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[Abstract] Depression is a serious mental disorder that has a great impact on individuals and society. Vari-
ous imaging methods, including X-ray, CT, magnetic resonance imaging (MRI) , and PET/CT, have played an
important role in the research advances in depression. Various MRI-based analytical methods, with their unique ad-
vantages, have taken a place in the diagnosis and treatment guidance of depression. This article reviews the current
application status and advances in several functional magnetic resonance imaging techniques in depression, includ-
ing diffusion tensor imaging, resting—state functional magnetic resonance imaging, magnetic resonance spectrosco-
py, and voxel-based morphometry.

[ Keywords) Depression

Diffusion tensor imaging Resting—state functional magnetic resonance

imaging Magnetic resonance spectroscopy Voxel-based morphometry

PIAEBAE (depression) A2 FH 22 B i X 5| k2 %) 7™ FE
i P BRI | B BRI K B[R] (O BE AR
UU, IR A AR A BR TG 30T B B4R IR 92 S5y
S D™ ) 2 e AR R A S IR A
AR B RAURENR 1, 8 2 A ZBE L Bt 2 e ™ i
A£G i AE S BT, PSS 22238 X AR
2 ARG AL AR AR RO B S Ay T A T

WFFE, RAE A DTSRI, IARAE 8 T B A ik 25
FE G Sy BE 2 BS54, SR I 5 T HIRAE (14 A bl
AT I AR S o R, 22 B (B BOR R IR AR B
INRES KA 128 R AR AAARAE T &, %)
HRImHL g BEA= 3] 7 RO A5 D7 B 1 20
MR, WIS FVRRAE A2 W KR B S ) 4l
B FH o B0 Fufi G LA P ) i o1 Ay R, e Xof

E ST E : R ERICE R R F AR 2 G H (2018XYLH-011)

E—EEE N P AT A
BIEEE 0 5,207, i 5 E-mail:1909768139@qq.com



FoM # PV MR RRIRE I EROR IR R T 677

EU A 5 2548 B AR TR) X R T2 W RS B2 T, 2
AN 9 SR AR LR B, T RE RS R A
SRR AR S B ARIE ik B S AIK B4, Oy
P, I ELA B I ) e, R e sh A i i
FIE R L BERCR I A A A A=y s, I mT SRR h 2
WL 28 T NN 508 BT s R 1) LA AR Ak, X6 e
PUIX 43, 8 FH TR IE B9 5l Bhi2 i, PET/CT 1] 35
BT B AT ik 10 2% 22 Ge i 26 A0 B D RE AR Ab I A ¢
KE, AT TR AG AKX I IE (4 i 25 44 S D e A 7
FFE™, o o R IEPRAG AT | T AR A TR i 2 2 A0
Jpa AR RANAIAE (1) 2 B2 W 5 1% o T8 B AL
Pl Z AR T AL PSR Ok B2 1
HOL R ETE IR AR LG - WG L IR T BE AR B 45
ZFRGREA T IR a8 vk AR i £
JEPE AR A RS B B2 W, 1T ELREAE X ik T e R4 IR
AIFFE LR D e BAG AH IR B 38, Bk T K
PR 2B 1 H 9T T B A SO R 4R T Rk
G wRuk SR | F R AT R AR R
P A EE TR R B 20 JLFP AR AR I ABAE
I FHELR e it R A T 273 .

