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VBM-DARTEL based approach for detecting gray matter volume abnormalities in focal corti-
cal dysplasia
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1. School of Biomedical Engineering, Capital Medical University, Beijing 100069, China; 2. Department of Neurosurgery, Beijing San-
bo Brain Hospital Affiliated to Capital Medical University, Beijing 100093, China

Abstract: Objective Focal cortical dysplasia (FCD) is the major cause of refractory epilepsy. Detecting and locating sites
with abnormal changes in the whole brain anatomic structures of FCD by using magnetic resonance imaging (MRI) are
significant for clinical diagnosis and treatment. Methods A voxel-based morphometry (VBM)-DARTEL based approach for
detecting gray matter volume abnormalities in FCD was proposed, including MRI image segmentation, DARTEL template
making, image standardization and so on. Finally, two-sample t test was applied to statistically analyze the gray matter
volume differences between FCD group and control group, obtaining the pathological changes of gray matter in FCD.
Results Compared with control group, FCD patients had diffuse gray matter volume abnormalities in bilateral cerebral
hemisphere. And the gray matter of FCD patients showed atrophy, with brain regions of abnormally large gray mater
volume, particularly in frontal and temporal lobe areas. Conclusion VBM-DARTEL method can effectively detect the gray
matter volume abnormalities of FCD patients and reveal the main brain regions where FCD often occurs.
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a: Brain regions with abnormal decrease
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Fig.1 Three—dimensional render view of brain regions with abnormally decreased and increased gray matter volumes
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b: Brain regions with abnormal increase
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Fig.2 Three—view of brain regions with abnormally decreased and increased gray matter volume
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Fig.3 Render view of brain regions with abnormally decreased

and increased gray matter volume

5, SEEE TR FCD gkt X e A
HHEITEALL, AL B A F WA ] H
PESEOL AL o RO HR DX 3 A7 A AR 1R K,

TR PR L RE XA BV A i X AT RO
HE MR ZE RN BE A, AR SEa ik
W5 F M I TE 4, FCD K IS G A RRAE I AR UYL
SEMVA ISR . VBM ke —F 4 H 3140 8T MRI
FRI AL B AR, AT LA AEAA 22 7K S XoF 4 I 435 ) i 2K o
AT A 55307, TCAT N R BE BB BR X3k, 7
TR ZE RN, e KBRS T AhiIRE, A
S FH 5T VBM-DARTEL 11 FCD fisi B 5t 5 3 46
W73, X TAEGE A9 VBM J7 15, iR RS SE I BT
HE A0 RN 52 2 1) UG L

iz 3T VBM-DARTEL fY FCD il J J5i 53 46
W7k, R IWFCD BB AFAE) 12 B Il DX (A FH R
I, DR AT e R SO AL B A% s T b, B A
22 BEL , (5 AF 7 114) 2 i EBG 22 A DX 18 AR B /N, 3 e
ML 5 7 0 T 25 40 £ v & G A B A% W A 42 S
240 B S LR — B0, R AR AR AN R
FRAE B — DX i, 3 b B0 T30 ) )2 AL 4 (T B0 Lt
Jei 8 A B JE Bl i DX 45403 , LA S S0 25 90 3 7 10
YERISE Z R0 R R VE AT, (HBAR B AL Kot 72 o
ANHE o DL, FCD B H I AFAE T 12 10 K AR LS
FHR, EEARIAEA I AR [ R A A -
JZ XU [X %1 Y2 Brodmann 43 [X. 9 F1 47, HiofE
BT 1 R G, FR TN A 48 D 248 1Y) 1 2 B At

la]

&ﬂ&ﬁp%ﬁh'

WWWW\.—/

m

ﬁ“'"w‘“'w f
t‘ "i .\\‘-

@@@@’

\ 11 II'

™

@@@@@@@@

100 104

@00..00

El4 XBFRFE

B RN

Fig.4 Axial slice view of brain region with abnormal gray matter volume
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Tab.1 Distribution information of brain region with gray matter atrophy in FCD group (P<0.001, cluster voxel >10)

