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ZZEZ Y gF go]gE o8
o, T AF 5HE 72l oY
T (multi-center study)7} A<t (2
T= oY 7| °“‘:rL°ﬂ H)sf A5
HHor agAY ®But oty £ A Y W AR
& A= Aol °P‘4 b2 Age] gurdE 7Hd & ok
(23, 24). 28V 949 A2 MRI AIRAH F A% 3=
TY AL TR L YA IS5 2o gt EEE Hg
o JFOo & Qg AAH ¥} o g8 52 o7
T U (25, 26), 1o wet FAAR AES &5t
A & 5 Aok (27). wEbA] A A" o3t 573 A X
ol & HAstet AFA A BAS EE57] A=
HIEA] G4 5 QA MRI A9 At 9 EAo w2
dﬂol l=|ojof g},

AFoNA = o 718 A +5S AT 712 AFEA
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g2 (2/49=6/4, 14°]=26.60+3.86
el AR s 195 248
Az 94 (3D T1 weighted
5’5}9&‘:}. 2 Ao AHEE MRI A= t
w0 Zon Fdld didf F5H 2 7IeE MRI &
A9} &A= MR(a), MR(b), MR(c), MR(d)2} H 45}
t}: 2019 Philips Achieva Tx 3T (Philips, Healthcare,
Best, The Netherlands), Siemens Verio 3T (Siemens,
Erlangen, Germany), GE Signa HDxt 1.5T (GE

Table 1. MR Scanners and Protocols

el ¥

_lll‘l
rlo

Healthcare, Waukesha, WI, USA),
Table 1 YeR $it.

Lt 94 24

3559 MR @42 As3 28 S/WE AHE3HY Figure
13 22 ¥99 8 9 AF B4 AAskgoh MRkEd
o] ¥3lE 3klsty] 93 WA (gray matter, GM) 3
oo EW}’“ HAgo o °§°]°H ol M3t w2
s 25 WG AAstglen (8-13), olgt 9
i ]/\1 Y EH“H MRI ZPX]—J A AR 2po] = Q1%
A7 W3S oIkt SPM 8 (Statistical Parametric
Mapping 8, Welcome Department of Neuroimaging,
London, UK, http://www.fil.ion.ucl.ac.uk/spm)(28)
oA A% 7}%53% VBM 8 (http://dbm.neuro.uni-
jena.de) (29) S/WE ©]-&3st] WM, GM % H&H3H
(cerebrospinal fluid, CSF) & 23 3 949 £& 4 A4
E24& 9, 71 A Y (basal ganglia) ¥ 3 v}
(hippocampus) &9 ¥ stFEF 2] g AL
FreeSurfer v.5.1 (MGH, Harvard, Boston, MA, USA,
http://surfer.nmr.mgh.harvard.edu) (30, 31) & ©]&
sto] =335ttt SPM ¥ FreeSurfere 253 %% Ly

S/W2A ¥ 22 ¥ go) A4 2717 a2 74 MR
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A (simulated brain MR database) (32) & o] &3+ 4
A 2 Akt AR MR 94-& o] &3t 54 A9 Y

%rm‘%ﬁﬂr AEed BAFY B ol it v

]F0] Hof SPM2 shi2o te 99 282 &
= AT = 23 d Yo tfgt £ HeHAg o] 45t
33), st xR0l et 2 9 A|H £4L2 FreeSurfer?}
L3k Aoz A A Ut (34, 35). SPM/VBMSE o] &
g MR 94 A8 = 2o 2 G4 A5 FE 9] 2o
of gt Y AE BEx 2F NS FS AA, EFLe
FA g7 248, ¥ &% (IXI-brain template,
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MRI Scanners Philips Achieva Tx Siemens Verio GE Signa HDxt
Field Strength (T) 3 3 1.5
Sequence Type” 3D T1-TFE 3D T1-MPRAGE 3D T1-SPGR
TR (ms)/TE (ms) 8.6/3.96 1800/2.22 5.7/1.69

