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A7k (inversion time, TDe] Xfolol] o]t ¥] od A4S 2 5sto] AIX &

CHAF 9 HHH @ 200 717338 AJ9lE ti e MPRAGE (magnetization prepared rapid acquisition gradient echo)

pulse sequence,

AHAFA 1.5 mm, 4719 WBA A7+ (800 ms, 900 ms, 1000 ms, 1100 ms)S o] &3] ¥ 42

353k 58 ¥ A4S o]l WA (white matter, WM), 3"& (gray matter, GM), Z2la AA| x| 24

(intracranial volume, ICV)& 343l
Z1} : Freesurfer2 A% ¥ A8 HLf
486.52 + 48.64 cm®, %
AZF AR & gl 2EolA] gl Ak AlE B =2 THE
BARAAE GMI} ICVE 7 TIoA fol5%

T GM=646.83 £ 57.12 cm’ o]

ZF TIHEE =] AP gl el wh2 FAEQ Kol 7} EA] E4sk3it.
ICV=1278.94 +
ek, @zke] ¥ AF (WM, GM, ICV)- o zkaLe} 744
LERAEE (WM 0.992, GM 0.988, ICV 0.997). k53
T HellA 2] Zel7t GIAATE (GM p=0.143, ICV p=0.052) WM+= £-2
T HellAle] o7k 9igirt (p=0.001). A% T2 A B4l ol 43 AlG7t BF 58 FA1 5
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& 4=l (cerebrospinal fluid, CSF)9] £2|& ¢35t &
o Al o2 ARG e o] HH-E wjg- 27 AJ7Ho]
2w dutA o g HE7te s RekA X4 o LA Al
Z-A 2k 9 weko]| ot ;A AHofjof whet 2= o] ¢t
ot (1-3).

T 145 MR scanner? T 02 &2 A7k Yo A
A G 5ol 7hssto] A, B2 T s dix
T JAE A5 5 A Hlon, 2z EYolo WA
2 A5 A A2t st =l B 23 SLxof bt
of MRI9 Az &x 54 2 M atlase 7|¥2 & 5t
VBM (voxel based morphometry) (4, 5) & 4
oA Fx BEA o] £0]3t Freesurfer (6, 7)E ©] &3 A5
A A&E3hs ¥ shF 72 9 I ol tig A A B4
Al3YE & 9tk (8-10).

QJurA ol Ayl AlEal AL A el thA o A At
OEH HYPA It WA 5t template FAAH WAA

Aol AFHQ ko] whal @ EZo A AZ o= FH oA
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HOo=E oA 29} Zo] T AHI o FAS Zol A
23t 5o E PSS FES=H o] dA A= 7E
F7Hl A voxeld] voxel 2 t-$E o] dojx| &= wh o what
AP Eth labeling @Al = =Y s 74 122 Q13|
mapping Fi ¥ G4l AFH T v g A& ¢HA
oA 229 T2 A S AL (11).

oA dojZl A Y| FE3t A HZ 0|5t ¥ F2 &
AR Ao ek 3 A Q] T2} B o Aot B
2 WIS AAE = lom A7 2 FAH £ A
gt H 229 24 HIE A5 4 Utk (D).

x| o) A A2 A Aol AA W33t} o|of gt g
AE7F Yo, oot Ado] what WMF GM 9| W3t
= B2 =30l A (12).

| A A B4 Aoz A tiddol tiet A E
g lztoltt, 2 @FE L2 AAG 45 A7 il

S A&} ARG & EFete] BT ] AT
o] BAZF B3Rt AFRHY] = 640 o]22 oF 95%
o) A-S sk &Y Ffoll= 10,54, HAE 14,5419
= JAstA "ot GMe oFs 7]l A48t Fd7l,
A7) astal, WM Fd7)er Adr|E Avm F7t
gteh, Q17 o]28 i REY X A2 HEA Hy X
AA e HAas 7EdEn (13). H AFY Haes A8, A
A3y, SHY offo N T 7tEE 4 Jlom, Ad
oA B A= A A Sl YAl H A Y
A3} Qlokal B E QY (14).

webA] 2 Ao A= H AA Y o] iz o]2H,
Aol tiet B27F W2 A%e 200 A4S LR
MPRAGE pulse sequence®] ¥4 A|7} (inversion time,
TD (15)9] 37} = A2 9] ZA o) v = FF= Lot
17 SHETh TI2 AW & £+ £ 247 228
A5k, EA 24 tjz=7t FAE A= e T 3

o] At =& F+ pulse sequence®|t}, TIS] S}

S| AMAO|
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of & ®=ofl o|x|= Aol Chst DE | UFS 9

uet 54 229 227t 33 Gl | A 54
o A= FE LotE7] A3A 4719 TIgEe 2 F 8070
o] <& B53AH. Freesurferg o|-83t 2 49

