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Spectral Analysis of Resting EEG in Brain Compartments
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m ABSTRACT

Objectives: Brain maturation involves brain lateralization and asymmetry to achieve efficient information processing and cogni-
tive controls. This study elucidates normal brain maturation change during the gap between ages 6—9 and age 14-17 using

resting EEG.

Methods: An EEG dataset was acquired from open source MIPDB (Multimodal Resource for Studying Information Processing
in the Developing Brain). Ages 6—9 (n = 24) and ages 14—17 (n = 26) were selected for analysis, and subjects with psychiatric
illness or EEG with severe noise were excluded. Finally, ages 6—9 (n = 14) and ages 14—17 (n = 11) were subjected to EEG
analysis using EEGlab. A 120-sec length of resting EEG when eyes were closed was secured for analysis. Brain topography
was compartmentalized into nine regions, best fitted with brain anatomical structure.

Results: Absolute power of the delta band and theta band in ages 6—9 was greater than that of ages 14—17 in the whole
brain, and, also is relative power of delta band in frontal compartment, which is same line with previous studies. The relative
power of the beta band of ages 14—17 was greater than that of ages 6—9 in the whole brain. In asymmetry evaluation, relative
power of the theta band in ages 14—17 showed greater power in the left than right frontal compartment; the opposite finding
was noted in the parietal compartment. For the alpha band, a strong relative power distribution in the left parietal compartment
was observed in ages 14—17. Absolute and relative power of the alpha band is distributed with hemispheric left lateralization

inages 14-17.

Conclusion: During the gap period between ages 6—9 and ages 14—17, brain work becomes more complicated and so-
phisticated, and alpha band and beta band plays important roles in brain maturation in typically developing children. Sleep
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MIPDB [Multimodal Resource for Studying Information
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Table 1. Participants in child mind institute cohort

Subjects with

Healthy psychiatric or
Age Total M/F )
subjects (M/F)  developmental
illness (M/F)

Age 6—9 24 (15/9) 16 (8/8) 8(7/1)
Age 10-11 21 (13/8) 16 (11/5) 5(2/3)
Age 12-13  22(13/9) 15(9/6) 7 (4/3)
Age 14-17 26 (13/13) 22 (12/10) 4(1/3)
Age 18-24 16 (6/10) 16 (6/10) 0

Age 2544 17 (9/8) 16 (9/7) 1.(0/1)
Total 126 101 25

Shaded area : two age groups for analysis in this paper
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Figure 1. Brain compartments. LC :
left central, LF : left frontal, LP : left
parietal, MC : mid cenfral, MF :
mid frontal, MP : mid parietal, RC :
right central, RF : right frontal, RP :
right parietal.
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Table 2. Absolute power in each compartment

Al kAL, AT kgl et
zfol 5 Kol x| AHAEMHE group F(1,23) = 147, p =
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Frontal compartments

