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Changes of brain activation and networks in patients with spinal cord injury based

on functional near-infrared spectroscopy
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[Abstract] Objective To investigate the changes of brain activation and brain network connectivity
in patients with spinal cord injury (SCI). Methods A total of 20 patients with SCI were selected from
Qilu Hospital of Shandong University from January to October 2021, including 8 patients with simple lower
extremity involvement (paraplegia group) and 12 patients with all limbs involvement (tetraplegia group), and
10 healthy controls with matched baseline data with the SCI group were included in the same period.
Functional near-infrared spectroscopy (INIRS) was used to collect the data of cerebral oxyhemoglobin (HbO,)
in the bilateral prefrontal lobe (LPFC/RPFC), motor cortex (LMC/RMC) and occipital lobe (LOL/ROL). The
resting HbO, B values was calculated by generalized linear model to evaluate the activation degree of the
cerebral cortex covered by different detection channels, the correlation between HbO, B values was
calculated by Pearson correlation analysis and partial correlation to analysis different detection channels

[partial correlation coefficient (r) was defined as functional connectivity strength] to evaluate the functional
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connectivity of the brain network. Results 1) Degree of brain activation: compared with the control group,
the HbO, B values corresponding to channel 2 (1=-2.482, P =0.020), channel 8 (t=-3.315, P =0.003) and
channel 16 (¢ = - 2.738, P = 0.011) was increased in the tetraplegia group, while the HbO, B value
corresponding to channel 25 was decreased (1 =2.104, P =0.045), and the HbO, B value of channel 8 was
increased (¢ = - 2.475, P = 0.020) in paraplegia group. Compared with the tetraplegia group, the HbO, B
values in channel 17 (1 =2.552, P = 0.017) and channel 25 (¢ = 2.342, P = 0.027) were increased in the
paraplegia group. The value of HbO, B in the left prefrontal lobe of tetraplegia group was significantly
higher than that of control group (1 =2.652, P =0.013). 2) The number of functional connections between
different channels and cerebral cortex: the proportion of channels related to motor cortex in different groups
was 94.12% in the paraplegia group (32/34), 82.76% in the tetraplegia group (24/29), and only 74.36% in
the control group (29/39). 3) Functional connectivity strength in the brain: compared with the control group,
the functional connectivity strength in the right motor area was weakened in both the paraplegia group (z =
4.572, P=0.000) and the tetraplegia group (¢ =4.822, P=0.000). Conclusions There are abnormalities in
resting brain activation and functional connectivity of brain network after SCI, which are manifested as local

enhancement of spontaneous neural activity in some brain regions and abnormal functional connectivity in

+ 957 -

cerebral cortices and brain regions.

[Key words] Spinal cord injuries; Spectroscopy, near - infrared;  Oxyhemoglobins;  Functional

connectivity (not in MeSH)
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Table 1. Comparison of general data among 3 groups
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P50 (4] 3.496 0.174

S 6/10 6/8 4/12

Lk 4/10 2/8 8/12
EW (s, %) 54.40+7.35 45.38 +18.81 48.42+15.05 0.965 0.394
ZHERIE (R +s,4F) 8.70+2.50 8.75+ 2.49 9.00+ 2.95 0.039 0.962
MMSE (% +s,3F4) 25.20+1.93 2475+ 2.12 2525+ 2.70 0.125 0.883
e I () 3/10 2/8 1/12 1.712 0.425
B (f51) 2/10 1/8 2/12 0.174 0.917
W JH (f51)) 3/10 1/8 0/12 4.113 0.128
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B 0/8 0/12

C%h 4/8 7/12

D% 2/8 5/12
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way ANOVA for comparison of others, P I KPR WA L AT Y LG %R ) Kruskal-Woallis #6556 (H A6 56) , 6 £ BT
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[AH R K B2 5 HbO, BAEAY LA (x +5,%x107°)

