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fivi S5 8173 )5 S B AP e 52 B A AL &
EFR BT 7T *

RiFE ' ETeH’ awmAg '
C VA KA R SR, AR s B TR A AR R A st 5, PH2 710049; 2P 2R8I KA
@B PET-CT &, P52 710061)

W B TEHEFHEEEEYG MM (traumatic brain injury, TBI), 1E DLE4F 5000 7 #1 & i & %
23K, #HEiTeR—FWAOKRERL -4+ E DA — K TBL. #/ZM4M% (mild traumatic brain injury,
mTBI) 3 Bt Hy F £ 2 5% LA 4 170 102 70, FRm 4l A0 B0 ool B4 w8 0 & Bt 3k T4 [
TBI ¥ &34 80% L E# AN mTBL, HiK CT IR¥ £ & L THe& s, %A “MERNE®ER" .
mTBI FAGAMRE £ R R T KW E 2R R R, FHIET THOGE RS G EERASER. ELH
Bk 73.6% t) mTBI & ATF 72815 f& 578 (post-traumatic headache, PTH), AR 5 & J& 18 M & A #E.
R mTBI frfF X PTH 8y B0 B X B R FHAHLE, S HIGTT 7 i 0o R B AR & B0 s PR
M {E. KX EEB T mTBI 8y £ EF A6, = ALK T mTBIHT X PTH 8 # & 4% F RAGRHAE
2B T 4RI 9T 7 P E mTBI 7 B #6117 J& % JE (post-concussion syndrome, PCS) # ## 2 %1% % 1 < #F
RIEE, 3R T mTBI Je &M K677 7 66 AT 58 7 i

kIR REMIME AR LR MohREE PR R ARE R E R R

Neuroimaging injury mechanism and acupuncture intervention of post-traumatic headache
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Abstract Traumatic brain injury (TBI) has the highest disability rate among people of middle and young ages
and is sweeping the globe with 50 million new cases every year. It is estimated that half of the global population
will experience at least one TBI in their lifetime. The annual economic burden caused by mild traumatic brain
injury (mTBI) is about 17 billion U.S. dollars. The Centers for Disease Control and Prevention (CDC) has
identified it as an important public health issue. In TBI, over 80% of patients have mTBI. It is called a "silent
chronic disease" because it often goes undetected by clinical CT scans and there is no specific cure. The differences
among people with mTBI and the wide range of symptoms it causes make it very difficult to diagnose and treat.
Statistics show that as many as 73.6% of mTBI patients experience post-traumatic headache (PTH), which is
highly likely to develop into chronic pain. Exploring the neuropathology and imaging injury mechanisms of PTH
associated with mTBI is of great clinical research value for the development of treatment methods. This article
briefly reviews the neuropathological mechanisms of mTBI, focuses on summarizing the neuroimaging injury

characteristics of PTH associated with mTBI, introduces the neuroimaging-related research findings of acupuncture in
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improving post-concussion syndrome (PCS) caused by mTBI, and discusses the possible research directions for

pain and treatment after mTBI.

Keywords mild traumatic brain injury; post-traumatic headache; functional connectivity; periaqueductal gray;

acupuncture

i #M% (traumatic brain injury, TBI) #& H 7N EHL
BT 51 I i Th Re B 07 e s M, R —Fh AR
O FE T AR A) A, P A A A R S A A
TBI & 4F 52 Wi g 5000 73N, #HE Akt 5 B2
—R N OFE—A ol & — kel Z ik TBI Y, 78
FrE TBLE B, B K #M% (mild traumatic brain
injury, mTBI) £ N H W, 5 ELEIA 70%~90% .
mTBIJE N I G RN S k&, 5%,
FERE . VERE 12N S0 Th g e s SRR B B
SRR AR TBI G fich I R 35 A B A4
Rz — U, BT — 2 0 AR T B 2 ) 7
FE mTBLYR N A, 18 Sk 10 e A2 & ik 72.7%~
77.9% ", oA R E B TBI Y 3 1% (23.6%). K,
B G E B R OCHE B, XA TR AT
e, wHmERE. AL, RERR RS 5
ISR ) e A v B A 2 Y

