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Investigation of light stimulated mouse brain activation in high magnetic
field TMRI using image segmentation methods
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Abstract

Magnetic resonance image (MRI) is widely used in brain research field and medical image.
Especially, non-invasive brain activation acquired image technique, which is functional magnetic
resonance image (fMRI) is used in brain study. In this study, we investigate brain activation occurred
by LED light stimulation. For investigate of brain activation in experimental small animal, we used
high magnetic field 9.4T MRI. Experimental small animal is Balb/c mouse, method of fMRI is using
echo planar image (EPI). EPI method spend more less time than any other MRI method. For this
reason, however, EPI data has low contrast. Due to the low contrast, image pre-processing 1S very
hard and inaccuracy. In this study, we planned the study protocol, which is called block design in
fMRI research field . The block designed has 8 LED light stimulation session and 8 rest session. All
block is consist of 6 EPI images and acquired 1 slice of EPI image is 16 second. During the light
session, we occurred LED light stimulation for 1 minutes 36 seconds. During the rest session, we do
not occurred light stimulation and remain the light off state for 1 minutes 36 seconds. This session
repeat the all over the EPI scan time, so the total spend time of EPI scan has almost 26 minutes.
After acquired EPI data, we performed the analysis of this image data. In this study, we analysis of
EPI data using statistical parametric map (SPM) software and performed image pre-processing such
as realignment, co-registration, normalization, smoothing of EPI data. The pre-processing of fMRI
data have to segmented using this software. However this method has 3 different method which is
Gaussian nonparametric, warped modulate, and tissue probability map. In this study we performed the
this 3 different method and compared how they can change the result of fMRI analysis results. The
result of this study show that LED light stimulation was activate superior colliculus region in mouse
brain. And the most higher activated value of segmentation method was using tissue probability map.

this study may help to improve brain activation study using EPI and SPM analysis.
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Fig. 1. Manufactured LED for light stimulation, and
access on 9.4T MRI system
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Table 1. Information of T1 and EPI

T1 EPI
Matrix size 256 x 256 64 x 64
FOV 20 x 20 mm2 20 x 20 mm2
Slice Thickness 1 mm 1T mm
Number of slice 18 18

3. Statistical Parametric Mapping analysis
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Fig. 2. Scheme of SPM analysis using fMRI data.
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Fig. 4. fMRI EPI data (A), T1 weighted image (B) in vivo
Balb/c mouse brain EP| data.

2. SPM analysis

AT 5% EPI 948 ufgo® JA=0] &%
E ¥ oy oJH9E A=38ka 03 Jo2 RS =A SPM &
I E o] o]83}o] voxel-based morphometry (VBM) &

A& Fdste] BEsiGIT

Realignment Aol A 9670¢] fMRI 94 ®5F translation
¥ rotation®] ZIE Fig. 55 3 IRlatfitt 2 AFlA
+ medetomidine °]gh= AEHI e 5L FHAS A
25 E Foatal, 4%4717191 MRI%H LED #7242 o
o ¥ 43} AF ATE AP G nhEAlE &
o)A FslA A= Ao] ofyu=E iy
%o realignment ¥} o] Hk=A] H Q3 Fig. 5.2 A4
= 7] 9J5}te] realignment TS S 1A ZHzbe] F
el YAE EPI #Hit e 9 dAAAE
translationoll A 7}2%- zHzhe] EPI 948 uehln A=
%9 mme FFe] B omFE grlt o]FeAE B

=
<t} translationol| = 949 x, v, z o7 o]5S d5
u

translation

ﬂ(fk\:’:"k-—*

Sl = S —

S
= v-j e A S —

x Fansiation
——— y bansiation
2 bansiation
T

I L | L I L
10 20 30 40 50 60 70 80 90 100
image

rotation

a 10 20 30 40 50 &0 70 80 90 100
image

Fig. 5. Translation (x, y, z) and rotation (pith, roll, yaw)
in realignment processing of fMRI data.

OR

Realignment I}4 o]3-o| 3% EPI ¥ A T1 9
A} 7+9] co-registration #4S E3to] Fig. 6% ds 9

At} Fig. 6914 5o Uehd 9§7do] reference image?!
reslice EPI H3t Ao]al, Q&% 9o T1 A3do|t}.
Co-registration ﬂ}x o]Fo A} Fex AXE o] &3t
EPI @743 T1 2z @2do] Az 22 X5 YEaL &
A gelshe A % A3 5 segmentation 43S s}

it

O

X

Normalised Mutual Information Coregistration
X1 =0.250°X +0.007*Y +0.006'Z -1.607
Y1 =-0.007X +0.250°Y -0.004°Z +1 479
Z1=-0.006'X +0.004"Y +0.250'Z +0.170
Final Joint Histogram

Original Joint Histogram

B
£
=
=
[

CMFMIYTT.img

AmeanriFM1_01.img AmeanriFM1_01.img

Fig. 6. Result of in vivo Balb/c mouse fMRI and T1
weighted data co-registration.

