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o Aage] Aol $55 e atol] ok w3k ko] Soldh Aol glglent ¥ B
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ok A4 w2} °‘°il4 Sluls) 75 E 20l weh 29 Aol Sole Aol WA
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Sl ¥ EEg N 9 A o] Ded
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degenerative disease)$H#Fe] 712

Qg 27] A 4
X

N = of gk #lo] wEskal gk oAl HaA HA% "1

Ad=zto]m A A uf(Alzheimer s disease: AD)& %% 1@. 7]

2715 94 (magnetic resonance imaging: MRI) X e 7hE| o} A o2 Zukdl A2 2Pk A 2
o] Ae W G A Y gk oE sl A Y HYA Aoz BRAET(5). gxstolmA Ao Ads 9
T2E Bt Agata, ARH R FA5] A% g Ae 3l A e 2 Aol s 1A HEE MMSE(Mini-
7F o] Fol AL Qltk(1-4). ¥ 73 F AFZA o g 32 A Mental Status Examination) % CDR(Clinical Dementia
QL AL o] Aot o] wE MstE AT o Rating) ol om, HAstHAE 24 H& H7FEA A}
(1), 27 9 ZAn4 54 Ao gt ¥ 229 724 W G5 6, 7). olHd HAAkE MEH R A&E g
35 Wrhek=d fF8atth2, 3). MMSE+ 71934 E% (amnestic syndrome) 9] 7t =
FHE A& AT =gl wE HPA HA S (neuro- | FIIER Z7] Gzslo|my Auje] HAwAo] kel el

cHekxl7 |32l zksts| x| 15:242-250(2011)
‘AN 2] g-5e3}, FIRST/UHRC
23)-$-oh Hﬂtﬁ A 0:3/‘1—_4 Sk
f‘q]z{]\:Hﬂ“r 2o} sl w9l A Al
‘AL o) Fehst OH'FFH L] of Ao etat
A4 20114 112 1569, =4 20114 129 13¢, A9 20114 129 234
E*lxiz} P25, (621-749) At A4 oluHE 607, QA o] g3t}
Tel. (055)320-3297 Fax. (055)327-3292 E-mail : mecw@inje.ac.kr
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oje, 53] QIzte] HollA 7]9s At AIATE dTS
&t slvk(hippocampus) oAl 544 9150] YERHL}, o]
o sl Fute] 57 7)o A& ek g A
A7b Qeka g vk 9lvk(12, 13). 33494 ¥ MRI 94<
o] &3k T4 AA HAL dzslo|mA A St} A =
e st u #H, § AA sivk AHAM HpH oz
30~50%9] a7t BelE o] dxslolwA AujE st A
ol A8 AxE sl gl e A Qo
(14, 15).

¥ MRI 945 o] &3 24 A4 £4L A3t #dd

Y
(region of interest: ROI) 2 &% (segmentation)©] & &3}
o} %529 ROI AAe| W& ¥ W4 (manual segmen-
tation) < FA 2 55 AEE Fdsl=d o4 o] A v (gold
standard), A&7Fe] S F-8H4 A 2o ZAG A|ZHA #HE 2
kol o gk FaA Asfel wep AHEHEE O b (inter-user
variation)7F TS F Slom AAA e (intra-user
variation)ol A|gro] 9li e AJ7ko] ARETH16, 17). ©
F83517] 93 2 99 3 (automated segmentation)
H 22 Fzd diste MR 9749 A& FXE(intensity
distribution) 54 % ¥ EF%(brain template) S 7]¥ke
2 Bayesian rule @ Markov random field 59 ¥¢xg&
S A& B4V Fy &4 (voxel-based
morphometry: VBM)2](18, 19) & Wy} g4 W A%
F=e] zolo] )3 Snake ¥ Geodesic ¢ielES B3 1=
A AAE TFeste 4 &34 £ (active contour
segmentation) WH(20) o] Ut oj9} e AE o9y &
g oR oAE HAasstal AdAY FHo| Thedt =
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s gzsfolm A Shate] Hgtoma) Aw 2 A7t Z Tl
e ¥ 24, djvl Gqdxe EAAQA AH wstE #ET
Ttk A 949 B Uy F shuel VBM W2 ¥ St
% 9 (diffusion-weighted imaging: DWI), &4k &4
o4 (diffusion tensor imaging: DTI) = ¥ #F o4
(cerebral perfusion imaging) 59| ¥ W3} AFAHE F&

S A8 TH(21-23).

