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B E WAL S O b ASETIE, 2025 X RRAE
EH 700 TN, EEEED S5 AIC 1 ADVFRIET S &
HFFShTws Y AR EOBN - BHO
WX, 7Y A < —HIZHAE (Alzheimer-type
dementia : AD) 2 &, & B8 Ak E (Mild
cognitive impairment : MCI) & % W ZFRHIIEH#
(Normal Cognition:NC) Zakpl325Z &LICH 5.
RHIEDOKR %2 5D S AD 13, Vo 2 AR S
N2 A BRBEASA T I R S M B AT RO Z
HRETH S, —F, MCLIZ, REAVE D HiBRIR
REL S, 4R 15 ~ 25% DSRBAENHEST S 5 &
EhTwzh?, WYRBFERLMACLY NCo
RECRHEVEESATVE Y. 20k,
MCI & NC - AD %zl L, MCI % HHEIZ7BHr L
T, BHICER - MEOMENLMAZIT) 2 &
T, RABRREOREZ PRI L, HEFE - MIEZM 5
RADVIFEE %25,

Sml, HiEMRICRONLT =505, B
B DM R UKEHE) % VBM T#AT L 7-.
R EDOR 7 ) — = 7 & LCEM L7
Mini-mental state examination (MMSE) (i 5
=30) Ay M A7 Vo T, BAEREE 30 ~
28 51 (NC #f), 27 ~ 24 13 (MCI &), = 23 51 (AD
) o 3#ICEHI L, MMSE #4438 X 0g )
3B & R A AR 0 i 2 AR & o B ELE 2 Rt Ry
WA L7z, £72, RRAVEDZW, BRSBTS
Sl b WHE L 2RI B W T, ERMEN - ERE
RS, RSO E 2 %L 7.
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C OREWIATZEIE, BRHE AL R AR H 2 B
KX 0 HHAEZ 1S K% 1 IRB : 2019-
01, A H 201941 H 16 H). #FZEICH5 L
LI RTONEEPSHEMMICE S Y7+ —4F
avke s IBELNT.

1) %

FHEIE, 201944 H~20234E3 HETo4
EMIZ, WENRER R EZEFRICZZ L, B
B EOMRLIEN A 7 ) —= Y FREB &
OVBE #R A 3% MRT M AS 2 92 0t L 72 468 B (3 1
202 % :4316%, Pk 266 4 :56.84%) T -7z,
b, B, R, EBECHTIRES LD
FEOUFFRER L, RERIEET 258
RS L 720 0E R E o 4R G + R (R 22 1%
7809 * 9.05 7% (F1k 7685 = 9.10 7%, &Mk 79.04
+ 891 ik) THole. HERII/N - PEREE
B139% (297%), EREFER 2624 (56.0%),
B - WAREEZ 234 (49%), K% - K
FREAEREH A4 % (94%) THo7z.

2) FBHIRBERFMMRE (Minimental state
examination : MMSE)

AP RE R E ORISR 2 ) —= v 7
13, MMSE—H A&FE (MMSE-])" % 412 %
Jiti L7z,

3) EAEM S & U MMSE FiHE D TR

NROEARENE (s, MR, HEE) BLO
MMSE O ifiE, BB L O FHME = 2 E 2=
2 HBM LM OMREZ o7z, 72, MMSE ©
BEPS, NEHEE 3 (NC- MCIL- AD) 12)g
BIL72Y. FER 3 BEOBEM e X2 e, —
JC B & 3 50 AT (one-way ANOVA), Kruskal-
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Wallis EZ HV, HRETH o 725EITIILEI
J& U C MMz (Bonferroni ffi1E12 & % £ H LK)
EBLZ &b, MilEARRNE (0 KM,
1: B8, BERINEFRE (1: /- Rz
EY, 2 BREEL, 3 HMPR - BREER,
41 RF - RFBEAER) & L TREHLE 217 o 72.
AR EIS BT 2 A EAKE 12005 & L, #%
EH#HT 121X IBM SPSS Statistics ver.25 (HA T
4 ¥—-TLh) ZHW.
4) FEH MRI F— 52 OEEE

