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A 4= 9ok
[41] A7) AR A AFE go] miE QA F AT dhHo) ek Ao AFE
A e AL, ATE o) el Ao A vle) Fe Ao
ol s

[42]

[43]

[44]

[45]

[46]

) 1
ol
O
o
58

2 Fgel e AT ® A2 W EAEhE Ao HEE Ak
oM ArleEdYer 2 | S48k o ¥ & k=
W O 2 A, T2 297 (T2-weighted image) 2 T2* 7+ 294 (T2*-weighted
image)& & 5oh= WA R AV T2 F2dde BV T2 G2 des
I-ebsto] T29T2 2G4 & 58k GA S E9sh= W 3 123 Uy <
TEskr] gk g Alel ofahe], Ao A A f dd-d Sk A e 54 &
Zt= 37 SAES - AEFAoR 3 7 Aok 7] Ao

ol ste] A A o &, SN W o] NM-2 &4 2 37} A(ferric iron) ¥ &2

A} A (paramagnetic) A} 7| A} 8} H-(magnetic susceptibility) 1l @& 2 (perturber) 2]
& {F2 (spatial) -2 5 H]-Z 54 02 7] S (delincate) & 7~ AL, Aa} A o7
&P g2 224 Y37t A HHERE I EE A3 SR 2

H]

AGH o AV 6| T BB 5 NS ).

B e A5 Y At A T2x A e 2 ded o
Shato] T2#/T2 7 Z A A 3 A 3= T2%/T2 723 A W= xeshE,
Yol A

L
o
<
%
N
h:
)
hiy
<
%
=
3
£
=4
2.
=
aw]
=
J
1o
o
o2
o
g3
rlo
e
i)
pilpy
)
o
[»
=

40MR, II: 70FL)& LFB 1A & 9| &= L2 A
Zlolt},

L 2= f & A H A (cluster) ZL7] 0 WE MC A H#E o) o 23 E feE
A T2, T2*, T2#/T2 R T2#/T22 4k-& YEHH lolth & 2A+= F & &
g w8 -3 o] thEk T2 o] fhAI 7T (ms); 5= 2Bi= & &2

-

g H-alof] th gk T2* o] A RE (ms); &= 2C= Fra H
3 Yy of th 3 T2#/T2 %k 2 5 2D 6% %2
o] Aol g =710l o) 3 T2#/T2 & T2#/T22 4k Aol 9]

o o

_>?l_‘4
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©

r
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W2 SE WA
Mr Mo

A 7
1 2hA o] Aol gk =171 7
|A fa A 3
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QAo w e A% 37 HAT (24 L NM A (34l o F T2+ gL
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(ms) (I-1) 3 T2%/T2 gk ¥ 5 Yepdl 12 Lol

[47] S 4EMROIGAIEA Yoz E F55 do]elo A NM-E 534 2 37}
d A28 UK ©HE AR bl Aol £ 4AE 12¢ 1 (o) 5
4B+= T2 Y (ms); &= 4C3= T2#/T2 ¥; 5= 4D T1 297 = 4B+ Tl
WA FE SN hAsL E AR B 5% Q014 2% 5 NM
Ay 5 4G T2#/T2 Y28 718k A el st 858 NM-2 534 49,
T 4=V ER EF dAoA A A =34 2 S 4IET2 Yo Y

AAZE A el ste] 54 37F d-& YERITL
[48] % 5% 75F A ZRE 59 A R(75FR)0) el 37F d 2 NM-2 534 =
w8 5sty] At davebe e Ar| 3y 2 AT 24894 A9s

=1
et = 5AEMT G &S 2= T1 F294 (AE &eko]l 2 45 2 MT
ol ¢+ H); I SBE SWI; &= 5CE= QSM (ppm); &= SD= 52 55 94 &
5E+= T1 W (ms); 5= SF= T2 9 (ms); &= 5G= T2 Wloll A AEH 371 2 949, &=
SH= gﬂéz n= Oﬂ}\ﬂoﬂ}q 7«1 ZE] 7<J UZ?Z—J:E T 5= T2% uﬂ (ms) T 5=
T2#/T2 W; & SK+= T2#/T2 Wol A A& NM-4d 534 99, = 5L HE=
L7 Ao A A& NM A A~ E eI

