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 E B @ 3D EME LI EEAHEAEI = XA (trigeminal neuralgia, TN), #| A
PRFAHHATHEALIE, AAIREFFEERNITAY. BPRFRREFEMAHE, A AT
AT, UETIH—FHE TN WERALE. Fik: F von Frey MR A E 2w B R EMEE8~15g Wy
# % SD (Sprague Dawley, SD) AR 32 R, RAMALI T =54 Fd (16 ) foxd B4 (16 R) ,
HETZ XM ERBITEREEFEA, K5 1~7 B #L von Frey M 4 4 22 € K RAVRATE HE, K
Ja 4 . 8 AL 12 B AT K AR 8 E FAREH A F 947 (voxel based management, VBM), K&K &
8 JE A 12 JE th = X p 2 i 4 BX (intracranial segment, ICS) o HE T B4 2 (infraorbital nerve, ION) | F &
4t #.4% (transmission electron microscope, TEM) #AT M EH 047, GR: FMERBAENEERE T
TERG L 41K JE LR R (8 LA, TS EARE 2 K, XEAERE 14 X NAHBEENMAH
BIMEFAL. TEM &R BT L4 FARE 8 F A 12 B = X4 ICS 1 ION 8y .45 4 R WE 5| ¥ B 1)
BB UL, AR R2EARAE SAEME., KAKR VBM 4T B8 L4l K RARJE 4 & A& FR R
AHIAWAE T, 8 ABRAME T, AMERE. ZMUPFRAEER. AMTWHIREE . T LW,
AR AR AU SORAR B A0 BRSO FORAR B /s 12 BBt B3R R AV SR E A B
K, EZEEEB DMK, B4 FTWE R 2 AE B R 20N ARE T S0 308 B RO 5
RFABBREZLN; Mo S FEME ER AR, i I E A G £ R T ARk
St A AR, FIAEN 4R KM TN By o] EAEAH F X5 TN LG BT EWHE— PR, ICS B@E
WMGEALEHEYT BB AL HEEHEESATER = XHEZ ION . A (8~12 ) HHFEZEK,
TN # & HEH PG EEAY . I EEEA N LH VBM 2415 TN AR N F4E.
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Optimization of agar compression model for trigeminal neuralgia and related anatomical structural studies *
DENG Hao, LUO Xing, SHI Cailing, ZENG Chen, YANG Hanfeng *

(Radiology Department of Affiliated Hospital of North Sichuan Medical College, Nanchong 637000, China)
Abstract Objective: To further explore the pathogenesis of TN by establishing an agar compressed ani-
mal model through 3D localization to simulate trigeminal neuralgia (TN), validating the model with imaging
scans, and analyzing the model by collecting behavioral, imaging, and pathological data from different models.
Methods: Thirty-two male Sprague Dawley (SD) rats with pain thresholds ranging from 8 to 15 g were selected
using von Frey pain filament measurement. They were randomly divided into the experimental group (16 rats)
or control group (16 rats) to establish a trigeminal nerve root agar compression model. The mechanical pain
threshold of the rats was measured using von Frey pain filaments at 1 to 7 weeks after surgery. Voxel based
management (VBM) was performed on gray matter volume at 4, 8, and 12 weeks after surgery. Intracranial