8115 J5 3k J (post-traumatic headache, PTH) &
FRAE UG A5 5 7 RN IR Ak R v Sk, B B
Sk IR B 47 25 28 3 hR (International Classification of
Headache Disorders, 3rd edition, ICHD-3) %217 5 3
MAWERERPTH M N “ 21" Kif; Wk PTH
FReid 3N, Wy “fgt” Bt “Hpactt”
S M, PTH W PR A MEAR. 1525, A E b
ZRGUEIR Y, EATRERE IR AN ER SR, &
ML GIIR. M0 mTBLiE A PTH M {EMHZ
JRELHLHIAANIE 4, PTH (R M A A5 =R
WA R E o

A EH LRI T A AL FHRLE mTBI J7 1
A A A HE RS, $R1T T mTBI #5245 1 3= B 3L A
PN, BT T AR A AR RIS R A
ThReRErG R AR Rk, BE)5, %1 mTBIJa PTH
1R R ER SR N P A BRSNS R S
¥ mTBI & A PTH HI#h &R 2 bl ], 1Eh 1
IR AR A AE TR N I R AR SR R T T I R dR
At CE D o )5, FET 0 mTBI ik B AL S
IRNBfR, ACRGVERE 7 IAERIRIT TSR, R
R T T RVRTT IT AR AR AL o

— BREEMR M A A AR S AT B

1Tk, RE 3 R A% (magnetic resonance im-
aging, MRI) £ R £ #5 7~ mTBI 955 2 A 3L ) 77

S

e 7 WE R, JUHRAMKS . DIRe A
A% 75 i "', MRI/E mTBI A () 5 A 2 A I 7T
FIGIRSE BRI E 2 TR, HA sS40 g+
A, WI=HET A L5 MRT A5 EGK 5 % (diffusion
tensor imaging, DTI) &8 fax Il ik ZH 23 1) T2 28 2 12 o
HUIOU, 25 1) e 284k . Dy Re s LR B8 (functional
magnetic resonance imaging, fMRI) 7] jz Bt mTBI Ji A
0 9 2 IR AL 2R S S B A T A . b4, BEILHR
P (magnetic resonance spectroscopy, MRS) i AR ft
% T 4 A DN 0 B A o 2E 23 R 1 AR A KT AR AL
T PP AG #0228 T D) e AR IR ES . 3R MRI AR
AA BT B mTBI 05 3 A BEHLE], B85
W2 W, PSR A AR T SR AL T AR I A
bs &

mTBI i A K 25 59 F D) e fE #2482 AR AE =
e AR, fESVER mTBIE A, 44
B X 45§ 7 )5 32 T A (cortical surface area, CSA)
N JFEARA (cortical volume, CV) Z3E 00, 1t4th,
12 X 35k 1) 25 14 AR A 5 0N R D R B ARG 1) Uk AR 3 A
KU —TRE R R B, mTBIW A 32 A i
FEA G 5 PLERS ) OR HoG &00 R (] X3 R
JFi S (cortical thickness, CT) & Z />, H 5HEIR
FiE RRFEEDIME Y, thh, BT TR T
Z2HRAE B AR WX 28 (1) mTBI 95 A\ A T s 7 091,
Irah a5 T B R o A 7k, #8751 mTBI Af
3 I AN A RR . A R AR AR B i AE
e FEA~ 4 F1 mTBI Jog A FRD o 6 FoT 00 v 2 G B/ E
HLIX B8 5 XA DTRRZE mTBI i A A 2 2 38 n, R
mTBI 7] §g T B 171X 6 fix X e e P s, i
SR . 2, IS 2 S MRI 2
P OB VR R B R B S H A, A UK
I mTBI 3 N K B AR 26 (morphological
similarity network, MSN) 77 £ 538 P, EAKI =,
mTBI Ji A1) MSN 5 %8 3= 223 Y i 8 H- A5 ER 1) T
AEAHALERG N BEH A LD, X AR A,
59 NNEN D REFRAS I K A2 BB O . E— 2 il
R, IR I F AR B 5 X 3 ' SR CAL B
A