[49] % 62 70F /A 2 %-E 558 A &(70FL)ol thaf 37F 2 U NM-E &
w8 3lsty] Yg ohF el e A E g 2 AT 245 A E
et & 6AE MT G &S 20 T1 Z294 (dE] Selo]l 2 5 2 M
ol ¢k F); & 6B1= SWI; &= 6CE QSM (ppm); &= 6D= H &2 57 A &=
6E+= T1 W (ms); 5= 6F+= T2 W (ms); & 6G+= T2 Wloll A AE=H 371 2 o
6H= ¥ 52 5F Ao e 4 F4=5; = 6= T2* Y (ms); = 6]
T2#/T2 W; &= 6K+= T2%/T2 Yol A A5¥ NM-3 534 99, = 6L # &=
L7 Ao A A& NM A A~ E eI

[50] % 72 86F 7N A 27 E 5% A& (86FR)°N ol 37F A 2 NM-H
& gtetr] g aten g A7l eE g 2 A 24 g
UEATH & 7AE MT &S 28 T1 42978 (48 kol =2 55 I MT
o] 9 H ~); 1 7B SWI; &= 7CE QSM (ppm); 5 7D= H| &= EF A4, &
TEX=T1 ¥ (ms); = 7F= T2 ¥ (ms); &= 7G3= T2 ol A AR 371 4 o, =
TH:= gﬂéz R=A E Oﬂ AN 01]7\1 7«1 ZE] zJ UZTXJE T 7= T2 u}lﬂl (ms); T 7=
T2#/T2 %5 & 7K+ T2#/T2 ol A AEE NM-Z 534 49, = 7L &=
EZ Ao AEE NM A4 2 5 7TME T2#/T22 918 LRI L)

[51] T 8L 60M MA ZHEH =5 H A E(G0MR)o el 37F 2 2 NM-ZH S31H4 =
HEgtetr] gt ooy A3 E Y 2 ATH 2484 A0E
eIt = 8AC A 122 LFB 94 A}, Q B2 MT 938 2= Tl
F2Qd (HE Eetol 2 5 HMT o ¢k B2, & 8Bi= SWI; & 7C3= QSM
(ppm); &= 8D H &2 EF @A & 8E+= T1 ¥ (ms); &= 8F= T2 ¥ (ms); =
8GE=T2 Woll M AEHE 37 E 9o, R sHE W E2 BEF Mo A9 4

=

Moot
b
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[52]

[53]

[54]

[55]

[56]
[57]
[58]

A5 & 81+ T2% W (ms); &= 8% T2%/T2 ¥; & 8K+ T2#/T2 ol A A&+
NMZ % 1—4] Oﬂoﬂ SL—O—»ﬂEZHE Oﬂ}\ﬂoﬂ}\ﬂ 7JZE]NM}J]/\ 1101,{
T2#/T22 9. 2 I N2 T2#/T22 W] 0 5 FLE| 37} 2 o & A 2] 8k NM-2 5314
oS e

J{N'

T A= 6 /) A EA AEE NM A A o] 2A84 o tfs] T2+ 2
T2%/T2 (60M X 86F 2B =55 A5 9] 49 T2%/T22) 2] & A& A=

T2*
LERA lo]al, S 9B 6 7l AlFoll A AEE 37F H HA & oo 2254
d 5o o3 T2 % T2#/T2 (60M R 86F =B 5% Al 5] 49 T2%/T22)]
HE 33 A4E vebd ot

5 10AT= 6 7] Al 5ol A ZF 7) A of ol (age)ell tieh A =8 NM A4 ] 52(NM
counts)E YEF A o) 31, I 10B= 6 /) A& oA 2 Af A 2 volef] o 8l T2x
Fhazoll o gk i A AT Baw) OE A NM A A& 0] 2 7-515F) (Relaxivity per
unit NM; NM ©-9] & 23} 5) 5 et

