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KR B DIAE IS - HEAE O AT T 72

EXERMea I R
REA R PR FBE AR AT SR R W i e 2%

Dl a1

AR X BB 22 WHE ORISR & 7o > T D, ARAFZEHETIE, B8 MRI 7 — %
Z W TOKBRIREERE L = b o — VREDO ] CHEGHEFHRMT 21T\ AKGRIR B Dt -
FERE DAL 2 M L 7o, FRHRT o VAEEE 2 IO T2 B8 738 O AT 70 B | 7K AR5 O 18 ] i
FHOEDFITB W TSR AERMEDORENE E TWD Z LRI Iz, /MK
Fe(b U7 RS 7o/ MM FE O T8 AT THEAL 2 & Z/NIK O B e D3I ZHE DR D B ivT,
ZHRIF MRI & O T BERERURE S AT 22 & | ZKARIR O 12 1 B | 3 O BERERRS & B2 12 0%
7224638 Y | Heschl [B] (—RIERE) 27 LT8Ry T —27 ONFEOIR TR
b7z,

F—U— B KRR, MRT, ERGEEHAENT, PRI AR OMRT

I W58 H /Y

AARIFEEIT AR N S 68 NI L TV D 08, WEEREMRIIZE > T,
ZOX IRt FEOEEEMRIAT D OISR KN O R 2 i & &
DFENFENRS>TND, LNLRRL, ZNETHELLTWHIREFIETIE, 68 FaitmL
HAEICBWT, B LILDIEMEA YD 2 FLKEIC LD DO E D MhEHETT 5
L THEETH v | FEREFRFHEOEDMEICEM A AT D2 LT D, . Rk 21
FRITHRAL U T2 AR 5 7 DR I ORISR RE O iR |2 B9~ 2 Re IS L (CRK 21 AR5
B 81 ) IZRBWT, BUFIFMEFRHENZEZITH) 2L 3N TR, SHIT, £DEHIT
X, ATF VKRN ANDRFEIZ G 2 5B 2R T HIHEDOFIEORBEEZN L Z L L ET
BY., FTIEFERBZED D Z ENEMNICHROBNATND,

CAHARMIGEEE CTIT 2 7= % FAV 7= SPM 12 & 5 voxel-based morphometry (VBM) fEHTIZ
T, KREERET = e — B L BT, /MM, BUR, BIRERMEOIK AE THERZE
MEnHrbnbZ L ZH B L (Hirai T, et al. Brain Res. 2023;1805:148278), L
DL, KRR A DM MR OYEELT > Y VAR 2 W T HERRHE D BH 2 Mt L 7o s 1%
1< EDT —Z T E I CRRRRE 2 M L72FIE S 22 B iv7avy, £ Z CTARIFZEDH—
DO HEZ, BIEE TITo TEX 72K MRI OYE# T > Y VT — 2 & W EBE RO AE 2% W
LT L, BT EZ O TOKRREZZET 20K LWEEEZHFALNNIT 22 L TH
Do o, FATHZE T/IMEOIZHEZAIZZ < DK BFITBIZE S5, /NMRD & DEML
PR ENSLT VDD, BEOHRUC LD HREOHIENH D ONIRHTH 5, £ 2 TR
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DH O HHNE, FTBI% S /MK o B B ZSREHEE ¥ 7 b (ACAPULCO) & JHVN T, K (R
HO/NEOTALR] » BFEH B OREE AP LT DL ThDH, T LT, KD
=0 HMIE. KEFICI T DR functional MRI(FMRI) IZRA$ DA 172 =0, 2k
I £MRT % FIO TR O L FREIMIERE R » N T — 27 2 LT 22 L Th D,

MR8 & J5ik
L. HEHCT Y VAREE ORI B i

2014 4£ 10 H/»D 20214 8 A CTOMICAE MRT 23R Sz K(#9%5 30 4 (B A
10§, /NRAL 10 41, BRIERL 10 B1) BL Ol Z ~ v F S = hr—/1 105 i
EXRE LT, 2 br—Vd—RICKEREZEE LRV EEBEZ BN HHMIX & L TREAR
WD ILIfEHT & 2 EASIAROER D 9 B 50 sl Lo Sifind Z2 KARWAER] & 4 « PR 2~
yFTHEICY I —F LI,