HAh, DTIHARIE R T mTBI J5 H i H A 4%
0, HIX L4515 5 #4800 #ORE IR 1) Jk 2B %5 U A
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Neuorlogical J

eeeeee i Increased GMV whithin DMN

Inflammation response

)‘;‘;(‘;%., Astrocyte

Verum acupuncture

Durability of the
therapeutic effects

hY X

PCS reduced

a7

PCS severity

«— Inflammatory cytokines N @

Balanced top-down regulation
between DMN-PAG

6-12 months

Baseline After acu
therapy follow-up

1 S-S 5 5 i 755 00493 J5 Sk J R AR LA B 1773

White matter integrity, [HJii5¢%1:: Neurological recovery, fHZEIIAEVKE : Increased GMV whithin DMN, ERA#E
L% P K AR R TN ;. Balanced top-down regulation between DMN-PAG, BRI 4% 55 v i 5 7K & J B K
JR 28 & B R P47, IPL (inferior parietal lobule), JHM- R/NH; Precuneus, MHGH; PAG, s /KeE
J&EIZK 5 ; Inflammation response, #E /XM Astrocyte, AJER4HML; Inflammatory cytokines, #&E 2 il K1
Microglia, /MEFZNME; Relieve PTH, Z&f#0I%)5LJ#; Verum acupuncture, E4IHl; Baseline, 3£%k; After acu
therapy, ZEA4FHlVAITE: 6-12 months follow-up, 6~12 > Hfitfi; PCS severity, W& e ™ EFLEE; PCS
reduced, WiiZ % J5IAE)k4E: Durability of the therapeutic effects, V77 ZUH FIFE A

5% BY BAKTG ., mTBI G AAE &k A0 IV 2k 30
A e 2 I LR i 5 41 44 BT 5 [ R 4% 43 3 (fractional
anisotropy, FA) F+ /5, XA ReL5 2 0F ) M. 4 i 75
KA 5 P22, R S A AE A, FA {EE
WRINIFEL, PP HEE (mean diffusivity, MD) %
DLRT G, SRR e S 2 IR 0 DX 4 G A
AR B B AR H AR SR R
JRABEA, T 10 2 2 R e R I 1 2 45 R i A
ER P G FER, XL R S 1 g A
ChndmAR. FERES) % YIFHC. mTBI G K AR
9 NAEARBRAZ . A ZE AT JEOR B S5 X 30 1
T g R 2, T AR R N U S R B A /) i ]
EET TR
mTBI 3 S 5R 8 1 il 2= 453005 A B i 1 )5
LRYER SR SE VR R %, [R50 W ik — A 5 i 3]
KB fioi X 48 (1 Th e B 4 12, 5L R W, mTBI i
NAE SV SR 2R IR 02 1R i D i DX 8 2 42 e
W2 AL O IR 4, )55 BRI I 4% (default
mode network, DMN). & i iZ 5l )X £% (sensorimotor
network, SMN). & & ¥ 4% (salience network, SN).
AT 12 1 X 4% (executive control network, ECN). #1
B W 4% (visual network, VN) F1 /N fibg (X % (cerebellar

S

network, CN) P, FLAK L BUNWI AL R . D
A AU AT AR T R 5 ) 2 1 - 3K ) Th g B2 B 2 R
i, IBBNLUIRE M2 N ) DhRe s T B, DL i
T 2% P 1A Th i % Je g o 7Y, Bk, —TF
BIVERE FTAR T T SN H AT M 2% (central execu-
tive network, CEN) Al DMN 2 [8] [ 3 #4538 B A4k
5 22 AN R RS R AR AR S P, s S
W26 A HAREL, 45 3R I mTBI Ji A\ AEIX L8 fix ) 2%
() B2 22 B 2 3G hn H e RS e bE . BRI
mTBI i A& B H SN 5 CEN 2 [a] (8 & 8955, 1M
L DMN BJREG 855, X P 9 25 58 B 1) 7 5 S50
ANZ AN & VAo . thak, 8t sh AT RE
PR M, KI mTBI s AAERE 2R T 115 8
A (] B, IX SR AR RFAE v SN ORI AT DMN 2 [8] [
IR A D RE R I AR A TR ) 22 S0 A
A (055 N A i R 0 B s R U AR S, R
RPN FH AL 138 i 75 17

L M JE SR I A S R AR L

PTH /& mTBI J& fiz W WHPEAR Z —, F A
2R BT 3 808 R kAR A B T e R A . R
PTH MG IR K A%, AR A& A8 2B pL
IR EHER, MEMEMGFHEAR PR E,

2025/11/19 11:42:46 ’7



| T T

W 2025FA 1A S indd 822

* 822 -

ST PTH i N DX e 2 T 28 2 0 A i
W 2% Th RE B A FR i TR TR .