Abnormal brain region

Voxel number

MNI peak coordinate

x (mm) y(mm) z(mm)

Frontal lobe (L) brodmann area 11 276 -6 22 -28
Temporal_pole_sup_R (aal) (R) 116 40 28 -26
Temporal lobe (L) temporal_mid_L (aal) 1353 =72 -4 -22
Temporal_mid_R (aal) 495 70 4 -18
Frontal lobe (R) 5570 28 0 16
Frontal lobe (L) 3653 -26 -12 12
Temporal lobe (L) 59 -72 -48 4

Temporal lobe (L) brodmann area 39 17 -36 -58 22
Superior frontal gyrus (R) brodmann area 9 790 30 54 38
Superior frontal gyrus (L) 345 -26 62 34
Limbic lobe (L) 99 -10 36 30
Postcentral_L (aal) 581 -56 -32 60
SupraMarginal_R (aal) 64 68 -42 42
Frontal_sup_L (aal) 55 -16 24 46

FCD: Focal cortical dysplasia; MNI: Montreal neurological institute

2 FCD BHFERFFRVATEE MENMX SHRES (P<0.001 ,{8EFE>10)

Tab.2 Distribution information of brain region with abnormally increased gray matter volume in FCD group (P<0.001,

cluster voxel >10)

Abnormal brain region

Voxel number

MNI peak coordinate

X (mm) y (mm) z (mm)

Temporal lobe (L) 240 -36 -8 -18
Frontal lobe (R) brodmann area 47 2133 42 16 -6
Frontal lobe (L) brodmann area 9 2173 -58 20 32
Fusiform_L (aal) 13 -20 -42 -16
Frontal lobe (L) 14768 -38 30 54
Temporal lobe (L) 245 -46 -42 -4
Temporal_mid_R (aal) 52 52 -36 -6
Sub-lobar (R) 213 20 -14 14
Insula (R) 125 46 -10 8

Frontal_inf_tri_L (aal) 271 -44 32 8

Temporal lobe (R) brodmann area 22 444 70 -44 10
Inferior frontal gyrus (R) 157 54 6 18
Parietal lobe (L) brodmann area 40 454 -44 -36 36

2 BR 12 B XA K AR RS0 . b4k, FCD iR
(R ST R BN A 45, I IR TR RS 5 18 R



4 . VBM-DARTEL

-335-

B i X, HL Z2 B v A 0 R S i X, VBM-
DARTEL 5214 118 J7 k48 7 1T FCD (1) 32 B35 A8
D7, MG RET BRI T84 T HfE B .

4 % &

AT —Fh 3T VBM-DARTEL %) FCD i X
JES HREIN T v, REAS A R A I 31 FCD == %2 1) ik
SEREI AR TR, XTI PR 905 12 Wi FN = AR D) B3 5 A7 Jl
BiAndg 58 o

[ 5% iik]

[1] BINGAMAN W E. Surgery for focal cortical dysplasia [J].
Neurology, 2004, 62: 30-34.

[2] TAYLOR D C, FALCONER M A, BRUTON C J, et al. Focal
dysplasia of the cerebral cortex in epilepsy [J]. Neurol Neurosurg
Psychiat, 1971, 34: 369-387.

[3] SANG K L, DONG W K. Focal cortical dysplasia and epilepsy
surgery[J]. Epilepsy Res, 2013, 3: 43-47.

[4] KAKITAA. Surgical pathologic features of cerebral cortical lesions
taken from 600 patients with intractable epilepsy[J]. Brain Dev, 2013,
35(8): 793-801.

[5] COLOMBO N, TASSI L, GALLI C, et al. Focal cortical dysplasias:
MR imaging, histopathologic, and clinical correlations in surgically
treated patients with epilepsy [J]. AINR Am J Neuroradiol, 2003, 24
(4): 724-733.

[6] FTOA, M3, A, . K THREOHEFNZLFHMRIF

4 B et R Ay fm’i Eil{ (0], 52 M8 5 2 &, 2011, 27(11):
1619-1622.
HE MY, YANG Y, TANG L H, et al. Voxel-based morphometry in
the detection of gray matter changes in temporal lobe epilepsy
without abnormal on MRI [J]. Journal of Practical Radiology,
2011, 27(11): 1619-1622.

