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Introduction

Corticomuscular coherence (CMC) quantitatively measures the frequency correlation
between electroencehalography (EEG) and surface electromyography (EMG), as an
indicator of functional corticospinal connectivity between the primary motor cortex and
limb muscles. These methods are non-invasive and suitable for investigating fidgety
movements in infancy. The aim of our study is evaluating the association between CMC
and early motor development in infancy.
Methods

Twenty infants who were 2-3 months old, normal-delivery birth participated this
study. EEG was recorded from the primary motor cortex area (Cz). Surface EMG was
recorded from the right and left tibialis anterior muscles. The motor development was
evaluated using the Bayley Scales of Infant Development, third edition (Bayley-I11) at
6-7 months of age.
Results

We enrolled 20 infants, mean aged 2.4+0.3months for recording of EEG and surface
EMG, and analyzed CMC in 18 of them. Eleven out of the 18 neonates (61%) showed
significant CMCs and distributed in all frequency bands. The majority frequency band
of CMC significance was gamma band (7 infants). Fifteen subjects, mean aged
6.4+0.3months were followed by Bayley-1ll. All of these infants had normal
development including borderline gross motor development in 4. If we proposed
borderline development as delay, there was no significant association between in
Bayley-I11 developmental results and CMC significance using Fisher's exact tests. There
was also no significant difference between gross motor scales in Bayley-111 and CMC
significance by independent student t-test.
Conclusion

Our study showed that the majority of normal infants were detected significant CMC
at 2-3 months of age. The sensitivity of normal development of infants is not high
(53%). The availability of CMC is required by further study in developmental delay

infants.
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TR REDAGL T e d RpE R A S end o L F & RS (corticospinal tract)ik i
AEEEHAEDL S o B RE R TR TEF N A TR S
A e w2 (S A BASE R A m R < i B L F oA REens G il B AL
33 en(Eyre %, 2003) - ¥t B2 P HF R, A B A ML oA ROERN SR
L A i g B (Eyre £,2003) [1] - #4477 5 R0 S s B F R % A
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LT £& (corrected age) ##2 9 F A iz IR B FE A 1234 > WY &
2225 % i 4 o A XEHE - A FPRE TN B RS Al o o & 7 I
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Sd el 2 A AT RIE MR k& BORIAF ¥ B e a2t % (functional
connectivity) o & & — fAzE & » M eipl & 3 E o SR Y Yar e & F vl :[1,2]

SR BRI R R A A B A AR AT & 5 (corticospinal system ) g R
%% (neural oscillatory activity)[2] > & 7 — &+ Mol Foovep g g o

F AR FH R e T Mk e beta M (14-32 H) R AL TR
1
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2.3 % 2 & LR Bl &

ok 2 2 AT R R E AP RY T R HERE R &N
(electroencephalography, EEG) 2 % & »~ % B (electromyography, EMG) &% & 1%
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BAR L o  RBHOLAFORET > R AL THRE IR LY T
pod B (B 2A) o Pk k8RR T iz ¥ £ & 10-20 international system ¥ & T ¢
Cz=3(M2B): P i & Aspa F Bicd@d 4 TRk o 242 B TR
LA IR o F L VT Bl Akp P EA 2 LA @& v (tibialis anterior) 0 # * £ T &
k5 (electrode) (M) 2C) > o4 R 5 15 4 45 - e4+fF EEG 4v EMG e7¥ i
# (band pass filter) & 2% @_# 5-55Hz - ¥ B & 60Hz < /it 7 ¢ notch filter Jg it % - 32
P~ 5 5 1024Hz -
Bl 2. ik 2 & LR Bl &

(A7 T
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FAT R e SRR E L ht LR
Gr: Ground #:# gk; Rec: Record :z458L; Ref: Reference 4% gk

24 TR AT 2 2 AR AR
a. P 2
T AT 5 0 A ATHR-EEG fr EMG epFif gL * Poif & = F (Fast
Fourier Transform » FFT ) &4 5 4538 5L > £ &2 (7 4 47[7] -

b. Welch’s method
AFE % Welch’s method R B pF i BLidde AR AL TR R

(power spectral density, PSD) » 1 % &~ 3 5 & gl F-sop b o AP -
LRSS B S AL Aep B R 28 Y uEd (B 3)
[8] - B~iF & B#UTIMELZ B L8 A RUTHEART P THEHH F R AR - Welch’s
method =B BEE @ frE A 47— FERE R A2k o AR AT 0L E MO
e Y g 4 [8,9]) ¥ ¢F Welch’s method & fp 4 457 128 > Flk + § S o
BETAELA B TR A DR A e AP T PR 5 1024Hz, 4 47 5-55Hz 4 [l
e £ AR AEL 5 256 B P~k gk (data point) s %k 3-* — B epoch & % 512
BB~ gk 2t - = Ff:ﬁ*‘k EEG {r = + 7% "~ EMG & p 9 PSD> 7k ¢ EEG

