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Advances in the evaluation of cognitive impairment after repeated subconcussion using event-related potentials
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[Abstract] Repetitive subconcussive concussion refers to brain injury resulting from repeated minor head impacts. Although a
single minor impact is insufficient to induce definite concussion symptoms, multiple minor impacts can cause damage to the brain.
Repetitive subconcussive concussion is closely associated with long—term neurofunctional alterations and cumulative brain injuries,
potentially increasing the risk of neurodegenerative diseases, thereby resulting in changes in cognitive function and a decline in the
quality of life in later years. Event—related potential technology can objectively and precisely evaluate the changes in brain function
under repetitive subconcussive concussion exposure. This review summarizes the event—related potential studies related to repetitive
subconcussive concussion in recent years, providing a reference for understanding the neural mechanisms of repetitive subconcussive
concussion exposure—induced damage.
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Figure 1 Flowchart of the electroencephalogram (EEG) signal acquisition for the analysis of event—related potentials



~744—

FP I R A 2 AR 3k 2024 4F 12 F 25 29 8:55 123] Chin J Clin Neurosurg, December 2024, Vol. 29, No. 12

SEI T E M 7% 0 2 R o R B UG RA
SR R R R I AR FRE MG BAEHCIRE, N5
TN T 240 X Bk A O I 4 1 i . ek, 7E
Wr it R G, A7 e 35 5 A PR W i 72 3% 5 | RS 1 R
AE F G ML, Fickling 2522 6F % 28 17 22 Yk 3k 34
T TR ZR 5 VK BRIZ ) DL AT T 3 3 51 I S 50, 45
BRI, 142 DU TR G VT8 N 1 I R
TR AE K o 3 98 BF T 52 1 0 i 7 v 2 i 2 R B4R
WAL/ N PR BRIZ B 5L AT S DI BE TR

2.2 AT IEHI e PATHE W D) AR 4R AR TE S
H AR S A7 Ry e B oG oA AT 4 ] R A
() —Fh R S0 BERE )T . PATIIRRSE B PN DI BE )
Wl A5 wpr g WE I TARICAZ s il AT55 Vi
A 42 ) 25 24N T, 2 A28 i B AT A 0 BE
F, 2 B HE TS SR 258 e, g
YIRS A TAT 55 1 T B4 R 43, 38 AR A
PRI AL B B G 5 —BUF BRI RE ST . X
AN — 508 H IR AN R B A ) =2 (7]
()58 4 o A3k p 2 W, AR BE S TR o 58 I G

| 1RIE(V)

I,
-4 -1 v\/
27 N1 Bl web

-3

B2 ANTSEXERAINT BST
HE-E =& 10
Figure 2 The N1 component evoked by the ANT para-
digm

Cited from reference [4]

RIEGY)
N2pls3  N450BEZS

BfiE)(ms)

6

4

2t

0 :

2t k,/J
a4l

-6

2

00 0 200 400 600 800

&3 Stroop SEX FE & HI N2 B 53 K& N450 B 5
HE:E = S &Y
Figure 3 The N2 and N450 Components evoked by the
Stroop Paradigm

Cited from reference [7]

AHRL I HE RIS, A R gD, # 0t H s
ST R AR TE 8o P 2E T LA A3 A R o€ A
N PP . SRR p AR 1 SRR P R — 3, )
UNATE Stroop 455 H, PRI “ 21467 DLl (S BUA, HE
D& T NN Y aara SR U LE I 3 VR U LY | o e ey A 1w
BB B, 8 R )RR B 5 | & RO e g |
i, B ANFE Flanker 4155t , H A% 13RI T 408 T
A FEORFI RN o o€ WEFE DI RE P ZhR R A0 4
N2 FIN450 4 (K 3) . N2 B AERIEUE 200 ms 247
BB A7 i) o 2 R BUE A P X AR B
B ], Bt K2, T K 2 0 30E , N2 48R
T IR X i A B A SRR B AR s o AR T
N2 B4R W B 33, B AT T Xt 10403 ] SR AS DG it
5P A P N450 S 78 HiIl S 400~500 ms H
BRAE A M, S T MU A T R R OAT

