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ABSTRACT : Alzheimer's disease (AD) is the most frequent cause of dementia in the general population. It is a progressive, neuro-
degenerative disorder occurring in or pre geratic period with cognitive impairment and abnormal behavior as its main manifestations.
Mild cognitive impairment (MCI) is the intermediate stage between the cognitive changes of normal aging and dementia. The cognitive
loss in MCI patients can't satisfy the criteria of dementia and many of them transferred to AD patients. As most of the clinical diagnosed
AD patients are in middle to late stages, the biomarker for early diagnosis became the hot point of research in recent years. The specific
atrophy pattern of brain may be one of the biomarkers. Voxel-based morphometry (VBM) is a voxel-based method that allows
automatical hypothesis-free comparisons of regional brain indices across the whole brain. Recent morphometric MRI studies have
investigated brain volume abnormalities of AD and mild cognitive impairment using VBM. This article reviews these findings in order to
provide cues for clinical practice and scientific research.

Key words: Alzheimer's disease; Mild cognitive impairment; Voxel-based morphometry

Chinese Library Classification(CLC): R74 Document code: A

Atticle ID: 1673-6273(2014)14-2779-04

AR R — PR VR BRI F LR AR PRI RO bR,

(Alzheimer's disease, AD), X FREFEMHIR , /& UL IR 2
T 24 5 BRI A 60%-70%. EER B LICAZRERG N 3
R REIR . BAEIAMYIHERETS (mild cognitive impairment,
MCT) A F1E 5 3 &R Z 0] 0 —Fp e R 36 R
FICAZ BN A 5, 5 3 R R B R 18 B B —FOIRES, BE A
T S DIRERZ . Bl B LR ST AL A SR R A i
H AR REILIR AR E AT 5 B AD BEE I 2 — , 25
WHEILIR AR O ZAF R AD (AW 2=hr i Z — 5 I A 12

*ILATH EHEK A ARER AT H (60831004)

HPRZRIEEME2 (voxel-based morphometry, VBM)
S — PP AR F KR IAZ R RS EAT @ 2 42T B W4T
B AR, T L ) e tof 8 i o e A0 i £ 2 0l 43 4 85 38, DA
2018 H J 0 G X A R AU L2 o P HLAR I Rl - SRR 2
T8 33 (Rl AR AL L S B 2 (B) B B | 2205 1 Bl A ) SRR 3R
B0, A R R IR BT | USRI, T2 T 1 f Ak 3
HHE = L, d 5 AR SE I8 B 7R — 8 1) B E A R T
FEF T SRR B BRAG 5, 753 55T B R AH G fix 2 28

VEZ i SRk (1981-), % i+, EE U, B4 : 15910761837, E-mail: jiguoyane@sohu.com

A WIRVEH 5K EE, E-mail : zhangxi@301hospital.com.cn
(ks B #1:2013-06-27 43257 H #1:2013-07-25)



- 2780 -

REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.14 MAY.2014

WEAAEGETE 22 S W X FURZ DT T L T R 5220
AR R, AT BRI M R A AR R AR )T BT T AD K
MCI fRIFFE R, BT AT TS IR LA I T .

1 AD BRI ZE 4815

— LTS T AD YRR IR AR O, i — B &
TR A PN I 5 R (R 2R A I D T IR B 2 N T 5%
Il XEEE5Hh AD SR EAR LAY AR GBI — L5
TNFERRUI AR To - B RRARAZ | AR AR 254 . AR
WFFE A 22 5 bk, FEFEE TR T - 1 P9 M I AN 5E 4
—FE A BB FER AR E Y VBM b5 s, A AFSE SR F ik
HER T 2%, BT 1 S 80 % H A B AN R — 38052 A A i
ANFE4A—3, AD BRA B A RKM R, A4 AD B iR
FUEAREE AEIS MAEA SR 253 A TR AR (%
HEMLES S T S 8000 2 e S X 45 3R 7 A= — 22 %2, Schroeter
ML ¥R T 2007 4E2Z B AFFEHEAT meta 4387, &I AD B
B 3 222 447 AN T XA A A P 285 ) 000 P 0 e B %
JEH A TR IR, Yang T X &£ KT 1995 4F 1 A
% 2011 4F 4 H Z[af AD f#) VBM W55 #E4T meta 4387, K
AD B3 WK 248 32 BT I MIET B BT RS A
B2 v ] R 5y g R,