& qv 2 4 9%m v EMG 4 %] iF coherence -

B 3. Welch’s method =+ & B

X fha PERTY $h 5 3=
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Segment 1-3 3 Welch’s method & & 4 £ B~ &
(B 74% (2013.12) 3u 5L 3 4% 4 47 .Retrieved December30, 2018. From
http://www.ym.edu.tw/~cflu/MedSigProcess_Class10_CFLu.pdf.)

AT 2 F i AP o § DR ATT PHE Y TSR & 2 spectrum leakage
LG o e L3 N E R - B A F s 24 A AR 0 ehE Sl (window
function) [10,11] - A% 3 &_i# * 4¢ + Hamming window (B 4)[10] -

B 4. Hamming window

Hamming window

1.0 4

Amplitude
e -
o oo
1 I

2
=
1

e
ha
1

0 10 20 30 40 50
Sample

BT % 51 1B~k & Hamming window
X fh 5 PR ERY $h 5 JR 1 13 dc

(Hamming window. Retrieved December31, 2018, from https://www.scipy.org/.)

c. 31 (coherence) 3t %
I 2% 1+ §_Pearson 4p B % #c (Pearson correlation ) ##f% 2f # 975355 > Pearson e
B IS BEFEE(XY) Z2F RPN 0SB T LM
RIX M4y Y u R4 F 255 “BF’*“%’X*%E%’W%%M s
SES RIS R

Pearson #p B fadic 38 4r ™ (1) ¢
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il =i —¥)
Tey =
(EiG - 925, 01 - 97
IF 4 12 (Coherence) 47 5 endn ficlic B > R34 F endp b > 23840 (2) ¢

S |
VSxx (F)Syy ()
B¢ S (f) & Xenst F4E3 % & (power spectral density, PSD) Sy, (f)* % Y

(1

cohyy (f) = )

s FAE B R Sy (f) & 2 3 HE# % & (cross-spectrum density)[8,11] < #1 &
ARG - RSP F A AR P g MEARLE - FAEE A0
ZBo0& 7R3 AM LA T 2P > FRAPLIENELAEL BEA TS
EL B A B BdF edp B [12] 0 #7022 - EEG e EMG shpF s Eh @ ¢ B
W e SRR RIS E #- B cross-spectra & 17 CMC s % Matlab i *
st B e 5N 5 5 R AE T 2 B 2 43 B magnitude square coherence
(mscoherence ) o Ap §+34p AR S 0 %8 B AR 3 0 BN A [11] -
LRI AR

FHL AT 5 A2 4 (] 5) -

d0i:10.6342/NTU201902066



Bl 5.7 kgL i A2

T

|

AR

|
v

KL<

A

RIRIBE R

]

\

r

MATLAB 2T} [Z I8

-
GEGLAB ElEE ) sieg
* EDF - e Power spectrum
l---$---! J,\/{&
CMC
[ SRTENE ] L
\l, A
EHDE
MIBR A B2 AR 5% G A
B ¢ g " mat 1%
St HEEY set 1
Sl > e
\_ Yy, X )
10

d0i:10.6342/NTU201902066



1) % EEG viewer } 135 video % 5277 # o7 (mark) > i2# 5 vCf .5 1mﬁm
AR o E P AT 2 fyih A RO AR T o SR TRl ) R
%% tEMG dpif g st RAP P A Een 2 BREL o 24D SERY 5 05
Fyo AP ? B 4E T EEG fr EMG il PFie g 5L (4Rl 6 2 4=977 ) & 0.5
FBfi— = FEE IV & e 50 = 05 Femu B i A4t o Rl B fiRis e
05 F) B 4otk & 35 2 %rEd ~ L HrE® & A FYrEd o & 05 fi87 - K5
& f~(epoch) - E 3| % 8 - 1 epoch & R RS fedgied 1 > 0.5 (R 6) -
Bl 6. ;FLikie 2 » B