FEIR 7 PTH ¥ 75 0 P S LI A TS 2B Vb &
WIRE AR, — U8 T mTBI J5 PTH i A1)
o DX TG R . RIS R R A L, Sk PTH
Jo3 NAE 2 A Wi [X 2 T HE B8 o (P08, 8 0L o
JElEl AR B e T R AT R (A
P SOIRAA . MRUBE B2 5 G L [ A [ B0, 58—
TUAIF 7 ik 45 A RETE S F 0 BT FTR & ANOVA 5
R, 875 T mTBI J5 5 35 0 28 SR [X 38 i) ot 22 fie 1)
F R BY. WF 5T 2R A S A B S
mTBI Jp3 A T7E 76 M0 R R A7 007 [ R0 I8 1 1 2 ol &2
AR A VAT b [B] 1 i S R TR AR B R . AL, X
Sl N TE I 25 I 256 O B IX 88l R b 40 ) 2 Wk 2 5 5k
IE R I RN R Sh RE B 2 DA ¢ . BRIk 4,
—IRGEA T M55 2 N S ) S S A A (A 70 A SR
KW, fEEMEAREEAERES, ERML% RS
CELFEFTA R ARBEAZ AL S XD kA
T REMGEMIEEAR L . X LAk 7E B R AN
NG AT R, R Fe -4 % R Gire 2tk
VIR ) M M T A0 R SRR )

AR, AR 2 B S g TR s T
PTH ABEM RN D e iE B A7 /R W E M2k . BT
FW], PTH J A 1SN B2 5 45 0 /)~ fisi (8] £ 3 B8 i
LR R A e s A i S A AR A A
A P 5L [ ] P ) R P R BRI, AT
G 5 48 H T ) D T R T B P L PR, XL
SR R AE AT R AN PR o B0 B Y. A —
T 78 I B A D Re e o0 i, 7E SRS A
W TR T i 28 I Bh AL B, 78 2
B 575 2 I, 2 s 91 L R A0 i LR R B P9 AH O
i X 5 IR S0 X R s TEAS R, AR
RBVARITUH B2 /IR 0 T 19 4 S 6 S ] ) 3 2
DU R, G- R ) T RE I 5
FE 0 BB E B R R R R R R . Ik Ak, 2
B TIENZAS T Re M X 48 i o A KB, fEBE PTH
) mTBI %5 A 7E SN-SMN 1 VN-DMN [] [ Iy G 1% 2
JE A7 1E 2 2 B& A%, 1M 7€ SN-ECN Al SMN-DMN [
&) ) B E LR I B 5% . [ DMN-CN.
DMN-SMN. 7 % ¥ 4% (auditory network, AuN)-CN
IRR) 285 1) 1) 290 5 0 T2 2 S 25 184 588, 1) DMIN-VIN 18045
O3 2 ) 2 AR PO A AT R FUAR AL T R B MIRI B
Jik [ iEFRT (arterial spin labeling, ASL) A5 R ,
B mTBI J5 PTH i A B 55 71X 55 HAth [X 3k [a] (1)
MR R A T R, B s [El-12 8

——
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#% (cingulo-opercular network, CON) I SMN, Jf H.
TX AN 3 5 S g R A R v B A K BT