%112 75F, 86F, 2 FEH g £48 Ho|=51M A3 A 2R S5

Alsol] thalf 37F A 2 NM-H 534 & #& 3} 517] 98 vk ot e H
A7 g B 54 AH (eryo-section) #4 T FhuetE HYH =
veRAICE, (1: 75FL, II: 86FL, 1II: 51M 2 3H) & 11AE MT 9 &2 2= Tl
Az A (HE Lol A H5 E MT o] gk B A): & 1IBET2HT2 ¥, & 11CE
T2#/T22 9, 2 % 11D+ 54 43 44 Foll ZF A 59| A7 gl 2
DA 75 I x| oA bl ehE F e ALZE e Th
o] AAIE A% FH

o]

ol s}, & 2 517 WAl eol ]ste] Ul % FAIsHl A @t @, 5]
A )= B S oA 5] AT A B, o] o] o3 B o] w9l
S 532 218 ohUuh R, 2 g Ao 7] A8 52 GA 8 ghob e
|V & FFsHe Ao T,

AA e 1: AT ALA 9] SHAA A7 FH I Setr g e E5

1) A &2 ‘}I\"ET 2 2718 2 Y T, T2, R T2#9] 53

o] ¢l 52 AZFAA (40MR, 60MR, 70FL, 70FR, 75FR,

S 35 T4 A RE FE83 T 40MR 2 7T0FR 2

A RZNE A2 T2x B 9| B2 ZFARFEF A ZEe] A A= o)y

KoL vk QISLaL [22], o] Aol A Adste] A&k dvt. 2 ) A = Ak st

S| F-8f 7] L2 1ol ZF]l kAl A R ol 91 7F g F ol Aol Al o
A= DA 7] AA e vhol = gklef upel Fako) e al 94 9l (Pusan National

University Yangsan Hospital; PNUYH) 7| A E9 93] 2 4= g 787 =2

(Ulsan National Institute of Science and Technology; UNIST) 7] & A E 9] 1 3] o]

olefAM & ‘?:LOLE} EEUHE A8 A3l wet =3skalnt. & Fd

Eii'

FEIFTSANI0% T G5 =20 aGAFT 72 o AR5,
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a 86FR)§_TE1 SN
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[59]
[60]

[61]

[62]

A (mammillary body) % ‘-] & (superior colliculus)& ©]-&-3}= 3 H
A SNo| A T H 71 4] 9] (rostrocaudal) H Y & X33 1.5cm
AH o 2 Fadhar, A5 Al (midsagittal) 2. 2 A7) 3Fe] ¥4 9%t
$HE: o] SN2 3l [23]. A}Thﬂ 2ol T g A A| 2] (ex vivo) MRI 2 & -2 7T
& MRI 271 (Bruker, Germany)ol| 4] ~al 8t git}, & =2 ddl o g
A2 A 50ml Al A o] ZAAUA 7] 2A 3 gk ol Alo] o] B
A AsFaL, o) v A] &fo]l 2 X QW E F](geometry)E TAF7] ol T8l 42
243, glol ol BT mE dFo] QLS 27 5HH £eho] 228 MRI
_/E:glr ]/\94_ ol;q ]7&15} MT Oﬂakg ; T1 7Lzoﬂ/\1g MT —.—H] ,g_/:%
Eotsl AL E 881X %Al TR/TE = 800/8 ms2] T A RARE A 2~0] 2] &
g =53t th. MT 1] E 23= 1 kHz ©] €3 4 (off-resonance), <+ 9 2} (flip angle) =
600 °<] 2 7| 2] =2+ 91 4 21 H 2 (sinc pulse) = 10 W 2] = &<t 4838130} [15,
17]. T1 1 TR = 107, 200, 300, 500, 700, 1000, 2000, 3000 ‘;’-l 5000 ms, TE=7.1
ms$¢! RAREVTR A A& AFE-sle] €555l Hh T2 92 TR = 5000 ms, TE = 8,
16, 24, % % 120 ms (15 ©l )] MSME A @ 2~ & A}-&3}o] ﬂgo}oﬂv} T2 *
W2 TR=2000ms ® TE=3.3,74, 5 R 40.2 ms (10 | )¢ MGE A # =&
Agste] g 5st it 1 9 o] n| A& 8 thE ARkA Rl st e B &2 136 x
136 um &34 HH W 145, 256 x 256 Wl EE 2~ A 7], 2 500 um & Eko] 2
T2 20 7} Eefol 22 & 5513l