VBM WS o]&38 oo #32 t}4E 7]k (population-
based) 22 FFH ¥ ZFdHI 2 7IE Y/ (reference
image)ll @5 7 47+3}(spatial normalization)E 2A]
g5 AarstE AR SN W FedE B Zeus
Agste] Eo] 7hsetn M sH- X (subcortical brain)
2L ROIO o3 A4 T4 AAIE 4 Avh(24-35). 1Ev A
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) o
Y5k VBM3} 28 A4 Bl ALGHE ¥ EEHe 24
2 el 542 wdslol s, ¥ MRI 94 M £F
B Agste] B3t B0l WA QA7 A4 o))
gh Aw M EERE AL S e st 1
| whizol ofg] 7)gho] Folsh 3% o

7)o MRI BAme Ajaks) o

7) whize] ofol g o] U ashu.
FolHE 2 A%l F MRI AN 2

~ dE offt off

AH A e Aoz B4 asd Be 9A9) 1
9% 24sel o] Aoz AT vk A WEE F4
i FolT YA YL wAHTA S,

Chat 0

Il iy 2 HA =5

4 A Fy 8B (d/A=1/1%, 29.5£5.664)< dlde
2 o2 F j#A U 2ue 448 3T MRI &A
(Achieva Tx, Philips Healthcare, Best, The
Netherlands) & ©]-&3to] MR 942 E53%t). 32414
SENSE (SENSitivity Encoding) Wz Zd& AFE3}9,
TFE(Turbo Field Echo) 299 344 T1 %z 443D
Tl-weighted imaging)e 727 # %
(coronal/sagittal) Wako g2 531500, A 5 =4
33 Zth TR(repetition time)=8
time) =3.96 ms, TI(inversion time)=1300 ms, Flip
angle=8", FOV(field of view)=256x256 mm? Matrix
size=256x 256, Voxel size=1X1x1 mm?’ Slice
thickness=1 mm.
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flo r&

.6 ms,

L}, & =X 25t

o x4 28 2 A4 F4 SPM 5(Statistical
Parametric Mapping 5, Welcome Trust Centre for
Neuroimaging, London, UK)(24)4 <& 7Fse VBM
5(25) S/W& AH&ardtt el 4 A4 AgNS dde
2 REg S AR AT (Montreal Neurological
Institute, MNDlA 7R3, = A H )3 F 3
(International Consortium for Brain Mapping, ICBM)
oA wFEoZA Agst ICBM/MNI 152 ¥ E33H(26) 2} 3
o 29SS WASE EE ¥ XER(27)E Ve R 747
3194 (gray matter, GM), "4 (white matter, WM), 3f=}
(hippocampus) 2 7 99S Bt g 23 =4
(Gaussians per class)< =5 2 voxelZ 3l%13l, Warping
regularization=1, Warp frequency cutoff=25, Bias
regularization=0.0001, Bias FWHM=70 mm, HMRF
weighting=0.32.% s}Sitt. 2H74e] o HFEdow &3- At
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= 3
(native space)@ & WH3t® GAol|l thste] 2 229 A4S

Z439n,

Ct. sfof ¥ 2t

g/dol tet slvl 942 FSL(FMRIB Software Library,
FMRIB, Oxford, UK)(28, 29)el4 &%+ FIRST
(FMIRB’ s Integrated Registration and Segmentation
Tool) (30)¢} SPM5E °]&3te] ®#&3}9itt. FSL/FIRSTE
o]JC_Lz;]. o:]_' —‘?—E}S 10]:0 1;}/\0] 3;] o:]/\]-jq_ Oloﬂ EH"H /\Eﬂ
ol T ¥ X G VIR AAE o o &
AFE P (FIRST models for subcortical brain)& o]& O}M
o MNT 152 ¥ EF#Ho= 33k Aatehe G4l s st
%*PE%‘% o] g-ato] )AL QA/dellA sivt A<l AAE <