BEBICa br—Lo2FIZB W TEY KERFEREIIEE % —0 3T MRI

(Discovery MR 750; GE healthcare, Milwaukee, WI, USA) Z W7 fxse U7=, LEORTE
Hif% (2D-EPI) O M1%. TR/TE = 8000/88 ms, flip angle = 90° , matrix = 256X
256, FOV = 240X240 mm®?, slice thickness = 3 mm , gap = O mm, number of slices =
47, b-value, 0, 1000 s/ mm® (45 1%, 154h) Tdh o7z, 3D-T1 5RAEIE (SPGR) DHRfg
Z A—2%X, TR/TE = 12.30/5.20 ms, flip angle = 15° , matrix = 256 X256, FOV = 250
X250 mm®, slice thickness = 1.2 mm, slice gap = -0.6 mm [overlapping slices],
number of slices = 312 Toh o7,

Wi v Vit tract-based spatial statistics (TBSS) f#4F ©. HarvardOxford-
cortical/subcortical atlas Z AW\ T 63 OEE.LAEBIC CTRTIEHIERE (AD: axial
diffusivity, RD: radial diffusivity, MD: mean diffusivity, FA: fractional
anisotropy) Z#Hii L7z, T B OREEL, 7 ¥ L7+ LA (RF)IZ X 28T HE 217
577, ZWrHElL Receiver Operating Characteristic (ROC) fE#TIZ L5 Area Under the
Curve (AUC) Z FIVNCREAM L. 95%{5#E X [ & Bt L7z,

2. /NHEFE D E BARHT

2014 4F 10 A6 2021 4F 8 A £ TOMITHE MRI 23RE S /KM59% 30 #il (af AR
10 %, /NEAY 10 4, BRIEARL 10 B) BLOMEM A~ v F S @EE 2 hr—r 105 f
Xt e Lic, 2y b —/UE—RANCKRIFZRAELRNWEEZ LD HIX & L THE
WO TH D EARIRERDOERD 5 5 50 A Lo & 2 R EIRIER] & Fifn - PR 2~
vFFTLEHCY 70— kLT,

E K RIF R A 7E o # —o 3T MRI % (Discovery MR 750; GE healthcare,
Milwaukee, WI, USA) ZfEH L7z, #fg4elh4a FRclcad, 3D-T1 #aHE & (SPGR) DHR%
ZMFEX1. LRICTHHoT,
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fEMTIL U-Net Z_X—R & L7/NMMO HEVAFEHEE Y 7 h Tdh 5 Automatic cerebellum
anatomical parcellation wusing U-Net with locally constrained optimization
(ACAPULCO) (Han S, et al, Neurolmage. 2020;218:116819) A L7z, #atfatridktst
Y7 b Scipy 1.11.3 (Anaconda 3 BR#E) & FHV . BT, /NEAL G VAL 00 £ 8E COR (25 Bk
i & fEE R O C voxel of interest (VOI) Z & OFFE & b L7-, Mann—Whitney U/
MEZ MW, AEAKMETp <0.06 & L7,

3. LEHIRE TMRT fEAT

2014 £ 10 A6 2021 4 8 H £ TORIIAE MRT A3 S 7= K595 29 451 (A 10
B, /NBEAL 10 45, BRIETL 9 Bi) B RO A~ v F SR 2 b — L T4 il A x5
ELTz, a2y b= Ud—EIKRRIR R EL RN EEX DL X E L TREARR DL
M T o 5 EARIREL DR D 5 5 50 B LA D @l 4 K IASIER & Eifh - MRl &2~ v F3
HEHIZV I N— LT,

E N AKRIFR A 7EE > % —o 3T MRI ##& (Discovery MR 750; GE healthcare,
Milwaukee, WI, USA) & FHWNCHREE L7z, ZHFIE MR B O SA141L 2D-EPI £ T TR/TE
= 3000/30 ms, flip angle = 80° , matrix = 64 X64, FOV = 240 X240 mm2, 4-mm slices,
gap = 0 mm, number of dynamics = 140 D/XF A —% %\ /=, 3D-T1 5 1% SPGR 4
T, e MiE1. EEUCTH- T,

