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There is a correct way to avoid any sequale in the central motor area during neurosurgery
procedures. A clear way to find the circumference of the central sulcus, central motor, and sensory
areas by giving cortical electrical stimulation to the central motor area immediate after surgery is
proposed. Looking at patients who underwent brain surgery September 2009 to July 2013, the
central sulcus and speech areas around the central area of the brain was investigated, using the
practices of either a localized brain map check or a direct cortical electrical stimulation test. Brain
maps localized around the surgical site through functional movement or speech areas were
identified. Accurate tests done during surgery without damage to motor neurons or after surgery
were conducted smoothly. Although successful brain map test localization can be accomplished,
there are some factors that can interfere. The following phenomena can reverse the phase: (1) the
first sensory / motor in the case of patients severe nerve damage; (2) placement of the electrode on

top of the vessel; (3) presence of a brain tumor near the brain cortex; (4) use of anesthesia if patient
cooperation is difficult; and (5) location of the electrode position and stimulus is inappropriate.
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(Hongyu -, 2009).
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nh = kel WutE] = 7EA7F Qlom, F]lmk Aol
L 59l F A HaHEUs%7} 1.0 (minimal albeolar
concentration, MAC) A& SR E|EE 3} 1, 5-¢] B2 ul A3l
oK A (nitrous oxide, NoO)YE ARE-8}A] gotopdt A 44702k
9] vk o] AgSHA STk el Alofl= 5= vk AR]
propofol& $FA} Al Zof| whet 254 Tk A]RF 50 ~200 pg/kg/min
o] 7 ARSI, T SHA] A TAHAN (T o] D E A
B Lz to] 55 A= Alofl 250 HEgoll Aol gl
£ Stth(Park 5, 2012).

S4% A% = 9] A 2] =3KBrain cortical mapping) U
© 2= 23 ¥u]d A=&(Direct cortical stimulation) 2} 4|43 7
Z} A 9] (Somatosensory Evoked Potentials)7F ARE-E]aL Q1
o, A ¥ 1A A=4-2 Subdural electrode strip (AD-TECH
Co., WL, USA)ZE A=Fsl=H ¥ OJEMANN cortical stimulator



(Radionics Model OCS-1)2} 22 bipolar stimulator probe=
Aok ol SlkFig. 1, 2) (Hongyu 5, 2009).

A7 RS HARE ahe] & 9] v AR oflA]
8547 & AT OAU IS shA| ol A 2 A& AFSsto]
o oA o] & 7 sk=tl, A7 T 919 1Rt
-3(Phase-reversal)< 2lsto] A} 5 T A GH 3 dx 72t
A G AMI & SO ALt H15 & 4= Ak Wil Aol A
B EE Ao 5 TFo A= PaoNso, T2 W F A=
NaoP3ohed O & F =] F4E Ao A o] e wads
% Atk(Fig. 3) (©] &, 2000).

A7 RS o2 HEFGH ] dA s EIY
g A A M & S 4H2 o 2514 FH 9 75
< BRRISH] IsiA= AA 1] @RS (Direct cortical stim-
ulation)& dFoiA] H7ksk=dl, A2t I 9w ARSI

N

S 0 ©

o0 ®© e 0000

Fig. 1. Subdural electrode strip (AD-TECH Co., WI, USA).

Fig. 2. OJEMANN cortical stimulator probe (Radionics Model OCS-1).
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719l Subdural electrode strip= A7 2 AR-SFAL, Bipolar
stimulator probe& ARE-eHc},

Fargol A ARgSh= A A = 2ZEAINM)E= Xltek Protektor
(Natus Medical Incorporated Excel Tech Ltd., XLTEK, Canada)
ok HAPGHE ARSSEo] QoA gt of 27 kA] AV &=
S A 9 A S SAsIch

2009 995E 2013 7€7HA] Brain mappingAARE A3
oF 3R} 44788 iAo g Al Qb 2hake] AN Hfitol=
46.341(17~72), G4+ 257, o1&} 197 o)1, Aok H s A EH 71
AeR} A4 4 (electrode insertion) 4, 7FASHA} ] AA 1<%
(Iobectomy) 4%, 578 7] %> (arteriovenos malformation)
47, ¥EF4%(brain tumor)o] 31|t FAMTHO R HH
Subdural electrode strip & central sulcustt 2+ AAZ} 257,
Subdural electrode strip©& central sulcusE ¥l bipolar
cortical stimulator® I Ao AJA7|A=F-& F:0] 553
2= A 67, Subdural electrode strip 2 & central sulcusS 2+
2121 bipolar cortical stimulator= )& of 214747 2}=qk
S A HARSE Ale] 107, Subdural electrode strip 2 & central

sulcusE #3! Subdural electrode stripE W= cortical

Fig. 3. Phase-reversal wave Mapping of central sulcus with SEP,
The phase-reversal was seen indicate close up.

