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Functional Connectivity in Patients with Traumatic Brain Injury Based on
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Abstract: Objective To explore the functional connection in patients with traumatic brain injury (TBI) based on resting-state
functional magnetic resonance imaging (rs-fMRI). Methods The rs-fMRI images of 14 TBI patients and 12 healthy controls (HC)
were preprocessed by independent component analysis (ICA) gets default model network (DMN) and executive control network
(ECN), four brain regions were selected from each of the two brain networks as seed points for functional connection analysis.
Finally, one-sample ?-test, two-sample #-test and paired -test were used to explore the differences and changes of functional
connectivity between DMN and ECN at 3, 6 and 12 months after TBI injury compared with HC group. Results The functional
connections of TBI patients at three time points during the recovery period were significantly different from that of HC group, and
the functional connectivity between DMN and ECN network was more obvious than that within a single network. In addition, the
left parietal lobe was a key node, which may provide a new direction for the subsequent treatment of TBI. Conclusion There are
significant abnormalities in the functional connection between DMN and ECN in the resting brain network of patients after TBI,
which may be the cause of long-term cognitive impairment and other sequelae.

Key words: traumatic brain injury; resting-state functional magnetic resonance imaging; functional connection; default mode

network; executive control network

[FESFES]R197.39 [ZHERFRIRAS] A
doi: 10.3969/j.issn.1674-1633.2022.06.007 [3TE4HS] 1674-1633(2022)06-0023-06
gl FL AT R PR LIRSS o SE R R 5 T b

AT AF O A 495 P g 451 4% ( Traumatic Brain Injury, TBI) 0 /&Z 3 2019 4F423k TBI XEAET- AKCH 61000 A . TBI
T RB WS, WO — R A I P A (R SR, BE W ARG EE, GREEAR . FERMT R
A FRAEAT 6900 T N BA LI AM, R it SEAR, WNSKIR . P97 . B ASIARIR A Bl K A H A A E
. RTE=AH NSE e, L5 e SRR i —4F
R T
{ ﬂ?z}.é\ﬁiﬂ# fr‘ffiﬁ (cstc2016shmszx0099) ; HA Wi L3R 1% ( Resting-State Functional Magnetic
WA A, BB LEI, ERHLTOAEMESESHE  Resonance Imaging, rs-fMRI ) TPl TBLER 1 52 BT E

LS NP IS n 4
A4S HE %4 : zhanghehua@vip.163.com FEAEXT A 5 B BT RE AR IDILES , XS D) Re Ik A H

%

REEITIESE 20224E 8374 068  VOL37No06 23



HRILEHF

R,

KT rs-fMRI A 53 6 B, TBI 2 & 19 2R A 8 5K ) 4%
( Default Model Network, DMN ) 13 fitg i $2 [F A%, HiAth
BSR4 (SR ITMIZ S M4 ) PAEAE S Y
I ReE 12, W2 G o) Rk &2 L oy Al i v 2 kst B
DMN )72 LA S e A R E . AR H LA
LERFIEB I EALERE T, PATEEHI N4 (Executive Control
Network, CN) FZALFEEFIMUFTAT B2 . A HHs ml jz
RGP0 e AR, WSS HAR S 094 T sl A il ik
L ML SE . DMN R A & I 0 )5 P i 4l
®#% ( Executive Control Network, ECN) 2 AH¢, HAH
ICUEHE Gl 7~ 326 L6 W £ 2 W] 1) BN A8 38 AT B T4l sl IR 2 2
W, T DMN 5 ECN S H e 78 B R R A i
A T 1 52 0 4 3 8 R T 15 it o S
HFi%HF TBI 2% DMN 5 ECN AHSEHERTIE, K& Mk
Wit it, FEXFESM. 184 TBLRF ReE kA
I DX S 35 R T A R A A U AR YN IF ST A A TBI
BEEBG AWK E BT 2 2 a0, HIimeEEE . Kk
B R A T2 O AR E R G HREER AAFST
VIS B -4, T i TBI 5 B Sh A

