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71 o9 & 1/4
A58 7] aHE Y e
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HALHFAZ 1345263341
T2 ETAS S
A D (HE) 718y AT AS
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A A HGA7INE o]F HAAAG QAFA T Mk ~H st
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t}eo] GAE E3el= v H A H @S (Chronic obstructive pulmonary disease; COPD) F &g €3 A K|
a) &3} (subcortical nuclei)®] &AF ®lA oW A (diffusion tensor imaging; DTI) o|W|A|& &53l=

b) H+ FA(fractional anisotropy) =2 ©]u]X|(skeleton image)E& B 53l= @A, 2

c) 5% Hi FA =4 ouX| ZA3}Y, A DTT ~Z(scalar) @S S5 @A

A1 el oA, 7] S gee] BAE o Edehs AL, W

d) 4% DTI =7 3gs 543 715 @3 vuste] yzixte] vhddAgdudsel 18 Jwrt A= o
Al

A7+ 3

Al 2 el oM, A7) EA-T VE w@e A3 guiel BAF ouE ugste] AR, 4] 27 grol
71 7l wET ZAY A2 A g Se] Aot A= B, WE

AT 4

A1 8ol AdojA, 7] DII oJujX]= #3 o]¥}Al(fractional anisotropy; FA), FWek 224 (Axial
diffusivity; AD), HWAMA 32FA] (Radial diffusivity; RD), H+t E2HAd (Mean diffusivity; MD), o|®Al =
(mode of anisotropy; MO) H SO o|u|X|2 o]Fojx FoZHE HABE 1F oS Egse A, WH.
AT 5

Al 1 el delA, 7] DIL olvA= FW3F G4 (AD), Fat G223 AD) 2 SO v A& o] FofF] oK
A

A1 ol A, ] IdstEle
(pallidum), Z=7M]&(putamen), Al
(brainstem) @ ©]Fojz FoZRE A

&% uld3 (caudate nucleus), =33 (nucleus accumbens), 313l
th 9 AT A (amygdalae), ©  HZ7)

[e]
F(thalami), 3fv}(hippocampi)

A
o =
g 1% o4 wielt A%, W,

A3 7
A1 oA, 7] A HErE 2eete A, WY

7l & & oF
g2 ] MRI 45 o] &3 A A A g Ak ol wsk Aot

v #H 2 A #H 2 3 (Chronic obstructive pulmonary disease; COPD)L 33k 4=} 7129 Eo <o&] #Hodl
g0 G5 Hkgo] Aoy, o2 A A=} 7|F Aldte] A=A #H 75 AsHIL TFTEE

&
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WA w= 357] Aotk #HYIS, WA VA So] ol &3,

<, COPDE] Al &3E A8t d-3¥ FE 28 digk el Frietar k. WAEe] nmjA Fx st
&3 COPD #AollA] ¥ A% 3 3o | ASte], COPD $hxleo] whaiz o] ¢bxA]

WApdstg o2 Hrlkshe AT FES Fo A &4E dlA] olm A (diffusion tensor
imaging; DTD)& o]&3%t 7] 3% GFORD S WAde] T2 ¥WstE Friste o 7 f&38 =5 5 3y

olt}.

DTI A9 AHde thekst ¥a s Wgdshs B2 DTI 278 ovA & 2183 & Ut Ae =, DTl 272
2} olu A= wAFFRH FZAA(microstructural integrity) 482 %S AFsh= B8 o]¥Ad (fractional
anisotropy; FA); Z2M¥Ad(Axonal degeneration)® & F ey gabd (Axial
diffusivity; AD); " (myelin) &74e] W] wizkst WY E4Hd (Radial dlffuswlty; RD); 9 W=

SHoR, BF 2 Al Wdgt Hyt &2 (Mean diffusivity; MD); FAH xfe] AEE ]
E._(mode of anisotropy; MO) R ik 7FEA] glo] W7tz T2 A5 & Rbdsta, & o]:, &, 95, 44
AT e e wskel B E = S0o] EFHET.

o

il

W2 oX, _1

A

)

E

o)

714k ¥ ZE A (Tract-Based Spatial Statistics; TBSS)+ AA ¥ WA (yhite matter) #4]9|

w4, A 7hsAdS Aststy] 98 AAE DIL diolelE Aelshe dubddl Wgolth. DI =2}

olnjx ] 3}A4-719+ HehAZ(Voxel-based morphometry; VBM) 28 #EAe A A5k (alignment

inaccuracies) ¥ &3+ H&3}(spatial smoothing) E=A|7}F AATH. o]zt VBN <Y A3 AdEd dHS

&7l 9, TBSSE= A9 EE FAlC TEA gy WA RE AR SAY FAE vEde, Ee
FA Z7 o]u]X|(skeleton image)S At ALgHT),

