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Terahertz wave and Raman spectroscopy technology application in
traumatic brain injury
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Abstract: Traumatic brain injury is one of the most serious diseases that endanger human health. Sensitive and rapid de-
tection method is a kind of powerful guarantee for the accurate and effective treatment of traumatic brain injury. In re-
cent years, terahertz (THz) wave and Raman spectroscopy have broad application prospects in biomedical diagnosis
and other fields due to their complementarity in technology. In this article, the researches of terahertz wave and Raman
spectroscopy technology in traumatic brain injury detection were summarized in response to the needs and difficulties of
traumatic brain injury diagnosis. Firstly, the development status of THz imaging and THz spectroscopy technology was
introduced, and the applications of the two technologies in traumatic brain injury detection were also introduced, respec-
tively. In addition, the principle and classification of Raman spectroscopy were summarized, and the research of Ra-
man spectroscopy in the detection of traumatic brain injury tissues, body fluids, and biomarkers were discussed. Final-
ly, the development trend of THz wave and Raman spectroscopy in the detection of traumatic brain injury was ana-
lyzed, which provides a new research idea for the application of THz wave and Raman spectroscopy in the rapid and ac-
curate diagnosis of traumatic brain injury.
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the electromagnetic spectrum
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schematic diagram of the spectral information

The spectral range of Raman spectroscopy and the

FEor TR B0/ 3y 0 B T B, (B AR SRR R
[, 0 ) S ke 1 20 SL N R S 00 1 BAT I LA 1
FIE S 16 1, R AR A S (5 B b 5E . (]
I, $i7 2 ST 6 AT LA TR AP THz 832 /K B T4 Y
BRI, 845G THz D AP 6%, ol DU 4
TE A8 ZR A ) R o3 SR B0 B 2 A0
R B X TS BRI 2R Y A ] e B2 Ay fik ) 0 Az 0
HAHEEZEL.,

1 k2 I 7 o €Y 4 e il o ) Rz A
L1 Kk 2k A& H AR 78 s €1 4 46 0 o 39 Bz A &

)

1995 4F, THz B iR R W B U Hh = iX R 5t
R G 77 X RCR AR B T TH B
WG, 25, BEE TH IR AR AR 1K e, %
Tl A TS5 A THz i U5 22 e e 2 1 AE 5
AR R ZR S8 RS IR AN TR] , AR THz SR 2R 58
73 NIESE THz AR R GEMTK b THz )R R G, Hoh,
L THz A5 AR G018 il 4800 THz -S54 A
Rl Ja B4 5 500 A B 2E AT U5, e R S A e
B BAGH BEBOPR 5 T Dk b THz SR 2R 58 AR ECH
2% (AL BEAE [R) IS R AR i (14 s 38 0 O 3845
IS NITE RN TS R I E S Sl =2 1 8
AR G 7 A AR, Al RURE AR 3R G 00 o 325 4%
AR A U (ATR) BUR R G Hov,
THz 17 5§ SRR R Gede RS BRI, %07 il
i THz 350 bl A 5 3B S5 5 BEAT AR, 0 A
A S A — 8 R W T X B IR AL AU R ik
o AEMEIERS L, TH SO AU R G 1%
877 STCTE RE i HEA T TR B, n] DLSE BN A 4
SN JFE AR SR . THz ATR BUSGE i 6% 5
P A R LA P EAT UGN, BAT 5 i Y AR R B
JE AT AR R 2 AU AR AR Y e R
BUSAGASEIN . 75 B AL 58 TH SR BOR HY SR 1
T B A AT SR PR, T ROK 2 G A FLAR 3

A ZE R OB THZ 33 R R B 4 i, B
HISE I THz I R I H R Oy ik E A FE TP
RSFFLAR I THz 35 3 AR B AR S R4k
Jry B 5 THz 35 3 AR B AR %K SR FE 1 THz
T 5 3 BGRB8 R A Rk D R T
THz #8355 5i 1 THz 5 9 UG H AR 55 . HIE S 4
I H R BN LA 2 B A A5 A8 RS A S5 A AT
Bt BA B KM MER , H R P KB/ T3
BARFERT A o BRILZ AN, 8T 00 % b A 40 ) 1)
THz AR T 90K B0k 4 B %) THz B8 JEF
575 3 i Al BN B9 THz iR 55 2 % THz L%
ARAHARAG 3 2 e