VB R PR T AT $0 1) 8 2 1 B 2 Ry, R
fiki 5 7K & J& # 2K 5t (periaqueductal gray, PAG) 3= %
I RIAE S IN T 5EA. BEFC R, X AR
mTBI 5% 51455, HE- R BRI R E. BE
WK, PAG 5 HAhfix X 1) Th B 1% #2486 ]
B 5 M Sk R A1 PTH (95 F2 330 j A5 26 B9, ROk
5, mTBI J& 12 %0 4 8w AR B i 5019002 3))
FElT . PAG 54 AR K 57 2 [a] i) 1 Ty g e
A, 10 PTH 22 AR 2H N 2 7 A AR B A% 5 0y (] J2
Jii~ PAG 55 i1 [8] B 57 2 8] P 0 i) 14 Ty fie e 42 &
FHhnE YO, Ak, PTH 9 AR T-{d BEAMA EoR
PAG 5 3@ 2 ARL - X S8 i 732 52 Jo Dl g i 42 4
o [AII, PAG MIThAeERE R 5 S PTH i A
() Sk i R AE A L £ RE KT DA S A A B K R 2 A
KW BTk, BRI T ARBEVIRES, T T
mTBI J& S 6117 J5 ki (acute post-traumatic head-
ache, APTH) i NI S5 HA8 4K, FEER IS T Ix 2L,
7& 15 AT N R 147 J5 Sk JF (chronic post-traumatic
headache, CPTH) [ H 2 il #h & A= ¥hs E9). I
IR R R, S R IR A LE, mTBL A
APTH #i A1) PAG 5 DMN £ AN [X 1) D) g i H2 i
S PRAC, IR AT A TR AN A
Al #H, 1€ PAG S5#int i Dy s e rh W 2RI A
REWE. 3AAMBEVIRE LA R ER, PAG 54
BEHT I T00T 70N e ) £ Dy A6 5% 422 58 B 2t Tl mTBI
WA 3N H GRS KA CPTH Rt 4 518 5%
PR ¥ 5 — TRURE 7 D) A T 75 2 AR I £ B
BE— 2 KB T mTBI £E45 APTH (R A\, HA
A R S5 AR T A0 s R SR P P 2 o T 2 2 A
R 10, R ARl C-C 27 b R+ fAk 2 (C-C
motif chemokine ligand 2, CCL2) 7K ] & 2 T+ &1
e — A RN AT KB, RN CCL2 %K
ST 38 T O S 0 R T R T S AR AR AR A B 2
F kI RAE 3N AR AR, iR
CPTH i A, 35 00 Fir 07 Bz S5 A0 75 00 iy B
JOR B 2 JR T3S 22 AR B CCL2 48R K~ RFE i,
LA 5 0 B2 5 PR G R BT 2 E AR R e A AE
3ANAJERIEN CPTH ABHRHE TR Tt F b

= BRI TR S ERE (A SR A R L
il F

mTBI 7 HUH W 7 % J5 8 AE (post-concussion
syndrome, PCS) K H ¥ [ & Jhe iR Mk, H A
bR TCRR ALY, HARAERC G 254 BB R 38
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RV, A Feim RAZ T T AR K Bk H A, &
PCS HIRIT T RNEHE, HIRIT RS EATE, 28
VIBIR ST JTVEAFAEST R0 BR HLAE DAYEFF 1 I RAOR 55
. R CBFERED) RILGE. TAR RN
RERS, R T EPRES T2 50 B,

MHT, &R 2 AE PCS BIRZLIER Can Sk .
FERE . INFIRRAGSE) TR B 1 83 Im RIT 3L
I EA A 22 Atk B, b, AR DR IR T
BRI A S IRTER, 02K O 2B A5
KT EPRE SR 2 K. Niu % "8 78 3% it
NtV E TSI L IRaE G 7 S P =SV £ N
PRI BB R B Y, W B T E A 5] 5 2 R
R PR At SR ) STt 7 e . A R R W, [F 0 L
TEIT A EEX NG T AE 2 AN 5 PSR AH < 1R i [X 27
SE D2 HRD O A e S U e o A A [ A Sk
WEIT B R R R BRACR, T AR R
MEIT s R E N BUR SR . P mME
BRI, M) 53697 307 20 CRAERRI R
gD 52 BAE M 3 240T DMN, L5 XU T F
NIRRT AN B R AN S A R . X
B DMN 7E {8 715 7% (8] 5 ] 33 75 70 %6 1 5 B0 1 5 el
HORYE TR, @ E W) 5] 3 2 R RO 5 A
DMN [0 00 O A VP Ak 48 bR, AT S L o)
i 1 i PR 18 20