A4 A4 'y 209 (F/4d = 10/10 9, 22.954)< di4d

° Ao =52 15T MR scanner
(Siemens, Avanto, Erlangen, Germany)% 2| Zx=2
Y (Head matrix coil)& o]-&3to] ¥ A4S J535H5T
B A2 F2 AT T1 2 =7 22 42 47] 93l
FE2 A= 3% At E 94 E (3-D gradient
echo pulse sequence)? MPRAGE (Magnetization
Prepared Rapid Acquisition Gradient Echo)& A3}
of & %W X (anterior commissure)? ¥ H A}
(posterior commissure)S A3 742l Ao 20| =
Al A A (oblique coronal) FAMS Z+Zhe] Ao A
Y5t 5ot 949 85 242 TR (repetition
time) = 1700 ms, TE(echo time) = 3.44 ms, Flip
angle = 8 deg., FOV(field of view) = 220 X 220 mm’,
Matrix size 256 X 256, Slice thickness = 1.5 mm?©]
o}, o] 23t F LT =5kl AH| 9 default g4l TI =
1100 msE 7]|£22 800 ms, 900 ms, 1000 ms<
2 HIAA S g5

2. Freesurfer
= o] A& ZAE Y3 Freesurfer v5.1.05 AHE3F 2
o], 9 et FHE T3 GM, WM 9] Abojd

Table 1. The Mean Volumes(Adjusted to Intracranial Volume) for the White Matter, Gray Matter and Intracranial Volume

(means + SD) Depending on the Inversion Time

TI 1100 (ms) TI 1000 (ms) TI 900 (ms) TI 800 (ms)
Name of Structure Volume  Percentage  Volume  Percentage  Volume  Percentage  Volume  Percentage
(o) (%) of ICV (c’) (%) of ICV (cr) (%) of ICV (crr’) (%) of ICV
ICV  Total 1287.8 £ 162.9 100 12812 +159.2 100 12789 + 150.6 100 1267.9 + 146.8 100
Men 1363.8 + 162.6 100 1353.8 + 1583 100 1345.0 £ 150.3 100 13374 + 142.6 100
Women 1227.0 + 142.6 100 1223.1 + 141.3 100 1226.0 + 1352 100 12119 + 130.8 100
WM  Total 4982 + 513 389 4899 +£481 383 4821 +488 37.6 4756 +462 371
Men 5484 + 404  40.6  540.1 + 413 40 533.8 £ 394 395 523.6 £394  38.7
Women 459.8 + 532 376 4514 +47.0 369 4426 £+480 362 4388 £457 359
GM  Total 6414 + 588 501 6469 +571 505 6489 +558 507 650.1 +£56.6 508
Men 6749 + 646 499 6847 +60.8 50.7 686.7 £599 508 6885 + 615 50.9
Women 6144 £ 575 502 6168 +571 504 6188 +555 506 6195 +55.7  50.7
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template ZEE o] &5kl HWME BA 7t ZE
voxelEZ HUT o] Bl oA WM k& 222

2 EFEY HA = F7tol 7128t F Ko vt A
gdE Mg oer EYEY, o] @AV Ey U
Freesurfere ¥ G449 A4 Aot iy 229 ofeff =
2 labelingst7] 3l 7‘1]791 FHE 7INteE oA AAE
o o At AlE3E 35 Al HAE F3tel
iil—tﬂ 241 24 O}EHZ‘—"'«] labehng— Ze gag
E2 AHEET mhA| et Aol = F AAE ARESHe] A4
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labeling e 7 AE Buo] o3 45 b1 voloj2 @A
& AR,

3. SHEN

TIS] Hs}o E}% FFE B A3l T AR T
H 549 3%3¢Y T1 Z2R FA-E Freesurferg 0|83+
WM, GM 121 ICVPJ Ade 54 b=, o1& 3
stof A BA ST S AlZ = 7 TIo] whe A=

ZA3S Y3 U AH A4 (intraclass correlation
coefficients) S ©]-&3tF 1L, TIS Wslo] ulzt A% 2] W3}
7 AEAE glstgen, A X 24 A9 dX=
=t 2% XY (repeated measures analysis of
variance)< ©]-&s%th. E3H 7+ TIof| wE AEFF T4
£ 24317] 93l 7ol ABAIS (pearson correlation
coefficient)E $3stg L, 2 21E AFE FF

o §5te] Lrekthgict.