% FSLe| FAST (FMIRB' s Automated Segmentation
Tool)(Sl) TNes 3 A A Eﬂﬂ »Jr ‘I’OHU]’ qd=
ottt SPM 55 o] &sto] g w4l
3lg] Quﬂxl Oﬂ}\]—o 7]&}0; ;q]xl—E H

Fafol WA ol #, S sk Jole %s}aﬂ =18

el. SAHEA

T WgAREY f5E 4749

°2 B3 WM, GM, &% dvk 249 4

@ A24e 7] 9 A48 W BER

Fah oAl 94 230 g} AEsiel £

4 27e BYF 719%e] MR ZAAA 45
4

}A] lH(lntra—scanner)9} A ¢

;(41} Q5] 1;] 339 E‘l oi)(\) §]‘: Zﬂoﬂ TL]—E’ Zﬂz%o] ¥F

Wo| A4=(coefficient of variation: CV)E

AE Z73tel

7o) gz $IE A4 W AT BT, 2E
A e 9, B, A5 shobel BAE 249 VS
444 4 3y 3 s

AR = [¢]
7] S8 A8 ¥ xEde TR met sk usiE
HWE Fegtozn 1o w2 A4 Wl "o gig Jas
Felsqitt, ot H8¥ o T met FEE 9 AA
o] A7|E vluaty] fl8) 87 el ti/dAtel dis) Ry HEom
AL B549 A5 (Wilcoxon' s signed-ranks test) S 4
Attt

Fig. 1. Segmentation and volumetry
procedure of hippocampus. (0) T1-
weighted 3D MR image of human
brain. (b) Segmented GM region, (C)
Segmented hippocampus region and
(d) its 3D ROI rendering.
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AISHYN &S s HEE & EET0 02 Q1 o] WA, 5T U sho} A BB AT

vt e F5el w2t p € 0.059 3 2o (Fig. 2b)

2 7b yebdeh 2E gidatel digk £3E sjul A4 AnE

Al sl S u, e =9 djvl EEHE o] g38ke] ek A

Figure 12 329 T1 Z% ¥ MR 942 2% H(Fig. la) Aol Al 7uke] djwl FAF RS o] 85t 3 A A K}
288 GM 99 94 (Fig. 1b)3 o] 25 thA] 284 dnp  EF 2 prq

p

4 GaH(Fig. 10) 123 ol 3A9o% AT arkel §  Figure 3= 45 W(Fig. 30)3} 95 4] 1HFig. 3b)¢]
$Fig, 100015 T1 25989 F #4200 B 4 96 94 2d0% B 24 d4Rel MNI 152 5 E28 2 o)
o] Z70] 844 vh9] svho] ek <ol of S RS Fa) R GMI WM 22l 2 afo) A4

/—\

Figure 2= ¥ AolM 4" GM, WM 2 % &jvto] of tigh Wo] A(CV) £EE Yehdt) Figure 4= Figure
HAAAE ¥ x| el BFste] ZE g gl B 33 FdsHA ERFe] @5 o 2ERE A4de o 23
A A A9E 2gZE Yepd Aotk GM, WM 999 H GM WM, 5 dlu} A A< #4] A3

AHe He ¥ EEBol wheh p (0059 HI Aol (Fig.  Fvsk 9% 45 33 Aok ¥ 23 A%< 24 g u%
22)7h QT @ Ak 2ol o S AR AgH ol WAL G ] Ae) BEA A4 Gl o B

Table 1. Coefficient of Variation (CV) for the Volumetry of Human Brain Structural Regions Depending on Scan Orientation and
Applied Brain Templates

Region MNI 152 template and FIRST models Korean Elderly Template

Scan Orientation® Inter Scanner? Scan Orientation Inter Scanner
GM? 0.72+0.37 0.75+0.54 0.41+0.30 0.42+0.39
WM 1.29+0.59 0.44+0.30 0.57+0.27 0.36+0.22
Left hipp 2.11+1.32 2.71+1.98 1.12+0.86 1.25+0.70
Right hipp 2.53+1.61 2.30+1.83 1.33+0.89 0.87+0.62
All regions 1.66+1.27 1.55+1.64 0.86+0.73 0.73+0.61

Note.— Unless otherwise indicated, data are mean + standard deviation (%)

!Scan orientation: acquisition of 3D MR images oriented in coronal and sagittal view