segments (ICS) and infraorbital nerves (ION) of the trigeminal nerve were collected at 8 and 12 weeks postop-
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eratively for ultrastructural analysis with transmission electron microscopy (TEM). Results: Mechanical pain
threshold results: the mechanical stimulation threshold of the agar experimental group decreased after surgery,
lasting 42 days after surgery, while the agar control group showed a slight decrease in mechanical stimulation
threshold within 14 days after surgery. TEM results: the experimental group had significantly demyelinating
changes in the trigeminal nerve ICS and ION electron microscopy at 8 and 12 weeks after surgery, and at the 12
weeks after surgery more severe than that at 8§ weeks after surgery. VBM analysis of gray matter volume: there
was no significant change in the brain gray matter volume of the agar group rats at 4 weeks after surgery. At 8
weeks, the volume decreased significantly in the gray matter of the left lateral lower bracket, left dentate gyrus,
left corpus callosum pressure, right parietal lobe combined cortex, hypothalamus, right basal forebrain, right
striatum and bilateral primary somatosensory cortex. At 12 weeks, these changes significantly expanded and
even spread to bilateral brain regions. In addition, significant reductions in gray matter volume were observed in
the periaqueductal gray matter, left inner olfactory cortex, bilateral cingulate gyrus, and bilateral hippocampus.
Whole brain analysis showed no increase in gray matter volume in each brain region. Conclusion: The agar
compression model can generate stable and long-lasting pain, and can be used as a reliable model for further
research on the pathogenesis and treatment of secondary TN. The ICS segment nerve injury can spread through
the nerve or involve the trigeminal ION segment through peripheral nerve conduction. In the short term (8 to 12
weeks), with the prolongation of time, the demyelinating injury of the TN nerve tends to worsen. The head VBM
analysis of the agar compression model is more consistent with TN patients.

Keywords trigeminal neuralgia; animal models; ultrastructural analysis
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WL HI AR B, TN A B RN 0.16% ~
0.3%, FRFEER4~2910 HFAN". 2018 4F, ([H
bR RERg 43 25) 45 3 B (ICHD-3) P B o N4 i
TN. 4k &M TN FURR R M TN, gk &P TN 95 ]
BRE R EE RO (RN RAERERE) /N A
Ry AMG . Zerhst Bl 2 159 BIHR /NG A AL
BTN AR, R il = X4 4 51 R B 22
J BaHY, SR LT B S T TR R
Zhzh W,

N T BRI TN RS S 697 F B
CLEE L Z MR & TN ARSI RIS ey, (B4
AR LA FF A TN R AL Bl Ahn 25 © 952
HRIE 7 F B g X = SR AT R AT R A AR, IE
S = XA T A7 e JE R BR 2t BB 1 8 i S AN
e BG Wu S U SHZ B AL T 5, IE S
JEIf ST TN KRR AI 6 Fa s, AT T TN (9%
HAE BT IT . AR A B AT HUASS LA /)N i A Ak R
P R = AR R BSR4k R T TN Y
RIFHLH o SR Z SLI6 BT R AP A7 AL 50 0 00, o
P, R IR S50 Bh P A 14T AR 7 2 o 4 ot KRR 1)
AMEZESR IR, EEFEIRE, RRIEE T
XoF B A 8 A L AT VA

AP TR I AR F I BRI e, 0 I H — AL
BE BRI R R 7RI IR 5 AT KR Sk i

B AR Y B SR I AR AT 523 . AEARJE XK R
SKPEAT B TR Z LA 70 Ht (voxel based manage-
ment, VBM), PR AR BARFA S AL o d i xf
B ) PIm BE A2 A Skl VBM 484K, HE T B
£ (infraorbital nerve, ION) ¢ = X A#Z: fiji 4 BX (intra-
cranial segment, ICS) 1 £ 8l &5 9 AL BT 72, VF
Pzt A () A S
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1. SR X 4

AW T T F S2 96 sh 0 A ErE SD KB, 11k
=5 Be sh Py s ie o s fit, S AR Cadsd )1 b
e e P st v B AT, 3RAF )1 bR =B R4
HEHE (NSMC 1 BEBIH) EF [2022] 043 5) , FEARYE
E PRz e CORTER BRI R A seie
JRIRMAC B TR g ) EAT S0, SLIR AN 32 Rkt
SD KH, KEIEHITE 240~280 g, MRS,
HEYOK, WERN2C~25C, RhEEBRY., =
B BRI IR 1.