PR 3 MRI @ 1% 1218, 30T-MRI (GE ~
WA T Y xoNy) ML 3DTI-
weighting Image (3D-T1WI) ¥, BRAVO ¥ —
FUYRAT, UTORAF Y - NI X = TEIEL
7. TR/TE :9.2/36, FOV : 240 x 240 (mm),
Matrix @ 288 X 256 (mm), A7 A AJ& : 1.6 mm,
PO 0 196, Hri&ER © 6 20 33 #). FLAIR M
f41%, Fast Spin-Echo ¥ —%7 ¥ AT, 787 A — %3,
ZNZFN TR/TE : 8000/128 (ms), FOV : 240 x
240 (mm), Matrix : 288 X 192 (mm), A7 A1 A
JE 140 mm, HAEBEL 39, HRARIER : 4 55 26 #.
5) VBM I & 3 £ BT

VBM f##rid, 55N 728HE MRI D7 — % 205,
HE B 5 A BH 38 L 72 Brain Anatomical Analysis
using DARTEL (BAAD) ver. 431° % fiJii L T
FEhiL7z. miEE LT, DICOM 8y r—3T %
analyze BT L 72#%, WIEEERIZ AC-PC 74
VICHBIE S 7z, MRIBRAMERL, FATHE
By T T, 2izkEaE, HE W
WICHBIWICOE SN SEESNZIKAE X
DARTEL Z W CTIHBE D LR 24 L T,
Montreal Neuroimaging Institute 22~ Z#{LAH
fibhiz. K7 ElH 4 X2 15 x 15 x 15(mm)
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VBT rEN WIS, BEBENAEMR
Total Intracranial Volume (TIV) 23R S 7.
BAAD W & @ Statistical Parametric Mapping
(SPM) 12 Z T, LUT o 2 M OREHENT %
Ehti L7z, HWZ$ % MMSE O8R5, FLHZE
Box SN 5143 O N RSO SH (K2
tv) &L, EmL UCTHER HR, BHERE
TIV % # A L 7z multiple regression analysis %
fTo72. WIZ, MMSE O min b8 S/ 3
BRI LT, R4, Ml EOEEE, TIV
¥ A L7z One-way ANOVA %, KB TOMN
BHOEZBE Lz, MRICEATLET—F7 7
7 s #BALT A 72912, threshold masking (&
absolute T 0.1 & L, apply masking 37 L, p
i 1Z Family-Wise Error (FWE) #ii1E p < 0.05,
non-stationarity correction \& off & L7z, #ERD
Extent threshold (X, SPM T 3% X 11 7= voxel
fEL oMl E L. %&B, NC, MCI, AD
HZNZN ORI X ) AEAEMESN2H
I ix, SPM12 @ MarsBaR # i\ TROI & L T
i H & 11, MRIcron (https://people.cas.sc.edu/
rorden/mricron/index HTML) ® 7 » 7L — |
(ch2bet.nii.gz) 1244 ROl # EEFR L 72, R
{5 D % FRi% automatic anatomical labeling (25
o> THIRL 72,

fa R

HEAREE, MMSE O#13 B XM HHE O
3 051% Table 1 (278 L7z, 4E#y (Faees = 2537, p
< 0001), # H B (H2 = 3433, p < 0.001),
MMSE #&f#5 (H2 = 41383, p < 0.001) (2B W
THOFRRIIEETH Y, MMSE @ 3 #EH T
RTCOMAEDLEIIBVWTAHEBEENRD LN
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HENDEXBHEL MMSE DEFE

2114684 NC#:1804 MCI#:175 4 AD#:113%

Fig 78.09+9.05 74.74+9.82 79.16+7.53* 81.78+8.09*
1451 (5B /%) 202/266 84/96 78/97 40/73

BB 1.94+0.85 2.18+0.86 1.87+0.81* 1.66+0.79**
MMSE#£54 (/30) 25.35+ 4.46 29.01+0.78 25.72+1.09* 18.96+4.17*
HE: 8RS (/5) 423+1.27 491+0.33 451+0.73* 2.72+1.59*
R 5 (/5) 4.61+£0.83 4.99+0.08 4.74+0.50* 3.81+1.25*
ENrF&EtE (/3) 2.87+0.42 2.98+0.15 2.93+0.34 2.62+0.66**
STE (/5) 3.45+1.54 4.67+0.59 3.25+1.19* 1.82+1.40**
IRFEEE (/3) 2.19+1.00 2.79+0.47 2.21+0.85 1.20+1.08**

IE#5(/2) 1.99+0.15 2.00+0.00 1.99+0.18 1.96+0.27
&/ (/1) 0.91+0.31 0.97+0.17 0.93+0.32 0.77+0.42*
s (/3) 2.36+0.77 2.74+0.47 2.34+0.72 1.81+0.89*
R (/1) 0.97+0.17 0.99+0.08 1.00+ 0.00* 0.88+0.32*
E7(/1) 0.91+0.29 0.99+0.11 0.94+0.23* 0.73+0.45*
1R (/1) 0.89+0.32 0.98+0.15 0.89+0.31* 0.73%0.44*

* : Significant difference between NC and MCI groups (p < 0.05).
** 1 Significant difference between NC/MCI and AD groups (p < 0.05) respectively.