(scatter plot matrix)<

Fig. 1 The results of images from the
3D MRI using automatic segmentation
software. Original image (a), brain
mask image (b), that removed skull
from the original image (c), white
matter (d). (Numerical values are
inversion time in milliseconds)
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F 194E WM, GME ICVo R AFstete] FE A4
uet Bt FEHEAFE Ut I8 2& TI &
WM, GM, ICVY] HHA 47 REHAE A& o] &
sto] T2 2 YERf it

WM A2 9] g2 TI=1100 ms, 498.2+51.3

m’, F4ZHe TI=800 ms, 475.6+46.2 cm’o|®, GM2]
P A FZE2 TI=800 ms, 650.1+£56.6 cm®, &
2 TI=1100 ms, 641.4£58.8 cm’ 2.2 ZA =}

A= BN FU *Wrﬁl# Fkol WM+ 0.992,
GME 0,988, ICVE= 0,997 2 =2 45 At & 2

Zo] ZH TI 749 YA &= BAS el P sESy 7
AHR A O] Ayt AAH SR GME F=2.102 (p=0.143),
ICVE F=3.232 (p=0.052)2 F2+& YolA 9 zo]7h
oy WME fo4E WellA 9 zto] (p<0.00)7F A
o} olE g P2 AR FAY A E R BRGNS T
ol A= T4 stglem Al A= Zfol7t ¢l
=2

E 3ol= Foj& ARATE o] &3 24 Tl & A3 A
BA BA oA 712 Fu] 9] default & 7|1EC 2 ARE
SRR, O HAE I8 39 A E PEE o] 851
et itk WMolA TI=800-1100 ms (r=0.993,
p<0.001), TI=900-1100 ms (r=0.994, p<0.001),
TI=1000-1100 ms (r=0.989, p<0.001)°]® GMoI A=
TI=800-1100 ms (r=0.967, p<0.001), TI=900-1100 ms
(r=0.987, p<0.001), TI=1000-1100 ms (r=0.976,
p<0.001) 23 ICVE TI=800-1100 ms (r=0.978,
p<0.001), TI=900-1100 ms (r=0.989, p<0.001),

Table 2. The Statistical Difference According to Brain Volume and Gender Using Repeated Measures Analysis of Variance

Total (n=20) Men (n=10) Women (n=10) Men vs Women
F P value F P value F P value F P value
ICV 3.232 0.052 3.09 0.128 436 0.051 3.114 (T7) 0.06
1.927 (TT*gender) 0.172
WM 11.152 0.001 13.156 0.008 7.966 0.012 10.692 (TT) 0.001
2.229 (TT*gender) 0.13
GM 2.102 0.143 1.471 0.329 0.571 0.652 2.312 (TI) 0.121
0.432 (TT*gender) 0.733
1600 -
1400 -
1200 A
1000 -
B cv(a)
800 -
Hywm(m)
600 - ¥ GM(am)
400 -
200
0 + |
T11100(ms) T1 1000{ms) TI900(ms) T1 800(ms)
a b c d

Fig. 2. The results of each subject is represented as mean volumes on the image acquisition conditions (white matter, gray matter,

intracranial volume).
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Table 3. Pearson Correlation Coefficients Between
Inversion Times of Volumes (White Matter, Gray Matter,
Intracranial Volume) among 20 Healthy Adults

TI(ms) TI 800 TI900  TI1000
WM Pearson(r) 0.993**  0.994**  (0.989**
(TI1100)  Pvalue  0.001 0.001 0.001
GM  Pearson(r) 0.967**  0.987**  0.976**
(TI1100)  Pvalue  0.001 0.001 0.001
ICV  Pearson(r) 0.978**  0.989**  0.998**
(TI1100)  Pvalue  0.001 0.001 0.001

**_ Correlation is significant at the 0.01 level

TI=1000-1100 ms (r=0,998, p<0.001)°]lc},

A743 200 A2le] Bt ICVE 1278.94+154.92 cm?,
B WME 486.47+48.63 cm® 281 BF GME
646.88+57.12 cm’o| ™, @&} 109 gt H+ ICVE
1350.06+153.47 cm® B WM+ 536.52+40.18 cm® 71
2|1 B GME 683.76+61.73 cm’o| itk T3 42} 10
o] g F4 ICVE 1222.04+137.52 cm®, Ha WME=
448,18 +48.49 cm® 181 B GME 617.44+56.50
em’E YEHH STt

I #

2 A= MR B4 o835t A7 200 44219
H AAHE PG5St W] A Ak U BN S FFoZ
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2 olof wat tt2n 22 {4l GG FHLofl= 24
50% A= 718 4= Atk (17). GMY A F L o 2oz
AFFAM = A= 9.54], A= 10.54], SFFAA=
o2} 10,041, = 11,041, TR FollAlE AR} 7.54], E=
Ao A& 23ty (18), 20t ©|FZ GMo] HAaHS =2
13T (19-292). AT WM 9] H3lo]= e oA Eo]
Ao yolzt "7}f§°ﬂ tﬂrﬂ} A A2 Azt (22-25)2
+ F4T Uolet= F9E WA ztol7t gloke %
o] Y Hct (25, 26). ﬂltM gl et ] A A {9
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£ FY5¢E HollA Y zpol7t itk F4= =L 9)
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of Fa9 WM, GMo| SR HEh Aty AF
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g 2 =8N AY B4 g Aol E2H TR
WM, GME A8 o2 ojzxtrct A Yepytet,