2. BT

(1) SEEGENPIIIL: EREE MM SD KR,
RHT 7 K, L von Frey MJELT4E22 (1.4 g+ 2.0 g-
40 g. 6.0g. 80g. 10.0 g. 15.0 g) ¥ K 5 XM
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Table 1 Main instruments and reagents
SEIG A #S KR F] Experimental instruments and reagents 2y 7] Company 71 Producer

LR uMR790 3.0T RiHLHR 18° EHE
K2 1155°2 th
B AR E LA g EWRFEACEAT IR A th
H g EWPRFEACER AT IR A th
von Frey IS4 4E 22 North Coast F[H
B 2 A 2 O PN AR e h
AT A AL LEICA Bt
ALK LEICA it
BT R JEOL HA
T g [ v S A i
B RERE LY L
25 pl e g A PR A h

PR, fHerqese Bl Rl ss, ais
2 IRASTRI RIS TR BG 30 8D 5 M B2 i, F
FH Dixon ™ B3R i) up-and-down 2, ¥l 5E K B
B o BH 5 SR Wb (O BRI R I e
@K BRI IE B2 L R AT X ks @K R I# f5 R
SEITTERE, PREEIEY), SOR Sk T SRR,
B — R SRR e WL b
JEERF S BN Sy o) 8 S 6 BH P . 3R RO R 45 R R e
7F 8~15 g PR AL 32 Ko sEIgHFuamr 1,
P 3 I HEOK BR TON SCTC 14 700 T 50 ik Z00 4, XA
LERAT, & H LS K, B2 YO R B
[AJAN/NT 30 s,

(2) PR 55040 32 2 SD KR BENL
B Rk NEIR R4 16 AT 0.9% EALANE
SRR IRAL 16 R SEIA KRRAERERERS, 1%
TR E AN (0.4 ml/100 g) i B8 i v 59 BRIE, R
S %GR LN S i bt e L 7 VAL N DA Y
RS AR 5 A B TR R & UIIT
i JR O B L R T (X1 o, KRR S BT Sk A T
ATIXA, &3k 3D @0 T2 = S AR AL (RS
7.5mm. A 3.2 mm) , AL R B ES LBRE T,
Byg Rt b8, BN 9 mm, BfEHEAN
5l 5% BRI, TSR E S min JFISHH, 5%
AU OLE D o SHRAFARFR 3D BN ELM
BIEHTARA T S ul 0.9% FALENESR . FALREHE
TE R EN S, RITSRELTRMEATER .

(3) BEAYEGAE: ARJ5 3 RTS8 41K BTk
A MR $13#, PRI E . KN, HERRARE F
B G B Bl AR = O et o] B R A KR, I
P IE A R -

W 202379 111 300.indd 817 $

Bl oA = M AR B e a AR
Fig. 1 Establishment of an agar compression model of the
trigeminal nerve root using a stereotaxic apparatus

(4) JE R E: PHRR B SFEILERR 12 R
SAFART RS KR3 R T RERE TR 3R
5K.TRVI0KRS 14K, 21 K28 K. 35 K. 42 K,
49 KX F up-and-down 7547 41U R34S S 1 4RI K
0037 K SR HE B A S R R P 9 9 A

(5) KGR VBM 73#7: P2 K R IE AR
Ja 4 R 8 JE. 12 AR, FIFBGS 3.0T BidRx KRt
73R MR $34, 94523 TR/TE 4 1300/227 ms,
FOV 60 mmX 60 mm, #f% 384 X384, i 110°,
JZE 0.55mm, 244, KAENA] 18.5 min.