.Ié _I%

xé =1}

L =

o = rQL'

e, ol A7A TBSS BAS WA AN AR el o R olu Aol A8w Abel BA ekt

d 0001) U5 E5E3 A|10-1833503%

w59 1§
EL R

© 2RAkEE ¥ MR o|u|A|E o]&sto] RMHAAAAESS WD = = WS Wdstaat o] A7 =

o] 83} ¥ Z7](brainstem) §-¢ WA (white matter)e] v F+x W

HA3klty. 1 A3, TBSS ¥4 WS
g Brhsta, olzRE wANALAER FAE Avd £ AL FHToRM, B IWS 94
=tk

e A w A 9 A S (Chronic obstructive pulmonary disease) ZehS 93k A1 A -5+H

ool vhg Ao g dd o

|\

s A ARATEHS Algehs Aol

B2 E e

2 252 1 MRI o|u[A| & o]&sle] TAHAAAHAES Addd = = WS JNEstaar oo AT =
Hatdtt. 2 A3k, TBSS &4 WS o] 835te] ¥ E7](brainstem) -9 WA A (white matter)?] mlA] G+ W
35 Hrlsta, o|2HE THgH A AE IAE DT ¢ S-S FHEA.
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ok e w4 2 (Chronic obstructive pulmonary disease) A& B wAHH AH A oF SAHS
gk ARA T HA #g Flott

EZotsle= v A H A3 (Chronic obstructive pulmonary disease) Zeh

v

a) A3} (subcortical nuclei)e] &b €A o]m A (diffusion tensor imaging; DTI) °|P|X& & 53}

g

FA(fractional anisotropy) =24 ©|u]X%|(skeleton image)E &53te WA
c) 85% Hy FA =37 olux|o] ZA3le], HA3tee] DTI ~Z e (scalar) #S S35 @A

E 7 (Tract-Based Spatial Statistics; TBSS) &4 A], wk
74] =Sl

A7) A4see % g (caudate nucleus), 3 (nucleus accumbens), W& (pallidum), Z7}H]3]
(putamen), A]’(thalami), al=F(hippocampi) 2 HEA (amygdalae), Z/EE ¥Z7](brainstem)S X 33}=

A 4 9w, vHEslE WEE XFEe A 4 o, oo AgsE e o,

A7) 82k "l olw A (diffusion tensor imaging; DTI)-2 MRICS] ¥dFo =, dRFel Add ¥ 58 =HE
Wlolt), DTIZE o & JEe $7 = WAz (yhite matter)e] TS wel & Exo 2495 #3slo]

ul Al o] &7l /‘é(lntegrlty)o] AL HAEJAAE H7E = .

A7) DTIE= T2-72 MRIY 4 o, oo Agts= AL ofyr},

= 38 oW (fractional anisotropy; FA), W3 #4bAd(Axial diffusivity; AD), WAMY
diffusivity; RD), B+ &4 (Mean diffusivity; MD), oAl X =(mode of anisotropy; MO)
5 ¥¥ete AY F A3, v sAE 59 %“J‘ (AD), A+ D) E SO o]H|A]
St Ad F don, ol AdEE AL ofutt.

0%
~
jw)
=
-
=)
>
Ir
A

b)
7] WF FA 24 olmAx WA A48 2] FH olnlekn, FsLel TBSS #4] shelx eiele] AEFE )
oyl e £9E 5 ok, ol AREE e ohnh,

c) ©A
7] DIT 272} ke 7] A3t FA =4 onAE 7|Wo g atof, el DII ov|A&E Tt o= Wast gk
< 9 15}‘31 FSLe] FMRIB(Functional MRI of the Brain) AZEdo] glo]lB g 2RE FEaE Wi 93

=49 5 glout, oo ARHE 2 o),

s
2 oago] o T wEW, A DII 2278 2k FSLe] TBSS 241 dfo]= #}elg o] 83k 8l4-7]9k(Voxel-
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TFAGo =z, A7) DIT =22 g2 47] b) ©AldA B58 A FA Z4 ol Xo] tjste], FSL =139 "
NI 3} (randomize)" HWHS AFRSte] d@o] wE FEAF B4 (ANCOVA) S Fgtoza Arkd 4= ).

d) T4

A7] B3 71F g2 dAF ouet EAF onE uyste] 24" ¢ Ut

TARR, 7] EAT 71F 2 GG dudste] gle) MALY DI =272 ad = ).

upeba], 7] DIT 2=Zet gho] A7) 71 R AV 22 49 sbdagdadste] =ity dA4E +
R

TAFoRE, Ay dAstde] HZv)ola, DTI 2~z gho] Hwak kg (AD)el 4% 71+ -2 0.001270,
Bl zAEHAIE 0.001279Y 4= Aok, ojdl, DTI &Z& gho] A7) 718 #EY 22 49 whdu s 2 slo]

YA Aok d4d 5 A,

=3, A7) JZslee] HEr]elar, DIT =7 ghol Hy A MD) T S0 A% 71+ #2 Zh2 0.81 =
= 350.00, B} AsHAIE 0.807282 FX 350.161071Y9 4 Uth. ojwi, DTI ~Za ko] A7 7|& ZkHrth
2 A5 A E A sle] IYPE i dAE 4 Qo).