Central compartments Parietal compartments

Absolutez Group [Mean (SD)] [Mean (SD)] [Mean (SD)]
power (LV) Left Middle Right Left Middle Right Left Middle Right
Total power Age 6-9 144.70 144.23 127.58 96.19 131.90 96.77 166.38 144.62 138.34
(n=14) (60.67)  (70.99)  (57.94)  (42.38)  (59.16)  (42.57) (101.62)  (74.60)  (68.39)
Age 14—17  65.52 77.93 67.36 44.99 60.44 36.67 92.08 66.08 55.89
(n=11) (27.65) (46.73) (43.10) (35.61) (32.15) (22.61) (83.43) (48.13) (33.28)
z 3.66 (%) 2,63 (%) 252 (%) 2,68 (%) 296 (%) -3.23(**) -1.92(* -2.57(*) -2.90(*%
Delta band Age 6-9 70.03 60.57 54.15 32.14 54.57 35.04 47.65 49.52 42.82
(n=14) (35.51) (28.52) (29.70) (15.17) (8.84) (23.56) (26.66) (26.00) (20.75)
Age 14-17 2488 22.91 20.76 10.26 18.35 9.18 16.49 15.46 12.25
(n=11) (15.87) (13.71) (11.52) (7.79) (8.60) (5.11) (15.83) (10.49) (6.90)
z 329 () -3.18 (**) -3.39 (**) -3.34(*) -3.50 () -323(**) -3.01(*) -323(*) -3.39 (%
Theta band Age 6-9 17.50 21.66 18.30 15.45 19.52 15.92 28.20 23.60 21.07
(n=14) (6.97) (10.20) (8.21) (7.30) (8.73) (8.73) (20.12)  (13.14)  (10.81)
Age 14-17  7.79 9.17 7.47 6.57 8.68 5.80 9.14 8.63 6.90
(n=11) (4.50) (4.83) (4.25) (6.17) (6.45) (4.73) (8.96) (7.38) (5.21)
z S3.01 (%) -3.07 (%) 2,63 (%) 263 (%) -3.07 (%) -3.12(*) 279 () -2.85(*) -3.01 (**)
Alphaband  Age 6-9 27.39 35.55 26.70 28.00 30.64 25.43 58.32 41.98 4421
(n=14) (24.24)  (33.33)  (21.08)  (19.95)  (23.77)  (18.31)  (52.60)  (30.90)  (32.83)
Age 14-17  17.58 28.38 24.07 17.91 20.38 13.26 49.35 28.71 25.76
(n=11) (10.74)  (24.60)  (22.21)  (17.31)  (13.76)  (10.81)  (47.89)  (23.88)  (18.68)
z 0.77 -0.22 -0.49 -1.26 -1.04 -1.86 0.77 -1.37 -1.31
Beta band Age 6—9 10.99 9.57 10.88 6.47 8.18 6.45 8.51 7.72 10.00
(n=14) (8.00) (7.62) (8.32) (3.44) (5.17) (3.81) (4.19) (4.08) (8.92)
Age 14-17 678 7.45 6.18 4.02 4.80 3.48 5.90 481 437
(n=11) (3.54) (4.59) (2.52) (2.46) (1.81) (1.82) (3.69) (2.46) (2.01)
z -1.70 -0.88 -1.59 -1.64 -1.75 -2.13(%) -1.48 -1.92 -2.68(%)
Gamma band  Age 6-9 0.99 0.51 0.82 0.37 0.81 0.33 0.39 0.43 1.05
(n=14) (0.65) (.37) 0.71) (0.36) (1.05) (.32) (0.36) (0.41) (2.42)
Age 14-17 075 0.67 0.63 0.19 0.32 0.19 0.17 0.24 0.19
(n=11) (0.66) (0.70) 0.72) (0.23) (0.33) (27) (0.09) 0.19) 0.17)
z -0.88 027 -0.71 252 230" 203  -2.30 (% -2.46 -1.64 (%)
Z (Mann-Whitney statistics) ; = : p value < 0.05 ; #* : p value < 0.01
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Ach(Figure 3). BItHAS SA3517] {8l 73 SHAE o]  foltt. WS AE-S Kol Tkt AEPIE(Table 5 ;
A0 AaKTable 5), BIA Q] A3 FQ46) = 4.62, p < 0052 La = (Table 5 ; F(2,46) =

=]
o WiskE o 4 Qs BANRE, FET 151ke] WEA 499, p < 005) For], FEM o] = o] Hol WEL

Absolute power left right difference

(UVv?) Theta band (UVv?) Alpha band
20 Ml Age 6-9 Ml Age 6-9
[ ] Age 14-17 1 Age 14-17
| 40 -
L T s :I:I
0 T
20

Frontal Central Parietal Frontal Central Parietal
compartment compartment compartment compartment compartment compartment

Figure 2. Absolute power difference (left-right) over three compartments. Bar graphs indicates the mean of difference between left
power measure and right power measure of each band. Error bar : 95% CI.