TI (ms) 1300 1000 -

Flip Angle(*) 8 9 10

FOV (mm?) 256 x 256 256 x 256 250 x 250
Matrix 256 x 256 256 x 256 256 x 256
Voxel size (mm?) 1 x1x1 1x1x1 0.98 x 098 x 1
Slice thickness (mm) 1 1 1
Angulation Sagittal Sagittal Sagittal
Total scan time (min:s) 6:18 7:42 7:13

Note: ?
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TFE = turbo field echo, MPRAGE = magnetization-prepared rapid acquisition gradient echo, SPGR = spoiled gradient echo



02 4A3}to] (Default parameter settings) @EZ o2
AABHGTH 3 Y sHRAR| et A G EE2
FreeSurfer) Cross sectional stream T4 & ©] &34
o SPMit Zo] £ o] HAT Y& AR T,
Talairach HEZHo 2 Z7F A3 ] AL 5 &2
gyl 35 2 & (Manual labeling by Center for
Morphometric Analysis)¥Z+2] 574 %21101] gk JE o}
B AT FEo FEH Ex JHE A5t e F
AAF B (Tterative method)2 3 49 £33 433}
At £8E ¥9Y AL F7F A3 o w yE
o #gsto] o Y F7 YA (Native image
space)ollAl &4t

4

o

Ct. SH 24

Y ALY B 27 9 sHE L2 B 93 S E
u 29 A Ho g3 47§e] MRI F A 7t (inter MR
scanner) YA &= 9 o] WE A Ao A4S H7t
317] Y& FUHAEA S (Intra—-class Correlation
Coefficient, ICC)E ©]&3s}3ltt. ICC 54 232 & o]
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SEROIM ZHE = =X AMAHo| Aidd =4 | HE 2

Yl A (two—way mixed model)Z A3, 432
2] (consistency)@ F4335}o], 4712 MRI A2 =

W (fixed factor)® XA YA 802
(randomly) A8 == HEE A5t A =S A4S
o, E3H ZF RS d9E A H o dis) Hol A
(Coefficient of variation, CV)& £33+ 4712 MRI
AR oA YA E = AREA Q] A A Y 2ol & Rt o,
TARCE Fog Hol7t A=A w7 93
Bonferoni AA* %S §3 BHES4 BAHEA (repeated
measures ANOVA)Z 389th, £718 22 Eq. [1]7
Zo] AolE PVD (Percent volume difference)s ©|-4-3}¢
o Zt MRI A 7kl @A st= A4 9 Zpol& S5k
o|F 7|2 Y] A9 A Y HItE ZA517] Y5l 5

Aol A 22 2719 o2 MRI A oA 7= 24 99
oA A2 A= 2] Zpolo]l IA (p <0.05)¢] MAS 73t
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(Vo] AAIS] 2 Aol ofs) AFEES BT 44
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Fig. 1. Examples of brain segmentation
for region of interest: (a) gray matter
(b) caudate nucleus (red), putamen
(pink) and thalamus (green) (c)
hippocampus (yellow) and amygdala
(sky blue) (d) lateral ventricle (violet).
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of o] el 4 ik,

R

|V1_Vz‘
PVD= —— x 100 [1]
5
2
By,-v, = Fy-Hy, (2]

Oy -y, :1/¢7V12+0'VZZ [3]

Xy_y, > My _y +Zgp 20

S|\Xyy, -ty oy, | > Zypp 20

X,y [> 27720

& |PYD| > 2.772(CV) [4]