2 o] g2 d JHE uSe dAE s |73 # 2 8 (Chronic obstructive pulmonary disease)
dF =4S 93 ArAFTH B3I Zolv

a) ¥ &3&3 (subcortical nuclei)® &4F €A o]m A (diffusion tensor imaging; DTI) °]F|AE 53 ¢
Al

b) ¥+ FA(fractional anisotropy) =24 ©|v]X%|(skeleton image)ES 53t ©HAl; L
c) 854 H FA =4 oA A, A DTI =22 (scalar) @S 4= ©HA.

5 24 9% ARATPE o}, A7) AAANALRE DB 9 ARATY
WA B aelshel AeFai,

1rje] o AAde] W =y g7k EA(IBSS) ¥4 AW swow HS@ DI A7 gho

, & #eol =71E YERAY(TFCE FEW-corrected p<0.05, TS: temporal stem,
CST: corticospinal tract, Tha: thalamus, Sub: subiculum, CrC: crus cerebri, Mb: midbrain, CC: corpus
callosum, CP: cerebellar peduncle, IC: internal capsule, ML: medial lemniscus).

T 2v B iy 9 /‘a‘/\]oﬂ of g Ed-y|dl I B4 B4 AyE vtz wrAH A A szl HE
7] (brainstem)9] W& AFODII =Z2 H)E AAAF vwg Zo|th (X 2a: AD 27, &= 2b: MO =7 ¥

5 2¢: S0 i?‘ﬂ}).

Wy A7 Hek A g

o, AAdlE Fatol L WS BS AE Adetad @k olE AAd: o2A ¥ @Ee nrh PA
om AYs] A# Aow, B owdel axel we E dwel Wi} oS Axdel ola AwHA vk
Ae FAANA Bdel A4 7H Aol glolx] A e Zolth

AFd 1. A A ZAS(COPD)] F<l
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TR A H A (C0PD) o2 Fek w2 2 (FA), 2 oA A H-AXikA AE] (non-hypoxemic state)2] 717
St AFF (2 S AAA (AN R St AES etk (E] 1 1 #Hx).

# 1
54 COPD %+A}(N=13) 778k ALsE(N=13) P value
A% (H3t £9D) 65.0 + 2.16 65.0 + 0.78 1
K-MMSE score(0-30) 27.0 £ 0.44 28.5 £ 0.29 0.01
GOLD stage(I-1V)
-1I (FEV1 50-80% predicted) 10 - -
-I11 (FEV1 30-49% predicted) 3 - -

COPD A= whA i H| A sho] tdk Global Initiatived] Mg 7S AR&3le] g Ao, A HAAHE
Zrol tigh Global Initiative(GOLD) 2015 7hol= #ilef whe} BFHE AT B4 dl&at7 COPD #Ako] <14 7]
52 MMSE(Mini-Mental State Examination)®] ¥+=o] W& AME3te] H7hslglom | MRI BA| BEE 7k
= g3 FRF HHo] glgld.

A3 2. DTI(Diffusion tensor imaging) MRI o|®]x] =
DTI MRI:= 3.0T Achieva(Philips Medical System, UlZ2@=) MRI A|2ElS Algsle] 53, &g Ak 41
7} o= |w on A (TR/TE = 8380ms/%4ms, FOV = 224x224x130mn , WE 2 = 112x110, NEX = 1, Zafo]~

= = 2.0mm)S ZH= DI A2 AJ@2= shbe] b0 o m A& 32 Wk (b-value = 1000s/mn) 0.2 285 Qlc}

Add 3. EH-7)dt F7F S A (Tract-Based Spatial Statistics; TBSS) #4

A7 Ao 204 53T DTI MRI o)1= 2418 918}, FMRIB(Functional MRI of the Brain) AXEg]o] &}
212 (FSL version 5.0.10, Oxford, U.K., http://www.fmrib.ox.ac.uk/fsl1/)¢] 4l =F3E TBSS £4
3 Folo] ALLHAUY. FAH O R, 5w (skeletonized) DT ©]w]x](FA, AD, RD, MD, MO % wn|7}& S
A1 O

3l
A1) el sha-7]Rk(Voxel-based) &A1 A& SHA o2 F8s30tt.