[7] #B2F. FAMRAKLEMIOT HH MR EF N EZHR
[D]. # L E %1%, 2012,

CAQ Y P. Morphometry study of conventional MRI-negative epilepsy
at 3.0T high field magnetic resonance scanner[ D ]. Zunyi Medical
University, 2012.

[8] 23 . AT WA@Y & 5 47 b A1 A d b o i 09 40 #F
%[D]. # LE 1%, 2014.

WANG Y N. A preliminary study of idiopathic generalized epilepsy
based on the brain surface morphology analysis [D]. Zunyi
Medical University, 2014.

[9] ABx, KRR, Bkt BURAE R Ro MR & 54007 (0], 7

IR, 2012, 3(3): 222-227.

ZHAO D J, ZHU M W. Status of MRI for focal cortical dysplasia
[J]. Chinese Journal of Magnetic Resonance Imaging, 2012, 3(3):

222-227.

[10] #4#, i, E&@ F, 5. ot A B AR AT RBEREREL
G RAFAE AT [I]. H = F E X5 F IR, 2015, 37(14): 1430-
1434,

LIANG C D, WU J, YUE X Y, et al. Clinal characteristics of
different subtypes of focal cortical dysplasia at temporal lobe[J].
Journal of Third Medical University, 2015, 37(14): 1430-1434.

[11] 2 %7, Wk . R RAF N5 B e ot LIk [J]. 4 2545 5
L E 3, 2012, 7(1): 64-67.

WANG M P, XIAO B. The progress of cortical developmental
malformation and epilepsy [J]. Neural Injury and Functional
Reconstruction, 2012, 7(1): 64-67.

[12] ZHw L, HE, £ A%, 5. Fot 5T AR A E - BB

MIAANE RAFAERG L[], P B AR oAb 22 504 4 &, 2014, 19
(9): 402-404.
GAO Q W, WENG J L, HUA L D, et al. Comparison of clinical
characteristics between epilepsy patients with frontal and temporal
focal cortical dysplasias [J]. Chinese Journal of Minim Invasive
Neurosurgery, 2014, 19(9): 402-404.

[13] KIM Y H, KANG H C, KIM D S, et al. Neuroimaging in
identifying focal cortical dysplasia and prognostic factors in
pediatric and adolescent epilepsy surgery [J]. Epilepsia, 2011, 52
(4): 722-727.

[14] MELLERIO C, LABEYRIE M A, CHASSOUX F, et al. 3T MRI
improves the detection of transmantle sign in type 2 focal cortical
dysplasia[ J]. Epilepsia, 2014, 55(1): 117-122.

[15] RINEY C J, CHONG W K, CLARK C A, et al. Voxel- based
morphometry of FLAIR MRI in children with intractable focal
epilepsy: implications for surgical intervention [J]. Eur J Radiol,
2012, 81: 1299-1305.

[16] YAO K, MEI X, LIU X, et al. Clinical characteristics, pathological
features and surgical outcomes of focal cortical dysplasia (FCD)
type 1l: correlation with pathological subtypes [J]. Neurol Sci,
2014, 35: 1519-1526.

[17] BUITERH J, VAN VELDEN F H, LEYSEN J E, et al. Reprodu-
cible analysis of rat brain PET studies using an additional [ (18)F |NaF
scan and an MR- based ROI template [J]. IntJ Mol Imaging,
2012, 2012: 580717.

[18] PIERRE B, FREDERICK A, FRANCOIS D, et al. Small focal
cortical dysplasia lesions are located at the bottom of a deep sulcus
[J]. Brain, 2008, 131: 3246-3255.

[19] YASUDA C L, BETTING L E, CENDES F. Voxel-based morphometry
and epilepsy[J]. Expert Rev Neurother, 2010, 10(6): 975-984.

[20] ASHBURNER J, FRISTON K J. Voxel- based morphometry- the
method[J]. Neuroimage, 2000, 11(6Pt1): 805-821.

(%45 B7 3R