Segmentation I oA = Fig. 73 2o] 37F4] #d] o



16  Journal of The Korea Society of Computer and Information

Zhe] w3 o wE 4 BAS ATt ¥ &
ol A Tissue probability maps o] &3 238 1}
7 =& S YERen, Gaussian nonparametric
A= o] AFs| o]FAA Po} AFE WA
(Gray matter)®} W&(White matter) Q92 Eatajui#] *
= AdE sl webs HEHOR ¥ 4 g
ZA3}+= Warped modulate ¥} Tissue probability map=-

o]-g-gk WS 77} vlal FA g

ofr
ol
tjo

L oX
o

2 N
01>i mﬁ[‘

P

o
it

_|_4

Gaussian Warped Tissue
nonparametric modulate Probability map

Template

White

matter ;-\

Fig. 7. Result of each difference of segmentation
method. Gaussian nonparametric, Warped modulated,
and Tissue probability map.

Normalization> segmentation I} o] AAdd
deformation fieldg ©]&3t4 E+& EPI g3l A8 s5H
Fig. 8(A) 275 45 & Ut 942 3 AANE A A
o7 FAH, AW, FEHESRE wiXEGIT

Smoothing #}4-& Gaussian smoothing kernel WH< ©

43to] 2mme] Aoz s Fig. 8(B) 24E AA

A},
(B)
.n

a4l AAE Aol JElUr‘?i model specification &
WE EPL 94k

CERER CEREE S DIERIEESE S L
kA WA He] W) B4 Esk oiAE S

wr] 84 et e EAlSHA] oW ol JAE YE
Uz 7 €t o213 VBM 94 dlolHE & Al Tl
xR4T A (fusion A ATH He| o= FHo] &4 3§
A #2  Qu) Ao Fig 99 492 9 F 9
Row, I g 255 T A Jde B o
o

=

(superior colliculus)o] &A4s€S &1 4 93Ut
8 el wE VBM 23 3hs vas] 2Y 3
o} f-AFSHAl Tissue probability mape ©]-§
A o g o] H& Ghe UEhES #0138 & IATHTable
2).

ihd

Table 2. Evaluated image value between segmented method.

Warped Tissue
modulated probability map
Left -0.1851 -0.1794
Frontal cortex
Right -0.3998 -0.3875
Frontal cortex
Left -0.8379 -0.8218
Temporal cortex
Right -0.1801 -0.1782
Temporal cortex
Left
Midbrain 2.7070 2.7233
Right
Midbrain 3.8994 3.9369
Cerebellum 0.5210 0.5491

Tissue probability mape ©]-83 WielA VBM ¥ &4
A= Q8% F¥(Midbrain) J9olA 7HE =2 s YEr
Weor, &% Z%F3A(Temporal cortex) B 713

0|9} FASHAl Warped modulateS
< (Midbrain) @elx 71 =

ZuAg G B o“’é ol fﬁ?ﬂ 35] <44 XQEE e =
A Z1 0 2 Tissue probability mapg ©]
B¢ Q4 BT oA deHHom =L ks vERlen,
7 Qdel digk @tel Aole 9% HF(Left Frontal
ortex) o] 7% 0.0057 7Fg =2 & YHelon, 2%

T4 (Right Frontal cortex) 0.0123, 9% =59 Left
Temporal cortex)< 0.0161, <2&% Z=F3A(Right
Temporal cortex)< 0.0019, 9% Z5%(Left Temporal
cortex) 0.0163, 2.2% 5534 (Right Temporal cortex)
2 0.0375, 2% (Cerebellum)+= 0.0281 =2 #& YERATH
737}” o= FA=o] o3 ] GAE 7P RIFSHA HER
g4 E3 WhHL Tissue probability maps ©]-&3F WY
s 2 AT AFE T AT F A

PR AN

Fl



Investigation of light stimulated mouse brain activation in high magnetic field fMRI

using image segmentation methods 17

Transverse

Coronal

Fig. 9. Overlay the activated area of brain region voxel based morphometry image on Balb/c T1 weighted image
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