1 SREOKEMEG

YRR A% (diffusion tensor imaging, DT)"*™"
S — TP RERE IR R ER | FEE MR K o TR
P LB, 8 B & O ) B TR ECRE
P, RAGHIN i 11 J5T R 1) I [ e R, AT 52 ket 2
ZUREAER I RER) 5 o B RAE D FESH R
YR Z L (apparent diffusion coefficient, ADC ) {H FIHE
745 18] 52 M (fractional anisotropy , FA){E" . DTI AR
JE YN ME— B R AR A LA T A G PR i A 1 o
YT I LA ST T A SR IO M R A 5
FF HAZBAS TR Bt e B PR ARSI
ORI, HAG U = 1 DL B 1994 4F: Basser 55
TR DT AR XA LK, B PR HoR
) JLEA LA B AR A 15 1) SE A, [ A Az DT
JETT T 8 2 K FAMABIE I WFFE o Nobuhara S5 HIF 7Y
R ARRS TS BRH, AIAE S A U iz X
Sl P 5T FA (B0 S RERARR T IO A X i S BRI A
(4 BT FA A 5 1 5 6 IR T 1 2 22 5% 3 Rh 1 4%
0] - P U AT W80 B 1 B 2 4 o 7y e e v ]
BT o Wu S IFSY & B, T A R SAIOAE f8
18 2 A A A RN 2 i B2 22 22 1) %) ) R 3 e 1

%, P Z 18] A AR CUF ) (19 FA B S 511
FH AW R B, R SR R T DB
Tateishi 25" 1 5 52 28 U0 19 (/TMS ) TR 7 XETf 1
AVABAE SR, DTIHR R H B S8 B AEAT B0 , AR
B EE 1 14 A5 5 50 - 2 R ) A 50 AR S o
FHERRYIE , IrA DTHE PR KRR LB T 4
A AERI AR Z W] (e 1, RLE, DTTH AT
VRSB B R R N AS[R B A2T 4 7 18]

2 WMESUREHELIRRE

B A D) 8 W 2L R B4R (resting—state fMRI,
rs—{MRD) "2 —F 72 T KM R i HER A
PEDIBERE LR R BA , 48 521035 #E 50 4 2, KNG
AYATAT R GE 82 il 2 0 A A 2 A I
JI58 S ML £ A i, AT () 482 e W A ik 1) o 280
Bl Ak A5 D ARIE 1) & A= -5 A R i DX 5048 =22 [6] 1)
X & . Hirshfeld—Becker 5512235 N H] 1 4L A #45
TC I I MRT T 1 & PRIk 1 R At A 92% e
JE K 90% 57 B R 93% o T IMRT BE A P 5 7
TIRE B X AR AL , ANVS RO P, % 4t
23 )4 HEA ™, B8 ) 12 i F T RO 2 9
993 o AT FTIF S 2 0, FIDAIOAE S8 3 ik X D e e 5
AT S TVABAE A% Ol IR AT 5C o B 40 Luan 462
FFE 2, RIS 4 A I 280 A% 5 PR L [ i Faiy
2 VR PN A HIE 650 [0 190 322 30 1k 245k, 5 D PG A 119 32 3
PEREAS ; X F 2 M Z8AZ , PARAE FB 3 B I a1 D Rg 4
PR3, 5 ) BE 4 3 PE R AR . Kang 29T &
B, AR 85 i ) 9 A S e )2 22 (R Y D e e
P o e A, B EOIRES T B K B 3 i
(ALFF)n] LRz A M 2230 3l , oA BoA A= 2
= XA I Chen 25 vs—fMRI Al ALFF 565 47
ST, R RS f T RRZELAR L, SRR AE 32 15 1t
A AZ I ) ALFF 50K 5 38 0 S S0, i & 30
TIAIAE B3 1 B2 R B RO G 1 BRI o 3K
FW I 2% ALFF 3810 DA K sy oy we b 25 1) o
AT B8 2 S BCh LA Rk DX I =22 (] i T R 42
AT W, XA E— RS T AR R — AR
275 1) 22 i X3 1 2 A%, 55 Cattarinussi 55> A58
SR AR MR A — & IR, Bl TiheiE
F2i0 7 2, AR S WA [R) i DX 2 [8) A FH 56 2 Fn Ty
REZRALIVAE ML, (RN REAEMEFR S S (0™ i HL H
A Lk, ATh 6 A & B0 RUEE 1 ik Do 25 AP 5,