B KBk EEE 5 N B PC ML, U4 A B RN
BT A R B L BE S5 % MATLAB2013
WA, BT 42 8K SPMI2 AT VBMS
(http://dbm.neuro.uni-1 jena.de/vbm) % K 4 i) = 4E %1
AT HUCEE . FEUD AR ORGEML; @3
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K mask; @=FAIbRHE; @K A SE); ©F
Wo THE 4 K i (gray matter, GM). [ )i Al
B AR AR BT YME, B a TR AR A R X
BRI GM R,

(6) FBIEE T ALK TERAR S 8 .
12 JEBENL SR 2 R, REFR S, KRB EM
e THAES, BYIFMfs BizO00F, K 26G B EE
ZORIEN, BIFAGHE, H 0.9% SALEE TR
200 ml PRIHEE B e i, AR R AR A H
FHOERERATE G, F 3% 2R E-4% % iR
B EW (4°C ) 50 ml ICHVE:, FEVERTTAIZ) 30 min.
SRR R B DY R e, RPAMEE R, W
VLR G, G 3~4 mm HE T LB SN B =X
e, BTREGEET, £ 4CHRIUKFEHIRTE 24 he

PR AR AT [ 52 - K - 7535 - B 3 - B T V) -
Jeto HBEWLER, SPAFHT R ENME BB B
BEG . FT AR LSS R G T B TR 4R,
BIG 28 1 AR TROK 6000 1% o AR BE 45405 R i
B BRI N0 D 1%, 2%, 3%, 4
i (W 2) U 2 L0 E KR BERAR  brR
¥ TEM G BEs AT e geit, Hids st
SERL, WHFLE S RO BERS 2 A THS 5 R AP Y g

3. Gt o

i SPSS 23.0 X &4 AT it o b . WA S
B A AR, SR KR 5 % (ANOVA) 43 it
HEAT LA, FHE W L ECR A LSD 75 T AEIE
90 A7 BB AR A 2 808 56 3047 G vk o i
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x2 HEHBU A
Table 2 Classification of myelin sheath injury

B BIRHETER L

Grade Characteristic manifestation of injury
0% HERSIER

1% HEEH S MR REIP AR . AR

2% B L IR R

3% TS S 08 SRS

4 2 REERRE . WA DA

18 HY Kruskal-Wallis test X 2 ANl 37 A 3 AT LL AL
Mann-Whitney U test X 2H [8] 2 7 #4773 #7,  Bonferroni
For 56 % 455 1 PAE AT 2 BRI IE. P<0.05 0
R A G ERE .

VBM BG4 Fai ik BUFE A ¢k 56 13047 LR,
55 H P <0.005 RIRIEf=4E, ZEHIBKRIERHT
Cluster-level % & & P < 0.05 /Y FDR #E47 /&R 1E. 1
H xjview BEHCS N X AR IRAAAE AR 2 57, FERR
T 100 BRSO N ZE R BA S5 2 .

s =R

1. B PPl

SO0 20 3 BN R) 2945 40 min, 250 4H KR
AL 21 R, fFEEBRE R 16 R (LK 24,
2B) , IEREERIIEN 76.1%. B I S22 A
KREBENE, WOEIEAE = XL L
2C, 2D) , BN =X MAEWAFAE— € EIaE,

B2l Sk MRI G 35UIR A RS9 AT BIE

(A, B) 735 Bl e SRR (R S A SR A S, T AT I 97 BB IR AL T = XM NI IX, 500 = S A
XFEE, ATUAE B = M2 AR AR 52 2IW] 38 (C, D) 70 3 s R IRl A A IR A B R BRI AR A
BRI = XA R —E R RE, (ER]BE IR UE B, SRR
Fig. 2 Verification of the agar compression model using cranial MRI

(A, B) Show the axial and sagittal positions of the agar compression model, respectively. It can be clearly seen that the
agar is located in the pontine area of the trigeminal nerve. Compared with the contralateral trigeminal nerve, it can be seen
that the trigeminal nerve root is significantly compressed; (C, D) Show the axial and sagittal images of failed modeling.
Although agar injection into the pons may cause some compression to the trigeminal nerve, it may have an impact on the

pons tissue, so it is excluded.
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HRABERRIN AR R, I HERRARAE

2. JF B 4 b

S A 5 o6 B2 R AT 1~ 7 K RO R
TREWER. RGP BT %, 2K
SR B B AR G 7 K Bk B B AR R, AR g
(2.08+£0.45) g, XMRAIFFEERLLBIARG 21 K,
oG IR T, T ARG 42 REEAE IEH;
ARG 42 RZIGATEHN (10.81£1.33) go 45 R ER
SEIHARME B T ARG 3 REARG 35 K50 RA
ZRERFEGIFE L (P <0.001). K LA I
BT ARG 3 RIEBRAGEA (7.84+1.34) g, FIR)G
14 RIKEBIFLLAKT (LE 3 .