(2) MR o[ &t Al EH ol §3

Monte Carlo (MC) 2= &4} A& 2| o] A& S
EME= 57}/«1 Aol whe} T2 3 T2* gkl ol &4 & A 2 A4 NM-

B2 Felahis be e AEed.
WA 1%31101*3_4 912 shebu B2 MRI 23 0 2R E AR 73
24 Aol Hg v g ajulch £491 2 B2t 4]

A F 7ol g W E R 2 21715 0.136 x 0.136 x 0.136 mm3$i T}
%ﬂruﬂ%— 2%, 4%, R 6% TFFststo] 1Ak ¥ 2 3,5,7, 9,
11,13, 2 15 um= A AT ZF JAbe] 2AH7] 2AF8F5-8 1 x 107 [cgs] =
AR skl T2 3 T2% %}Q ZAsk= 1 A Rb-& 73 AH(gradient) o) 5
Al o)Al €] 75'%3 7,11,15,19,23, 2 27 ms, 223 o & Al HE el o] A 2] 4 $-8,
16, 24, 32, 40, 48, ¥ 56 ms = 2 A3} ).
2 AR A 9 A (voxel) Q] 4] A (local) A7 & vt nLEEA
o A= QIS 8 ol AW A A 7] W3} gk
d(convolution)> F A} 7| W3} E A A s}, MC A& o] Aol A,
A TAE A A Al el A kel A F2E = o]E & kAT 0.1 ms 2
Zhiz FA A FAEE o AL Al Zhol] e 7 A] Al SR AT
A AH(phase)-F A& B At o2 4 27 42] & A 5ol
AR FAbE ol-&5to] ARTE ATE BAF R 22 of 5 & S0l A 9
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NE AT 7ol mZ Algkel A A A 33kl A F24 o2 HE] AAE AT A
Algdel e E& dAE H 10 3] whEetivk A7 H o T2 R T2* 4h&
ol & AIZF o] &4 N T A FHAEFH 9]’ (fitting) 8k 3 T

[63] 3) =7 d44

[64] 871 T NEEMRI 2 5 22 e QAL A8l 10%, 20%, R 30%
FARE g0 g 2xo] A u AV EAES vE] WAE Y 1Y
Chg, 7] SaR ez olo] w1l F AR S oA 222 d7he ol 2wkl
a1 F A ZA T 50 um T 9] A H(section) & T1 7422 ol A 22 2
Zh A X H Zh s g 1]l o5l W& Al A 7] (cryostat) & ©] 831
AL 7 MR 4ol 8 ahs 7] A BHE L 2ol 22 ¥ v Aol
AHgEE 5A3 TR E ) o) W E= LT EF A D LFB 94 &
ol-&sto]l AAFFATE[22]. | B2 ZFARF 5F GA2 37 HE G A ER=)
AREE At NM-3Hf =9 RlA w8 9] 37F A& NMeol| o] 8 4 2] ¥ 7] ol
M52 522 Qh 2 o1 Mol A 15 A BERETE. |82 A ok 25
Aol A & SNeo] w2k 374 H& NME 2 3hetA] &
8] A~ 7] o} 1L M| 3 (oligodendrocyte) 2 H]-M A4 &0l A X5FA T} (1, 24]. LFB
QAL B Lol A vl LAk 52 2] el ALgE T 27
& glol =& 71 €| 4 (Virtual Microscope) (Olympus, Japan)< ©]-83}¢]
ol W] A 3} ¥ a1, A7 o] v A] A S vsi U &2 o 72 A s Th A vis
9} & 28 Matlab (Mathworks, USA)2| ¥ A 2] & | 8l] Photoshop CS5&
AL-g-8Fo] tiff 2 jpeg2000 B A o &2 W 3hal it

[65] NM®| 270 5=(binary) o]V A= & A upghol] B= A A d o] §HA| ol v A&
7 Al #H(thresholding) & . 2 M| 3| &= ZFA|QF &F A Mo AA = 244