2 I

Table 2= 47]9] MRI 4504 853 5 thaAe] 2
5 BaE 7 o Aol oiek BAF YA4 Gnter MR

scanner reliability, ICC) ¥ Wo|4 (inter MR scanner
variability, CV)¢| H+& Uedtt ICCE ©]&3F MRI
AL BE GG e AA AL B+ 0.837 (£
0.082)0]H, lateral ventricle® A4l 0.995 (0.988-999)=
7 =& AAS WAL, 9% amygdaladlAl
0.691 (0.410-0.897)2 7Hg W2 X 4& Aok A4
© 2 GM, lateral ventricle 5] A& o] & FHfH &2
240l FRIE T, CVE o83 MRI AR+ 2E ¢
Aol gt A Wo|dL B 4.176% (£1.724)°]9, GM
oA 2.175% (£1.466)2 7 22 Wold& Ui,
2EZ amygdala®lAl 5.972% (£2.119)2 7H &2 #9]
4& Btk BAFLE 4% amygdala®l A& ] MR(a)
vs. MR(c), MR(b) vs. MR(c), MR(c) vs. MR(d)*llA] #-¢]
3t ZFo]7F QU L2 caudateo A= MR(Db)E MR(c)
o A 2o 7} ATt 2 hippocampuso A+ MR(c)7t
OHE MR x| 9f vlasto] & {003k o] 7} QIS 9%
putamen¥t 2E% thalamusolA+ MR(d)7} t+& MR %
A5 ZFol 7k Tt LEF putamen MR(b) vs.
MR(d), 9% thalamust MR(b) vs. MR(c)ol| Al Z+Z+ Z}o]
£ YE T

Figure 2= Eq. [1]3 Zo] &€ PVDE o|-&3to] 54
/Al sl Z-2He] MRI 4] Abelofl A (e.g. MR(a) vs,
MR() HAE Zt §9E A& 9 Zo|& vetdtt. MR(a)
o} (b)= 224 Philips 3T XA 853 G4, MR(c)

Table 2. Inter MR Scanner Reliability and Variability for Segmentation Volumes

Region Iccy CV (%)? RM-ANOVA?
GM? 0.952 (0.881-0.986) 2.175+1.466 0.069
AmygL 0.691 (0.410-0.897) 5.655+£2.390 0.009%***
AmygR 0.782 (0.547-0.931) 5.972+2.119 0.204
CaudL 0.768 (0.524-0.926) 4.509+2.955 0.787
CaudR 0.816 (0.605-0.943) 4.229+2.955 0.035*
Hipp L 0.845 (0.657-0.953) 3.112+1.282 0.283
HippR 0.838 (0.645-0.951) 3.692+1.325 0.018**#
PutL 0.773 (0.532-0.928) 4.661+1.462 0.005%**#+
PutR 0.862 (0.689-0.958) 3.786+1.232 0.003"
Thal L 0.849 (0.664-0.954) 5.004+2.142 0.028"
Thal R 0.872 (0.708-0.962) 5.016+1.587 0.007***
LV 0.995 (0.988-0.999) 3.907£1.694 0.230
All regions® 0.837+0.082 4.310+1.879

Note: Maximum and minimum values of each column are indicated with a bold font

» ICC: intraclass correlation coefficient, data are statistics with 95% confidence interval

2 CV: coefficient of variation, data are mean + standard deviation derived from all subjects

» RM-ANOVA: repeated measures ANOVA, data are statistics of significance level (p-value)
»"%"" significant difference (p < 0.05) between MR(a) and others (MR(b), MR(c), MR(d))

##. significant difference (p < 0.05) between MR(b) and others (MR(c), MD(d))

*: significant difference (p < 0.05) between MR(c) and MD(d)

Y GM: gray matter, Amyg: amygdala, Caud: caudate nucleus, Hipp: hippocampus, Put: putamen, Thal: thalamus, LV: lateral ventricle, L:

left, R: right

 All regions in first column represent mean + standard deviation on ICC and that of second column show the average in mean values

and standard deviation values on Mean CV
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Table 3. Thresholds of Significant Percent Volume Difference (« = 0.05, two-tailed) Between Two MR Derived Volumetric

Results
Region MR(a) MR(b) MR(a) MR(c) MR(a) MR(d) MR(b) MR(c) MR(b) MR(d) MR(c) MR(d)
GMY 3.047 6.611 3.113 6.018 4.882 8.050
AmygL 13.190 19.165 9.483 11.645 11.252 17.893
Amyg R 10.971 18.590 9.568 13.079 14.319 18.755
Caud L 5.289 12.703 13.300 11.440 12.961 10.197
Caud R 4.866 8.914 13.081 9.647 14.955 10.662
Hipp L 5.930 8.758 4.600 9.547 6.158 9.466
Hipp R 6.431 10.861 4.594 12.175 6.026 11.335
Put L 9.178 9.779 12.404 9.632 16.039 11.261
PutR 6.696 7.257 12.025 7.462 11.305 10.099
Thal L 6.950 11.751 10.702 13.584 13.056 15.828
Thal R 5.170 7.521 18.148 6.495 18.451 14.141
LV 7.229 10.117 7.413 9.070 9.910 12.811
All regions? 7.079 11.022 9.870 9.983 11.609 12.541

