.400 0.162
Zone Il vs Zone IV -1.709 0.088
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Table 7 Correlation between edema area proportion and
structural injury count in the non-fracture-dislo-
cation group (n=53)

VixiiE 3
Zone 1 KT & HE
Zone I K bR i HE
Zone MZKHIAA 5 H

r(95% CI) P
0.685(0.502,0.809) <0.001
0.244(-0.036,0.489)  0.078
0.292(0.015,0.527) 0.034

Zone VKIPEIR HIE -0.064(-0.336,0.218)  0.651
A UEE AP RS 0.388(0.124,0.601) 0.004
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