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FEHor BAE 943 T F de o B3 9y
(Cerebral White Matter)9] =X HEE & dol & 4 g
e d= 7o el DTI © Diffusion Tensor
Imaging) o] Bol o[&5 i it} (1-4). Tl GAL 2

el A o el p R

e A7) A8 o= 6719 WFgoE $azkE AR

Al(Mganetic field gradient)E 7}ate] Z+ ok

FEE 5% T A E AAs] 94 94
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[e)

W (Fractional Anisotropy: FA) A&
, ol T 2 W Axe 94
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chetxy| 2=e| ket x| 11:110-118(2007)
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Dy Dy Dy (8,
D; = (g, 8,8) DxDy,D, || g
D, D, D,/ \g

0Ty T

= ng,» D, + ng,- 8,, ny + 2gxi g, D, + gly’ g, Dyz + gzzl D,

DXX
ny
= (gzxi 2gli g}’i 2gxi gZi gz)’i Zgyi gzi g2Zi) D"Z
D, (9)
Dyz
Dzz
DX_X
2 2
gle nglg}’] 2g)ﬁgll g.Vl ZgYIgzl ng DXY
- 2
= gfo 2gx £, 2gx 2 gyz ZgyngZ g Dy,
: : : Dyy
Z
X5 2gX25 ¥25 gxzsglzs g2y25 Y25 125 Zzs Dyz
Dzz
%, 4 (9)& oA 2tdhe] 221
D; = BD, (10)

2‘& A 2] 67H
e 3

CF. SAEMIA] 817 2o} EHAIZAIRISIZIO] 8t
oA, GUdA9 el W b fz}tg R EEDET
R EEDIES

BD, =D ! 1 [SI] (11)
. = = - n
i1~k i b SIO

A (DA SaNgae w71s BAsE 42 ke
Mg @3 2712 83 919 A2 O Aee) wd

BDk = MSIi [12]

2 & 59tk A (12)dA i® B 55 st oA A
(128 A F94E 929 D& /202 AaE o

AT, g3 e Aoz Folan

Dk = (BiTBi)il BiTMS[i [13]

2 (13)9A (B B)! B= @2 B9 Bx 93 (pseudo-
inverse matrix : provided by the Moore-Penrose)°let
gt} olA Dt FAH R, Do) A4 TAEEES €4
3 gg 7HIT

D)CX
DI,V
Dy= | D, (14)
D)y
D,
DZZ
A (14)8h o] Do) Zhzhe] TAAREEE AT & 2
=, o] ES o gste] FUEA DE tE 2ol TAY &
gk, A DE A4 Dy, Dy, D& THOE B39
FHE o2t
Dy Dy, D,
D = | Dy D, D, (15)
sz Dyz DZZ

2. EHAFEIA{S] 25}

A (15)¢9) DE ol 43l P2 e E FalA &9 £5
of ggk -4 (eigenvalue)E 78 4= 9lor, kel 1HX
2 F&7 94 nfA A (SVD : single value
a2 FeE g ok

2

decomposition) WH& o] &t L

I} SAEIM PO EIS

Booge] AlgH S4aeM A4S GE MRI(GE SIGNA
EXCITE HD 3.0T (GE. USA) SYSTEM ver.12)& ©]&-3}
of A

oA ol7] 943 8ad 3= FY(8HRBRAIN)E o] &3
on Fa AA Ao W £ 250 R A, St
AAL A7) A7) (b-value)v 1000 sec/mm*e.2 AA
TRS 7500 msec, TE®E 70.9 msecZ AAFP LM, Flip
Angle2 90°, Slice Thicknesst 4 mm Gap2 0 mm= #|
AP, FOVE 260 mm=Z A At
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L} SHIESHAMO 75

PAFZGYE FH] YEA o=
2 (pixe) 2 AXE 1A Hu, ?QV\EHE ]"‘} FES
M2L G2 g AN Hol, ARAog Bie 22