T A8 37 2 S 38 3k 2 1 AT TR R O A 7 T A4 8% 80 i X
Z IS 1Y AR SCRUR T TR T A A D REE 4
W, WF5E TBLJG — 4R & 0 N S [l ] s (30 6
124~ H ), DMN HI ECN W4~ K2 285 190 245 A R 265 8] 114 2y
REEAZRENT R AR L, LI TBL AT S ARSI o

1 RS Uik
1.1 IR FE#

PR EE K A A SRR 1Y, A4S 14 ) TBI B A
12 FAEHS . PR 5 2 DUHC %) 1F & %) B8 ( Healthy Controls,
HC), HRFEWZE 1 iR, AR e Rs
s, TRAT YRR RO, TCEERRI s, BRI
F e AR L, BT MRI A ZERIE, s A H
fl PR B RGO B ), REUEF A MRI
AR MECR IR 0k, HERR B3 . B RIS Ze0 oY
FRIGH] T WA LR WM ST KRR AR I A= . B
A BT SO s S T e T IR A S T AN R
P, AR RN B A A ) th R R &% . TBI
BELEI G KA 3, 6 71124 A (session-1, session-2
il session-3 ) AT — WK rs-fMRI AR 2, M Hi = &
#3P4> ( Glasgow Coma Scale, GCS) FT-PEHr #E#) TBI
JRERE ., GCS ZEE NITATRF BRI, 150
MR, RPUIRAS AT, T ur B 0 W7 A i o 45 7™
FERIBET R RAF TS 145 U ARBRZE R TBI B #1 GCS
PO PMETE 7.92 247, RIS TBI B,
1.2 f7i%
1.2.1 Bi¥fiR 4

TBI M E 3. 6 Al 12 A H#EAT—IK rs-fMRI 74,
o 1A TBI #3UR 6 A~ 1E 8% ] Philips Achieva 3 T 4

24 THEETIZESE 202248374 068§  VOL37No06

AGHATHHE, S A6 13 4> TBI KAl 6 4> 1F i1l
V177 Magnetom Trio 3 T 444X, TBIfEHIF HC 415 TF
PR, AR S R R R, DS ks
R, Lh 1.0 mm (85 ) [R) 1 22 [0 43 B3 R 46 I 1) s 43
FTIASERER, BRI mR (Echo
Planar Imaging, EPI) £ 2t D) REHLAR I i S KT A M 17
W% B80S A ( Repetition Time, TR ) 2000 ms, [
P iFME (Echo Time, TE) 30 ms, #%% /% (Flip Angle,
FA ) 90°, #1¥F (Field of View, FOV ) 240 mm x 240 mm,
TSI 80 x 80, J2/E 4 mm.,
F1 TBIZL S5 HC 2R 9 — A& I JR A e 4

P4 TBI (n=14)  HC (n=12)
S F 26.07 + 6.5 32.00+11.50
LHE IR/ 13424243 1292+1.73
MR (B /%) /7 6/6
GCS#4/4 7.92+4.90
session-1 2.93+0.83
session-2 6.00 + 1.46 B
session-3 11.79+1.97

W EF % 7
WA AE B E 4 —

& TR 3

TRiZ A & R4 7

Ao ik A/ 3R, 13

Je AN o i e/ 25,4 o
P EAT A A o i Fer/ 3K, s o

CT/MRI AR st fif Fer/ 2%, th o 4 —
A ot s Ji o/ 3K, 12
ot i F/ 3%, o 6
TR et o e/ 3K 4
Boot o i /3, sk o 2

E: FI3LIREA AN AR b XA P, AIAK
HitFix— KM IEE
1.2.2 fiiAb B

il F SPM X B3 119 rs-fMRI %45 ( TBI Fil HC f) B4
session —41 ) FEATIACIR, Syt e g AR AR, MR
BRI ET S EUR . R AR 2R E ] EER 2 2
(B fRy psf i) 22, HEBR K AR 12 3 K T 3 mm A9 A% s,
IR A A D BB AR ELE B AR ZS (8], ) A 6 mm
1) e T IR A A I T RS I T 5 UG E 4 L
1.2.3 W02 3 o347