3. VBM T4 3

SN NER BN RN A N R
B, 8 R A5 R AR A AR, e
IO E A TR0 A O T R A R R R i A
RS o DX ey A 0 SR A B KA AT 25 % A K i
B R R AR FLE 2 AN CILE 4A) o 12 A IX
AR A, B B TR, A A B XU X L
F3) 5 HAMHME R FKE B KT A
MEL 7 J5 RO 11 77 [0 K SO 9 ) A A AR S =5
AN O 4B) o Ao BT A SR K R R

TNERIEIX o
4. B L R
RS, WA, e,

L2 HEFIRRI, Lo R L5 I, RIS AL S AT
SCH I o 32 BE AR s LI TR )5 8 A 12 &
ICS 1 ION (1) H % &5 R 35 0 % 1) B 3 ot i 3 e %
TERER AR T, fEWERESE, A5k
RMIREEAIE R . BRI ABERR T, BE
A T )5y E RO, AT 5 P R Ak K
WSV K, TR MR 2 SR KL, IR RS ARE,
EEERON R ME (L S) o iR IR s
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Pain threshold (g)

14 21 28 35 42 49

Time (d)
B3 ScIe AR B (A
#4P < (0.01, ***P<0.001, SxHAMLL
Fig. 3 Changes in pain threshold of experimental group model
*¥*P < 0.01, ***P < 0.001, compared with group
control.

-7 0 7

SIRERIE, S NEEERI S R F SRR (WK 4) .
ARJG 8 JA AT 12 J& S 56 20 4 28715 B 5 06k JE 4H X6 o7 Ao
ZBAFERFEMEZ R (P <0.05); SZIAIARJG 8 A
AJ5 12 JAH) TON F1 ICS 73 BIFEE 2R .

it

AHE TR T = XM BUR SR,
T R R PR R A2 A Skl VBM A2 4k TON
L ICS B B i s AL w7, R I Bl I ia
= AP TSR] TN S

B —ME&E 2, BRARBE. KE
PEAR A DDA 2 S50 5, EIR T 40 CE&
Bl U1, BT MRE A, BRI A N A AR R ]
o = XA a AR, AR AL 37 1
AR 538 = AR AR A AL o

F3 WRAHAAR)E 12 kM VBM 415 IKF R FDR K IEJG 453
Table 3 Head VBM analysis results of the experimental group 12 weeks after surgery

TR Cluster-level

I A4 b1 Peak coordinates

P (FWE-corr) P (FDR-corr) k
0 0 9941
0 2181

P (unc) X, Y, z (mm)
0 -12,45,22
8,39, 15
0,47,7
0 54,5,-17
51,8,-6
38, -4, 18

EEBE: T=1.86,P=0.005(1.000) Height threshold: T =1.86, P = 0.005 (1.000)
JEFEBIME: k=9941 &%, P=0.001 Extent threshold: k = 9941 voxels, P=0.001
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Subiculum Dentate_gyrus Relospienial_dysgranular_cortex  Parietal cortex 10

Relospienial_dysgranular_cortex Primary_somatosensory_cortex Striatum Corpus._collosum

Right
-10

Hypothalamic_region Basal_forebrain_region Entorhinal_cortex T value
P < 0.005, uncorrected. cluster-level (FWE) < 0.05. cluster size = 100 voxel