A, Z4zke] DIT olv X2 H-g o]stel = whia= o[v X (mask image)E AZTHESIG b5, DTT o] v |9
A =S BASIT. DIIFIT W && AR8-she] Zhzke] DTT o] x| (FA, AD, RD, MD, MO % S0)¢] DTT =2

A7) DTI 2=Z+e} 5 FA= FMRIBSS_FA BlZ3log F7bAH o w2 W HaL, Ixlxl mm3 2EYE A d944 %
AR = FEHA v, H3ld FA WS AFEsle] H FA o]uX] (averaged FA image)E A4

FA oA & A}g3le] BE ool st FA &7 3% (skeletonized) WA A ¥ (white matter tracts)E *ﬁ 3]
St =743 FA WL 3lA-7|WF o Mol FFsler. Y& DII =72 (AD, RD, MD, MO ¥ SO)+= 703 FA
o] W YHS Agste] R HFow FAow WMAHITH. T v, =Z3kE AD, RD, MD, MO B SO ©]
1A7F A = At

FA, AD, RD, MD, MO % SO oJu]x]9] & HIRE 3, wd5(confounder)ZA] 5,000702] =L (FA LAZE>
0.2)& 2= 'dW93H(randomize)' WHE AREStel Aol wE FEAr A (ANCOVA)Cl R E AT
TFCE(Threshold-free Cluster Enhancement)E A}&3le] e 2H FFoA U vHluE $£43le] p<0.059]
FWE(family-wise error) H|&S AAdT. E74 We 7/IANAS Eol7] &) 'tbss_fill' == (TFCE FWE
p<0.05) o2 YA A= ATT.

d

DTT 2zkete} FEVI/FVC 7he] ZdatatAl= 5,000709] =d3} d7e) s 7pxl vy
g A B4 e ARgske] HIAEHSIY.

d HAEE 7Htoez

r
Ay

T 194 g
A

N Sili"], COPD %1}91 § DIT =ze} 5 upoA] ~ZeR(FA, RD %MD 5) ovA] g2
COPD #=tel A4 =

_7_
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=1 e
= T

¥ Zt(superior cerebellar peduncle), ¥<7]¢]
inferior

s d U
A
] A& (corticospinal tracts of the brainstem), % (midbrain) ¥ F= dljvlo]sF-(left subiculum) ¥TF
Kl

(e}
Wl 24 (cerebral white matter)2] F2}(axonal) £
sy AxZt(superior and
Al A}gE
Ly
=

¥

](right temporal stems), WA= &=
=
=

(= 1b) % S0(= 1c) oA 32 433 S7F
T

TFAH o R, COPD Ao thyzb 71 A X (crus cerebri), A+
pd
O = 5\__

|(temporal stems), A]“d(thalami) % I & F(corticospinal tracts)ol] &-53= FHolA AD
ST =7 =
capsule),
cerebellar peduncle) @ W= Afd(medial lemniscus)olA MO kel FsiAl 7t Ao® yelgow o]

A o2 Yo, o#dt AAE ty
¥ HE=(right cerebellar

f(crossing fiber) &
T 3|(right posterior temporal stem and temporal gyri), %

[0069]
ofve}, EF &7
gkel 43
A& AAFe
[0070] sk, COPD 3hA}e] ¥ & (corpus callosum), 5 5
Z(right anterior and posterior limb of internal
23 Z7}= iy WA A (cerebral white matter)®] x} Al
[0071] 2o, (0PD At 5 W S5 7] 2 55
¥ (midbrain), & (medulla), > (pons), 43 HAF% (cerebellar anterior lobes; Culmen),
A (right cerebellar posterior lobe), Z3Zt(cerebellar peduncle) ¥ %5 A&
tonsil)ol A SO gk (&AF 7hEA §lo] v7kgd T2 41&)o] Fo3tAl S7te AoZ Yeyow, oyst F7he=
&, 95, A9 B A 2 dAE o)dS Y 4 9l
[0072] Te] B, % 2 2 X 2a WA 2coA FAE 4 ko], WE7](brainstem)e] AD, MO, SO 2=Ze} gho] 71+
FCE) R ZFAYAD) M0 =+ S0) B COPDE #eker 4= ),
Z 2
[0073] A N 3+t (Mean) YA EEHT LA}
(S. Deviation) (S. Error Mean)
AD(axial s 13 0.001279 0.000054 0.000014
diffusivity) COPD 13 0.001208 0.000058 0.000017

MO(mode of s 13 0.807282 0.042462 0.011349

anisotropy) COPD 13 0.844505 0.030447 0.008789
S0 A4 13 350.161071 42.161072 11.268021

COPD 13 432.691333 80.011602 23.097360
[0075] &7
7] AAld Sl wel, DTI MRI ©|ujX]|& o]&3le] TBSSE AT A9 HHHAE g&Fo= Ay
kst & Q)8 &3k
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