ffset

1000ms
; t } } }

Xghis & &P E (4ot 6] %)
Y i & FRAR (Ao B )
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Bd MG kA0 d MG A ALVCR Bl
Td w5 ep Fg'ﬁp’lz‘ﬁl“%é\m%@
E

v

AP L RIMBRHRE & 05 fBtR- &

2) .;%%J ' EDF" ( Eurpean data format plus) #% -

3) & * Matlab (R2012b, The Math Works, Inc. Natick, MA, U.S.)# %8 # *f4c ch1
£ 45 (toolbox )EEG lab(eeglabl4 1 1b, Free Software Foundation, Inc. Boston, MA,
U.S.) i 5 a2 o ﬂi%l ~ EDF #} o #X 18 #4% 2 & EDF ﬁjﬁi%] 41> 32 »~ Matlab ¢
(I EEGlab A~ 47 o e LA NI AL T F L - BREF SR (eegth) €
Fliieske BT iRA A B L3 5 enEDF 0 ¥ g G & EDF #% 3 & 28
e B 2% 3 Bok o7 cngh(mark) & 2 B Bl & - ELEldhepoch (E4 470
AL R B AT o LR YRS - B X R IR S B R P
SR fTEE R B T P pdrck o B R8T Matlab T - PR RS 4T
iz * Welch’s method %3+ & # & ¢« Magnitude-squared coherence -

4) FF tfok e PH A F 5 512Hz eh kL o B resampling 3 1024Hz o &304
EDF+ 4% % 2.7 1214345 4% ¢ mark B~ 0.512 #) < epoch » B P 4524 ",f *iF
ghepoch #X 18 5 set 4% o

5) ¥3t3%4 EEGlab & ¥ 12 4 B (epoch) =i 85 w F] Matlab # * Welch’s method
3+ ¥ g & & Magnitude-squared coherence °

Fehidp B B F LR et B 2 5V 40 (3) (Rosenberg %,1989) :

=
1-(1- 100) 3)
BY akT adZiE®REF > nixi BB AE (epoch) [11] - AF F chehl &
HRE AP 2 W A Y 99.59 0§ B > T p<0.005[3] -

12
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PHXRBOFE R 67T B <@ L REOFEE 4 (Bayley Scales of
Infant and Toddler Development®, Third Edition, Bayley-1Il) [12] - = B # o# i

2 o s (R BRI o BRAAIRPenpmR -7 2e L o AR

LR B ®
A B R T EE c A fRAR T YR R RILE L o | RBEOFE
¢ 7w 1@ g 4 (mental scale) ~ & it ¥ 4 (motor scale) % & 2 {7 5 % & % (behavior

record)= 2R A 1w T2 E £ R E B O AR 73N K B4 S FRER

BoaelB sy RAREI RGNS BELS 2B TR A AR AR
Pol & IR e 4o doko o andr gy > 2B L kTR a4 o 32
Fhletrd LSBT OLRPIBREEY TEARDER S FE - ERE > Z
TR BT AR AT F B[13]c A A EREL AR OFEE L
¢oede (T B foi b (v B 0 F R F A S5 5 3% E & h>16 percentile L1
¥ % E > 5-16 percentile 12 3§ 7 B > <5percentile # B Z ¥ o
b. rax mgd F-svp Aol B O B E £ 27 o A P i i Bayley-lI
T By TR EFEL Y > P70 CMC et g 1 (Sensitivity) 5 ¢ 5 CMC i3

A gﬂ,ﬁz o Bayley-HI & e 4 g 4% & 2 (Specificity) 5 @ & CMC 14 g 1
Bayley-II1 £ % 74 #ic;F5 1477 ;| & (Positive predictive value, PPV) 5 : 5 CMC ¥
Bayley-Ill & % #4 gtf "M% CMC et dic (2% 1)

# ¥ 1. CMC sz 1+ (Sensﬁwﬂy)fﬁif;“l 1 (Specificity) s+ &

Bayley-Ill & %  Bayley-1ll £ %

CMC(+) A B PPV=A/A+B
CMC(-) C D

Sensitivity Specificity

=A/A+C =B/B+D

PPV=f% 437 ip| & (Positive predictive value)