MAEE AFHJATG A S22 2 57 A2 A AN E

NM# 23 H2 A8 A FEch I NM s 24 A A& e
Zozrh whebA, v B2 ZEAE 57 A4 Arhes A A A 3 e
AL E ZH7h peol dhEskglan, 7 Al A A e Saf sk 9
Avpg el oA & FZspeh. Aol 231 ol m| A= A (A A - A A
AE2 - = ALy FxEste] Ba Al 7HA A& el Al S AR
&5 @Al A shet o w2 Sl H glrh v A 2314 o vl A= v A Afd
ABE ol 8sto] LFB 94 2 2 1= lvh. A7Fal 7hgd el 258 NM, 2, 2
nj @ grof] thEk 2715 oW A 2 10x 10 F 4 E-5-g o] &3te] ] 2&

oWl AR 10 v the- A E R ste] AVl Mo REEH 59 7 7 ek

W5 S VEhRTh 2]

[66] (&) T2%T2 % R T24T2 W, W 1 9] sl el o] 95

(671 7b o) djgk A TI T2, W T2 b A AR W A sz
o1k o] AP 3ol o8 FA AT SWIE FAR FA} o =
ARz T D 94 ol A e A S 251 471 91 ol v 4 B

5
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[68]

[69]

(9178) B % (unwrapping) ® A% -} & 1(1oss pass filter) 2 ©]&-5to] UH T
g5ato] wol=E A7 g th, A7) A oM A & AFgakE R o] n A ¢
A A AT} [25]. QSM &L e] & o 2 E 9] ©of gl(bulk) AH7] A} 8-S AJ7HA
2 ) 9148 B [26), SPEeHAI A 9k BS o] Sahol WA W

A AsEAL [27], H el e} 24 3} =%} HEA (morphology enabled dipole inversion;
MEDI) 7| ¥ el 2] gt =2} 7 (kernel) 9] T] 24541 (deconvolution)S- -5l
Aabsk et MC Al E ol A 235 ure o= A eFA Ql T24/T2 Y&
55 A (voxel by voxe) = & 53] 37F H F th& §HAH] (diamagnetic) 4]
TR0 GHeRYE NM-H H3A o] 495 wEsin. 3] T
NAZHE ] Al 22 G923 d e Fx Fh(reference region of
interest; RO % A Bl 3l T} 4}7] ROIC| ¥ o 2 3% = H X} (standard deviation;
STD)E AlLFa vl NM-4 5344 o] 4 98 Al-3}37] 91 gF 91 A 4h(threshold
value) S 3 1l ger - ROIQ| 5xSTDger A A ST A A SN P~ 5 T

7(}}_ o’\o f;_Tﬂ /R—]EHO],O:hq_ ﬁJJFXJ o fg,_, NM- 7‘<EJ _Ifs ]/] oﬂOd g T2*/T2 U}]ﬂl
= AAZE NM-A 5314 49 L T1 Z2Pd 5 AA SNap=a 5
2 3}/‘1 Z(m ultlplylng) © ?-—5‘1 LR SITE 37F Hol 78 Q& £E T2
1

}mé

\11.1%

7] =
(cublc B- sphne 1nterpolat10n)°ﬂ /] OH AA=Hssl). %
OLzoﬂ/J-O AF8-51= LFB @A o] ]9
transformatlon)% ol &3le] Agsle] T A% AT E 2tE E 319 t) U E MR
oM A E FAdE 2D HY M| EHY 2 YW E o] Galo] Al HE=
SEFAIQE EF A o] m[ A & ukE Q15 g LFB 14 o] 1| ] <] A :
U3k MR ol u| A ¢} 3| 2= ZFAREEF I 0 2 RE o] A F-X 7He]
M2 R AZ AT 2 A A 9] TR L efol 2 el S e
ol 8 & A 3FSl T} 9] o &= 3 A3 7l 57 (Pearson's partial correlation
coefficient):= 3F1}2] T} & W a=2] &S A ojshdA A MR el ], & 54, 2
NM A 2= Afolo| A Albate] -8t ths A& 37 B85 &7 8, NM
}‘”/\ 23 UZT;QI of o gk -t At 74]‘!3 BNM“’]‘ f)lron(‘_}_y_}_9 XNM“’]‘ Xironoﬂ o $F
71712 ALY = B0 + Brwxam + PrronXiron = 2 G BFA T 471 WG A ol M
BLOS Y AT, o Th xpe B A MEEA, ZH7E NM A% 1 A F 0]
SEATE P Prons T W7 EE AF Y (5, T29)0l vty F &
FEAES o3} By &Y NM & T2 24 S A A8k, NMe] &
ohere e

st7]19] ® 12 7 A 5ol gk thF 2 MRI9| 9]of <= 3 A Al
(Pearson's partial correlation coefficients; PCC)E W EFH T}
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[70] {31