T — ZMEHTIE CONN Toobox (22.v2407 https://nitre. org/projects/conn) & Matlab
2023a (MathWorks, Natick, MA, USA) ZffH] L. 4Fin, MERZ 28 & & U TR L7z, CONN
(X DI, ETRILEE LT, REIHIE, R ¥ 1 I JHHE, TP, e
BZATV, /A Z&RE L, RICHEEERURS S EHT & LT, Seed to Voxel fi##r, ROI to ROI
figtit & 77 T AT B AT > T,

(fi B i~ O BLRE)
O WFFREDORIG L T2 DN D NHMED W
AL, T~ ES) RO TAZ NG E T 5 BRI BT 2 MmEEet) (2
SFLCEMT 5,
Q@ MHFEZESICMBFELIREL C, ARE2HED, (G249 A 1 A TO TR
FOFBRAERICLY , HillimBEEZERICHFE L, MEFEAELZESICTHM249 A
1 BRI CHGR SN TV D, )
@ fENNEFHRIETE DA
WFFE TR D300 k) « 3Bk &2 0 9 B, @S rTReEA b & L, #BE ofE A
T & T BIR DB & L O LR O S RE I+ 8T D,
@ WSO R R A RO RIS A5 5 Hik
ABFFECIE, BEFEOBHRICONTIX, BTHRIOZE L R D - DBRE b A 74— LK -


https://nitrc.org/projects/conn
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arvr hEZITHIEIFEH LY, ZOD, YEEERMFZED B i %2 & T3t o FEhiEls o
TOFMERAHT D, TN DRBERDIYPWRENDIX, A>T+ —L K-arBr N Ex
TAHAZ L ET B,

MAFZE S SR

L. JEHCT Y VABRE ORI T

-1, AR
B OFRIETO AUC X FA Dl b EfEThH o7 (84%), FA & MD D DFFIEAfE->TH
AUC 1Z[M E L7y o7z (84%), AD & RD D7 DFRIEAAE 5 & BHMDIGE L0 & AUC 1T
#Fm L7 (AD 83%, RD 82%, WiJi 84%).

=R —Adult-type (EIHIERE)

84%
-95% Cl 82%
+95% Cl 85%
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=R —Adult-type (HEEUIEE)

FA

AUC 84%
-95% Cl 82%
+95% Cl 85%

RANTFLBEOBEMOFFE TR & EW AUC 2o L7z FAICRBWTC, i &N -FE s v 7
10 DEMLZ FRe DR R T, AEfnk. A ERTEARIAR ., AR, A9, A B/ Nk,
FRWREE, A, BERAES, ARK, ANERIEICA ST,

fE R —Adult-type, FA

HmESIh-HEEL v 710
Y Mean Gini g50: ¢ +959% I
importance

Putamen (L) 0.632348 0.606389 0.658307
Superior fronto-occipital fasciculus (R) 0.608073 0.586541 0.629604
Thalamus (R) 0.570954 0.547504 0.594404

External capsule (L) 0.568131 0.545333  0.59093
Superior cerebellar peduncle (R) 0.550412 0.524349 0.576476
Caudate (R) 0.518475 0.498019 0.538932

Fornix (R) 0.498798 0.476843 0.520752

Body of corpus callosum 0.456719 0.434223 0.479215
Thalamus (L) 0.378904 0.357402 0.400407

Anterior limb of internal capsule (R) 0.371594 0.351635 0.391553
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e — BCAZIFAL i & N7 REE L1018

5.Superior cerebellar peduncle (L) 2.SFOF 4.External capsule

3.Thalamus 9.Thalamus

10.ALIC

7.Fornix 6.Caudate . 1.Putamen

1-2.  /pEAY
B O TO AUC 1ZRD A b @i Th o7~ (98%) ., FA & MD Ol 5 OFEHEA{# 5 L
AUC 134T L7z (FA 95%, MD 97%, M5 98%), AD & RD Ofli 5 DfeIE %~ ThH
AUC 1ZA B UZedso 7= (AD 91%, RD 98%, [®55 98%) .,

f&R—Child-type (BEIHIEE)

95%
-95% Cl 95%
+95% CI 96%
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fasm—Child-type (HEEUIEIR)