Note: Unless otherwise indicated, data are mean values (%) from all subjects
Maximum and minimum values of each column are indicated with a bold font
Y GM: gray matter, Amyg: amygdala, Caud: caudate nucleus, Hipp: hippocampus, Put: putamen, Thal: thalamus, LV: lateral ventricle, L:

left, R: right
? All regions represent the mean values of each column
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Percent volume difference (%)
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Hipp L

Il MR(a) MR(D)
MR(a) MR(c)
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EE MR(c) MR(d)
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| | 1
E i i

| l 1] i
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|
E
|

PutL PutR ThalL ThalR Lv

Fig. 2. Percent volume differences between two MR derived volumetric results for brain structures segmented with automatic

processing
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(@ = 0.05, two—tailed). MR(a) vs. MR(b)l A= GM?]
A& 3.047% o1 A A, 9F amygdalad] A
13.190%= 7} & A& Zo]7F eyttt MR(a) vs.
MR(c)oI A& GM 6.611%, Y% amygdala 19.165%% 2|
2 - Hd ¥9E 242 Uitk MR(a) vs. MR(d), MR(b)
vs. MR(c), MR(b) vs. MR(d)9I A= GM7} Z+Z+ 3.313%,
6.018%, 4.882%2 714 &2 A& 9] 2} thalamusol Al
Z}7} 18.148% (right), 13.584% (left), 18.451% (right)2]
M S AA A ez Aol 25, MR(c) vs.
MR(d) 9= B ng o= GMoA F4 8.050% ©I
A QEZ amygdaladlA] 4 18.755%% 7HE =& A|F
A} @ mAlo] I agt AL Eelskct,

4 =

2 AT NE MRIZ ol §3 ¥ 3% A9 9l £42 2
Hog st o 7B ATBE TEE A 12T
Ao B S/WE ol §3ko] thE MRI 7] )4 24y
H A Kol g 25T, FAH §9) 2] A 7t
o Y8 o 229 AF ol S ] AT M4 WS

£ gRlstat

MRIE ©]-&% ¥ 22 129 H+4 M3t 4
A 9 A HEE G AN Y fad AA 2
2 ZlEn, izl EPA HAZO 2 A d=stoln
A A= AR DL 7Y 759 HES HHASY
hippocampus, amygdala, enthorhinal cortex %
posterior cingulate cortex 5 ¢ dnf AR =2
(hippocampal pathway)ol A FE2Z f|Fo] YA shH
(36), AAH o2 Ao|, W5 U A F7HE 759 Aol g
7 AN Ql x| mjdof| Ao M7t vebdt (37), E3
putamen} thalamusol A= QA 7153 Fo3 44
< Holn A Fo] ZastH (38), AHY T2} 4§35t
lateral ventricle®| A= =3t what W7k 1.5~3.0%9] A|
2 Z7tol| wlsf g=stolw g Al o] AL, oF 5~16% F7t
st Aoz & A At (39, 40). E o2 HYPA HAG
CE2A R EAFTN AU 2 5N T4
(movement disorder)@ & st HA| Q] motor 7|5
< 243t putamen (9), AL S22 7|3} g
& 58 23+ caudate nucleus (41), &% 7|s<
JA| =+ £33 thalamus (42) 52 714 & (basal
ganglia)o A ¢ FEZ #37t Yehdth MR 94 ©|
L3 Ao gt B4 A7 & H T fASHA A
AAQJA & AAH A4 A caudate nucleuse
putamen® A 93 HFo] Y= A2 FAHT (14),
BAEES A A, BT v 2k, amygdala®t
hippocampuss Z£&3 amygdala—hippocampal
complex %9 putamen ¥ thalamusolA A2 7471

i

P Lo

d
ul
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A= Aoz BuHET (43-45). E o E FA A &8
ST 2&3l A&, & = 9l B3} hippocampus}
amygdala 59 FHlA A& Fa7t e AR
o} (46-48).