ST R 43 4> B (Independent Component Analysis,
ICA) JE—Fp EE IR vk, B AR
$E2) MRI B [ SRR 2, IF= A —BuWzsal (Gt
AR ) Wisr. ICA Tk RS AET, M a N irg
AR RS S AR, TR Z A ES
MR, JEik— e B A M 245 i Th e U i
ICA i AL 35 19 rs-IMRI UG IEAT 404 . R SR/
AR E” ( Minimum Description Length, MDL ) £, X
S A AT B A T YA



1.2.4 PLHIDMNHIECN B A 19 4%

A5 K ) DMN 5 ECN JG56 ik X 45 A5 Ak [ 3
R F K5 " 115 DMN 5 ECN S35 b 5 <7 43
T A A OC M, SRS A ¢ R BRI i, 1E
5y DMN #il ECN #4544 . DMN P45 g T fig X 4k,
AR ( Precuneus, PREC ) NIETAR M 12 )2 ( Medial
Prefrontal Cortex, mPFC ), ZEMIff M ( Left Angular Gyrus,
LAG). 41 [l (Right Angular Gyrus, RAG ), ECN [
25 NI DIRE DX I 30 Ry« 2200 = KA R [l ( Left Frontal
Inferior Triagle, LF ). ZIT5i ( Left Parietal Lobe, LP ).
Fi =A% T [0 ( Right Frontal Inferior Triagle, RF ). £
ffT5int ( Right Parietal Lobe, RP ), #EHGX 8 ~IIHEXIakAE
NIEOLERIX (Region of Interest, ROI), FHIGAF & Ak R HAK
nzk 2 .

%2 DMNAECNM % 1 &ROI#Y 2 47

A 4% ROI HC TBI
PREC (12, -52,8) (-6, -55, 29)
mPFC (3, 53, 26) (-3, 41, 14)
DMN
LAG (-30, -79, 35) (-45,-73, 32)
RAG (48, -64, 23) (45, -70, 38)
LF (-48, 23, 29) (-45, 11, 38)
LP (-42, -64, 44) (-42, -67, 38)
ECN
RF (48,23, 38) (48, 35, 26)
RP (48, -61, 38) (45, -49, 27)

E: DMN: AKX W% ; ECN: HAFIEH W%
PREC: #2d7*t; mPFC: AMAT# % &; LAG: A0 A
©; RAG: HMAW; LF: AM=ZAFFATE; LP. AMM
vf; RF: &AM =AM F=; RP: &AM,

1.2.5 T T REE 1

it i Ak B 1) By REAR AT 417 38 98 B (0.01~0.08 Hz ),
PL 6 mm BYER A2 A E ROV, 11544 ROT Ay )7
BB Rz R IR I R, B R Fisher z AR A5G 22 50
Bk 2, R IEAE U, A SRR AR 1R

7 DMNAECNAZ A

. DMN_LECN. RECN

E1 EkiiAzl

E: IC: MmIR%, DMN: AKX W%, LECN: A1
PATIEH M 2%, RECN: HMPATIEH M%, ROL: BIEARR
1.2.6 Geit245r 4t

X AR 2 (HHFATEAREAS R, 1R3IH NG W
HINHEGR MR X (P<0.05, FERAEIRIEIE ), RN
BEAR K25, HO# TBI ARk (44> session) 5 HC 4
(A7 F 2 T RE IS e 22 SR X (P<0.05, FiR K INFAL
iE o KBRS ¢ K56, 153 TBI =14 2 [RAFAE . & Th
REIEHEZE I IX. (P<0.05, HFRAIRRIIE ), 9% TBI
FECE IR D e FE RERT ] AR Ak

2 g
2.1 ICAD LR

il af ICA 43 #7453 HC 41, TBI 415 S 3 A 2 [ AH
KMm kMo, s 2 Pis, 76 HC 40 5 DMN SGi
TR A5 A DG M B R 4 3 18 Ny, S A 745
T4 ( Left Executive Control Network, LECN ) JguGA
23 [AAH DG R R I it 3 17 ALy, S B T4l 1)
#% (Right Executive Control Network, RECN ) %3 [A] 4H 5k
FRHIAE 6 . 16 TBI 4 h 5 DMN Je i A5 4 25 ]
AR AR 17 N4, 5 LECN Seiibifi 2 [\
FASEPE e R 7 B 5 18 Ay, 5 RECN 23 [ A5G
RIS 4 AT .