AUC
-95% Cl
+95% Cl

INBRIBE OBMOFEE TR B EW AUC 27~ 72 RDICRBWTC, St &N -HEE - v 7
10 OENL % FREDRRIKNI/R T, LMD, AN, LS., A, M, /M, 26501
R, A ERTEEZ IR, ARKIE, ZRNEicAH T,

#E 2 —Child-type,

HmESIh-HEEL v 710
s 'Mean Gini
importance
Fornix (L) 0.919065 0.903906 0.934224
Fornix (R) 0.876262 0.860193 0.892331
Hippocampus (L) 0.774583 0.761184 0.787982

-95% Cl  +95% CI

Hippocampus (R) 0.487343 0.472417 0.502269

Brain stem 0.32484 0.310249 0.339431

Middle cerebellar peduncle 0.280168  0.26578 0.294556
Thalamus (L) 0.268806 0.258033 0.279579

Superior fronto-occipital fasciculus (R) 0.220838 0.210707  0.23097

Amygdala (R) 0.205426 0.193355 0.217497
Retrolenticular part of internal capsule (L) 0.201836  0.18792 0.215753
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o — /NERIRD, HH & N/ REE L A110E

3. Hippocampus (L) 2. Fornix 1. Fornix 8. SFOF
4. Hippocampus (R)

6. Middle cerebellar peduncle

9. Amygdala (R)

7. Thalamus 10. RLIC (L)

1-3.  JRIER

B OFEIECTO AUC 1ZMD i b afi Ch-7= (89%), FA & MD Ol 5 DFsIE &> ThH
AUC X1 b UZedyo 7= (FA 85%, MD 89%, T )5 88%), AD & RD i )5 OFeIE % -~ TH AUC
XA B UZrdso 7= (AD 75%, RD 87%, WiJ5 84%),

&2 —Fetal-type (BIhigIE)

AUC 85% 75%
-95% Cl 84% 74%
+95% CI 85% 76%
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=R —Fetal-type (23UE1E)

FA

AUC 85%
-95% Cl 84%
+95% Cl 85%

JEIRFIEBE OBEMOFFE TR b EW AUC Zox L7z WD ICRBW T, i &N -FE - v 7
10 OFRNALZ FREDOERSCKNI R T, 22 B/NIMIEL, A /N, A KRB, A% ReE . 5 1E
B, £ bRisESEEN, LRI, ERK., E%EEHRE. A ERiEESgERICA LT,

&2 —Fetal-type, MD

HHEINESEHE LY 710
R |I\n/1|22?taGn|2<|e -95% Cl  +95% Cl
Superior cerebellar peduncle (L) 0768781 0743235 0794328
Superior cerebellar peduncle (R) 0728802 0704321 0753283

Cerebral peduncle (R) 0.698645  0.67349S  0.723791

Posterior corona radiata (R) 053443 0514372 0554487

Hippocampus (R) 0498735 0478823  0.518647
Superior fronto-occipital fasciculus (L) 0482729 0460597 0504861
Caudate (L) 039975  0.382858  0.416642

Thalamus (L) 0.399342 0381475  0.417209
Posterior corona radiata (L) 0.387741 0.369158  0.406323

Superior fronto-occipital fasciculus (R) 0.349383 0331882 0.366884
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ok — BRIRAIMD, fiH & N7 f5#E L2101E

1.Superior cerebellar peduncle (L) 4.Posterior corona radiata 7.Caudate 6.SFOF
2.Superior cerebellar peduncle (R) Y
3.Cerebral peduncle (R)
5.Hippocampus (R)

10.SFOF

N % : ¢ TN _r,r.{ -
9.Posterior -
8.Thalamus  coronardiata,

2. JINIMAAE D E ST
2-1. FRATIKARRE vs S HREE
N IEDNER (GE/NEE) o Left VIIB, Right VIIB IZAERZEMN A B,

faok — BRAEL

Corpus

vor Medullare,

Left HII Right HIl Leftlv  Rightlv Leftv Right V. Vermis VI LeftWl  RightVl Vermis VIl Left Crus | Left Crus Il Left VIIB

p-value
0.76 0.93 0.98 0.80 0.80 0.72 0.42 0.70 0.54 0.56 0.60 0.98 0.93 0.0001

Right Vermis

VOI& Right Crus | Crus Il Right VIIB il Left VIIIA Left VIIIB Right VIIIA Right VIIIB Viermis X Left IX Right IX VermisX LeftX Right X

p-value

0.003

0.45 0.28 0.85 0.60 0.98

TR | IR
(F5/1E) Left VIIB, Right VIIB \"f

[ cm [ vervi [T ver vit [ ver vin [ ver 1x I ver x [ o -w
By By v e v [ ae v
B rvis I R v [T R vies [ ] ra o [ AL X