Ay, "2 E] A9 Al 579 94& FEe) A 8
d 3L 29 1o)X Bio] YA E 1)
Els 1}7]%%* F8E 4 dlolg g5 (Data Acquisition)o] 2
I, o 2oy HolHES d4HE 317]9s v
42 (Data Re-Aligning)3dte #4go] Fasith td g
Ao HS8Y 948 w57 9% A2 33 (Caleulation of
Matrix about Tensor)e] 2L 3], o] o)M= FalelA
D W7 3t ekl gt e A, a3 SRR
33 ad 2 4o AAS BNF H A2 2@ @
A ERIA e TR F 67l st F SdME A e

o FHe Fzo] At A 4
A

to
[0

r‘l

%‘ oL(Creatlng Elgenvalue

te WHEA e A (Creating
Fractional Anisotropy Im ages) o] 2 thg dAlo|n, npxuk
o2 WA IHES 93t 24 (Display Images &
Measure)stA @tk FAFZ2g2e TdL fEY
(MATLAB 7.1.0 (R14) Service Pack 3 : The

MathWorks, Inc.) Z=1YE £3) o] Fo AT}

L} E&f I8N A+ 781

T8 HTRA G B A F29 A A, 2T A9
e o83 thgF} o] Axele FASATH o HA wat

WEH(MATLAB 7.1.0 (R14) Service Pack 3 : The

SHIHIMSIAE OIZ 8 HA F50| DRA| HA YT

A (1794 D, B3} o] FojRit}
A FA+A
= 02T (18]
3
2f. HFE| 29| Al5{(Simulation)
b F59 A A9 sl wE 28 uBa A5} o

DA Astst=rtE dopry] Al ool E (Maple 11.00 :
Maplesoft, a division of Waterloo Maple Inc.) ZE2I1H%<
olgstgon, A Wae & = T F ke BN F2o
A715 24 el UHA & g Fi F50 308

Askore] £ wSHA A5 W3 Fo|g 2AEIAT Ay,
Ay, 18)31 A39) 7 7] & 1752.93X 10%sec/mm?, 515.43
X10%sec/mm?, L&) I 381.74X 10%sec/mmE A A5},

29 2= S A Al BelA gL skel 9 8
A AYE 2509 2] e Bge do) A5g SuuA
Pe wlFm gnh B A4 R3] AW JyES 4
Ak e el mheh s RxBe A5 AL 2
T4 e 22 3 5 oo

a3 32 s

(CSF : ROI 24 ﬂﬂ“%‘(Gray Matter

6)
MathWorks, Inc.) Z2798& o] &34} FZd WE LA Z Zpo] glo] H|EE A E A ]g HdF
Qe wEel, B NS A5 2 9d 47 o
A :/3[(A1‘Dav2+(/12“Dav)2+('13‘ )’ (7 (White Matter Track : ROI 1, 3, 5)& &4} F2o) u}a}
AN+ Ay +4y) 1479 Aol2 dehhz gt sjrety 22 Be 14
Fig. 1. This shows steps about
Calculation eigenvalue map construction.
Data N Data of Matrix
Acquisition Re-Aligning ’ about
Tensor
Display Creating .
. Creating
'ma&QES ‘—-——-—-— A'::i.gcott:’r:)aply Ape— Eigen value
Measure Images Images
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Table 1. Comparison of Eigenvalues between CSF, White Matter, and Gray Matter

unit of A}, A, and Ay : X 10° sec/mm?

ROIL A,value Avalue A, value FA value

1: genu of corpus callosum 1739.43 + 228.86 385.00 + 88.56 286.44 + 86.14 0.772 + 0.073
2 : right lateral ventricle 2083.32 + 265.08 1922.35 + 231.58 1786.57 + 204.21 0.077 + 0.035
3:internal capsule 1228.83 £ 105.68 457.63 + 65.76 278.00 £ 44.50 0.651 + 0.059
4 : thalamus 841.26 + 49.78 692.09 + 45.81 547.34 + 58.04 0.215 + 0.047
5 : splenium of corpus callosum 1688.76 + 162.45 254.62 + 55.69 92.85 + 57.37 0.888 + 0.037
6 : occipital lobe 1089.13 + 327.65 1000.13 + 300.21 926.42 + 294.80 0.086 + 0.034

b-value = 0

direction 9

direction 15

direction 21

direction 10

direction 16

direction 22

direction 1

direction 5

direction 11

direction 17

direction 23

direction 2

direction 6

direction 24

direction 3

direction 13

direction 25

Fig. 2. Diffusion weighted images. These images are used for construction of eigenvalue map.
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Fig. 3. These are post-processed
images. there are fractional
anisotropy map (), 4, map (b}, 4,
map (¢}, and A; map (d). A maps (b-
d) have eigenvalue informations.