FYYYY L. L. -
,(.,s“ " ” ” A R F }“ FTBI
“n HWHAKRKK (‘{ |

B2 ICAZ% R

JE: a. HCZL 5 DMNALAR AR % Pk K69 5 18Ik L ik 405
b. HCZ1 5 LECNARARAR 2 M % K69 55 17N 55 ¢ HC4L S
RECNALMAR £ P 5 K 89 5 6N 2%, % d. TBIZL S5 DMNAE
FEMER K H 1T R S5 e. TBIZLS LECNAAMAR M 5%
KO H 184k L 55 £ HCZL 5 LECNALAAR X M 52 K 49 5 44
MR
2.2 RS M%&IRS

153 HC 44 F1 TBI £H 1% DMN F1 ECN 4 B 78 fini % 2%
Hezs [\ 3 Fros.
2.3 Fit 4R
2.3.1 BAREA GBS

I R ¢ KR AS R G A R R T
AEiEdE, JFTEAT SIMIIREE A FIME, 2R mE3
fitn. & 4 S HC ZHH1 TBI =AW B0y Shfie s e A
2.3.2 WEEA G EG

H# TBI 5 =/ A9 T 8 14 $ 18 5 HC 4 9E 47 0UEE
A k5, s iEEEX =405 HC 417 DMN N, ECN N,
DMN-ECN W% [RIfA & 22 M TIReER:, WK 5.

7E DMN 1, TBI-sesl. TBI-ses2 415 HC 414 & & 1)
AEIEE2£ 518 PREC-RAG il mPFC-RAG ; TBI-ses2 45
HC 4°f 3% UIRE % #5225 1 4 mPFC-RAG. 7E ECN H1,
TBI-sesl 415 HC 41 A B 3 UIgeiEH: 2= 5 19~ LF-LP, LP-
RF. LP-RP fl RF-RP; TBI-ses2 415 HC 4H4 & kg1

EEITIESE 202248374 068  VOL37No06 25



RESEARCH WORK

2% 5% 3 LP-RF. LP-RP F1 RF-RP ; TBI-ses3 #1 5 HC 4H
A B EIREE 22 510 LP-RF Al LP-RP,

A g

@@% @5‘%

b LECN

';':f%@ %&‘&
Lrex ek

“ 181"
&3 HcﬁnTBIfﬂiéﬂDMNﬁaECN 18] A B
7E: a. HCA»TBIZEBKABE X M 25 b. HCA=TBIZE £ M AT

FH M 2% . HCATBIZL A M $AT 44 M %,

R3 AR LER
DS ROI-ROI HC  TBI-sesl TBI-ses2 TBI-ses3
PREC-mPFC 0.5618 0.5884  0.6153  0.6688
PREC-LAG 0.7148 0.6739  0.6844  0.8427
DMN PREC-RAG 0.8879 0.5413  0.6511  0.7154
mPFC-LAG 0.4586 02875 0.3393  0.4861
mPFC-RAG 0.7298 0.2718  0.3548  0.3908
LAG-RAG 0.7348 0.7094 09761  0.8316
LF-LP  0.7585 04367 0.5939 05249
LF-RF  0.7009 0.4293 0.5512  0.6132
ECN LF-RP 04349 03235 04338  0.4904
LP-RF  0.6914 02650 0.3265 0.3690
LP-RP  1.0701 05133  0.5700  0.5438
RF-RP  0.6725 0.1754 03691  0.4536
PREC-LF 03613 03692 04380 0.4372
PREC-LP 04186 0.8600 0.8568 0.9134
PREC-RF  0.3924 0.0499" 0.1801° 0.2193"
PREC-RP 05279 0.5591  0.5930  0.7018
mPFC-LF  0.4739 03149 0.4368 0.3756
mPFC-LP  0.7100 0.4507 0.4521 05712
mPFC-RF  0.5758 0.2147" 03773  0.3516
mPFC-RP  0.6350 0.3466  0.4898  0.5073
DMN-ECN' | AG-LF 05531 04057 04552 04284
LAG-LP  0.5263 0.9956 1.2151 12048
LAG-RF 05125 0.1507 02671 0.2508"
LAG-RP 04737 04867 0.5334 0.5735
RAG-LF 03602 02726 0.4343 04130
RAG-LP 05480 0.7596 0.8527 0.9167
RAG-RF 04137 03811 04538  0.4632
RAG-RP  0.8041 0.5014 0.6419  0.7652
TR ITAEIR A L EK E; DMN: ZABX W%,