7+ TTo| W2 WM, GM 181 [CVY] A X o)A A& =
4 f8 S ARAFE o9 w2 AFEE g
S5kgich ICVE A43td WM GM Y] 4X = 53 ¢
3 BHEEA BAHEA S o853l GMY ICVE Y42
ol A 9] Zpo]7t wgﬁm BT} (p>0.05), HHH| WMo
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o] A7l WM GM 2] F&o0|¢k A7k xfo] 2 A zhe
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AL T A5 A ABE Z2IRE ol §3te] 42
gt A== o] ol foi Aok & Aolw, 2 Lz
o] 85& ¥ atlas®] FFE ThFsle §910) WS uhg

http://dx.doi.org/10.13104/jksmrm.2013.17.4.286



AlZke| Hsi7t Fakelol & A KMol o|x|= J&ol| thet & | AF= 2

White matter volume Gray matter volume
o & ) o o
(=] (=]
(=] (=]
E =
©
o o o
(=] [=]
[=1] [=2]
5 =
©
g g °
- oy
§ =
[}
8 8 ©
= .
§ =
o (o}
WM800 WM900 WM1000 WM1100 GM800 GM900 GM1000 GM1100
intenceneal vkt flg. 3. Scat’Fer plot matrix for correlation analysis of inversion
times of brain volumes (white matter, gray matter, intracranial
- / volume).
2
>
e
[=]
[=]
g /
e
o
(=]
o
: /
Q
(=]
=]
g / /
Q
ICV800 1CV900 ICV1000 ICV1100

S8 HEoA A7) el A e WY a3 9
g o] o] RojAoF & Holt} (30). AA, HFA
Z2) o] At} & AtolA S43 WM, GM, ICV ©]¢]
22 5S¢ SAstA F48te] 1 A3E A,
=3

http://dx.doi.org/10.13104/jksmrm.2013.17.4.286

d B

2 A= 200 B0 W AH 7 g 53t TI9]
W37 A A SA ol v)2 = YFS GotE A et A
A2 WM, GM, ICVIA TIEE & FolA= BF
FU A 2 & AFHEE Yehfglon vE=
A BEAMEA A HHAWME & oA Afojg &
AT AHHA RS A 2 g YeERH T 200 A4
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Y ICV, WM 123 GM 9 AA L} J = AHE g5
SR o5 ol-&af FAE Y ¥ A A9 g vl sto] K
o] 324 W3S A St L AR o]&E 5 U
Zolet Az Iy 20t B/ o AA A#E
=7] AelM = B ALAY 7L AdjA oz RE50,
Tl 22 7t 2= Ao F&ulo] F3FS AL,
WO HE FHE IFS AR FF AT A
g ALY FAE Fstal, fr2eot s FaH 9
Hstol HR o 37]o WE A& T T v A=Y
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A Study of Changes of Inversion Time Effect on Brain Volume
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Purpose : The objective of this study was to analyze the brain volume according to the brain image of healthy
adults in the 20s taken with different inversion time (Tl).

Materials and Methods: Brain images of healthy adults in the 20 s were acquired using magnetization prepared
rapid acquisition gradient echo (MPRAGE) pulse sequence with 1.5 mm thickness of pieces and four inversion
times (1100 ms, 1000 ms, 900 ms, 800 ms). The acquired brain images were analyzed to measure the volume of
white matter (WM), gray matter (GM), intracranial volume (ICV). The statistical difference according to brain vol-
ume and gender was analyzed for each TI.

Results: The brain volume calculated using Freesurfer was WM=486.52 +48.64 cm® and GM=646.86 +57.12 cm?
in mean when adjusted by mean ICV=1278.94 4+ 154.92 cm?®. Men’ s brain volume(WM, GM, ICV) was larger than
women’ s brain volume. In the intrarater reliability test, all of the intraclass correlation coefficients were high
(0.992 for WM, 0.988 for GM, and 0.997 for ICV). In the repeated measures analysis of variance, GM and ICV did
not show a significant difference at each TI (GM p=0.143, ICV p=0.052), but WM showed a significant (p=0.001).
In the linear structure relation analysis, all of the Pearson correlation coefficients were high.

Conclusion: WM, GM, and ICV indicated high reliability and solid linear structure relations, but WM showed sig-
nificant differences at each TI. The brain volume of healthy adults in the 20s could be used in comparison with that
of patients for reference purposes and to predict the structural change of brain. It would be needed to conduct
additional studies to examine the contract, SNR, and lesion detection ability according to variable TI.
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