Table 1. General characteristics in 44 patients

Number of patients

c/s* 25
/S, Bipolar" 6 (1)
Bipolar 10 (4)
C/s, Strip” 3
Total 44 (5)

The numbers in the parenthesis are awake surgery.
*Central sulcus, TBipolar cortical stimulation, TStrip cortical stimulation.
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stimulator= ARg-Ste] W3 Aol A A7 |A=E 0l 25555
Zh= 21 A} 3F A o] 3740131tk ¢l A] bipolar cortical stimulator
S ARER AL 1671 ol A 572 HAIMEE oFA] ¢rar $kake] zk
S FAIBHAA ZPE ZHd4&(awake surgery)o] Tt
(Table 1).

& 92,200 cm™gEo]H, o] - 1/3:8 el e
Q= O 2 FE(gyrus) 0. & Ho]9l 1, 2/3-2 T (sulcus) O &
wofqlo] Bojlal= Kol x| ¢h=t}. o| A £t A O 7 o]Fo]
2 HE= 59 (motor area), TZFE <(sensory area), 12|31
T g9S AT Agddassociation area), 3 7HY <
(auditory area), A2} 9(visual area) 5 T4l F-5-2] 4 %(area)
O 7 7 vz 4= 31, o] 2fek 5ol YA, oA o' AR
Ao g T o] Zch T 7)5d FRAQ ZHOR HRY

(frontal lobe), 57 A (parietal lobe), 3% (occipital lobe) 1

| Primary motor area (M1)

| Primary somatosensory area (S1) |

/ / Smatosensory
'——N'_.

association
area

Supplementary
motor arca

=
-
yzati) : & ¥ i
| Primary auditory area k;’%/d
Auditory 3 |  Visual

association - X association
arca area

Primary visual area

Fig. 4. Illustrated Motor/Sensory function of brain.

Parietal Lobe

Frontal Lobe

Temporal Lobe Occipital Lobe

Fig. 5. Illustrated Lobe of brain.
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=
ﬂ)k

=9 (temporal lobe)& U 4= QIthFig. 4, 5). £3] &
T8 F-(central sulcus)E 7]Fo =2 A
o|AAYGH o R o] HluE F
S A SA7 A AAE
1SHA| A& O 2 A o5 o] -
ICHRoland 5, 1998).

ofu e} X752 Bk 1909
-3to] QI7HO] HE 47719 Y o=
TKKorbinian Brodmann, 1868 ~1918)
2] 2ol Qe FF =S Y EH ERE
e ARESl= 757 Qlof Al 1hets] A E

AP, Brodmann area 4+ primary motor area®l 3§},
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Brodmann area 1, 2, 32 primary somatosensory area®] o3t
HFig. 6) (Lee 5, 1998).

A2 9] A7 4 Aol A7 & SRAI7] AL ol
AR A 97 A ol A 5 G ol st 3o A=
HIth = G /dsHA Stet. o]t A2 A e HARR

Ao MHke(Phase-reversal)S 2743 4> 2ckFig. 7).

HEOON\
=
ol e\
Motor cortex 8 @ Sensory
@'@@ / cortex

Fig. 7. lllustrated principle of phase-reversal.



AL ol 5 AZRE Bl Dol A EEte= A= ES| &
I, AE 7192 AR 4RE e H7]¥(nucleus
cuneatus)7HA St F AHAS AX oA ZE AH WS
Al(medial lemniscus) 74 2& b1 71 AU} AJAFO] TR )23
(ventroposterior lateral nucleus, VPL)7FA] e}, 71 3 AFXFA| 22

7} 47t central sulcus) o]l /4% F5-47L2](postcentral
gyrus) etell Y118 GxHH2} 259 A (primary sensory cortex)
= A3 Hk. ool A STt AR (8, MRS 9
(nucleus gracilis)7}A] 7 3 AA] B} -2 H2 G FohH A4
VPL°ﬂ LRtk 3 AV l"i—%ﬂ*‘(thalamocomcal radiation)

I dxFr o] vhof| sfehe e, S UiS W&o =
XJOEOW Hoh 19uE S5 ASAEES AT = CF B
C4 {x|ef A st o] 2 7| S =)=t vlof U S ZAE S A=
g o= Cz $IAI oA & 7155 KA, 2010).

o2 AAbg o] 54 9l HApTof whet g VAR B
So] ZpA3] A K 1A} St

A WA = A7 8 912 91 ARk-e(Phase-reversal)

o] JArA 0 2 A YA x| A= Al H A}

o T1— o] oT = 2
W ool WA YIA7F 550k ST Alolof EAYE 3t
£ 9ol AT SEAIANR T 53] AANE eI

@
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Fig. 9ol X subdural electrode stripo] A& th2 HFgko.
2 QA4 S}, ()= 19 trace”t 55380l 1L 8W trace”}
W23 ero & ol itk 2555-9] 532 latency 20ms -
ol Al ol & d8H= positive waveS BABFL, A2FE0] 1}
2 92 gFol= negative waves AJetct, 1A SAutHo
A& opEER o] 914k Auk-3(Phase-reversal)o] @4 ch(Fig.
10b). BH= Fig. 99] (b)= 19 trace?} {2530 D& 9|2 s}
= negative waveS §AJ kil 8H traces 5550 22 o}
2 3Rl positive waveS FAJs10] A2 IR Hojx]5o] &
AFed Auk-S(Phase-reversal)o] TEE thFig. 10a).