Relative power of beta band (%) B Age 6-9

[] Age 14-17

Figure 3. Relative power of beta
band in each compartment. * :
p < 0.05 (Mann-Whitney U test),
% 1 p < 0.01 (Mann-Whitney U
test), error bar : 95% ClI.
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Table 3. Relative power in each compartment

Frontal compartments

Cenfral compartments

Parietal compartments

Relative Group [Mean (SD)] [Mean (SD)] [Mean (SD)]

power (%) left  Middle  Right left  Middle  Right left  Middle  Right
Delta band Age 6—9 4228 42.65 41.90 34.04 40.07 35.24 30.37 34.29 32.58
(n=14) (11.62) (12.72) (10.80) (11.87) (11.22) (13.89) (9.35) (9.07) (11.10)

Age 14-17 3279 30.65 32.88 26.40 31.13 28.59 22.86 27.11 25.99

(n=11) (8.20) (8.73) (7.73) (8.50) (7.60) (9.55) (10.14) (9.32) (9.26)

z 2.14(%) 219 -203(® -1.64 -1.97 -1.04 -1.53 -1.31 -1.70

Theta band Age 6—9 13.87 15.43 14.85 16.09 15.99 16.59 17.01 16.60 15.76
(n=14) (3.44) (4.96) (4.09) (3.01) (4.58) (4.41) (5.58) (4.30) (4.38)

Age 14-17  13.09 12.97 12.50 14.96 14.86 15.35 12.00 13.68 13.83

(n=11) (4.17) (4.22) (5.42) (5.98) (5.98) (5.90) (6.86) (6.80) (6.80)
z -.55 -93 -1.76 -1.48 -.99 -93 -2.41 (% 2.14 -1.59 (%)

Alphaband  Age 69 21.72 21.87 20.70 27.67 22.92 26.67 32.06 28.35 30.48
(n=14) (10.96)  (12.64) (10520 (12,070  (10.28)  (11.80) (12520  (11.14)  (12.64)

Age 14-17  29.47 32.44 30.97 34.98 31.98 32.18 45.29 38.10 38.45
(n=11) (13.46)  (16.17)  (1416) (1405 (1195  (13.42  (17.61)  (14.55) (15.37)

z -1.53 -1.91 -1.97 (%) -1.15 -2.13 (%) -1.10 -2.03 (*) -1.75 -1.42

Beta band Age 6-9 8.25 6.71 8.45 7.46 6.47 6.99 6.26 6.04 7.16
(n=14) (3.37) (2.9¢) (3.58) (3.30) (2.91) (2.8¢) (2.73) (2.45) (2.63)

Age 14-17  11.33 11.14 10.39 10.13 8.80 10.01 8.30 8.42 9.12

(n=11) (3.86) (6.69) (3.44) (2.76) (2.38) (2.31) (2.96) (2.39) (2.51)

z 203(* 214 -1.37 235(9)  -252(%) 279 (% -1.92 -2.30 (¥) -1.70

Gamma band  Age 6-9 0.68 0.38 0.63 0.43 0.51 0.33 0.29 0.32 0.46

(n=14) (0.48) (0.22) (0.39) (0.36) (0.40) (0.20) (0.22) (0.22) (0.53)

Age 14-17 115 1.1 1.16 0.71 0.63 0.79 0.38 0.52 0.60

(n=11) (1.08) (1.16) (1.72) (2.13) (0.73) (1.43) (0.38) (0.52) (0.90)

z -1.04 -1.10 -0.38 0.16 -0.33 -1.10 -0.06 -0.82 -0.93

Z (Mann-Whitney statistics) ; # : p value < 0.05, == : p value < 0.01

Table 4. Repeated measure of ANOVA outputs in absolute power difference over three compartments

Absolute power difference (left-right) (UV?)

Within subject effect F

Between subject effect F

Delta band difference

Theta band difference

Alpha band difference

Beta band difference

Gamma band difference

Compart F(2, 46) = 1.96
Compart * Group F(2,46) = 1.08
Compart F(2, 46) = 10.28 (**)
Compart * Group F(2,46) = 0.58
Compart F(2, 46) = 5.57 (**)
Compart * Group F(2,46) = 0.78
Compart F(2, 46) = 0.07
Compart * Group F(2,46) = 1.14
Compart F(2, 46) = 1.75
Compart * Group F(2,46) = 1.10

Group F(1.23) =0.37

Group F(1.23) = 1.47

Group F(1.23) = 0.11

Group F(1.23) = 2.63

Group F(1.23) = 0.40

Compart : compartment ; = : p < 0.05, =* : p < 0.01
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Table 5. Repeated measure of ANOVA outputs in relative difference over three compartments