ECN: #tf742# W% ; PREC: ##7=t; mPFC: W] 3+ &
Z; LAG: AMAw; RAG: &AM Aw,; LF: AM=A3M T
) ; LP: AMTrt; RF: &AM =AM Tw; RP: AMm=t,

26 THEETIZE 202255374 0688  VOL37No06

TBI-sesl

B4 B-20 7 fe ik 4R T )
iE: a. HCALZ) Ak 24546 ; b. TBUG3AN A Zh Ak i 4546 1%
c. TBUE 64 A Zh ik ik 446 1% ; d. TBUS 124~ A S Ak i 446 1%

DMN ECN
814 b4
1.2 12
1 1
0.8 0.8
0.6 0 6
3] S A
02 il 1] .
PREC-RAG mPFC-RAG LF LP LP-RF LP-RP RF-RP
DMN-ECN
4
1.2
1
0.8
o2 [ I || II II I . il
PREC pREC mPFC mPFC mPFC LAG RAG RAG
LP -RF -RF -LP  -RP
s control -TB]_sessnonl -TBl_sessng =TBI_session3

5 A A I 25 R

7. a. DMNM % A TBISHCAH % % £ F 0 h vk,
b. ECNR % W TBISHCAA 2% £ Feh itk 4; c. DMN-
ECNZ |8 W40 LA B35 2 St sh ik 4

DMN-ECN 2 Ji], TBI-sesl #1 5 HC %04 & & e %
1225 5 19 25 PREC-LP. PREC-RF. mPFC-LP. mPFC-RF.
mPFC-RP. LAG-LP. LAG-RF il RAG-RP ; TBI-ses2 41
5 HC 1A B & YR i%EH: 22 5% 19 4 PREC-LP, mPFC-LP,
LAG-LP 1 RAG-LP, TBl-ses3 15 HC #HA 35 ohfigid %

1%k PREC-LP. LAG-LP f1 RAG-LP,

Kl 64 TBI J5 5 HC 4 M3/ 78 2. 35 22 S5 1 D RE & 22
IR, =ANIHEEE R i LP ThREEE S HC M L
T AT A 25

TBl-ses1

Loy TBl-ses3
mprc]

TBl-ses2

REC
ImPFC.
LAG
RAG
LF
P
RF
RP

WLPARX SHCAF .35 % 5 (9 R B

[E6 TBI=/MBF 4 S HCAARIL ALt B35 2 F 5w

7Z: PREC: #2#7vt; mPFC: AMATET B E; LAG: £
MA=; RAG: HMAE; LF: AM=AIRFATE; LP: £
MTA=t; RF: AMZEAZH T =; RP: AMmast,
2.3.3 B ek g

&l 7 Be X ¢ K56 Y 25 S 7R TBI-ses1 %] TBI-ses3 £ MU
A R DIREE R B A G E X, 439 ECN

N SHCA R &35 %5+ shikiE s




HRILE

LF-RP. RF-RP #ll DMN-ECN Z [a]{) LAG-LP f1 RAG-RP,

1.4

2 =

1 *
0.8 *
0.6 S X s
e II I I
< il ak

o | HEN | :