ARSI AD K BT ZE 45 53 A ANTF] o $% K 4F 1, AD R] 43
SRR T e Rk T AD, 65 & 2 T AR H) AD B Rk R
AD 3,65 % KU KRN k8 AD 3% . HiHR Bos,
RE RS kA AD BE K TIERAR, R L8 AD &I
TR IR 54 B A7 DU T 5% ] AU /Nt A DA T
Le BRI A 5 55 s e R T AD F3E AR IR 2548 BT
XU

2 MCI KR B Z 4845 =,

1 FARAMEDR AT MCI R 1) S5 B 45 28 , VBM J5 15T LA
faf BT 0 AT A2 IS4, B IFSE MCI B3 1 i 5 A ek A
MEE %, FL24A K MCLE VBM W5 78 MCL5 AD A
A AL IR R 2R A L AR5 SRR —3. Derflinger S AYRFST
R MCI 40K R 22 45 5 A T 220 B 05 T 5% 1l A5 4%
KerR ] RS &R B, A M HE B Bl Karas GB U5
TAR MCT 2H K J5 32 4 B 3557 Sy U000 e i SN 13 2=l
B OBUEE S50, Shiino A FYAFFE 7~ MCI IR 2845 {3 XU
WA A=A /I SRS, A 5 S0 G5 2 ZE 0 e
JEEPEL TR, Yang J KGR T 1995 4% 1 H 22 2011 4F 4 A5 KT
MCT 535 ) A5 i A i RS 264 T VBM 43 H7 119 STk 3 51T meta
SIAT R B MCI ER 35 18 S5 25 455 (87 U 8 £ 25 i / 2854~
¥ /T /R 2 FE b m] OBU e A L A2 0 S 0 e/
L QN T B e N oA I g 1) S A s T
A [,

MCI #%1Ifs FRFEL 0] 438 7 MCT AR T MCL, %
TS MCI 5 LLHEZ 33 R E ) MCL; R38R MCL R B
AR E AT AP HA NS & T D RE 023 ) D) BE A5 400
AT L 2 IR B DA AT 4 22 /0 3R] R 3t 5375 MCT
43R gl R MCT 2400 3 a8 70 MCI, Rl st Y

MCI 53y G0 5 38 A ) MCT K 22 40 it 5 e 33t s 2
MCL, R RZEWI TR AR AL MCL 8 AT — 2 1Y
733, H Bk meta 70128 A B MCT 25t J2: R A0 4 5 1o Y
MCI AR A MCL, - BEAHE ST 35 MCL )45 2
G E MCL Ik , A — LR A RIZE R A MCT R 1Y
IRIFZE G, PRAlis T MCT B35 (2 N MR 22 R T
N F AR 8./, 7 22 50 3 MCT (A O30T [l A
3 [ ASUIRE_E [] (AR s/N, Whitwell SERYBFE 2R
Fafist 5 MCT A R B4 220 T N R 35 245
AR MCLA T S0 S A B J2 AR il o] B A s
DIREA T B0 R ZE MR T 32240 5 TE R AP T D RE 245 4
B0 YR = o= VAs R 1 Y T A L Rl RSP SN B S
B, XA A B MCT -5 AU - (22 2 785 B 711 A SR
JZO M BZEA A I, 2 S i s MCT 2450 e 31
TR AT AD BE TR, X B TR
AERICAZA0 T BNz BB e E AR AD B 2
Heaih

3 VBM AT MCI Tl Jr % B 4 B

R REINI D REA0 T AR IZ BT, BT LLZ AR A
—, BUG W HARR B 7 b, 55 B AD, A e
HAXSRSE , BT UF 4% o AD 35 OIS T K T30 AT ARG FL 0t
Ja L B, SR S AL AD G AE YA AR S W B TR
FERH AL, T VBM JpHr BAT i 5 5347 B LA R AL, H AT
ARZOTR %7 1 T 5N AD BIZER AR AR W~ b
EWY. Chetelat S5FfT 18 A KBS AR BEE Sy AD #) MCIT &
PO, 0k Jr 2H XU B K ity T 55 454 BT [l AR [l R
FI0AlE [ AR I KI5 2 40 1 . O, fbade e ik i Sy AD 19 MCI
BHG S EgE R, B A A0 T CAL XM,
Bell-McGinty 55 B15 2 4F, A Bk L Zc i A B = WL
MR ] A0 0T (] 2245 A F R SRR 4 W P Bozzali 25 % B
PEJRELH K 240 S )iz S T AD 4, 9 2H A XU AR
[ ZEM 2 L [l A0 O B2 4R T, Whitwell 554 B
JREZH A R T RS SBTI RS2 A1 10 i S g o AR A
WA M, Karas 554 BLE L 72 Ay 0] TR /it |
L[] G Rl AE ] 0, Whitwell (UBE DB B, 7212
AD3 4R, 5 HE PR HAL, 8 MCTR 22 45 22 ) BR
TR A T S AR AN LR 2 30 R HAR
ol s FEi2 W7 AD1 AR Rif, KR 2245 WS LSRR, 7R3, 2545
PTREE A ], I 10 5 PR A i A A B 2 DX, R
A iR T IFR 52 35 TG AD HIZWrbRIERT , 45 0E—
AT IAINTE , A SIS A B R #6220,
Pk, A WTER B AD #) MCI B35 NI i 2247
TR BECPROT, PN 2 3 BE R DR T fiE D MCT %4k AD f)—
ANFFAE . AR, A BE MCT 8 A 22 45 , JoHOZ X1
PR 225 24 8 B R b ) 8 5 AR O 25 - 251 L, T il
A T, A 0] REAE S E AR A