N
_“\\\_HMm}

{
[ : T T I-I — T T 7
¥ 00 Wk A\ 200 [/ 300 400 %0 :
inl \ | %
\ / \

B4 RIFJE 300 ms 5 H BLIE )R IR P3 B 5
3l B A k(4]
Figure 4 The P3 component with a positive amplitude
emerging 300 ms after the stimulus

Cited from reference [7]

T 300-500 ms
5V == N400BES
b"'l":‘ } } 1 1 1 f i
.
’,’/ \ - -y
¥ %‘\ -
A P P 1
” o »e e °®
x ,f .o.‘. - -!:"':o'
()

“T_
B 5 R 300~500 ms J5 HBLE 5 [ 5 ME1E SCAE 5K N40O AL
7

31 B A k(30
Figure 5 The negative amplitude semantic—related N400

component emerging 300~500 ms after the stimulus

Cited from reference [7]



R I R A2 2B A%k 2024 41 12 H 2529 #4123 Chin J Clin Neurosurg, December 2024, Vol. 29, No. 12

~745-

WATE S AE DG . N450 B3 278 R P R 45 T 1
B, BIANAT 55 BERAAIM ] B 24k S 58 Af A I
Jic {5 5L FR e , 38 % 7 Stroop B R & ISR, X}
G RR% woE MEE DIRE RS P, Fu S5
it FH Stroop 520X 285 AT REAEL B2k 55 VI 2R
A= ORI A IR, B80T U D) 2 2 g Sk st o £ N2
N450 B PR 38 0 . 13X 4578 5 1 0 ki 7 v 53K
KIGH pp o WA D RESZ P o PRA T D) BB AR DG Y B
ST P3IILT o P3 BT iR & F Sutton 552z H
Oddball i 20175 & ok, o7 B AE 0 K v e T e
e, J& T A S A B — A B (B 4) o P3
A3 38 BR324 300 ms” 2, B K TR 2
2 RN R 2 e S AP T 2 . P3 Bk
W R T A 55 BRI 2 TR T U (E R
IR RS | 1 P3 AR 1 R/ N AT DAE R dEAh A
R PN AT RE N FE A5 o Chen 515 Q2 B3 {5 ]
ANTJEUWF 9 3, 4 iad A TRk & 2k
AR 2500 K ) o I, S 51 P3 A IR R T
B o XN T A1 R 5 1 2 R el ke D A T4
il ezt .
2.3 &AL A 1 AL PR AU 7E PR A Al
FHIE 0, 6 ) ) s A B 7 SRR
A AR A DI RE . T SCAR BEAH OC Y N40O
TEAR I R I AE U 300~500 ms (&15) o %8043 1)
DABEALSE W5 S50 A, HAgs & XS TRk s
S 18) T P R 8 DX, 0 SO TR BT
YIAHIE , Jo R Ay sl ) 7 )2 1 b E A7 S
B, 95 BB TR A X B DL SRR e )2, A2
HXT G Iy 2k Sk A T RO BRAZ B D i F R R
W, iz ) L AEWT e 51 & B N40O B3 7 H 4k
IR FNR MR REAR , 1238 2SR5 8 DA T 20 W 3 437 471
AT HAth g 72, 3 $ 7N 28 19 52 1 S0 ik
T 1 7 i O B2 2 53 6 SO IR 3l 7 TR A7AE
HESR  IF H 7S 0 9N A B A TR R
Munce 5% % 3, 2817 28 5 52 14 0 i 79 2 i 1 TR
A RAIZ SR, TE SR VRN A B s 1 PR A A
KB N400 B PR th B0 T T R . X RIR A &
ARiIZ Bl A0 AL BRI 2 1 SCAL 38 5 T AE7E 5
IR R E ] BE FEGS T A A RS