LF-RP_ | RF-RP  LAG-LP | RAG-RP
ECNA DMN-ECN

wTBI sessionl wTBI session2 mTBI session3

[B]7 et b 4 R
A CHEFEEFOM; LAG: AMAE; RAG: A4
w; LF: AM=AMA FT=; LP: AMTirt; RF: HM=7A
IR T ; RP: AMIAT,

3 g

AHFFEEET rs-fMRI, 4347 TBI AREWKEZ ] 1 4245 1
DMN Fl ECN DJRe#E #2180, &3 TBLJG 1 AR BE IR
I REE B R w, IF ELMEE R HERS ARk

HREA ¢ KB M 25 5 Bon, MR TBI A KN Y) g i
Mg kA T ARk, (G —AFE I L, TBI B #1Y
DMN. ECN X 1~ fiki 9 2% L e 14 32430 A L —3 (181 4),
FURSREE AR T —28084k, X Ui TBI 5 DMN 5 ECN
DIREZE 0 B — B, X FhRLAE o Refd e TBI G K
WA TR IS T

XUREAS ¢ K636 50 45 SR W TBI 75 —4F N =i
5 HC #HAH 1, DMN P ROI 2 [&] 19 31 B 7% 3 15 29 08/
BCWIE T H AT A — 4~ 33, TBI G DMN N /9 3 fig 3%
SPERRAR, 3T B8 2 FH A 42212 0 45 AN [R) 15 051 14 1 J5 30 ¢ 1)
T e ", E 5b ATLI H ECN YA Y G a1 A 2
BEE L [ RERRAG, 107 BCN R T4 5 A S B A0 FIERA T
TIRERCHE, Wik —FRI5upshisml . ok TAELIZ.
R TG | RS AGI R 28 A A O 1) = G A B, ax
AIREMRRE T TBI R KA W T RE B LAY 2 &% L icf2 )1 R R
ek, AW EY DMN 5 ECN Z [AIfE7E—FiHEHiC R
RS PIE R SN DI REA C Y, 8] 5 vk 5 HC A L,
KR KB 55 AR D RBE H:F AEAE T DMN 5 ECN
BARZENFR, TSP T DMN-ECN Wi P48 22 ], 3% 7]
BN TBI Ji 3 B A DA A BRI T —Fh A s

[ 6 >4 TBI J&5 5 HC 4109 U RE 44 1Y 8 3 25 S 42 i) i)
ARG EHES 1 O, ASBFSE 1 IR & BAE TBLJS 3. 6 Al
124 A5 LP X A5 s A e D REE 224 5 HC 417 W%
25 M LP 5 AT 4, IS MMAE S =4 H
56 B LP FREER DI REDGE VE S R AT RE S S BURE AR
WE, X—& BT RERENE N TBI BUG B BiE A 7 4L
R SN, AKIET . BE MRS R ER
LRIk, AT AR T LP L PSR S PR T X 5
[ 6 AT LAE H TBI 5 3 S AT 5 HC diAHLL, A2
SRR M Z, X UL TBI JFRI 3 a2
REIDCE TE Ol 22, nTRERAEEA MW, 6 MAA B

LR NIhBEERAE 5 B 12 NHR, B LP MG,
Foor 5 HC AL W 225, XAl gt 4 —4FE
RS, BR LP Sk, KESS>19 i ] 1) Dy e i He A LI 2
1B o SXFUERUE LP i TBI PRI W B 15 55

M 78 LA W, TBIJG 3~6 N H, 6~12 4 H X4
X[} DMN F1 ECN (WU REIEHEE BLA B &40k, (HE
3ANH AN 12 A H BT REE 2 K A A ALY wi Bl Y D e 4
WP AR AL, XU TBI R, H VK I P 4 S g i
AR S, RUEARe I g208 . HaRFRATT & Bax g
205 543 75 ECN Al DMN-ECN Z [8], X IR F 7 AL
A KB pgh S, B TBI S MR ECN sl s 7 &
FER.

TBI 2 5 8045 Fh UG s, ELAE AR AR R4 . 52k,
VIFE BRI G AR AR X B A Al g P 45 R 1A 7 A, AR5
14 DMN 5 ECN BRI, 897 TBI M8 L 2% N il
XU E] DI Re i B2 A8k, IR A OiE 1 AEN =4
FisF [R5 P 0 P 45 D R S e EA T 1 LA 4B, %) TBI BB
WA B S5 8897 B — B W o (BABAELE LT R B
@© EHAEIRSE, PR R 7T ; @ RSN E
B TMIIRERTSE, (L5458 T MDIRETE S ESHET .