C. & * Fisher’s exact test (¥4t ¥ 2 > &K Hy % © 3 fvix CMC iz > #

Bayley-1ll & # frf ¥ & & if g2 1t 523 2k, H 57 & CMC &4 &
Bayley-lll & % fc 2 ¥ & £ o2 v 65 2 F o
13
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di* t T #5 CMC friz 3 CMC 7 Bayley-lll e & (53¢ B 44 #cchZ R oo

14
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=3 Frus

31 %3 el R TR HHK
AFER2 R HRFRALGEZLR T 408 (& B¢ %5
201711061RINC) > *+ 2018 & 3 7 16 p B dpjck o § 20 =7 #£2-3 B 7 el &
M rrE 2 B CMCansR - B9 4 21 (No.l 2 NoO.7) Fliessps s b o Y
@@%ﬁ%oﬂ%wﬁﬂﬁw’¢15&&9%&7%9*%%£3meH%?

CJ

G Hio H? 97§ v6 %% > T pnt #5 (64+03) B & o ”'LHF i
LGN X SR ﬁi&qzﬁ‘»mgﬂ;*ﬁ T aEFORY (% 2)-
2R 2 XRBERAEME AL ARS

No. % Jz% AR 24 A Apgar score PR R
2 LT SR (r - ~8/% g3 23
I A 4B)

2 F 2.0 40.1 NSD 9/10 N N

3 F 2.2 39.5 NSD 8/9 N N

4 M 2.3 375 CS 8/9 N N

5 M 2.6 38.7 NSD 8/9 N

6 M 2.2 38 CS 8/9 N N/PFO,PP
S

8 F 1.9 37.8 NSD 8/10 N N

9 M 2.1 384 NSD 9/10 N N/PFO

10 M 2.4 385 CS 9/10 N N

11 F 2.5 385 NSD 9/10 N N

12 M 2.4 39 NSD 9/10 N N

13 F 2.8 39 NSD 9/10 N N/PFO

14 M 2.2 37.1 CS 8/9 N N

15 M 2.2 385 CS 10/10 N N/PFO

(5" ventricle)

16 F 2.8 37 CS 9/9 N PFO,
left mild
PS

15
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17 M 2.9 38.3 NSD 9/10 N N
18 F 2.3 38.7 NSD 8/9 N N
19 M 2.6 40.3 NSD 9/9 N N
20 M 2.2 38 NSD 9/9 N N
M/F: Mean+SD
13/7  :2.440.3

5" ventricle = cavum septum pellucidum , CS= Caesarean section, F=female, M=male,
N=normal, NSD=normal spontaneous delivery, PFO=patent foramen ovale,

PPS=peripheral pulmonary stenosis, PS= pulmonary stenosis, SD=standard deviation

32 %2 2 AVCEMFHIEZ A ¥

PP 2T Rk Ao(Rf 3) ) B A WA chfs (T L SR FER o 29 Nol
fo NO.7 et 3% T 5 vup oig® B dep < 0 (<50 =t ) 7122 M A
% é;édﬁ B i r ST BLEFE R E B Ao(£ 2 4) - 384 A EEGlab & & gt Eh

o ket G2 b s G E geE G - H A4
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4 3. ARge e e A 4 B P A e i

No. 23 n B%r n(%) = % n(%) + %r n(%)
1 25 4 (16) 2(8) 19 (76)
2 371 365 (98) 2 (0.5) 4 (1.1)
3 303 139 (46) 26 (8.6) 138 (46)
4 451 401 (89) 13 (2.9) 37 (8.2)
5 223 210 (94) 4 (1.8) 9(4)
6 520 518 (99) 0 2(0.4)
7 28 28 (100) 0 0
8 419 281 (67) 117 (28) 21 (5)
9 646 522 (81) 102 (16) 22 (3.4)
10 487 464 (95) 10 (2.1) 13 (2.7)
1 598 374 (63) 216 (36) 8(1.3)
12 256 243 (95) 0 13 (5.1)
13 250 240 (96) 9 (3.6) 1(0.4)
14 154 99 (64) 29 (19) 26 (17)
15 687 681 (99) 6 (0.9) 0
16 345 174 (50) 3(0.9) 168 (49)
17 110 103 (94) 7(6.4) 0
18 259 214 (83) 3(1.2) 42 (16)
19 595 586 (98) 0 9 (1.5)
20 555 513 (92) 17 (3.1) 25 (4.5)

17
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R 4 <AL TR BB G B F 12(P<0.005)4p BE criE 5