(TXTp<005). PERNE 3 BEHITAZEEILRED
biedross (x%2 =382 p =015 ns.).

MMSE #8145 55 & 1.0 B &2 7R U 72 i 5y e 64
(&, AR /e R ~ i R B 1nl & & S T B
I, EHT S~ s IR, g o e E A
BUSEAETE), WA OBEHTHES, A EH I X OV
TH-o7: (FWE #lilE:p <005 k =45) (Fig.1,
Table 2).

MMSE #4552 558 L7z 3# (NC - MCI -
AD) ZENZIUTBEE S B B% R TR & i L 7z
(Fig. 2, Table 3). NC % & MCI B o #E (NC >
MCD) Tld, ZeifpF~ s 3 nl & 2o i AR 1ml 2
BOWTMCIHOERMPAERICHA L T
(FWE #i1F;p < 0.05, k = 50) (Fig. 2 DRFHIR).
F7-, MCI# & AD #Eo ik (MCI > AD) T,
T D 115 5 70> © K 3 1] o> sk & A5 F RIIBE NS B
WT, AD HOBREPA RIS LTz (FWE

e/75 MFHRENTFHRIR vol.35no.2 2025.3.

#ilE ; p <005 k =50) (Fig.2 D F ). &
512, NCH# & AD BEo ki (NC > AD) T3,
et RG A OIS B 0] & & & e M RBE TR, AR A
O HERE IR, Moo - TFRrEE R R i EE
), A EHEIBEEIC BT, HAEROZFH K
THARDLN (FWEHHIE : p <005 k =50,
Fig. 2 DRk FEIN) .
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Left/Right precuneus

Left anterior/middle

: Right cerebellum
cingulate gyrus

Right middle Left inferior Left hippocampus/
temporal gyrus temporal gyrus parahippocampal gyrus

] MMSE #1585 & EDBSE % R § JSPTaE

MMSE #i8 5 & EQB® % T ¥ R Rt

Cluster KyEIVER BSE tR i MNI coordinates (x, y, z) T{&E
kiBE/EEER —26, —26, —21 9.89*

Cluster 1 16262 Z T RIEEE —39, —26, —21 9.02*
Rk —20, 0, —12 8.88"

LRI SRR R[] —9, 38, 18 6.82"

Cluster 2 1646 ZpERERE 11, 11, 41 6.29"
A RATED —6, —54, 23 5.73*

Z P RIEEE —33, 44, 14 5.45*

Cluster 3 450 — —39, 39, 21 5.04*
— —26, 38, 29 4.72*

/BB 24, —62, —27 5.27*

Cluster 4 1354 - 17, —51, —23 5.18*
- 20, —78, —29 4.97*

Cluster 5 67 Arh{EIEEmE] 56, —45, 8 4.85*
Cluster 6 72 AETEEM 44, 42, 6 4.62*
Cluster 7 49 FHIRTED 6, —53, 26 4.54*

* : Significant at FEW-corrected p < 0.05 (k=45).
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b @nib AL L2800

R

& &*ﬁg&‘ﬁéﬁﬁa &
§, | %ﬁ P s

Left anterior
cingulate gyrus

NC > MCI MCI > AD

¥ MMSE 7 3 B(C & 2 B AR O BRI LB

NC: MMSE 30 ~ 28 points, MCl: MMSE 27 ~ 24 points, AD: MMSE=23 points. NC>MCI: Regions highlighted in red indicate
areas of significant brain volume reduction in the MCI group compared to the NC group, MCI>AD: Regions highlighted in blue
indicate areas of significant brain volume reduction in the AD group compared to the MCI group, NC>AD: Regions highlighted
in green indicate areas of significant brain volume reduction in the AD group compared to the NC group. FEW-corrected p<0.05
(k=50) with figure: age, gender, educational level, and total intracranial volume as covariates.
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MMSES3 %I & 5 ST R fRis o L BE R