4 2

ARWFFE P DMN 5 ECN P A5 1A J1 2 fig 5% 3% A 6
(iR X 4%, 43 B TBI 5 H3 K T Bl A8 ik, & 31
DMN 5 ECN W% £ [] (4 D) B 2 5 7 78 TBI J5 Yk &2 W3¢
U, ELIhREIE Pk B A RS & A R AR AL, (HASE
AL, ABFIT R B LP T BE 2 M543 0 A2 J 1 ST o
FHZ A X IR ABFSERERS N TBI B HlUG 5 5 6 7 R 5
S

[BA k]

[1] Dewan MC,Rattani A,Gupta S,et al.Estimating the global
incidence of traumatic brain injury[J].J Neurosurg,
2018,130(43):1-18.

[2] National Center.Health statistics mortality data on CDC
WONDER[EB/OL].(2020-12-08)[2021-08-15].https://wonder.
cdc.gov/med.html.

[3] Bell C,Hackett J,Hall B,et al.Symptomatology following
traumatic brain injury in a multidisciplinary clinic: experiences
from a tertiary centre[J].Br J Neurosurg,2018,32(5):1-6.

[4] D-Arcy RCN,Lindsay DS,Song XW,et al.Long-term motor
recovery after severe traumatic brain injury: beyond established
limits[J].J Head Trauma Rehabil,2016,31(5):50-58.

[5] Andrew RM,Patrick SFB,Faith MH.Functional magnetic
resonance imaging of mild traumatic brain injury[J]. Neurosci
Biobehav Rev,2015,49:8-18.

[6] Dall’Acqua P,Johannes S,Mica L,ef al.Functional and structural

REESTIEE 20224E 55374 068  VOL37No06 27



HRILEHF

network recovery after mild traumatic brain injury: a 1-year
longitudinal study[J].Front Hum Neurosci,2017,11:280.

[7] %) &, B 200, 0R TR, F 8 T 2h a4 09 200 i T4 L BN
R M AATSL[I].F B & 97 %4-,2018,33(12):73-76.

[8] Qin P,Wu XH,Huang ZR et al.How are different neural networks
related to consciousness[J].Ann Neurol,2015,78(4):594-605.

[9] Threlkeld ZD,Bodien YG,Rosenthal ES,ef a/.Functional
networks reemerge during recovery of consciousness after acute
severe traumatic brain injury[J].Cortex,2018,106:299-308.

[10] Li FF,Lu LY,Shang SA,et al.Disrupted functional network
connectivity predicts cognitive impairment after acute mild
traumatic brain injury[J].CNS Neurosci Ther,2021,15(4):1840-1854.

[11] Song J.Li J,Chen LX et al Altered gray matter structural covariance
networks at both acute and chronic stages of mild traumatic
brain injury[J].Brain Imaging Behav,2021,15(4):1840-1854.

[12] 7K 22 AT T 4R, 545, 5 45 8. A5 T AL Rk 23R AEMRIIA ML 5 o
IR B R R 0 AF R[] F B B T 3%4-,2021,36(7):14-17.

[13] Roy A,Bernier RA,Wang JL,et al.The evolution of cost-
efficiency in neural networks during recovery from traumatic
brain injury[J].PloS One,2017,12(4):e0170541.

[14] Wendling KDS,Hefele A,Muensterer O,et al.Trauma scores
and their prognostic value for the outcome following pediatric
polytraumal[J].Front Pediatr,2021,9:721585.

[15] Wang SS,Chen B,Yu YL,et al.Altered resting-state functional
network connectivity in profound sensorineural hearing loss

infants within an early sensitive period: a group ICA study[J].

Hum Brain Mapp,2021,42(13):4314-4326.

[16] Stanford Learning Lab.Functional imaging in neupopsychiatric
disorders Lab[EB/OL].[2021-08-15].http://findlab.stanford.edu/
functional ROIs.html.