No. BT CMC significance frequency
SN BE 4 Left TA Right TA
P R K [Hz] [Hz]
(seconds)
2 |230 36,44,54 52-54
3 1220 8-20,24-28,32-40,44-54 36-40,44-48,52-54
4 | 328 6,26,54
5 143
6 | 297 6-14,18 6-12
8 |285 16
9 |449
10 | 84
11 | 417 6,12
12 | 149 32-34
13 | 194
14 | 114 54
15 | 464 6,50 6
16 | 253.7
17 | 75.2
18 | 162.8
19 | 398.7 6,8 6-10,18
20 | 3511 24,34,38,42-52 54

Left TA: EEG & = & " EMG = "o & F -9 L

Right TA: EEG £ £ 5% 92 EMG + g i FT-"p 3 |

33HHAFHBRME AGAT R PR

i $F 3 5-55Hz = [l eha S % & (power spectral density, PSD) - i&- # &

17 = Fa L F-vef e 33 4 (corticomuscular coherence, CMC)e 5 £ % PSD * 320 = & >

18
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EEG 3 & &% 79 5 5 B4Hz > 29w 7~ EMG % & & 3 ¥ 5 5 6Hz » + 2&m sv

EMG 3 & # % 9 % 5 6Hz (4 # 5A, B 7A,7B) - & box-plot 4 45 = & » EEG

R BB SIS NIt 54HZ 0 B ehd i@ NI 6Hz > 2 9% i EMG 33

BB 5 oo A 5 M 30 0 I & 6HZ 0 & 9B 7 EMG 5 R e B 0 5

frde® 7 BolE 530 4R & 6Hz (B 8A8B)

P 5 M AMHBAE A LA o BB TG R L

(A)
Power spectral density
Fr EEG [uV]? Left TA [uV]? Right TA [uV]*
[Hz] Mean SD Mean SD Mean SD
6 54.07 +46.13  3205.30 +2910.00 8840.51 +12550.9
8 43.07 +38.04  2542.85 +2262.11 6674.69 +9030.24
10 34.95 +33.01  1842.78 +1499.05 4462.52 +5973.96
12 26.47 +2498  1331.11 +1063.79 3018.61 +4108.24
14 20.70 +18.68 954.31 +779.90 2075.27 +2745.49
16 17.92 +15.45 674.48 +523.42 1450.00 +1781.52
18 16.19 +13.97 495.08 +£393.08 1056.35 +1274.92
20 14.41 +12.58 385.42  +321.41  792.05 +926.65
22 13.93 +12.71 305.95 +275.57  600.29 +730.09
24 14.49 +14.14 235.34  +223.54  455.64 +554.80
26 15.72 +16.55 189.79  +186.80  384.04 +469.98
28 16.70 +17.98 153.26  +162.74  329.20 +418.72
30 16.50 +16.96 127.06  +139.79  268.18 +318.50
32 16.67 +16.97 108.92  +117.61  218.49 +257.76
34 18.69 +20.80 95.65 +103.54  183.02 +214.24
36 20.16 +22.32 84.94 +88.63 161.12 +184.11
38 22.49 +24.36 75.76 +76.39 143.04 +164.58
40 25.32 +28.30 71.50 +68.89 131.34 +161.48
42 28.37 +31.69 67.38 +61.73 121.87 +152.64
44 37.25 +43.40 64.89 +55.60 119.75 +158.73
46 45.93 +54.20 67.54 +54.88 128.27 +193.24
48 58.70 +73.20 70.20 +56.74 146.00 +248.26
50 70.98 +88.16 77.52 +60.77 168.15 +295.79
52 86.27 +105.40 91.59 +67.12 213.07 +384.05
54 95.94 +120.89  122.94 +95.98 284.24 +518.51

P A R PR

Fr: 4 Z (frequency)

5-55Hz
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Left TA: Z &5 »“EMG # F#p:% % &