20184, [ili 22 ZE R KA DU R 5 Bt Feng %6 N 5K
HK S Wang N A 1E, R Z ML) Feeney s [
AR AT I 5k 4 BAT 1 7% Sprague Dawley K B
HENL T B R R R AT T THz 1R
AR R T TR B it fii 1) £ B A5 A T 7y fF 52
S vh R 5 28 THz 37 5 2CUR R G AN [F] R
(9 ki B 43 i B 0 e A A T SR Gn T 3 BT
R R FR G R IR 2. 52 THz 1434 22 THz i 48
SR i T ERE R 70 mW . THz AR 245 R 5%
T SR ARG D 235 SR A% L, A 4 s o 45
SR, A5 il 41 20 THz % A% 25 5 5 % B8 41 THe
PR R B A W R 22 5, HAS [RFR B 0% i 6] 40 2
AU THz I 1 W AT B g 1 22 57, O 343 1o %6
KN F AN R > 50 B > B > F R, X 5%
4R AR S5 R I AR 255 0T A% g At
PR AL THz I AR E5 L, P 25 0] DL SEIAS [R] 72
JEE i i B0 47 118 A ARG I TG THz 8 B A5 HL A T v 1Y)
REUE

Wire-grid polarizer Gold-coated

THz wave s ity
FIRL 100 %)
Chopper <=~ Tsurupica lens
Golay cell [ <

T < Sampl

H Off-axis

-y - O b_‘_i parabolic

ﬂ mirror

Golay cell

B3 Kbf2ziE S iR R G R

Fig. 3 Schematic of THz transmission imaging setup

WEAb 2 T 25 S THz 3 % i 6 475 14 15
ORI AR T — M T 2 IR D) THz 3
JAR B4 = 4 FOAR R, 38 i Xk B 40 ki 4 A ) TR 2



4 AN/ RS9 S g o

XX &

MRI images Visual images

THz images

Sham

Mild

Moderate

Severe

K4 A [l R2 B2 I 2 05 2H 2L AY () A% G IR AR 45 2R, (b) 51
Y, (o) R 2% P AR 25 2R

Fig. 4 (a) MRI images, (b) visual images, (¢) THz imag-
es of fresh brain tissues without and with different degrees of

traumatic brain injury
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Fig. 11

Comparative Raman spectroscopy of healthy and injured mice brains. Raman spectra from the (a) control and (b) in-

jured motor cortices demonstrate consistent Raman shifts following injury
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tissue and (b) contusion core (CC)
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Fig. 14 Light and Raman microscopy of the corpus callosum. (a) light microscope image (left panel) and the corresponding Ra-
man microscope image of the cortex and corpus callosum produced by hierarchical clustering analysis (right panel). The area
scanned with a Raman microscope is marked with a red rectangle. (b) light microscope image (top-left panel) and the correspond-
ing Raman microscope image of the corpus callosum with an abnormal region (top-right panel). The mean Raman spectra of the

corpus callosum (blue color) and the high intensity spectrum of the abnormal region (red color) are shown below (bottom panel)
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sion core for mTBI and sTBI compared to the sham group,

(a) Average Raman spectra collected in the contu-

(b) average Raman spectra collected from flat mounted retina
samples (both eyes) , showing mTBI and sTBI compared to
the sham group, (c) Raman spectra of sSTBI compared to the
sham group of retina, (d) Raman spectra of mTBI compared

to the sham group of retina after feature extraction by SOMs
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(a) The Raman spectra of serum after mild bTBI, (b) the Raman intensities change of mild bTBI at different time

points, the analysis results of PCA. (c) cumulative percentage of the variance of the first 10 PCs, (d) scores of serum samples on

the first two PCs
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