4 VBM FI-T AD 3 MCI AR 5 B R 4 28 4% 351 B Al )

5



IREYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.14 MAY.2014

« 2781 -

VBM J5 i R A G AT , LKA — B 58 430 AD K MCI
5 HE AR 5 ZE AR A 1A S AR 45 FRE MR 1) 4o 22 A i)
Hehl

Leube DT #1543 H/7 fifi 7K 57 25 45 5 1811512 AZ 0 55 1) A O
P A5 SR AL AR R DG4 S 2 W iz J22 i %A
TR A0 PR 22 i L A P R 2 A e 5 [ A
i [2]19, Paola MD ff 5% {75 220 Y WL R J2 PR AU S 23R (w42 A48
), Sarazin M & BLE 5 & SHiciZ 522 00 2 O 555 ] | py g
K2 AR A S6™, Philippi N ff ] VBM J5 ik0F5E 1
AD ¥ [T E iy b 2 i FeRn , & B A ATt Th
REREAT 5 R 22 46 4 G, 22 M BRI ) (1 A4 MR 042 56, A
T 5 53 WA 5, X AT fig 5 40 07 2 X ik A 23 ) b A
SR, AT ST REA I B 1O AT 5T 4R 2D, Nho K S5 6F 58 & 31
IEAZIRE 5 AMUE 22454 ¢ , AT RE FEEE AYAH CER AL 3=
BN AT /N, LR A I /N OB TS - /N 3SR
-2,

5 VBM FF AD B2 R £R KB 5

Ik, A —LEBE T R PEAS VBM B2 Wi {H , Matsunari [
KL, FIF VBM kS0 AD S gt B A IR 85% 1,
Ishii K7 FHAMA z (8 (MR JR 38 i 7 5 28 B -5 o R 4 38 {E 2 1)
)25 5 )k #E 1T ROC 45313k X 430 L & T AD (I & T AD
gt 4, Fkm AD 5 RA i py & T mR A
0.9435, W &R AD 55 fift 2 21 b 45 i il 28 F T AR 0.9018P1,
Matsuda Jij FH G VBM ik %5 AD S{gid], &I
XTFHRAREE AD B2 AD WP EE B AD St RE2H A IE 5 32537
H 91.6% .95.8%7Fl 98.2% 24,

WA — RGN HL T LA VBM S SERE 1 I E 2 4001 5 1
AR KA XF AD (2B B, BilanAs — s &3,
HF VBM 2 W IE 828 (Az=0.96 ) i T3 TSR X (1)l 5
R (Az=0.89)%, S W MIFSE B X L VBM Jrik s
18F- i 4875 % % PET (FDG-PET) M2 {f , Kawachi &5 %
B, X AD 4R FE 4], FDG-PET B2 W IE 5K K
89%, (AN /=5 T VBM(83% ), i % T 42 5 AD 21 S {54,
FDG-PET 5 VBM Y2 IEff 28 TC b 2 1 2 5+ ), Matsunari 55
i, 752w, FDG-PET fLF VBM {U{URTE LA T
AD, Tii%t T %% AD,FDG-PET 3 AT VBM Bl %
VBM T AD 5 HoAth 70 Ay i S 04 25 51 O A A X320 A
— MG R AD FB3E A e AT [ TR A A R R 25
45, X BB TR (1) 2548 X T X 431 SR 2 AU 81 1 g —
ZEDF AD BYIEFZR K 96%7,

DL X SERFIEIE I , AD 894k B 22 e T U AT LU 5 Bl
LW AD, (HFFZHE ), VBM Jy ik B4 B2 T4 ) Lt
FAI AN HFAMER . Sk, —Fi s T AR Wing 4 B 3h
SRR G LW - R EAL, XA TS VBM TR R
KHWES, BET VBM ik RERN . CEAUIRY,H
Xt F AD K MCI (#i2 S S5 S 22,