Cluster Ko RS RE MNI coordinates (x, v, z) T{&
Cluster 1 107 LIS IRE -9, 33, 15 5.72*
EEE —33, —9, —14 5.33*
NC > MCI Cluster 2 162 -
ZB B ER —36, 2, —24 4.61*
Cluster 3 54 ZmHEr —26, —26, —21 4.90*
BBEB 30, —12, —14 6.04*
Cluster 1 1631 HiERHER 26, —21, —21 5.71*
B 14, —5, —14 5.52*
EahEr —26, —26, —20 5.39*
Cluster 2 480 BB —17, —6, —12 4.87*
MCI > AD - —24, —12, —17 4.54*
Cluster 3 94 AT AIEEE 53, —44, —15 5.14*
A TAsEm] —53, —35, —20 4.99*
Cluster 4 377 — —48, —21, —23 4,98
— —39, —26, —26 4.84*
Cluster 5 53 Btk 33, 3, —18 4.64*
ZEEEL —26, —26, —21 9.16*
Cluster 1 14952 kB —17, —5, —12 8.12*
Z TI5EE —39, —23, —26 8.09*
Cluster 2 386 AR IAE —9, 38, 18 5.88*
- —12, 30, 29 5.02¢
Cluster 3 117 AR EBEIRE —11, 11, 41 5.41*
NC > AD ZRiEEE —33, 45, 14 5.05*
Cluster 4 194
- —39, 38, 23 4.74*
Cluster 5 170 A EAIEEm 48, —39, 14 4.96*
AAIEER 57, —45, 8 4.90*
Cluster 6 75 AT aEiEm 45, 39, 11 4.95*
Cluster 7 45 AT rIEEE 48, 32, 14 4.94*
Cluster 8 73 RS —6, —54, 21 477"

* 1 Significant at FEW-corrected p < 0.05 (k=45).
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z B

FAE, ADOEEALICHEY, s, H5iC
WIS & H ) O RBKRE T, WEhk
EORRMBEREREL FRE T BE - KIKRISHT
BHBEBENS L o TS Y. BAHEREDIE T -
BEOZX 7Y —=r 72, Hx o MMSE,
FEA NG HHE A 77 — )V, Montreal Cognitive
Assessment 7 EDOMFLLIER T A b 2SN S
N5, wETIEary¥a—ribshdemto
AR RE R 7 2 b (CogEvoTM @ M=% V7
LA Yo7 ™ k) bEAShTHS, LiL,
A7) == Y FRATIE, WOBEZNFEHIZH
#7p 720, UHIEEMAZ R L <, RARREERE
EORIIEELAF LS LB EL 22 .

BEHE MRI Wi{§ARACId, KEESE, ABAE T If i,
B EAREE, WSS 72 EIR B OBRME S & X
0, /NS,  BRIFVERGE 28 <05 dif, i 32 )
WRAZE 70 E RIS R B OGNSR SIS, AD
DM, BEEEGRIELEE I Tw i
W 7%, Voxel-based morphometry (VBM) fi##r
WX, BBEHETE, NAMIEESE GENE), BEHTESE (B
AIER - MISEE) 7 &, MCI® AD BT % 241
PERE R (B 89 2 b Ry BT B 0D ZEi D FLBE ASTT
UL SR, R B ER S L (L S R
RTINS 720, SRR A H % T iE
FHERPREONS.