2-2. /NRADKRIFEEE vs X IRAE
/NI EE Corpus Medullare, /MMHERHYHELD Vermis VII/VIIT (HERFEE/ HETHER) 12
INZ T /INIKAT « $REED LERICHE /A S FME D ZEHE 258D 7=,
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+ 18 7
EE - Ju i)
V0|% z;rsﬁﬁare Left 111 Righl -l Left v Righ‘t IV Leftv Righ‘t v Vermis VI Left VI Right VI Vermis VIl Left Crus | Left Crus Il Left VIIB

p-value <0.001 os3 ves  0.047 oor  0.001 0.004 033 <0.001 0.0008 0.01 0.06 <0.001 <0.001

\olE=1 R'lghtCrusIELg:;t“ RightVIlBgﬁTmis Left VIIIA Left VIIIB Right VIIARIght VIIIB Vermis IX LeftiX  RightIX VermisX LeftX  RightX
p-value 0.06<0.001 0.002 002 002 001 001 0.01 004 0001 001 0.06 0.08 0.37

T & | ¥R
Left IV/V/VIVIL/VITAX J ‘— ,.\

Right V/VI/VII/VIN/IX

Vermis VII/VIII  (hERREFE/ 1 ZR5EE)

Left Crus Il (F#A/1E) . Right Crus | [lom [l verw w vt [l ver v [l v [ vy T

e B e e
] A vis [ R via ] ravis [ ] ra o0 R X

2-3. JEIRRUKARIFEE vs XTRRHRE
IR EED YR (FE/NEE) @ Left VIIB, Right VIIB ICHERFEMN A DI,

faok — RRRE

Corpus

VoI Medullare

Left HIl Right -l Leftlv  Rightlv Leftv Right V.  Vermis VI Left Vi Right VI Viermis VI Left Crus | Left Crus Il Left VIIB

p-value 0.36 1.00 0.40 01 0.29 0.07 014 083 0.35 047 0.35 0.67 014 0.01

Vermis

VOI%  RightCrusi T8t -

el Right VIIB

Left VIIA Left VIIB Right VIIIA Right VIIIB Viermis IX Left IX Right IX Vermis X Left X Right X

p-value 0.29 0.24 0.02 0.18 0.74 0.05 0.13 0.05 0.87 0.69 0.44 0.76 0.57 0.66|
I IxX Ly I
Left VIIB (38/:%) | Right VIIB , \

[)om [ ver vt [T ver vii [ ver vin [ ver 1x [ ver x [ R -

ey e B o o

] A vis [ ro o voa ] R ves [ ] A oc [l R x
E— E— E— E——

3. ZZfiRe TMRI figAT

3-1. Seed to Voxel fi##T

KARREIL = > b 1 — )b & B A~BERERURE & B 2N R AR HRR IO RTERIE I TN L. AR IE
SMATE TR T 23388 H iz,
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e

[ ] | r——)

3-2.ROI to ROT f#HT
ROT to ROT fEAT CII/AK(RIFHAE CRUR « BBV, TR EF & OMEERFE S E O LR 250, Hix
IR CORER EEBALD A BT,

EWAEEE (S
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3-3. 7 T TfiENT
KRR EEREIZIBUWN T, Heschl [B] (—KBERE) 27 L3563y NU—7 OIEPMET

LTV,
77 7 BENT

Global efficiency

Heschl[=]

V&%

1. JE8T vV VEERE OB AT

TBSS 6 & OB & VT i diT 12 ;éﬁﬁﬂﬁbd&VCr%ﬁf%V%EW%%%EM
7o BRARDKARIFE T, BOEEF, /N, RS, BET B2 B ?‘éiﬁuﬁﬁﬂfﬁlﬂﬂ’ﬂﬁ EH
XL ENMLENTNDN, A@mﬁf$%®k®ﬁ ZBEWTH AEMRMEICRERAET D
ZEMHBLNIR 0T, KEROEBEMBEICKTIHE ﬁgﬁﬁﬁ%ﬁﬁbfwéﬂ%
HELEZHILD,