Zx BTk, VBM 5%k & 3 AD 3R Hh A I K 5T 2 4 ()
SIS EAR ML TIRA W T E, HRE N & MR, EH MmN
M- TE 4G , B PR ke, R e B GBI A2 S e

2 A Il AR AR . B R TRZ A2

W7 ARIRFIWI T AD RS P AR bR, BRI AT

AE AD Je MCI B RS2 BE, BT LTS BE A T B R A i

RIS , AR AN 26T AD S8 25 Jiji 25 46 (97 s, S3-HI00F T PR

DISEar A7 A= W 27

£ 2 3Lk ( References )

[1] McKhann, G.M., D.S. Knopman, H. Chertkow, et al. The diagnosis of
dementia due to Alzheimer's disease: recommendations from the Nati-
onal Institute on Aging-Alzheimer's Association workgroups on diagn-
ostic guidelines for Alzheimer's disease[J]. Alzheimers Dement, 2011,
7(3): 263-269

[2] Ashburner, J. K.J. Friston. Voxel-based morphometry--the methods[J].

Neuroimage, 2000, 11(6 Pt 1): 805-821

Schroeter, M.L., T. Stein, N. Maslowski, et al. Neural correlates of Al-

—
W
—

zheimer's disease and mild cognitive impairment: a systematic and qu-
antitative meta-analysis involving 1351 patients[J]. Neuroimage, 2009,
47(4): 1196-1206

[4] Yang, J., P. Pan, W. Song, et al. Voxelwise meta-analysis of gray mat-
ter anomalies in Alzheimer's disease and mild cognitive impairment u-
sing anatomic likelihood estimation [J]. J Neurol Sci, 2012, 316(1-2):
21-29

[5] Ishii, K., T. Kawachi, H. Sasaki, et al. Voxel-based morphometric co-
mparison between early- and late-onset mild Alzheimer's disease and
assessment of diagnostic performance of z score images[J]. AJNR Am
J Neuroradiol, 2005, 26(2): 333-340

[6] Derflinger, S., C. Sorg, C. Gaser, et al. Grey-matter atrophy in Alzhei-
mer's disease is asymmetric but not lateralized [J]. J Alzheimers Dis,
2011, 25(2): 347-357

[7] Karas, G.B., P. Scheltens, S.A. Rombouts, et al. Global and local gray
matter loss in mild cognitive impairment and Alzheimer's disease[J].
Neuroimage, 2004, 23(2): 708-716

[8] Shiino, A., T. Watanabe, K. Maeda, et al. Four subgroups of Alzheim-
er's disease based on patterns of atrophy using VBM and a unique patt-
ern for early onset disease[J]. Neuroimage, 2006, 33(1): 17-26

[9] Bell-McGinty, S., O.L. Lopez, C.C. Meltzer, et al. Differential cortical
atrophy in subgroups of mild cognitive impairment [J]. Arch Neurol,
2005, 62(9): 1393-1397

[10] Whitwell, J.L., R.C. Petersen, S. Negash, et al. Patterns of atrophy

differ among specific subtypes of mild cognitive impairment[J]. Arch
Neurol, 2007, 64(8): 1130-1138
[11

—

Chetelat, G., B. Landeau, F. Eustache, et al. Using voxel-based morp-
hometry to map the structural changes associated with rapid conversi-
on in MCI: a longitudinal MRI study [J]. Neuroimage, 2005, 27(4):
934-946

[12

—

Chetelat, G., M. Fouquet, G. Kalpouzos, et al. Three-dimensional sur-
face mapping of hippocampal atrophy progression from MCI to AD
and over normal aging as assessed using voxel-based morphometry
[J]. Neuropsychologia, 2008, 46(6): 1721-1731

[13

[}

Bozzali, M., M. Filippi, G. Magnani, et al. The contribution of voxel-
based morphometry in staging patients with mild cognitive impairm-
ent[J]. Neurology, 2006, 67(3): 453-460

[14] Whitwell, J.L., M.M. Shiung, S.A. Przybelski, et al. MRI patterns of

atrophy associated with progression to AD in amnestic mild cognitive



« 2782 .

REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.14 MAY.2014

impairment[J]. Neurology, 2008, 70(7): 512-520

irment and Alzheimer's disease[J]. Brain Imaging Behav, 2012, 6(4):

[15] Karas, G., J. Sluimer, R. Goekoop, et al. Amnestic mild cognitive im- 551-567
pairment: structural MR imaging findings predictive of conversion to [23] Matsunari, I, M. Samuraki, W.P. Chen, et al. Comparison of 18F-FDG
Alzheimer disease[J]. AJNR Am J Neuroradiol, 2008, 29(5): 944-949 PET and optimized voxel-based morphometry for detection of Alzhe-
[16] Whitwell, J.L., S.A. Przybelski, S.D. Weigand, et al. 3D maps from imer's disease: aging effect on diagnostic performance [J]. J Nucl
multiple MRI illustrate changing atrophy patterns as subjects progre- Med, 2007, 48(12): 1961-1970
ss from mild cognitive impairment to Alzheimer's disease [J]. Brain, [24] Matsuda, H., S. Mizumura, K. Nemoto, et al. Automatic voxel-based
2007, 130(Pt 7): 1777-1786 morphometry of structural MRI by SPM8 plus diffeomorphic anatom-
[17] Brys, M., L. Glodzik, L. Mosconi, et al. Magnetic resonance imaging ic registration through exponentiated lie algebra improves the diagn-
improves cerebrospinal fluid biomarkers in the early detection of Al- osis of probable Alzheimer Disease [J]. AJNR Am J Neuroradiol,
zheimer's disease[J]. J Alzheimers Dis, 2009, 16(2): 351-362 2012, 33(6): 1109-1114
[18] Leube, D.T., S. Weis, K. Freymann, et al. Neural correlates of verbal [25] Testa, C., M.P. Laakso, F. Sabattoli, et al. A comparison between the
episodic memory in patients with MCI and Alzheimer's disease--a V- accuracy of voxel-based morphometry and hippocampal volumetry in
BM study[J]. Int J Geriatr Psychiatry, 2008, 23(11): 1114-1118 Alzheimer's disease[J]. ] Magn Reson Imaging, 2004, 19(3): 274-282
[19] Di Paola, M., E. Macaluso, G.A. Carlesimo, et al. Episodic memory [26] Kawachi, T., K. Ishii, S. Sakamoto, et al. Comparison of the diagnostic
impairment in patients with Alzheimer's disease is correlated with en- performance of FDG-PET and VBM-MRI in very mild Alzheimer's
torhinal cortex atrophy. A voxel-based morphometry study[J]. J Neu- disease[J]. Eur J Nucl Med Mol Imaging, 2006, 33(7): 801-809
rol, 2007, 254(6): 774-781 [27] Boxer, A.L., K.P. Rankin, B.L. Miller, et al. Cinguloparietal atrophy
[20] Sarazin, M., V. Chauvire, E. Gerardin, et al. The amnestic syndrome distinguishes Alzheimer disease from semantic dementia[J]. Arch Ne-
of hippocampal type in Alzheimer's disease: an MRI study[J]. J Alzh- urol, 2003, 60(7): 949-956
eimers Dis, 2010, 22(1): 285-294 [28] Davatzikos, C., Y. Fan, X. Wu, et al. Detection of prodromal Alzhei-
[21] Philippi, N., V. Noblet, A. Botzung, et al. MRI-based volumetry corr- mer's disease via pattern classification of magnetic resonance imaging
elates of autobiographical memory in Alzheimer's disease [J]. PLoS [J]. Neurobiol Aging, 2008, 29(4): 514-523
One, 2012, 7(10): 46200 [29] Vemuri, P., J.L. Gunter, M.L. Senjem, et al. Alzheimer's disease diag-
[22] Nho, K., S.L. Risacher, P.K. Crane, et al. Voxel and surface-based nosis in individual subjects using structural MR images: validation
topography of memory and executive deficits in mild cognitive impa- studies[J]. Neuroimage, 2008, 39(3): 1186-1197
(#2778 W) omach tube [J]. Modern journal of integrated traditional Chinese and

[20] FRFANFH %

Huang Ya-lan, Xu Jie, Peng Hong. The design and application of nas-
ogastric tube fixed band [J]. Journal of nursing science, 2009, 24(19):
27

B % B g 5 A AR ALIR[I] IR, F 3 B 4
A2 &, 2011, 20(2): 227-228

Chen Dan. The effect observation of applying 8 shaped-form to fix st-

[21]

western medicine, 2011, 20(2): 227-228
A A, P, . —HBRLARAEEE: P
201120058732.8[P]. 2011-11-23

o s
& 3,

b}

>

Xu Xin-hua, Lv Yi, Yan Xiao-peng, et al. A novel type slippage-pre-
venting bi-gasbag stomach tube: China, 201120058732.8[P]. 2011-11
-23