| (a) FA map

(b) A, map

(€) A, map

(d) A, map

A9 271 F 19 eokstgint. i 19 Aol BH, 3t ¢ 3)E AT 48 gE A A9 S WEAA 7Y BlE
Al FEd dg 2HA7E BARck Sa5AZE 2 g del 84 g dg Fols M Aot of 2AE AE 4, 4
2 e ol WARY WA oA ite] gEhe ou|F) a8 4,9 2 2713k 1752.93%10° sec/mm’, 515.43 %
€ ALE HME 5 At £ WA A= Al 59 10%sec/mm’® 183 381.74X10° sec/mm’E A H AT
IFA G A7)7F E Zol7h WA ot Fite] FrE o R dof A 1004 A 9] Wgt e F3 uFHA A Wt &
& vk WA A9 A 29 FAY gel A ol& HW, A0 7] o2 IR w28 vy
ol7} 433l Atk webA Fato] HFH AR doje 4 ¢ AgH AH o S/AEE Bola k. Wi, 27) gun Fo}
A3 F M ARAEA, HppAe veEAel A, #he AA HY 4F dAE £ v At A fgae
AL HEHAde] Ang Ba 1544 A= (FA map)olA Jgk o= gk ko] A, Al 28 WS A7t ST
© HeprAlE o w A, WA WA vEhuA "t Al |Tk A gtol 271 o2 RH A4 FashaM £ HE
B w5 (FA) Y sebieel E4 75 Aude 1f 9 A5 HadA S v e ox @ A2 HhE Ag
At Y TR Ao AVBAE F A AN Lotr A Abol] glo] €k F, A9 gho] HA FopHel webA it
7] A AAE AFE 2o A4Y AdE 29 49 JeEide edAY FdE 279 mgug A4 790 7PAA H

]
a9 494 A lﬂl_( 3¢ DE Aok A9 g s e 5, 49 gho] 4,9k A Abolel) oA = A FHat B
oA A e g WA b wSHA gt WS Folg A Al M 7R TP Z4E A dn 5, 2% 654
& Aoy, tedd aRZ (A 9 A A9 & A AgE Havt Hol 4L S YEdA
I A0 g HSAZ el wiA o Fead afx(F Au AKSiA A9 gel Ta %
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Fig. 4. This graph shows expected FA values about 2rel Z7)(axon dimension), 229 %7 (thickness of
changing eigenvalue. myelin), SAH5 AFol9] AF 9] F7H(extracellular spacing
between axons), Th¥et 7te] ¥3}4 (variable membrane
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Purpose : The objective of this work to construct eigenvalue maps that have information of magnitude of
three primary diffusion directions using diffusion tensor images.

Materials and Methods : To construct eigenvalue maps, we used a 3.0T MRI scanner. We also compared
the Moore-Penrose pseudo-inverse matrix method and the SVD (single value decomposition) method to
calculate magnitude of three primary diffusion directions. Eigenvalue maps were constructed by calculat-
ing of magnitude of three primary diffusion directions. We did investigate the relationship between eigen-
value maps and fractional anisotropy map.

Results : Using Diffusion Tensor Images by diffusion tensor imaging sequence, we did construct eigenval-
ue maps of three primary diffusion directions. Comparison between eigenvalue maps and Fractional
Anisotropy map shows what is difference of Fractional Anisotropy value in brain anatomy. Furthermore,
through the simulation of variable eigenvalues, we confirmed changes of Fractional Anisotropy values by
variable eigenvalues. And Fractional anisotropy was not determined by magnitude of each primary diffu-
sion direction, but it was determined by combination of each primary diffusion direction.

Conclusion : By construction of eigenvalue maps, we can confirm what is the reason of fractional
anisotropy variation by measurement the magnitude of three primary diffusion directions on lesion of
brain white matter, using eigenvalue maps and fractional anisotropy map.
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