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Abstract To investigate the spatiotemporal variability and transition complexity of brain networks in patients with
Repetitive Subconcussion (RS), the microstate parameters and Lempel-Ziv complexity, sample entropy, and permutation
entropy of the microstate transition sequences of 25 parachutists and 25 healthy controls were analyzed. The results showed
that the coverage rate of microstate B in RS patients was significantly increased, the coverage rate of microstate D was
significantly decreased, and the transition probability between microstates C and D was significantly reduced. The Lempel-
Ziv complexity, sample entropy, and permutation entropy of the microstate transition sequences were significantly
increased. Using microstate parameters and nonlinear feature parameters as the feature set, combined with feature
importance ranking and feature selection, the highest classification accuracy, sensitivity, and specificity could all reach
over 80%, indicating that the above feature vectors can be used as good biomarkers for identifying the RS population.
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Tab. 1  Statistical characteristics of the subject

Ap HC 41 (n=25) RS4H (n=25) P

RIS % (A hRifERE ) 21.12+0.26 22.68+0.33 0.22
AR (4FE) 13.88+0.19 13.60+0.20 0.33

B R i 5 5 BMT 22.69+0.31 22.20+0.28 0.25
BB, T (GE D — 86(63 - 122) —

BHUIIZR U, 8 D —

4500(3000-4500) —
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Fig. 1 Microstate clustering flowchart
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Fig. 2 The results of the two sets of microstate clustering
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Fig. 3 Violin plot of microstate time parameters
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Tab.2 Microstate time parameter(mean +SD)
ZH BetRAE HC RS T{H MG PAH
A 0.0510 £ 0.0102 0.0527 = 0.0052 -0.7375 1
N B 0.0503 + 0.0103 0.0536 + 0.0064 -1.3750 0.7020
FEELF[E] (5)
C 0.0607 = 0.0187 0.0594 + 0.0085 — 1
D 0.0566 + 0.0124 0.0518 + 0.0084 1.5786 0.4839
A 4.4257 + 1.3871 4.6602 + 0.8638 — 0.6496
B 4.2967 + 1.2545 4.6470 + 0.8379 — 0.2970
SHEBIR (IR
BRI (s C 5.0625 + 1.8785 4.7833 + 0.6993 — 1
D 4.9490 = 1.4606 4.3352 + 0.5566 — 0.2970
A 21.8546 +5.3293 24.4842 + 4.5435 -1.8773 0.2661
I B 20.9921 + 5.3497 24.7428 + 4.1952 -2.7584 0.0327
R (%)
C 29.9589 +9.6564 28.2959 + 5.3159 0.7543 1
D 27.1944 + 7.2285 22.4771 +4.7334 — 0.0372
A 5.4493 + 1.9637 4.5127 = 1.1407 — 0.6496
_ B 5.4064 = 1.9890 4.7054 + 1.1857 — 1
SZ A HE e A
FAHRIA(LY) C 6.2204 +2.5142 5.3458 £ 1.3954 — 1
D 6.0230 + 2.1851 4.6622 + 1.2851 — 0.0500
3 BURESHEBAR CF bR E2)
Tab. 3 Microstate transition probability (mean + SD)

REFA HC(%) RS(%) T IR PIE
A->B 6.9140 + 2.0866 8.4656 + 1.6302 -2.9299 0.0621
A->C 8.5399 + 2.7464 8.9837 + 1.8610 -0.6688 1
A->D 8.0211 +2.2914 7.7283 = 1.7772 — 1
B->A 7.1285 +2.1416 8.4580 + 1.6010 -2.4859 0.1974
B->C 8.0887 +2.2966 8.9376 + 1.8283 -1.4458 1
B->D 7.7550 + 3.4644 7.7429 = 1.2119 — 1
C->A 8.3260 + 2.6716 8.8982 + 1.7055 -0.9026 1
C->B 8.1261 +2.2495 8.9369 + 1.8083 -1.4047 1
C->D 10.6608 + 3.5138 8.1884 + 1.8829 — 0.0164
D->A 8.0199 + 2.1565 7.8212 = 1.8695 — 1
D->B 7.9345 +3.4184 7.7364 + 1.2268 — 1
D->C 10.4855 + 3.2890 8.1028 = 1.9112 — 0.0082




66 g RO 4l CFL ARl

545 4

K4 HREFIIRARLN LS 120 Es R

Tab. 4 Nonlinear kinetic analysis of microstate sequences

e HC RS T KI5 PE
LZC ~ 288.76%16.17 298.60+6.17 — 0.0091
SampEn  0.9320.11 1.05+0.08  -4.1561 0.0005
PermEn 7.33+0.23 7.53+0.11 — 0.0006
S5 OPAER
Tab.5 The results of the classification

s ACC SEN SPE AUC SRR E RS

SVM 0.84 0.86 0.81 0.85 9
XGBoost 0.8 0.75 0.85 0.78 8

KNN 0.8 0.88 0.68 0.78 5
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