Periaqueductal_gray  Subiculum Dentate_gyrus Relospienial_dysgranular_cortex Parietal cortex

Medio_medial_secondory_visual_cortex Cornu_ammonis_3
Dentate_gyrus
Primary_somatosensory_cortex

-10

Hypothalamic_region Striatum Entorhinal_cortex T value
P < 0.005, uncorrected. cluster-level (FWE) < 0.05. cluster size = 100 voxel

Secondary_somatosensory_cortex Primary_somatosensory_cortex

4 SRIRAIARE 8 JH K& 12 R X 453t
(A, B) 73 7l y 52 Aﬂ ARJG 8 12 MG X KA A . P A B B By AT R 2 22 e X, B B R
colorbar LM, W TR AL X B4R PR E NSRRI T X AL, 2L sRIe 4R T3 R4

Fig. 4 Structural changes in brain regions at 8 and 12 weeks after surgery in experimental group
(A, B) Show the changes of gray matter in the brain area of the experimental group at 8 and 12 weeks after surgery. The
positions with colors on the graph are brain regions with significant differences, and the color values correspond to the
values on the colorbar. Blue indicates that the index values of the brain regions here are smaller in the experimental group
than in the control group, and red indicates that the experimental group is larger than in the control group.

x4 LA N

Table 4 Grade of myelin sheath injury in experimental group

Hli 1% 7 2% Classification of myelin sheath injury

0 2% (77) Level 0 1 2% (77) Level 1 2 % (77) Level 2 3 % (77) Level 3 4 2 (77) Level 4

SY 8 W_ICS 9 13 15 22 5
SY 8 W _ION 13 14 26 15 6
Dz 8 W_ICS 42 19 1 0 0
DZ 8 W_ION 38 18 3 0 0
SY 12W ICS 5 9 12 10 25
SY 12W ION 6 6 12 12 27
DZ_12W ICS 34 20 3 0

DZ 12 W _ION 35 17 2 0

SY: SEEGZH; DZ: XA 8 W. EHIAJE 8 12W: EEURJE 12 8 ICS: fipyB; TON: HE FFLE
SY: Experimental group; DZ: Control group; 8 W: 8 weeks after modeling surgery; 12 W: 12 weeks after modeling surgery; ICS: Intracranial
segment; ION: Infraorbital nerve.

1. R B (E A2 AL Ja 3 RIEFIRARME, BEJEHBEEIKE, ARG
SRIG S5 REN], = XN B B I 3 g 14 RIEAKE IEFH ﬁTﬁEiHﬂ%ﬁHﬁﬁﬁﬁﬁo
1 BOK BRI P UME S 1 2, R LA E S p 25 S 56 20 Ei‘ﬁﬁ\”xﬁﬂﬁéllﬂi):ﬁﬁﬂ P9 253 H I 9 R

— B IA] . X AL J5 e B R DR R B, TR H T FERIBLSR, R A A 3 0 5 g B8] A oK 4 i
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5 A RERNRANMRTRE S BT R R (EBIBORRE R X 6000, F5 =5 pm)
(A) XTHRZIARJ5 8 J ICS B TEM K. o] F BFEA IEH IBER (S i) HMEh i B e maorifk . g mime,
WOy ETH AT G BIBE R R K (ZLEER) ¢ (B) SRS 8 ) ICS B TEM B Jr: (C) sEB 4IRS 12 F ICS
B TEM Bl fr. wWHEBIBESE RISl GRS « bRl ek , HorsEin] WHEskAIE R (A
i) 5 FA IR W] WAL IK B 1 B IR AT e IR 1) 25 B L ot FF I SRR TR A 2 i 3, 3R
Al HREA R