BHETR S @BUWHBIEEZ /R LT IR T o VIR, BRI TIL FA, /NAERITILRD, R
RAITIIMD THEx ThoTo, IEBT YV VRIRIZZEN A OGN HEII AR TH 203, &8
28T 5 VEREDZARIRIRHENR 2 Db LIV, ik:%ﬁ’ﬁmfﬁﬁﬁﬁﬁ%n
T2 FVEREE I IAR 2 7L T o 7203 /NSRRI HEER Y8 L A bivTe, 2 ORERITE
AT o 72 VBM % F e VB MEAT OfE SRAZ FE SR L Tz,

ARG BT L H OR8N T, IMIERED VBM fi#fT L 0 58T > ) VIERE DR
BRANTIIZZWIREDS B W AT BEMED B D A 1% DAFFEARIEIS & 0 (ERFHIAIC AWV D FiE DR
ED—2I27 5 Z LIS D,

2. /NIMEFE D E EfEHT
T & DILLRITT - 7= VBM AT CIE Rt & 8 7= segmentation TH o722 (Hirai T, et al.
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Brain Res. 2023;1805:148278) . A0/ MM D IRl L7 k5% 75 segmentation fi#AT 217
72 BN K ORI D /KRR Tl /N BED BRI LA I D ZEME 23R D 1o, F T2,
NSO IRARIFE TIE, /B, NIRRT 2 T, /MK - BEEO RIS
KPR D 2 8 7o

WED MRI 2 HW A% (Korogi Y, et al. Radiat Med. 1994;12:249-53. ;
Korogi Y, et al. AJNR 1994;15:1575-8.) Tli, /MMFER L OVHE O HFyitmn e Fia &
e LEFEMPAONTZ EDRESNTEBY, RFEIZZENOITTE LRWERES
LT,

IR R OV AT i VBM &2 W23 2 O e TiF9E (Hirai T, et al. Brain Res.
2023;1805:148278) i —H T D/ RGBT, TR A CIXE 72 o TR R DG B AT 23,
LR OEY (VBM TIXAFl, MR, HENARENILERE) S OEN (Pixel vs.
Voxel) WL CWAB LEZ b,

ARG BT &R H OFERINZ BT, KN VBM fif#hT & Z O/ NKEFE O E Bfif AT /0
HEbEDH L ERLIZWROMN ERAELNDAREENRH VD | S%OBRGHIHRF S LD, 70,
LRI ZERG A TR L OIS RS ONTZHANEHNE S DR T 20 ER’D
Do SHBOWFTEMGIC L0 ERGREICH WD Fi- e RIS D 2 L3l Sh b,

3. ZCEREE FMRI % - B REAORS A AT

Seed to Voxel fEAT CTHRIBFBREIT = b m— L & HE~BEREAVRE & B 23 14 R A IR [a] o R HE
BENMICHIIN L, ATFAEESMAIE CIX F 23RO B vz, F72, RO to ROI AT CII/AK{RMFRE
TR - EEE, SHRE L OBEENEAEO LR 25D, Bix i CORAEERH D
iz, KIRFEETE < ORI CRREIIRE G B LD I D IVTE A3, AKIRIR DR I LR
Al S AT RIEI 2B BERIRE B A K L T2 b D TH 2 RN & 5,

77 ZfEHTTIL, Heschl [B] (—KEETEES) 27 & 20Ky T —7 OREPMET
LT\ =, Heschl [B] (—REERES) 2T LT 001y N T —27 OBFEOKTRALN
TEHBIIARATH D, KR CTIHEREEE A 507 < KRFEE IR 2T R Ch
LA H Y | SH%—KIEEE LR T 2Ry P —ZIC OV TER DM BLETH
Do SHOBTEKG LV ERREICHODFH R TIEC R Z LRSS,

Vit

JEWT v VR e O TR DRI S L KRR ORI RS O E OREIZEB W T
IR HEMMEOREENE E T D Z LR IS,

INIZ R U T RS 5 720/ NI R O 8 BT 20 L KRR ORI X > CT/NIM D B 7 5 56
NAZEREDH > TW D ATREMENR B 5,

IKARI R DZEERRE FMRT 1Z X 2 IMBSRERRAT 20 5 . KRR OB MEI B XM OMSRERIRE &
FENZSARIR A3 DV | Heschl [l (—RIEREF) 27 LT LMKy U —27 OFRD
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ETFARZSND,