[17] Amir J,Nair JKR,Del CD Raquel,et al.Atypical resting state
functional connectivity in mild traumatic brain injury[J].Brain
Behav,2021,11(8):2261-2273.

[18] Fi&5 %m 2, AW A, 5. Smma g4y &
H A S B KRS R k] R A &
%,2020,39(9):1699-1703.

[19] Sours C,George EO,Zhuo JC,et al.Hyper-connectivity of the
thalamus during early stages following mild traumatic brain
injury[J].Brain Imaging Behav,2015,9(3):550-563.

[20] Ware AL,Biekman B,Hachey R,ef al.A preliminary high-
definition fiber tracking study of the executive control network
in blast-induced traumatic brain injury[J].J Neurotrauma,
2019,36(5):686-701.

[21] Hellyer PJ,Shanahan M,Scott G,et al.The control of global
brain dynamics: opposing actions of frontoparietal control
and default mode networks on attention[J].J Neurosci,
2014,34(2):451-461.

[22] Bao B,Wei HF,Luo PB,et al.Parietal lobe reorganization and
widespread functional connectivity integration in upper-limb
amputees: a rs-fMRI study[J].Front Neurosci,2021,15:704079.

AX i EmEE

L 14T
[20] Uygun I,0kur MH,Arayici Y,et al.Magnetic compression

ostomy for simple tube colostomy in rats-magnacolostomy[J].
Adv Clin Exp Med,2012,21(3):301-305.

[21] RG W, Eak 23 A F I EREARA TRRLEHERN T
AR E T A% 4,2021,42(9):25-28.

[22] X4kt R #AE, & B4 ) S AR AL D IUSMHAR P 64 5
FA[J].4+ 4218 4R,2020,65(13):1264-1273.

[23] FF3R0FF, L5, 5 120 . W SRE ) & M+ =48 i
P AR 64 5 A [J]. I Re e oA 242 &:,2020,32(7):395-402.

[24] Graves CE,Co C,Hsi RS,ef al.Magnetic compression
anastomosis (magnamosis): first-in-human trial[J].J Am Coll
Surg,2017,225(5):676-681.

[25] Liu XM,Yan XP,Zhang HK,et a/.Magnetic anastomosis for
biliojejunostomy: first prospective clinical trial[J]. World J
Surg,2018,42(12):4039-4045.

[26] = /1 mb, %) F e, 2 % R S A R e A Bk AR B
P aTA ML R A2 E,2014,22(19):2716-2721.

[27] AR F 3K R AR, 2 54T, 5 4 2 4K 09 BT 5 SLIK A A
F A [J]. P de-3d oA 22 ,2020,35(4):343-345.

28 HEESTIZE 202245 537% 068]  VOL37No06

[28] TR, E o R, 0 T B A A S iy R Pk % 3l 0 7
45 X B R IR IE[)]. P B B 5T % 4-,2021,36(8):51-53.

[29] k& &, 3,4 25,5 BHSMAIRE ZEAH[I].F
& 57 % 4-,2020,35(11):45-48.

[30] =/, % & 48, T EAR, 5 BE R ARG 7 A L h gk F
8 Ve R B AR & [7]. P AL IR s 42 ,2019,25(3):237-240.

[31] vH A 200 A, & B4 5 mRARHOAE 97 /LR E M A Ak
Wl AR AR & [T]. o A 1 LS4 &,2020,41(4):370-374.

[32] *RHF o AR, o5 FF, 5 B JRAR ARG IF B 8 IR S AR LY
SEIFFIT[I]. B e R AR 5 4 ,2021,39(3):319-322.

[33] Uygun I,0kur MH,Cimen H,et al.Magnetic compression
ostomy as new cystostomy technique in the rat:
magnacystostomy[J].Urology,2012,79(3):738-742.

[34] BRFA A, & BB, T F 5 AR 2 St 45 T E R RAR R
P64 5 HAT[I). P B B 7 % 4-,2019,34(3):1-4.

[35] /= sl A0 R ) 5 iR, 5 R F 3R T AR R AR HR 2L
A B HEE[)]. P A R4 ,2016,33(2):291-294.

ALt EmAE