PC(aM) T, F T 8 T+ 8 S @ T F L
]
SHe 8.04 8.0 052 054 032 0.7
% -5.03 038 038 =020 0.04 -0, 83
S¥e .BL DB DB 06T« 054 .28
K 9.3%  D4ds 043 0.4 D4 .22
S8 037 -0.46+ 0.7+ 045 O44v 0.2
POC{G0N)
N
SKic 8.06 -0.08 042 043 028 D485 040
s 010 0.8 -3  -0.3% 0.3 045 -0.43«
SHe .12 -0.6ix  -0.60>  -0.58 B3 053¢ -0.26ee
e 0.3 082 0.6« 068« 0.3 0.67r 0.l
s 0,33 -D8i» DS =085« 0.9 0.6 -0.3®
POCCTGPg)
=
e 0,13 0.08  0.88  0.68 Q.80 0.7
s 018 -0.05 0.8 0,88« 0.8 0.
¥
e .28 045 DB D4l 031y 030
SKr 0,2 -0.3% 080 ~0.80s 0.8 0.5
S8 927« 035 —0.58v 051 D.s 0,48
PCC{70FL)
]
SHe a.08 0.08 0.8 0.4« 0400 043
st 9.05 0.14 0.5 AT DB 057
SKic 0.03 0.3 007 .02 0.16 0.08
SN .10 0.3 04T+ Duds DS 4%
oy 003 038 0,28 0,18 OB .10
FCC{TERY
W
St 0.29¢ 0.3+ —0.57+ 0.8 008 -0.48¢
8 2,45 051 -0.08 6.%5¢ 0.3 0.8
¥
e 013 O.ife 0.8 -Dufw» 0.0 .13
S 2.08 812 -0.08 0.04 000  D.lge
SK 9.02 0.04 ol 0.2 0.07 ~0.15%
POC{8EF )
5]
e 8.07 0.23 0.1 9.18 013 0.4 0.8
SK 8.05 0.27 0.0t 0.0 0.40v 0.3 0.43s
SHe 016 0.4m D8 D80« 047 0.8k 0.3
S8 040 034 04T 0.8 D3P 0.4« 0.2
8 -0.ile 088 -0.80v  -0.4Te 0.3 083 -0.20e
[71] Ao 20 ¢ }%%ioﬁ MMT EFHE DX TIHEZE Y 8N
[72] HAle] 125 E S5 MT A0E 2 T 429y g 22 4 A3 &
A7 40MR 2 TOFLE B 2] 7 of LEF-LR?%‘S
[73] -2 MT 1] 2~ (MI pmpmaﬁmn pui%)
dx g e MT £ =2
70F )& LFB 9941 ’-Q = i & ]o] q
(AYFEMT F 5 2HE T 4 ‘5 e HERE Aol AL, (Al 2 }71“% L=
=

Qe RS D), ®), D B FUAA FERIQ 1014 B 2A S

HBEEX] (A M91=X) ISA/KR
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[74]

[75]
[76]

[77]

LFB 14, (O)& s &2 X FA|Q

f
e
1=
<
S
ed

t} & 1o A4 (D)3= SN W] MT

-

FOE =T 2o 7Ry 85y A4 S sl Ao s
FAE Aol AL, ()= d| B2 T2 Aok B2 ol o] ] Zhalo|} Ao ow
HoAA=NM A& ZLFB 9o s Asd v dd F3 (AN )= (D) 234
g 5otz AFSH e o 27107 FE5golnjA]o|t}, & 1o A (F)&
HEZ ZFACEF Ao g A=y 2 45 (A A)S (D) 2945
S ESH =Y AR E Aok 3y 2707 53] o|u|x]o|t), A7 MT &3&
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