Fig. 5 Transmission electron micrograph of medullated axonal cytoplasm(Image magnification: X 6000, Scale bar =5 um)
(A) Shows the TEM image of ICS segment in the agar control group 8 weeks after surgery. Basically normal ultrastructure
of the myelin sheath (green arrow) and normal mitochondria, microtubules, and microfilaments can be seen, and slight
swelling of the myelin sheath can be seen on some layers (red arrow); (B) Is a TEM image of the ICS segment in the agar
experimental group 8 weeks after surgery; (C) Is a TEM image of the ICS segment in the agar experimental group 12
weeks after surgery. Separation and interruption of the myelin sheath can be seen (blue arrow), honeycomb like changes
(yellow arrow), and formation of medullary spheres can be seen in some myelin sheaths (white arrow); In some axons,
mitochondrial swelling and the formation of white inclusion bodies, swollen vacuoles, twisted cristae, and large areas of

W 202379 111 300.indd 821

microtubules and microfilaments can be seen, with disorder and incomplete axonal membranes.

MR S vk O AR — e . AR R
TEREAR G 3 K KR LM IR H, #ik
Bt g R Th v B B = XA 4R AR I 6 = AR AR 7
ARE, FUEAE SR AR S Ry, fE TPk
Bt

SRS AR, SR ZH K BRI I H O A A
IILER, TR MBS R . X TN Ji AT 7T
HORI, S0 A7 LA A 28 ST R 1 ik R 52 3
FFEA P TN SR . Lamani %5 U AR 43 1M 3 X o
SEEMEEREE, BESAN3I%: 1% IES
PR FEAD, A AR A WA R A sl s 11
. MESEHEBA A/, Mg Lk
JEIR: T 3R n I8 A 2 b B W S 1 e IR .
Ruiz-Juretschke 25 " R HULE TR A A A, /N i
ffi (cerebellopontine angle, CPA) b 5 = X il £ ) #%
J5E R e v B DA K R 2 ) I B A ) L 2R AR
SEUG AT AE FEAT R A GRIE R, Gl MRI KP4,
IR T AR = SO AR I A S B OB, kAT
FEM, I IR e L 4 25 9% TR R () R 52 3
LZRIBFHERLON TR AT ReEECR, FECZEL
FHER AR HH IAASE AR 5t il 8 A R LA PR

oy SR Bkl YL, B =X ME
Rk U )2 R AR 2 LR 4R B BE e . S
PR FI AR 2 4L 1 e AR R A R 7, &

S

A RE SR RIS AR & . AR, @
I MRI F1H5 AR A & BAE SE 9.2% ~38% ) TN H
“EhkrhR” e ™, Lutz & "R DTIH AR
R TN IS M S0 5 i 8B TE 6 . AR5
i FHER 6T = SRR P2 A TR 3, AU /N i A Ak R
PRI = AR R 38 B, AT 5] R K R A R (B
MRS . Rk, FRATIHEN M sh vl BE A 2 TN R
Joa Db LR 2R

2. B R A b

SIS AR ST 8 JE AT 12 JE $5 fE W 2% B B BB B
B, BT R LR, HEERRER (8~12
J) MR EE R I E . SRR 8
JAAT 12 J& TON BEATICS B TN ¥ 8 2 2 ) i 4
W, WA 1CS Bedh i vl £ & 4 Bl sl i i 4 42
FEl % 5 MM B = X442 TON B, iX 5 Marinkovié
2 U7 st o B — 3

Lutz 2 U i) J 575 8 7k & 1% (diffusion tensor
imaging, DTI) $7 AR &I TN 5 45 14 2028 5 IR K
SERFIRIE G, SARMERAE BA— 5. AT KR
TSR oy BT hs AR BRI 18]y 8 A AN 12 i, AT
KLZHER TN RN, FHFERFEEn M, HkiE
DUE 5 3 P = S 22 Aot A 8 11 2 B 5 92 A o 482 )
B M INE, X T 1 R 2 BT 8] R0 ot s o 5
(% RIEA Fridk— B 5%
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3. VBM Z5 550 #r

FE TN Ji ARG VBM Z3#r i, Rl 2 31 4]
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