Right TA: +5&m »©EMG # F 4% 2 &
(B)
CMC

Fr Left TA Right TA

[Hz] Mean SD Mean SD

Threshold 0.01396 +0.00837 0.01396 +0.00837
6 0.00894 +0.00934 0.00857 +0.01110
8 0.00819 +0.01589 0.00546 +0.00785
10 0.01269 +0.03758 0.00436 +0.00419
12 0.00567 +0.00889 0.00451 +0.00656
14 0.00591 +0.01196 0.00295 +0.00212
16 0.00784 +0.01790 0.00320 +0.00337
18 0.00832 +0.01794 0.00284 +0.00272
20 0.00796 +0.01773 0.00248 +0.00210
22 0.00384 +0.00378 0.00178 +0.00147
24 0.00865 +0.02228 0.00212 +0.00326
26 0.00902 +0.02465 0.00261 +0.00277
28 0.00430 +0.00444 0.00254 +0.00260
30 0.00356 +0.00387 0.00274 +0.00194
32 0.00739 +0.01254 0.00217 +0.00153
34 0.00600 +0.00699 0.00194 +0.00255
36 0.00508 +0.00596 0.00159 +0.00281
38 0.00596 +0.01060 0.00247 +0.00403
40 0.00695 +0.01313 0.00250 +0.00399
42 0.00371 +0.00310 0.00132 +0.00139
44 0.00718 +0.01025 0.00273 +0.00423
46 0.00538 +0.00720 0.00259 +0.00280
48 0.00859 +0.01668 0.00395 +0.00477
50 0.00857 +0.01664 0.00338 +0.00263
52 0.00854 +0.01879 0.00563 +0.00648
54 0.01118 +0.02145 0.00627 +0.00895

< g L JT-VCp e 3 4 3 I ¢ 5-55 Hz

Fr: 47 & (frequency)

Left TA: EEG £ = "% 3 EMG 2 ~ "o A B -3 b3 |2

Right TA: EEG & + &% "*EMG 2. = "o L F-"2p 3 {2
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Bl 7. # FHFRRE QLTI BAREE NI oE 2 L L F

(A) Power spectral density (EEG)

Power [uV]?
250 -
200 -
150 -
100 -+

- \

0 T T T T T T T T T T T T T T T T T T T T T T T T 1
6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
Frequency [Hz]
X g5 A5 Y bk 3 ST B R
(B) Power spectral density (EMG)

Power [puV]? EMG

25000 -

20000 -

15000 -

| eft TA

10000 - == Right TA

5000 -

O - T 1 1 1 1 1 T T T 1 1 1 1 1
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
Frequency [Hz]

Xfha Hp5Y dh s # SRR
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(C) CMC

0.06

0.05

0.04

0.03

0.02

0.01

Coherence

e Left TA
= Right TA

Threshold

1 [_L .
T'TITIT TITITT

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

T T T T T T T T T T T

Frequency[Hz]

T T 1

Xgha g 50Y dha 12010 3 Rehs Mgl F-vep o i 3ic® > o5 0-1 A28
threshold =3 &2 % |+

Bl 8. = FHAFH B AR Z < PG F-vop b3 B & o Box-plot Bl

(A) Power spectral density (EEG)

Power [V]2
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Xpha SR ph s # FHHF R R
(B) Power spectral density(EMG)

Power [uV]? Left TA
4500 ~
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3500 7
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2500 -
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O .. - =]
6 8 101214161820 22242628 30 3234 36 38 4042 44 46 48 50 52 54
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0
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Xigh o #EEY $ha # FFH B R

TA: tibialis anterior 2. % & "*~% [

FRb BEYE B E

Box e B 2 % — w A =k ¥ B L ¢ m#c(median) > R i F = A ik

(C) CMC

1.000000

6 8 1012141618202224262830323436384042444648505254
0.100000 *[HZ]X * o« Xoxoxo XX % « X x x X X

0.010000 -+

0.001000

0.000100

0.000010 -+

0.000001 -
Left TA

Frequency [HZz]

X Min X Max Thresold (Mean)

1.0000000

GIH% 1012141618202224262830323436384042444648505254
0.1000000

>f X K X X.. X X X
0.0100000 - T ) SR S G- % R
0.0010000 - @é @
0.0001000 -

0.0000100 -~

0.0000010 -+

0.0000001 -

) Freauency [Hz]
Rigth TA X Min X Max Thresold (Mean)