S22 AR I 3 o KA A0 B4 RE R AN B
B HAMELIEEGE, 25 e 20 . SR, R A = (]
O HERPER) ERP AR 0] LI SO AL 2 G
AR Ak, DT 5 SO0 VA b A% B 5 A Ik 2 355 2 5 XoF
NN T RE RS o F 53 S0l 7 3% 1 AR R PR T

Pl O AR REZ . X LT RERY 240, R T
MR R v AN R TR R B B
J1, 8T RE SR YOI BER R GV E . Kok
HORFSE Al iE— 4 ERPHOR 5 HAb M 25452407
P (AN REAZ REILIR (OB 4 AN ik 45
FEAR) AT Bt 7 42 1 0 i o B 0 A o 22 A= 9
L. A, E3E T ERP SRR T LISR FH £
PP, AR R G 250817 e S A A
THREMIFZIR

(F) 35 0 SR PSR ] : A SORAFFEAEA A 2 12

(& STEKA RA ) - 5Kih SR T 3 4 Pl STk 1B ST R
R SCE ;A B L £ R S5 2 B SCRR B O 5 R
{8 AR R e E A o

(BE k]

[1] OLICHNEY J, XIA J, CHURCH KJ, et al. Predictive power of cog—
nitive biomarkers in neurodegenerative disease drug development:
utility of the p300 event-related potential [J]. Neural Plast, 2022,
2022: 2104880.

[2] LEIVA-SALINAS C, SINGH A, LAYFIELD E, et al. Early brain
amyloid accumulation at pet in military instructors exposed to sub—
concussive blast injuries [J]. Radiology, 2023, 307(5): e221608.

[3] MANLEY G, GARDNER A]J, SCHNEIDER KJ, et al. A systematic
review of potential long—term effects of sport-related concussion [J].
Br J Sport Med, 2017, 51(12): 969-977.

[4] CHEN A, ZHANG Z, CAO C, et al. Altered attention network in
paratroopers exposed to repetitive subconcussion: evidence based
on behavioral and event— related potential results [J]. J Neuro—
trauma, 2021, 38(23): 3306-3314.

[S] SANCAR F. Subconcussive football hits may leave a telltale signa—
ture of brain damage [J]. JAMA, 2019, 322(16): 1537-1538.

[6] VANITALLIE TB. Traumatic brain injury (TBI) in collision sports:
possible mechanisms of transformation into chronic traumatic ence—
phalopathy (CTE) [J]. Metabolism, 2019, 100S: 153943.

[7] FUZ, LIU M, WANG S, et al. Impairment of inhibitory control due
to repetitive subconcussions from indirect brain impacts: evidence
from event—related potentials and resting—state EEG complexity in
parachuters [J]. Brain Res Bull, 2024, 216: 111053.

[8] MONTENIGRO PH, ALOSCO ML, MARTIN BM, et al. Cumulative
head impact exposure predicts later-life depression, apathy, execu—
tive dysfunction, and cognitive impairment in former high school

and college football players [J]. J Neurotrauma, 2017, 34(2): 328-



—746—

FP I R A 2 AR 3k 2024 4F 12 F 25 29 8:55 123] Chin J Clin Neurosurg, December 2024, Vol. 29, No. 12

340.

[9] MCKEE AC, DANESHVAR DH, ALVAREZ VE, et al. The neuro—
pathology of sport [J]. Acta Neuropathol, 2014, 127(1): 29-51.

[10] CHEN A, ZHANG Z, CAO C, et al. Altered attention network in
paratroopers exposed to repetitive subconcussion: evidence based
on behavioral and event— related potential results [J]. J Neuro—
trauma, 2021, 38(23): 3306-3314.

[11] WU S, CHEN A, CAO C, et al. Repeated subconcussive exposure
alters low—frequency neural oscillation in memory retrieval proces—
sing [J]. ] Neurotrauma, 2022, 39(5-6): 398-410.

[12] ERLANGER DM. Exposure to sub—concussive head injury in boxing
and other sports [J]. Brain Inj, 2015, 29(2): 171-174.