VIS 1 O

AENTHEET > Y VAREE & O TR 2 B R 7~ & 22 e O R (AR IR D F o &
74 LA K RE) ZHWZ0, EOMIZHEODORTFE TIENS D, 5%, EOMREE
FENIVONPORFGLETH D,

IINIEEFE D TE BFRHTIZ BT /NIRRTl I IRESCR AR b LT & 0 IREEPH O
IR ERE RO DI A TH LN, BRI DBICA D= AL EEZD T Z21T>o TnET
VN, A A OFZE TIE A ORISR AT IZIRE S TEB S, /NMO BRI ZEkE
LIER E OMBIIRFITE TR LT, AROMETH D,

ZHRRE TMRL IZ K 2 IS REFARAT IC I W T, AR MR (RIRAL, /NEARL sl AR 2 &
DFFENTC— KB I L BRI 2 % v b U —ZIZOWTHAR DR Z1TV 20,

ZHVETO MRI FEHE - BET — Z fEATHERICLFRRE IMRI MGG D7 — & TGS 2
2 CHEBCEE & O T B A0 e it 2k, B 22 Wmeom E& B L2V,

AR BT D BIE £ COBFITIRIL, ¥E4E

1) Hirai T, Abe 0, Nakamura M, Azuma M, Kadota Y, Hattori Y. Human Brain Structural
Change Related to Chronic Methylmercury Poisoning. 25th Annual Meeting of the
Organization for Human Brain Mapping. Roma, Italy, 2019

2) Inui S, Nomura Y, Nakamura M, Hirai T, Abe 0. Application of machine Learning
to multiparametric MRI in Organic Mercury Poisoning (Minamata disease). ASFNR 2019
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Imaging analysis study of brain structure and function in Minamata disease
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Abstract

The purpose of this study was to clarify the changes in brain morphology and function in Minamata
disease using (1) machine learning analysis of brain diffusion tensor indices, (2) specific quantitative
analysis specific to cerebellar volume, and (3) functional connectivity analysis using resting-state
functional MRI (fMRI). MR image data of 30 Minamata disease patients (10 fetal, 10 pediatric, and
10 adult) and 105 healthy controls who underwent 3T three-dimensional MR, diffusion tensor, and
resting-state fMRI at the national institute for Minamata disease were examined. The diffusion tensor
was analyzed by tractor-based spatial statistics (TBSS) using the HarvardOxford-cortical/subcortical
atlas with 63 regions of interest and local diffusion indices (AD: axial diffusivity, RD radial diffusivity,
MD: mean diffusivity, FA: fractional anisotropy). These features were analyzed by machine learning
using Random Forest. Diagnostic performance was evaluated using Area Under the Curve (AUC) by
Receiver Operating Characteristic (ROC) analysis. To clarify cerebellar morphological changes by site
and patient subtype, Automatic Cerebellum Anatomical Parcellation using U-Net with Locally
Constrained Optimization (ACAPULCO) was used. Resting-state fMRI data were analyzed using
CONN Toobox and Matlab 2023a, and Seed to Voxel analysis, ROI to ROI analysis and Graph analysis
were performed. The results showed that the diffusion tensor index with the highest AUC in the
machine learning analysis was FA (0.84) for the adult type, RD (0.94) for the pediatric type, and MD
(0.89) for the fetal type. Abnormal values were found in various white matter. In a cerebellar-specific
quantitative analysis, symmetric atrophy was observed in the hemispheres of the posterior cerebellar
lobes in the adult and fetal types. In the pediatric form, symmetric atrophy was observed in the
cerebellar white matter, central cerebellar mediastinum, anterior cerebellar hemisphere, and posterior
cerebellar hemisphere. ROI to ROI analysis of resting-state fMRI revealed changes in connectivity in
various regions, including increased functional connectivity with sensory/motor and visual cortices in
the patient group. Graph analysis showed that the efficiency of the network with the hub in the Heschl's

gyrus was decreased in the patient group.
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