678

VIR EERI R Al 20214F #5448 £ 630
Journal of Southwest Medical University Vol.44 No.6 2021

3 REEIRIEIE

i ;j\: }j[jﬁ /& 13Etl (magnetic resonance spectroscopy,
MRS)J& i R SR 15 e Ak 2207 7%, R X
T B AL AW 43 M (4 00, il 3k s A A4 AR
e B AR Ak WG T it 2k 0 0 A AN [ U {0 L
R LI e AU I S A Ol (A A 1 4
TANFHURIAT SRy A3k 0 A AR A S Ak T BB, MRS J2&
H FF P — 1T LARE Sl 36 AR 1) 20 M AT A A
IR AR A, 6 F T & BB 1 B AR
P AZ AR A 1973 4R LISk A5 8] T 2234 1) 12
R A AABAE A A= BT RE AR fb A PRI TR
% o T B REI7E F MRS UL AR 3 7= 9 XM AR IE 112
WBr i % B, Cho—R J2 NAA/Cr-R 0912 Wi ds 5 i =5 34
100% , 1% JCEEXHMARAE FIZ WA T 1 KL 459 T4
1B H BT HDABAE 17T 22 SR o oAt X i 2k X3, 141)
A T A A B 5 R T T 1 40 DX 5
TEBUA AT b 6 RS R r SRE S R RE  &
RIRBE Sy = R4 24 QG AR B 2 R AR
— X TFAMARAE S8, B A I SRS A B, AR
i R RN AT NAA/Cr (B AR T PR, 4578 T fiE
FEERN TS5 F ST RE A 5 o [RIRE L, Jia Y 267
FE L IIARAE £ iR A Al i A B A 2 B I )
NAA/Cr {E IS A - Moriguchi 25 HF 58 & 2R, I AE £
A AT 2 RR B A R R KT I R AT, £
B AR AR A% 1) U 1] B 5 PVEIAE o 2L A= 3
B SR BRI S , Evans 2 F 2 & R BE R 35 71
SRR T ACE SCI T, & BUANAAE B3 filf S
T , 25 G R 3 I I A 6 B BUE , $87R T REAF
TEFNARIE 190 Y A — 282235 | FE U0 Truong VI,
TEVEAT I ARAE £ 5 16 7 X6 FR AL 1) Meta 20 Hr i &
B, ARIE £ 2 BOAI B GABA AT AL 1k, HOR R 22 11
TEHE 2, AN ] R T UM T HIARAE (928 1)
IR MRS A — & Jiy FR A , % TR e B AR
RGN,

4 BETEENRSENE

FETRR ML 220 i (voxel based morphome-
try, VBM) W& —F 3G T ik 25 4 i IR A B B R L 78
PRFR L, 5 TSR R AC B G 1A T A
FRERZASAR , fe S5 WA L gt Fi 45 A4 9 22 53¢, AT PPAY 42
IR SO AL o & RETC B ELACA RS i O e H I e

Jo JEL R R A RR e el AR HA 4 W L ] S A
55 B A 44 Niida S5 956 F VBM A B AR IE 5
5 R B A R AT 0 K2 BRI R X
18 AR AT A SR A AT L e BRTFas B2 2 0 26T
TR A, B h 95.7% , 5 S oM 96.0% , 1 JHF I
R IX AR R 61.3% , 45 S 81.4% . % R SC
ZEUIH VBM K FIAIRAE DA 5 B RN IE B ARV X
R, A3 A7 45 R S 7 A AR AE DA R0 S J 3 7 AU i &
ZEM/ NG A 0 BlAZ Bl DX R 22 o e gy [0 68 5
B AR TR R AL, AT A [ A b el
T A AR R S5 2% B8 48 3 1 T I 41 o Kong 51
KB, AL ZGYIRYT AWARIE 3, HoAT Je AMIl w4
MR J2 e FR R I DA R A B i R A 5 R R B A AR
WA U, SR H L 3697 J5 AR AE 35 7F
e HR ] A R85 1 5 %) 1 S A R i o £ 7 2590
S 10 A8 Ak RT BB 7 5 30 PN W 1 . pl e T O, VBM
FE AR F AN 7] 1 DX i (A PR 8 % 11 el A E e UK
IR VBM A7 76— S8 S BRAE - fh T 25 [l AT T i
Ak, 2435855 DX SR 2 [ A B DE BC R, 2 (i 45
R RGE ML A 2SS, FE VBM X F— 264
IN RIS B P 22 5