[13] JOHNSON B, NEUBERGER T, GAY M, et al. Effects of subconcus—
sive head trauma on the default mode network of the brain [J]. J
Neurotrauma, 2014, 31(23): 1907-1913.

[14] PETERS A, HELMING H, BRUCHMANN M, et al. How and when
social evaluative feedback is processed in the brain: a systematic
review on ERP studies [J]. Cortex, 2024, 173: 187-207.

[15] GOSSELIN N, BOTTARI C, CHEN JK, et al. Evaluating the cogni-
tive consequences of mild traumatic brain injury and concussion by
using electrophysiology [J]. Neurosurg Focus, 2012, 33(6): E1-E7.

[16] NGUYEN DP, LIN SC. A frontal cortex event- related potential
driven by the basal forebrain [J]. Elife, 2014, 3: ¢2148.

[17] BROGLIO SP, ECKNER JT, PAULSON HL, et al. Cognitive decline
and aging: the role of concussive and subconcussive impacts [J].
Exerc Sport Sci Rev, 2012, 40(3): 138-144.

[18] DEL PJ, SPIELMAN L, YEW B, et al. Detecting and predicting cog—
nitive decline in individuals with traumatic brain injury: a longitu—
dinal telephone-based study [J]. J Neurotrauma, 2024, 41(15-16):
1937-1947.

[19] SARRIAS- ARRABAL E, IZQUIERDO-AYUSO G, VOZQUEZ-
MARRUFO M. Attentional networks in neurodegenerative diseases:
anatomical and functional evidence from the Attention Network Test
[J]. Neurologia (Engl Ed), 2023, 38(3): 206-217.

[20] FAN I, BYRNE J, WORDEN MS, et al. The relation of brain oscilla—
tions to attentional networks [J]. J Neurosci, 2007, 27(23): 6197—

6206.

[21] LUNA FG, AGUIRRE MJ, MARTON-ARAVALO E, et al. Event—
related potentials associated with attentional networks evidence
changes in executive and arousal vigilance [J]. Psychophysiology,
2023, 60(8): €14272.

[22] FICKLING SD, SMITH AM, STUART MJ, et al. Subconcussive
brain vital signs changes predict head— impact exposure in ice
hockey players [J]. Brain Commun, 2021, 3(2): fcab19.

[23] NASH K, TRAN A, LEOTA ], et al. Economic threat heightens con—
flict detection: sSLORETA evidence [J]. Soc Cogn Affect Neurosci,
2020, 15(9): 981-990.

[24] LI Y, LIN Y, LI Q, et al. Temporal dynamics analysis reveals that
concurrent working memory load eliminates the Stroop effect
through disrupting stimulus—response mapping [Z]. eLife Sciences
Publications, Ltd, 2024.

[25] SUTTON 8, BRAREN M, ZUBIN J, et al. Evoked-potential corre—
lates of stimulus uncertainty [J]. Science, 1965, 150(3700): 1187-
1188.

[26] MENDES AJ, PACHECO-BARRIOS K, LEMA A, et al. Modulation
of the cognitive event—related potential P3 by transcranial direct
current stimulation: Systematic review and meta— analysis [J].
Neurosci Biobehav Rev, 2022, 132: 894-907.

[27] NOUR ES, BROTHERS T, WANG L, et al. A predictive coding
model of the N40O [J]. Cognition, 2024, 246: 105755.

[28] FICKLING SD, POEL DN, DORMAN JC, et al. Subconcussive
changes in youth football players: objective evidence using brain
vital signs and instrumented accelerometers [J]. Brain Commun,
2022, 4(2): fcab286.

[29] MUNCE TA, FICKLING SD, NIJJER SR, et al. Mixed martial arts
athletes demonstrate different brain vital sign profiles compared to
matched controls at baseline [J]. Front Neurol, 2024, 15: 1438368.

[30] CHEYETTE SJ, PLAUT DC. Modeling the N400 ERP component as
transient semantic over—activation within a neural network model
of word comprehension [J]. Cognition, 2017, 162: 153-166.

(2024-10-05 Wit ,2024-11-16 &1l