X%fii{?——?,Y%?u 10 ;‘—;}%‘E’f’]']t ”%‘,ﬁ\ %ﬁ‘_ﬂm# Pﬁ?’%‘ﬁ_ﬁfﬁtfﬁ_ , %]};]é 0-1 - f}i;@
threshold z"l’”ﬁ %ﬁ:‘g,ﬁ_;*é ST A A N
Box e d B 5 &% — 2w & e ¥ B 5 Y #ic(median) » &M i %= e & vk
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CMC %% 26 » 2R AHT EXFHNREFLAES - 15 11718 (61%) =
# 13 CMC (Case 5,9,10,13,16-18 i 3 13 CMC) » L% CMC A_F 7 % 4% T
ok R R - TR A OMEF S 4-THZ o F 5 8-12Hz B F & 13-30Hz >
YyAEF 5 30Hz 1 o APREFR CMC &2 B #gd ¢ 3 I T A yAEF en
LEFA S (T11,64%) (%4 6)
2R 6. % Tal BRI 1 i gR Bayley-111 # 15 R ol

No. CMC PGk dEF i BipF Bayley-1ll # iF4 &
1
Py T 4 A i
0 a B v feds it
& 0T
2 + + 6.1 a4 25 18
3 + + + 4+ 65 ¥ 24 20
4+ + + 4+ * 5]
5 6.0 ¥ 25 21
6 + + + + 6.4 a4 28 22
8 + + A %5 B
9 6.7 Fawmd (TF B I ¥ 23 19
Jo 6 (T8 B 1§ %
10 6.6 Haad v B & F 24 21
et g B B4
11 + + + 6.7 Haod TP E: ¥ 24 21
ped TR B f 5
12 + + 7.0 ¥ 27 19
13 6.6 ¥ 28 22
14+ + A 25 B
15 4+ + + 6.1 ¥ 24 20
16 6.3 ot B 1 20 20
¥
feds T B B4
17 6.4 ¥ 26 21
18 6.9 g 1 30 24
19 4+ + + + 6.3 a4 27 20
20 + + + 6.2 ¥ 27 20
B 11 5 4 6 7 Mean ¥ Mean Mean
E +SD: W4 +SD: +SD:
6.4+0.3 N 25.4 20.5
* 2¥ 0 +24  #14
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#CMC I3HiE>a » EEG & st Ay a2:8HF & > = ] CMC &
% EF 5 10HzZ > + ) CMC & 3 g 5 5 6Hz (& # 5B, Bl 7C) = i box-plot
B> o > =@ CMC 13 % @ oM F 5 10Hz (0.1663) » + ] CMC % & a7HE F &
8Hz (0.0392) - & & ¢ =HiF > & 0 = ] 5 40Hz (0.0037) > + ipl 5 6Hz (0.011)
(B 8C) -
34w it o ivg B R
i poRE 2B EE £ (Bayley-lN:E HigTim HfFmd iv2 pede (58 Bk 8%
drd e 5o T2 #E 5 164203 B < o 75 15 i Kif HEE E R ﬁa&?ﬂy}i
PERE TE BB KRR 11 B CMC JApM chdF7 > 5 3 =iy F vk
HEHG B3 v REBEH8 Y > 3 TIg B ¥ Vb L=l (g s
E (case 1:16™ percentile). #H s 7 = CMC L3 1 3RApBE e ;‘:;Uf PG 4
o ¥ e § b 3G e ds v 55 B (case 9: 9™ percentile, case10: 16 percentile,
case16: 16" percentile ) -
AR F FRRAL FROFERALR
Ay g NI CMC & Eqch KB 28 B § 4 (Bayley-lll) s % irvi o g
4 g {e Bayley-1ll & % 2 8 # ievt &> ¥] 5 I & Bayley-lll £ % eq% G- AR
- CMC sensitivity €_53% (8/15)- i¢ * Fisher’s exact test F4L3 4 2 &K Ho 5
’ﬁ # CMC iz - 2 Bayley-lll & ¥ frifs 22 v 61X * F;H 57 & CMC i&
® Bayley-1ll it # o s o2 1L )3 % o 3Lt & %1 p=0.282> 4 i& ER e
B 7) e
# ¥4 7 . Fisher’s exact test +* #& CMC {= Bayley-III

CMC(+)  CMC() 38
Bayley-1l1l & ¥ 7 4 11
Bayley-Ill £ % iv3 B 1 3 4
ES 8 7 15
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Fisher’s exact test (two-tail) % ¥ 4. p=0.282

4k 2L 2L

Foehig o t f 2ot & CMC &5 ‘= Bayley-lll 4o é (74 B el 4o A B su3t 3
%:p=0670 2B ELE (L4 8)-
4 8 WA t 4k Tt CMC 4o Bayley-1l e # (£4 B R 454 #i

n Bayley-111 e & i2¢ B 4o~ #ic
Mean SD
CMC(+) 8 25.75 1.67
CMC(-) 7 25.14 3.29
kg ¥ 4. p=0.670
27
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Fr o