A, BEAEWT 58K 2 5% PCS By H — IR I
FFIE T AHRIBF5C. &1 % PTH E4R, Herrmann 2§
TERE 7 — TR AL Bl R e, SR & VR T %
CPTH Ji NHJIT 2. WE TR R I 5 I bs dEAL B
PUNGE IR E Y NG NIV PN A C DS - RS
— IR0 PTH K BEALIR R LR ST R, S0
R LR AR L, S B RNE T R A Sk A
RAEE R R GE, SRR IR R BT
B, ELPZCT 00 BE VT o th 5 35 A B0 7E — T X R
A mTBI G455 5 735 R 05 1) AR AT 45 N IR B AL IR
B, BEFCEVRAL T BT R S R IR PR AT R
FrRCR BN SRR, SREHRIAELL, FA R
S T N UG 2% B8 I FIR 5T B 45 2K (Pittsburgh sleep
quality index, PSQI), Ff H.if i v 2l 1c A Il & (1) e
MRAEM R E . RECHT USR] TG
7% PCS B — iR AR BRIT 25, EAH ST AL 4TS
ARG, HH R Z 45 PCS RV (2 FRERD
PR SR o PR AIF 78 S AH S 7 LA 5E o

BOFTT e ) — IURTRETE . RUE « BEATLX BRI PR
R, 454 MRLEZABY, RSV 7 #HRIF-1 mTBI
PCS A7 30 S LA & P4 HLH) B2 BFFE LGN 66

——

* 823 -

Bl S8 mTBL N, BN N EE I 4%
R BRI 2= (X R4, IR E 22 AfE XTI, B
Rl Bz 52 NI 4 R 4 14 R AR HE AL 4 R
T, JALRIERE 7R S T mTBI i A S E
RFE AT SOER BN AZ BAE R, 4 & rh AR 1
G R YE T, % T 9 RE - TIE % - B bR AL 7 6 B
B 2EL U)K P B L R 1 2 BT T, 2 SRR,
FLEHRI TG PCS $F4 535 PRI 34%, HITR0T#E
BITERIG I 6~ 12 M HMKRYERE (R 41%)
BT I 2 1 R R T RO B AR TR R AR A
SoPHRZH, e WA T 38 i e 2 ] S L) AR R
PEBEARN . FIEE, BRI TR BE A S O e
TEE R R, TR AT ) 425 3t IBAH 6 B 3 0k
A%, FRORER AR B RS IR R S
PRk, Bt g Wk A2 2 B VT A SR R i A TE TR YT 45 R
J§ 6~12 AW IR R FE S, R UIZLF4E R
SEAE T N T T R N T RS 1R 31 5 3 3K 2
MR PR WAL F VN TR A5 o

M. fgk5 e

g B AT, TBIJR AR 58 % 00 O K
BRI, BN X R RS SR i
JoR 2 24 R 56 BEVE T B DA R 22 A% O i T R T 485 1)
HERHE . TR TBI R A WlE 45 51 PTH, H
RIAE 7L B, PTH % AR A PAG 5 2L DMN Ij
ReIEH W PR, 120 HE 0 B T R Dz B TN e
SR AN EBEEYREY. BN, MEHGETEK
() 2 E S AT i A 5 DMN [T A 24 a3, ki
SECPTH Bk A . LR FEA A K R P R
PTH A AENUHIABE ] @2 4 1 S EEYE, AR A
I R HAPT R IEIT DA RIS S O, kT PRI
HA PTH B R AESRAE T B ZIG PR -

BT O mTBUIT AR Z MR R, A3
et T orte . AN KON H AT s B €045 & 29 iR
SNV AT TT BT RT . MG S it —
IR TR 2T RO S PIBTE AR A R AL,
A 5E 171 51T 22 TR R08E DA S EILE Jh) B 1 11 PR
B T TR MM ARG A EY, RO E
)3 ok i 4 ) T e EE M T SE B PCS R A
MR RLG 2R A i SR T B SRR YR . AR,
WA RAIAFAE— € PRBR I, WA ER /N, 6h
Z SR S K B I U7 00 DA R0 A SRR L 1 R
NHARAJESE M ARRMIBE TN KA AR,
KBTI (], H 45 & 2 A AR EAR RN £
IR A AL o [E IR I PR AT 9 22 P4
AR FERACU KA 2 4E50R 2 5 3

S

(T
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