Table 2. Comparison of B values of HbO, among different channels of 3 groups (x s, X 107
WiE 1 -92.60+ 88.80 -68.32+ 80.50 23.59+152.53 2.996 0.067 || il 18 -43.94+156.79 37.41+104.03 275+ 6253 1.199 0.317
WWiE 2 -69.98+ 9231 -442+ 4722 6.98+ 66.93 3.391 0.049 ||iHiE 19 -38.60+149.52 -28.11+113.09  39.25+212.85 0.668 0.521
Wi 3 22227+ 64.24 -2583+ 5337 19.78+ 93.02 1220 0.311 |:#i# 20 -6.93+ 54.14 64.95+223.52 -49.68+130.42 1.513 0.238
Wil 4 -51.46+ 7345 -27.35+ 53.89 7.43+110.42 1.283 0.294 | i 21 3.47+ 60.47 28.67+102.10  23.85+129.80 0.159 0.854
Wi 5 -19.71+ 62.50 -12.74+ 54.09 57.70+184.88 1.250 0.302 || 22 -3.32+ 7295 113.28+253.18  28.44+100.02 1.409 0.262
Wi 6 -26.48+ 88.57 -14.77+ 74.23 7.06+ 99.61 0395 0.677 || 23 -43.62+144.98 66.73+£125.34  -0.44+125.26 1.556 0.229
WWiE 7 22060+ 7226 -122+ 40.94 -17.20+ 48.12 0.299 0.744 || i#if 24 -8.68+ 6458 -13.85+ 88.23 0.21+125.65 0.052 0.950
WWiE 8 -90.96 + 65.45 7.88+ 55.70 9.48+ 82.55 5963 0.007 || ifiH 25 -3.63+ 47.49 18.43+158.64 -121.98+156.49 3.490 0.045
Wil 9 -26.40+ 88.81 144+ 9983 -0.61+ 7554 0.314 0.733 |[J# & 26 8.58+ 99.94 -30.13+ 5942 -2291+170.05 0.254 0.778
iH 10 -0.93+ 68.63 22.001+ 72.15 -553+ 55.13 0471 0.629 |[#iH27 -13.81+ 72.56 -15.87+199.10 -29.54+ 74.94 0.056 0.946
WA 11 -12.18+107.07  28.70+145.65 -27.09+ 5547 0.077 0.926 |28 -16.78+ 68.49 39.18+122.05  43.44+192.72 0.557 0.579
Wi 12 0.89+ 67.16 4333+13586 1937+ 57.75 0.523 0.598 ||ifiH 29 037+ 61.81 -39.05+£302.11 156.88+310.55 1.752 0.193
A 13 271+121.28 -19.12+ 77.96 10.64+ 69.20 0.258 0.774 ||#HiE30 -78.32+171.38 -108.45+303.01 -17.01+ 89.07 0.600 0.556
Wi 14 -0.63+ 84.46 34.60+133.90 2.06+114.17 0273  0.763 || 31 -80.59 + 164.94 6.47+125.05 -43.83+146.48 0.771 0.472
WWif 15 1298+ 67.13  -3.33+ 28.59 16.18+362.60 0.018 0.982 || ifi 32 21.03+192.43 -6.77+158.66 122.55+537.04 0.355 0.704
Wi 16 -132.36+175.66 -81.57+ 99.08 15.15+ 85.89 3.911 0.032 [|/HiE 33 -29.28+138.66 470+ 65.87 -22.26+141.57 0.178 0.838
WA 17 2240+ 87.42 125.19+188.59 -41.38+146.00 3.380 0.049 || & 34 44.06 £ 169.88 13.53+ 97.38 8.84£345.37 0.062 0.940
R3S R AGI E TE AR N i B BT HDO, BRI P I LG 4K
Table 3. Pairwise comparison of  values of HbO, among different channels
R JEE 2 JHH 8 JHIE 16 EE 17 JE JH 25
H P{H tfH P{H 8 PAH {8 P{H i PAH
Xf B - ARORE 2R -1.909 0.068 -2.475 0.020 -0.851 0.402 -1.881 0.071 -0.354 0.726
XPHRAL - PURCEA]  -2.482 0.020 -3.315 0.003 -2.738 0.011 0.637 0.530 2.104 0.045
HOREAL - PUBCREZL - 0.345 0.733 -0.538 0595 -1.684  0.104 2552 0.017 2.342  0.027
R4 HEAARFEMNX HbO, B K (x£5,%x107°)
Table 4. Comparison of B values of HbO, among different brain areas of 3 groups (x s, X 107)
2 51 151 %% LPFC RPFC LMC RMC LOL ROL
POpIEE| 10 -51.20+53.39 -33.07+70.88 -22.04 £65.30 -15.58 +55.33 -29.78 £132.31 7.39 £ 149.83
TR 2H 8 -27.73£39.94 0.08 +42.54 14.47 +68.11 5.89+64.51 -0.15+134.52 9.11+ 61.27
Y fil 57 2 12 23.10 + 84.58 -1.36 £52.27 -1.28 +48.84 6.10 +44.31 39.36 £256.27 -6.71 £ 183.56
Fia 3.718 1.064 0.884 0.536 0.355 0.036
P 0.037 0.359 0.441 0.591 0.704 0.965
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Table 5. Comparison of FC strength of bilateral motor
areas among 3 groups (x )
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