AT B 2-3 Y S ehn f B 52 61% (11/18) < e A F-vep e A (CMC) A
AR B 67T B A HEETFREE ¥ H 2 CMC» 5 53%4pk (8/15) - » &
HG L s A 4T CMC 2 5 i@ ¥ R Tk 3 B B £ i B 22 15 g B R
Lo ¥ b CMC kg Fite % g1 chifk i (p<0.005) « L% 1B W] 3% CMC iz
AN H ki B AEF FF A F oo b FH I E R 4 (Bayley-lll)snt &
o Fla Ry FBRBEE SRR vty &£ CMC & ¥ 4p M - Bayley-11l & % 2
BAef g BiniB o M A S5 P g DR F LR o

B> CMC B FH S h & > 2 DA L3RG PAEF Ao B K Jukp
§ NI YR T ARG R R TR A afr O AR P12 F e B
B2 CMC a7 3 # I 1 & & 20-40Hz #E 4 NI EE F4[1,3] ) whEz ST 7

P

i
N

)

\“5\-

P~

.
=

Ritterband-Rosenbaum % # 7 &+ 10 i % Fé i * pooled coherence 3+ & ) L&

*‘—"1

12 % 20-40Hz #F % > T & 5456 B W% 3 F ek 5 [1] (#3) Pooled  coherence AL
WP BB P B ot 5 Nk A i 15 0 £ 4eu T 35) - Kanazawa % 4
TS EEA L2 BEREE § 1T B L et 0B s CMC 2 7 i 2 g i
SCMCHFM LR E > N atEH 5 6B PAEFF 7B yIEH 5 4B - i@
* pooled coherence {s 4 % 20-40Hz#4EF N RA F - FIH 22 ¥ o b £ H Ak
Prepwep Joig o it CMC # 358 § - 13 b 3150 e Jodis o 9T R R AHEF
PEAR o F A FHmERL o A Iz Ak > B2 CMC I F iz
BRfs(T? ¢RQERE: 5) I BIRFEARS 7 AHF IFP» i fa g
B A B e 4[3,14] c AR HFII CMC & BRGAEF v F AW Ay A
PLBEEN S AP R R RIS AP L

A i R 3 A1 CMC BE F M0t ) % 61% (11/18) > w fE F B B 52 CMC er%= §
(Kanazawa % ,2014) 7= % 5-67 = + en# v2 » CMC J1 3t &) 5 80%(12/15)[3] -
¥ b - B 7 7 (Ritterband-Rosenbaum % ,2017) 4z 4% 9-25 it « 1B 22 > CMC ) e
bl 17%(10/59) [1] < #34 CMC iz 1 3Ap B 23 {0t vofedfn dicjed ™
FAREDIRF LT M 2 0 r AT T BT AR R £ R T o CMC(+) = 38 3
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CMC(-) P 7 £ (295.8+110.6 £+ 194.5+128.0 ) )~ & & i P &g 513+ R, % (p<0.05) -
¥oob e S 0 e 2 i et SO R R (PSD)AR £tk 7w R R4t 5l
I L R PR LR LR R RS o b g ] PSD,E G
9 B 3#% (Case 4-6,8,10,12,15-18) 7 § g & 11 PSD + i R0t = df o Jwip ¥ it

BREZIRTACNT AR EE LG R D RETPIOR R b SRR T 2 b
@B 24 A R PSD £ jE# < o

# TR R A e B S 45 T LR P AF AT R 2 E £ )
grenp (B 0 BF 2 R Ao Bk E b 4 Rgteng £F B TR R o
R §EPI R OEF R IR R A BB F D 27
T N FoR BfenE e ¥ b ¥ FIR 2 R X A i B T ki
A ek g e g o

BERF S AP EM CMC At g BT ¥ 0B 27 iP5 o fods iFif

(£
SF BB A 2 o CMC ¥ 8 B F B st % 8 (63%) 0 il E R

AR € IR S B IEE (F L A FR G I CMC B F A AR
ABFBBE) PRI EGRIYIYPERFENBELIAZAOME LR TR

WL AR L AR TG TR TR R A S SRR o FER
AT L VAR B S SR e ik %5532“4 AR = Rt SE e
R kg

Bk g enBR 2T > A img A

o FTeR e MRS R F P (T o
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