Relative power difference (left-right)

Within subject effect F

Between subject effect F

Delta band difference

Theta band difference

Alpha band difference

Beta band difference

Gamma band difference

Compart F(2, 46) = 251.98 (**)
Compart = Group F(2,46) = 3.39
Compart F(2, 46) = 0.05

Compart * Group F(2,46) = 4.62 (*)

Compart F(2, 46) = 6.49 (**)

Compart * Group F(2,46) = 4.99 (*)

Compart F(2, 46)= 3.71 (*)
Compart * Group F(2,46) = 1.16
Compart F(2, 46) = 3.78 (*)
Compart * Group F(2,46) = 0.35

Group F(1.23) = 9.49 (*¥)

Group F(1.23) = 1.57

Group F(1.23) = 2.17

Group F(1.23) = 0.26

Group F(1.23) = 0.31

Compart : compartment ; *

Table 6. Repeated measure of ANOVA outputs in laterality evaluation in absolute power

p < 0.05, =

‘p < 001

Absolute power (UV?)

Within subject effect F

Between subject effect F

Delta band

Theta band

Alpha band

Beta band

Gamma band

Hemisphere F(1, 23) = 3.59
Hemisphere = Group F(1,23) = 0.37
Hemisphere F(1, 23) = 5.54 (*)
Hemisphere * Group F(1,23) = 0.42
Hemisphere F(1, 23) = 8.65 (*¥)
Hemisphere = Group F(1,23) = 0.28
Hemisphere F(1,23) =0.12
Hemisphere * Group F(2,46) = 1.14
Hemisphere F(1,23) =0.17
Hemisphere = Group F(1,23) = 0.41

Group F(1.23) = 22.09 (**)

Group F(1.23) = 15.09 (**)

Group F(1.23) = 1.18

Group F(1.23) = 5.35 (*)

Group F(1.23) = 2.03

x*1p <001, %:p<0.05

Table 7. Repeated measure of ANOVA outputs in laterality evaluation in relative power

Relative power (%)

Within subject effect F

Between subject effect F

Delta band

Theta band

Alpha band

Beta band

Gamma band

Hemisphere F(1, 23) = 8.58(**)
Hemisphere = Group F(1,23) = 0.69
Hemisphere F(1,23) =2.71
Hemisphere = Group F(1,23) = 1.57
Hemisphere F(1, 23) = 14.47 (*)
Hemisphere * Group F(1,23) = 2.17
Hemisphere F(1, 23) = 0.05
Hemisphere = Group F(2,46) = 0.26
Hemisphere F(1, 23) =0.35
Hemisphere = Group F(1,23) = 0.31

Group F(1.23) =3.76

Group F(1.23) = 1.15

Group F(1.23) = 2.87

Group F(1.23) = 5.41(%)

Group F(1.23) = 1.22

*1p < 0.05 xx I p < 0.01

o] $A|I7F ElE Athz = -2.67, p < 0.01). Atiutgiel 4
Q= dEPE(z = -2.49, p < 0052 LIHE(z = 2,67,
p < 00DE RF 14~174 5 A 2l = A ch(Figure 5)
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oA 9] © ™ (Huttenlocher?} Dabholkar 1997 ; Khari—
tonova 5 2013), = A4t o] dojubs FolE] A%

7% o] §l& 4 gtk Bty ¢ltiHagemann 5

2008). T3, 0] HEL BEgoHy
Y3, AFol 7 gA |3k dof
7H =2 2 (Niessing % 2005), &
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Alpha band
%

Frontal Central Parietal
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Figure 4. Relative power difference (left-right) over three compartments. Bar graphs indicates the mean of difference between left
power measure and right power measure of each band. = : p < 0.05 (Mann-Whitney U test) ; Error bar : 95% CI.
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10 0 Figure 5. Hemispheric lateralization (A) absolute alpha power dis-

tribution (B) Relative delta power distribution (C) Relative alpha
power distribution (statistics : Wilcoxon rank sum test ; * @ p <
0.05, == : p < 0.01, error bar : 95% ClI.
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