AWFFEDRER, MMSE #1504, 774bb,
R 7 FRAIBRREAME T 37 5 120N T, FiEbng
%0 9 ¥ ~ 05 S B3 [0l O AR O B 22 T A3RE
D67z KR, FRHAIHIAEN AR 2 BE A Fi 5E
CHMRTEEE) 2P ZERTERFEARE) 2 25,
BZEHA 2=, BwHoFA, HCOBKELHR
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Bikok Y L # 2 o BhEEAN (Ef
BLRTER) AMAl (MUBEE) (2AMFC, KREZED
JRH 7 I TN AR OA B IR T 25580 b7z,
T/, RBHIEITE LTMMSE DA vy b+ 712
Do THE I N 3IHORFHLE O R, NC
L MCI B g Tix, MCI B AR R IR E &
IS DA BICEM L Tz, NC» 5 MCI~
DORATICIE, LR EZH) ElHEOAL LT,
RSN AE D — i 2 $H 5 Fe Fi R AR I O FEii 12 A H
FTLELERDLEEZ LN, T2, MCIHE
AD B TlE, AD BETIZAEE I, W
Pefhs 2 & T il K J 0 sE38 3 & OV T B o] L2 95
ERFEWAPED SNz, MCIAH S AD ~NOBAT
VA&, TR O & A TR GRESEIR [F B
) OEMEICHEHT HLEAIRB SN,
ARWFFE T, RABERERE & o HEE 4 MMSE
DAy A THEDHEEMICNC, MCI, AD &
@R L7728, MCI 3 XU AD ORiKRZ W % Bk
WL ETH L. T2, EWo LI
WINERE DA & BAEEIK T o 2 h2h o2t
IR TR S B 2 LR S hTws Y
Kfge 7T — 213, 44EMICHIzo TENREH S
— R CIE L BT 7 — 2 TH Y, NC2 5
MCI ~DO#ATR MCI 4 5 AD ~DRBATH: O ZAfi
RO ZBPEICD &, Mkife L CHERTIYIC 7 — & I
BT SENRELEEZSND.
WIS, PRHBEDBW - WIS LT, s
MEEDO R T2 FTBENZ DOV TR R Z B Rz, b
Bt & H ) B O TR, WEns L
RABERERE B EERE T 5 BE - RIEOBHENS
o TWwb. RARRKEED T 74 <) 7 712
BWTIE, ML R MR W% % BE
LT, NC»5HRERAEREE ORI D 5 k)
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GH B VLIRS LT, RN PRI A
CIBHRIZO%IT 5005, BEEt I8 5 Rt
BNF BB O—DLEZ 5ND. BEDOEAE E R ME 7 MRI Wi {% 0> VBM AT CTix, MWEE
R T OB W - 5FA 2 $H 2 2 ISR Clk, H DEMFLEE 2 BRI HAL L, BER IR T
W oWEELZ K2 “WEELY) N )" %, B2 Lhs, BEORMBREKT 250, @M
FREAWEB T C, il & QICIY M 2 & 5] PERERE E OB IWEHI S BE CH - 72, B
BTHL Y. R, RMEREREEORE - T % MEOBUE, FRABEREREE O BRI D 2 xR
W27 304 FEEBHEI ARSI, RIS, R E Ao E & b1, ERY
AR AR C b RRAIE DO MRA N G A 1 M - REENEHEZRD 255, SRAERERE
Wb ZATHA. BAEDOT LI XY MIBIT THICHEDLLZENEENS.
B R R EE OBk & <, B Ao
#rE &b, EREW - BRENHEZRED A col

. ) ) AHXICELT, BRIAZHBERICEZIBEEIH €
5, iAREERE EDBRICEDL L Z L E TIN5, A

#a

Xk
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Elucidation of brain localized regions related to cognitive
impairment through VBM analysis of structural MRI
images: The role of neurosurgery in the diagnosis and
treatment of dementia.

Toru SATOH ", Yoichi SAWADA ?, Hideaki SABA®, Hiroshi KITAMOTO ?,
Yoshiki KATO 3), Yoshiko SHIOZUKAs), Tomoko KUWADAa), Sayoko SHIMA 3),
Kaori HARANO *

1) Department of Neurosurgery, Ryofukai Satoh Neurosurgical Hospital

2) Department of Contemporary Welfare, Faculty of Health and Welfare, Okayama Prefectural University
3) Department of Rehabilitation, Ryofukai Satoh Neurosurgical Hospital

4) Department of Human Welfare, Faculty of Human Relations, Otsuma Women’s University

Management of patients who present with cognitive impairment is essential in routine neurosurgical
clinical practice. Structural magnetic resonance imaging not only aids with exclusion of organic brain diseases
but is also useful for morphological assessment of brain structures associated with cognitive functions. In this
study, we performed Mini-Mental State Examination and voxel-based morphometry analysis using structural
MRI in 468 patients (mean age 78.09+9.05 years) to determine the localized brain areas associated with
cognitive impairment. Our results revealed significant reduction in brain gray matter volume not only in the
hippocampal periphery, which is associated with memory function decline, but also extending from the lateral
prefrontal and anterior cingulate cortex to the precuneus and temporal lobe, which are associated with declining
cognitive function. In the future, it was deemed essential for neurosurgeons involved in the diagnosis and
treatment of cognitive impairments to approach clinical practice from both medical and morphological
perspectives, in addition to collaborating with caregiving services.
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