?Inter-scanner: between two MR scanners in different sites with the same model

9 GM: gray matter, WM: white matter, Left hipp: left hippocampus, Right hipp: right hippocampus, all regions: GM, WM, left and right
hippocampus

900 55
* L ] !.,NI 152 template * ® FIRST's hippocampus models
[_] A Korean elderly template A Korean elderly hippocampus template
800 50 *
700 4 { I * 45
E ; | E
© C @
£ 600 4 g 40
2 3
o
> >
500 35 4

400 > 3.0 I I

300 r . 25 ' "
Gray matter White matter Left hipp Right hipp

Brain tissues Region of interest

a b

Fig. 2. Differences in the volumes of (Q) brain tissues and () hippocampus segmented from automatic processes using MNI
152 templates (circle) and Korean elderly brain templates (triangle). Results of each subject are represented as mean vol-
umes on the image acquisition conditions

* Significant difference (p < 0.05) between segmented volumes

** Significant difference (p<0.01) between segmented volumes
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CVEES ek} wasisith(Table 1), A& = Exae] T2
flol 34 05 2700 wek FAYOE fo AY Wt W)
of Aol 1w 4] QLAT(E=0.876, p=0.384), A% A5
20 P8 glo] 488 ¥ LEde] weh fold A4 walol
AFol(t=4.543, p € 0.001)7 A0, FTeol ¥ EZHS
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42 4459 i weh ¥ah o A A2 sasg.
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Fig. 3. (a) Scan orientation variations and (b) inter-scanner variations on measured volume of human brain tissues(GM,
WM, left and right hippocampus) for each subject using MNI 152 brain template and FIRST models for hippocampus
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Fig. 4. (0) Scan orientation variations and () inter-scanner variations on measured volume of human brain tissues(GM,
WM, left and right hippocampus) for each subject using Korean elderly brain/hippocampus template
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of 5}3} 17 M= A &
A Qe mef ¥ e] A7), Aol H1] S A Ao]7} 9= A
2 4#A v}, Figure 29 29l
A A A mg Aol et
FGejoll A ¥ bt 27] 9 Bk
et s ¥ el Pejel W] BAh(36-38).
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£l x| EET0 0h2 214 S| W, 2w 3 s} HA u|R AT
= — b N b |
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A FQIe] MNI 152 ¥ EF#S g=<le] Hof A8 4§ 2
LA 5 glon del N EERE AHEHTHE Lol
0 oAl g 52 el %2 3 Figure 249 3o
A )59 stz s 0k AT S ek

Figure 5% ¥ Q7oA 8% sl ele] A58 34
A AA avte] AR AR Fel] glal thgRe) =
43 A8 do} mEel oE av 249 AL A W
# 9 Lom el A%UE deR AN sk

Fig. 5. Segmented gray matter images overlaid with (0~C) hippocampus regions derived from FSL using FIRST models for
hippocampus and (d~f) hippocampus regions derived from SPM using Korean elderly hippocampus template
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A Comparison Study on Human Brain Volume of White Matter, Gray
Matter and Hippocampus Depending on Magnetic Resonance Imaging
Conditions and Applied Brain Template
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Purpose : The aim of this study was to examine the volume differences of human brain 3-D MR images
obtained by automatic segmentation methods depending on brain templates and image acquisition condi-
tions, respectively.

Materials and Methods : 3D T1-weighted MR images oriented in coronal and sagittal plane were acquired
from eight healthy subjects (29.5+5.66 years) using two identical 3T MR scanners at different sites.
Caucasian brain template and Korean elderly brain template were applied for the same subject to seg-
ment brain structural region. Volumetric differences and variation of gray matter, white matter and hip-
pocampus depending on scan orientations and brain template types were statistically evaluated.

Results : Volumetric measurements have some different results for the same subject images depending on
scan orientation in identical MR scanners but not significantly. However, all segmented volumes relied
upon brain templates were significantly different (p<0.05). Small variation of the volume in gray matter,
white matter (coefficient of variation, CV<1%) and hippocampus (CV <3%) were obtained. Comparing
the mean CV in all segmented regions, variation of scan orientation was not significantly different with
inter scanner variation but variation relied upon brain templates were significantly different (p<0.001).
Conclusion: Authors found that brain template regarding the specific properties of the subjects is re-
quired to reduce the errors of brain volumetry.
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