ZE TR  IEREE & — 2 R R, W R dE
BRI 7E P 1 224 il DX 285 48 R DI RE 9 s .
TR IRHL 0 A 52 A, I IR B EAR YRR 2k
WHZ , T IR D) RE B A RE M T oI 2548 T i
PIARAE £8 5 M B 0 S 1 28, A IR R iZ W 5 1R
YP PR ) 3P REILIR D BE AR I 22 Rl AR AR
ABAE (1 B FHAIEIE 45 R 3, DTI REJC B Hb /e 15 14
N R A P TR AT 4 T, EMIRT BE SR 1 S T RE 1Y
i DX AR AL , MRS 1T DA 4= A b S 0 6 3 1R Y
20 i KA AR L, VBM BE E 3340 BT i K R
ik F J55 %% 3 B AR RR ) AR Ak o Bt F AR B HOBT A 52, B
GRHE AW B — B R TF B AR 2 I
PRAFFGE 72K, B L FH 2 P2 A5 2 i £ B K3
JIi, vT LN 22 A B RS A G AR &
Yeod T HARYE

(1 BRAEr, BxOEs, B4, & A SHAEISE A
e ZEAR MR A ERR EIERIARI RO R R ).
R LA, 2020, 28(3): 471-476.

2] B&EA], S, sk, R S T TR EHTEE &
JERITL)). BB 5 E5A, 2018, 39(12): 83-86.

[3]  Schmidt HD, Shelton RC, Duman RS. Functional bio-



Fol] w PIE . DHRERIRAIRAEATHSERI N FHBLIR A 2 bt 72

679

[4]

Bl

191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

markers of depression: diagnosis, treatment, and patho-

Neuropsychopharmacology, 2011, 36

physiologyl[]J]-
(12): 2375-2394.
Groenewold NA, Opmeer EM, de Jonge P, et al. Emo-
tional valence modulates brain functional abnormalities in
depression: evidence from a meta—analysis of IMR I studies|]J].
Neurosci Biobehav Rev, 2013, 37(2): 152—163.
Okada G, Okamoto Y, Morinobu S, et al. Attenuated
left prefrontal activation during a verbal fluency task in pa-
tients with depression[J]. Neuropsychobiology, 2003, 47
(1): 21-26.
SCHE. BRRAIAAE 28 UK CT RIRFSE D). BT: L%
K, 2010.
FHH, 1%, 1Fsur, . IMHEISWI R 17 M
WD AR S EDREERE, 2019, 14(7): 357-359.
e, SAEEEE. APABEE B H wh 2 HIE 18F-FDG $5HL
UGS PET/CT Z 7M7) KR, 2019, 32
(2): 119-123.
i, WERE, B0, & RERRRIEREEG