SAH 458 FEE Y3t o 7T dFoAE Fgoz
gt = =379 HstE F&atA 1AEH7] Y MRI AA|
Zhol| BHAsHE @aF 9 H A w3t WS Felstefof gttt
B oA ohA AF3 A+ 23S EYIZ Figure 13+
Zo] HAY S AAste] 4709 MRI ZAoA FE5H &
Ul tigt A& o] A= L zfo| 5 Flstgict FAH
oz A7 dA= E AFAHE YdEYE ICCE
amygdala©l Al Z24 0,691, lateral ventricleol| A &t}
0.9950]9, E J o gt FFL 0.8379 2HE el
34t} (Table 2). g¥rd oz [CC A7t 0.75 o)AHY 4
S AT = e 2AE 9n|gith (49-51). A& F3te]
o2 HY=Z GMoA A 2.175%, amygdalaolA

5.972%, 2= FGof tjsl 4 4.310%] CV 25 &9l
sttt AA A A= L A A zpo]of tf3f] amygdala®

A7} 7P A g Ago] Weton, olof s MR B4+ o
2% (contrast)”7} B3} (30), YAALZ st
hippocampusE #7 X3t (amygdala—hippocam—
pal complex) A&& vnd 3¢, # 0.884 (0.733-
0.966) - 0.890 (0.745-0.967)9 ICC ¥ = 3.114% (+
0.643) % 3.653% (£0.950)] CV7t EI= G}, o] 7]
2£9] amygdala ¥ hippocampus /I8 FFof tst 4
Hop gE o, Ao o0& A9 Favt
amygdala$l hippocampusol| Al F-AFH LAY == A3}
T4 Gl F 97 HA L BAT 2Eg e
gsto] & dAtoAe F 9 I =35t AFS £
Aotz Wio] Akl Ao R AbAT F A9 A7
4 I 5 A 5 ALHA L2 thE MRI AA 74 A
A EA o gt o] A FA Aol A= A 18l tisf
ZH 99 CV AlE ol &dto] A AL Hug 47 4
0.66%, 2™ 14.71% 2 Bt °F 4.74% (median value)9
A AstE ety o (52). E O E AFoA = AA 4
(total brain) A& el tial] 0.802] ICC7F EQIE| 9o, Al
3 A= SRS 2EEAE A5 0.9622 FAAHS
om (53), o] & H|Fo] Hol A XA Zfolof wE A 9
Ao s 2ZEH O H -0l BagS & 4 Ut 4
7He] AA MRI x| o419 A& #3} (CV)et T E0] 2 A
28 k] A H 2ol (PVD) LE5tAS o, AlAH 4
2 FF g5 AR 2E B MR ZA7HY (MR(a) vs.
MR(b)) A& M37F AA GGl s B+ 3.611% (£
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Purpose : The aim of this study was to evaluate the variations of brain volumetry between the different MR scan-
ners or the different institutes.

Materials and Methods: Ten normal subjects were scanned at four different MR scanners, two of them were the
same models, to measure inter-MR scanner variations using intraclass correlation coefficient (ICC), coefficient of
variation (CV) and percent volume difference (PVD) and to calculate minimal thresholds to detect the significant
volumetric changes in gray matter and subcortical regions.

Results: Averaged statistical reliability (ICC = 0.837) and volumetric variation (CV = 4.310%) in all segmented
regions were observed on overall MR scanners. Comparing the segmented volumes with PVD between two MR
scanners, volumetric differences on same models were the lowest (PVD = 3.611%) and volume thresholds were
calculated with 7.168%. PVD results and thresholds values on systemically different MR scanners were evaluated
with 5.785% and 11.340% respectively.

Conclusion: Authors conclude that the reliability of brain volumetry is not so high. Calibration studies of MRI sys-
tem and image processing are essential to reduce the volumetric variability. Additionally, frameworks comprised of
database and algorithms with high-speed image processing are also required for the efficient image data manage-
ment.
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Automatic segmentation
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