HU):{!EB]II:TZM E’Jﬁzz,j)@id%%im. HE R
W ESCRE, 2020, 26(5): 592-596.
RS, Mo DIRERE IR RIG RS Ki-67 ARICTEEL
SXoF SR HSE o TR e B P A O BF FR PR (). R iR B IK
2020, 11(6): 462—465.
FREW, WAKE, TG K, . AESER TR RN
RERRISR I 52 ot & []. 205 b U 5 722161, 2019, 13 (6):
466—467, 470.
XIRH, REfT, MRz=#l, 2. I URPSE I F iRy
Bk B B R BT[] BReE IR AR, 2019, 48(10):
44-47.
TR, WE, £F, 5 ZFHIER R Rt
FE[). BIRAI%, 2020, 11(3): 228-231.
Yu CS, Lin FC, Li KC, et al. Diffusion tensor imaging
in the assessment of normal—appearing brain tissue dam-
age in relapsing neuromyelitis optica[J]. AJINR Am ] Neu-
roradiol, 2006, 27(5): 1009-1015.
Sikis M, Kolhi P, Ryymin P, et al. MRI texture analy-
sis and diffusion tensor imaging in chronic right hemi-
sphere ischemic stroke[J]. ] Neuroimaging, 2015, 25(4):
614—-619.
Basser PJ, Mattiello J, LeBihan D. MR diffusion tensor
spectroscopy and imaging[J]. Biophys J, 1994, 66 (1):
259-267.
Nobuhara K, Okugawa G, Sugimoto T, et al. Frontal
white matter anisotropy and symptom severity of late—life
depression: a magnetic resonance diffusion tensor imaging
study[J]. ] Neurol Neurosurg Psychiatry, 2006, 77 (1):
120—122.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Wu F, Tu ZY, Sun JZ, et al. Abnormal functional and
structural connectivity of amygdala—prefrontal circuit in
First—Episode adolescent depression: a combined fMRI
and DTTI study|J]. Front Psychiatry, 2019, 10: 983.
Tateishi H, Nishihara M, Kawaguchi A, et al. Improve-
ment of frontal lobe dysfunction and white matter integri-
ty by rTMS in treatment—resistant depression[J]. Neuro-
psychiatr Dis Treat, 2019, 15: 3079—3087.

Bergamino M, Kuplicki R, Victor TA, et al. Compari-
son of two different analysis approaches for DTI free—wa-
ter corrected and uncorrected maps in the study of white
matter microstructural integrity in individuals with depres-
sion[J]. Hum Brain Mapp, 2017, 38(9): 4690—4702.
Biswal B, Yetkin FZ, Haughton VM, et al. Functional
connectivity in the motor cortex of resting human brain
using echo—planar MRI[J]. Magn Reson Med, 1995, 34
(4):537-541.

Hirshfeld—Becker DR, Gabrieli JDE, Shapero BG, et
al. Intrinsic functional brain connectivity predicts onset of
major depression disorder in adolescence: a pilot studyl]J].
Brain Connect, 2019, 9(5): 388—398.

s, BE T DT E R AIHNEE B3 I TRl 244
FIREZE D). TN T INFREEZG R, 2017.

Luan SX, Zhang L, Wang R, et al. A resting—state
study of volumetric and functional connectivity of the ha-
benular nucleus in treatment—resistant depression patients[J].
Brain Behav, 2019, 9(4): e01229.

Kang LJ, Zhang AX, Sun N, et al. Functional connec-
tivity between the thalamus and the primary somatosenso-
ry cortex in major depressive disorder: a resting—state fM-
RI study[]]. BMC Psychiatry, 2018, 18(1): 339.

Yue YY, Jia XZ, Hou ZH, et al. Frequency—depen-
dent amplitude alterations of resting—state spontaneous
fluctuations in late—onset depression[]]. Biomed Res Int,
2015, 2015: 505479.

Chen VCH, Shen CY, Liang SHY, et al. Assessment of
brain functional connectome alternations and correlation
with depression and anxiety in major depressive disorders[J].
Peer], 2017, 5: e3147.

Cattarinussi G, Delvecchio G, Maggioni E, et al. Ul-
tra—high field imaging in major depressive disorder: a re-
view of structural and functional studies[J]. J Affect Dis-
ord, 2021, 290: 65—=73.

BEM, Rk, 58, 5. # ESThRE RN
B 5 R Y R ). 2R BRI, 2020, 27 (1):
146—148.

FRZE, XS7HEE, S, F. AT RS MRITFY
24 5 T I AE NI ZE Fhd M B IRT ). o



680

VIR EERI R Al 20214F #5448 F ol
Journal of Southwest Medical University Vol.44 No.6 2021

[31]

[32]

[33]

[34]

[36]

[37]

BE2lz, 2019, 34(11): 2315-2318.

sk—WL, EoE, ZERA. R REROR R, A TR E
IRTTIFIT IR SR B R ], IBPRFISESR R A2, 2014,
13(19): 1648—1651.

/MR, KBigSE, B, % MRSHFFR KNy ~= 56T
B 7K S SHITABIE S R Meta 30T ()] ARiC DTS
[m, 2017, 24(2): 162-166, 213.

T, HAE, X, & BRI S TiE oW
K AMABAE [7). W0 BE 2 5 R, 2021, 37 (2):
189—-193.

Drago T, O’Regan PW, Welaratne I, et al. A compre-
hensive regional neurochemical theory in depression: a
protocol for the systematic review and meta—analysis of
1H—MRS studies in major depressive disorder[J]. Syst
Rev, 2018, 7(1): 158.

Reddy—Thootkur M, Kraguljac NV, Lahti AC. The
role of glutamate and GABA in cognitive dysfunction in
schizophrenia and mood disorders — a systematic review
of magnetic resonance spectroscopy studies[J]. Schizophr
Res, 2020: S0920—9964 (20) 30077-3. DOIL: 10.1016/j.
schres.2020.02.001. Epub ahead of print.

WA, EBIRIE, H A, . HTHDE B RATH A i
LR DT WA IR I R S ECET AR ] #7 S BR by
iz, 2012, 29(2): 907-910.

Jia YB, Zhong SM, Wang Y, et al. The correlation be-
tween biochemical abnormalities in frontal white matter,
hippocampus and serum thyroid hormone levels in
first—episode patients with major depressive disorder(J]. J
Aftect Disord, 2015, 180: 162—169.

Moriguchi S, Takamiya A, Noda Y, et al. Glutamater-

gic neurometabolite levels in major depressive disorder: a

[39]

[40]

[41]

[42]

[43]

[44]

[45]

systematic review and meta—analysis of proton magnetic
resonance spectroscopy studies[J]]. Mol Psychiatry, 2019,
24(7): 952-964.

Evans JW, Lally N, An L, et al. 7T 1 H-MRS in major
depressive disorder: a ketamine treatment study[J]. Neuro-
psychopharmacology, 2018, 43(9): 1908—1914.

Truong V, Cheng PZ, Lee HC, et al. Occipital gam-
ma—aminobutyric acid and glutamate—glutamine altera-
tions in major depressive disorder: an mrs study and me-
ta—analysis[J]. Psychiatry Res Neuroimaging, 2021, 308:
111238.

P57y, £, Lk, %. Dt MRUERIEMERSS )
KeDHREAACHIR I MR MEHHRIKIR, 2015, 6(1):
52—57.

EE, 24, AT HREE MBS
JEBI RO I BE R[], IR AKIE , 2019, 10(11):
851—-854.

Niida R, Yamagata B, Matsuda H, et al. Regional brain
volume reductions in major depressive disorder and bipo-
lar disorder: an analysis by voxel—based morphometryl[J].
Int J Geriatr Psychiatry, 2019, 34(1): 186—192.

RARSL, EHE, R, 5. AEEAR S R E IR T
HENETRENEENE S5 PR AR
(ZEh) , 2017, 42(6): 667-672.

Kong LT, Wu F, Tang YQ, et al. Frontal—subcortical
volumetric deficits in single episode, medication—naive
depressed patients and the effects of 8 weeks fluoxetine
treatment: a VBM—DARTEL study[J]. PLoS One, 2014,
9(1): €79055.

(2020-09-02 WFs)

{EE T E S hitp://xb.swmu.edu.cn/