Fig. 9. Illustrated intraoperative SEP recording of subdural electrode
strip.

Fig. 8. Preoperative MR images in
axial (a), sagittal (b) and coronal (c).

Fig. 10. Intraoperative SEP recording of the inversion of a postcentral negative and a precentral positive peak, the N20-P25 phase
reversal was observed between electrodes 1,2,3 and 4,5,6,7,8(a), 1,2,3,4 and 5,6,7(b).
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= ‘EH_WH% Central sulcus®] FFE A A A702E ¢
9] ¢JAFA HHS(Phase-reversal)o] @A o] 4] Motor wave2t

E7} oizbe] A QArel AulSo] FA g Ao

Sensorywaveﬂ o} =39

A5,
& 205 5V racee] 15t0] 20 o2 ) 9
8131 9l 7lo] Wt o] OTOHE 3 A ko] 255
1 A7

123, b), Al &5 2%9}%‘21‘%-94 ol ‘%101*1 @EVh

Fig. 11. Illustrated intraoperative SEP recording on the sulcus.

@ .. i 5450 e
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ok
i)

L AFA T X 91X S]] S-Sk TS A9
K g o] oFstA| o] = Wz Z ekttt ohAl vl et
(Fig. 12¢, d). oA 5} o] of|m 2] oFx1 B3h2] 0 = yhibd 79
of| = R o)of| A 3l A= Wof| Central sulcusgkal 24 %= a1
o] SIABIAL Ql=A] ZIstol A =2 YA & LR 9
of SJX|3}A] k== A 2 A Blo] AT MHk-S(Phase-reversal)©]
LS S = = Sk Zlo] FTh
Al §1741i= Central sulcus HF= $1ofl Fato] jX3to] X442t
912 91 RS (Phase-reversal)©] F/4 = A] o= 7
A EA
Subdural electrode strip oF2ofl #-2 d¥to] IX[5HA =|H 3
o= trace®] T2 P4 A] F=rHFig. 13b). £

H

| Central
sulcus®] Aol G3to] 91X Sh= 97 7HE A=t o187
oL P30 Z 93} tracet= TFE o] AT R] ¢kal, T HES )=
o & 9] ol & A AU-S{(Phase-reversal)o] BAE = AL
= UthFig. 13a). o|e} o] wEo] P = A] b= trace”} 1O
dof] Ato] AT U=A] Aol A 15k
subdural electrode strip2] A% sfo] 914+ HH-3(Phase-
reversal)o] B ZAHEEE &)= Ao Fu},
oo} FARHIG-O & 145‘*4 A7} ] A5} obd B A
=

AL
=
=
e

8 trace ©

o] 91X]8}A Subdural electrode strip< ] $]ofl &2 folw FoF
e 1®
B S, VO [ RIS S SN NN S S
i e (o ot S e P e e P e
O S N e e e
AR e i e
—— b," i \\-ﬂ T T

Fig. 12. Intraoperative SEP recording of obscure ((a) trace 5, (b) trace 3, (c) trace 4, (d) trace 5).
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HER flof] QIX[8}A| | B= a2 P A] eh=rhFig. 14).

Ul HA = A8 919 913 Hek-g(Phase-reversal)
o] Motor (&-5%3) wave= 2F8}1 Sensory (7253 wave=
ZFoHA B A5 AT EAL

Fig. 155 HH =59Fo] A= (frontal lobe)TH 4 H(parietal
lobe) Ato] o] ofy e} 43ds] 2+ (temporal lobe)¥ -
%(occipital lobe) -0 & X]-9-4 Qlr}, ZFY} FF¢o] 4
S} FLELo] A Ak Muk-S(Phase-reversal & 2731 diF2 7+
gt 2 & ZA AN 553G ol oA Z7o]
HhFig. 152, 16a). $FHFEHSPANA = A5 T3 574

>z

A et 28 Lo e SAEA etk AASY
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Fig. 15. Preoperative MR image in axial.

HolhA ZLET}. HFdol ST Y Atolofl A G =T A

AT PR 3R %02 WolfulAl A A9 S Rl

=T d =

A 2453 whg o] G W= 7971 Alth(Fig. 15b, 16b). o] 9t
FARSE B2 HEFo] eF ol A Bzt das e
EANUA 255 W4T R oA F4ol 7
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7

550 o] WEEHE 457 Slek o123 Aol

5550 Ao QLS TS FoJsof 8 Hlolc. o]oh o] 1%
opo] AA3) ApehaA ¥ TR U] X4 GO Lol
A7 91 4 9lon R SetA 0. ol gtz Bo
A AT Fol A A7 SIS RIS, 5ot
20 2 chelo] sjestua Mol 1714 S Fol A Aat
FUASAAE Aobt ks TS WAL, A
o] 125} bt 714 Ao] 591% ST FPH o

r,
p
sk
)
fo
N
N
30
N,
ix)

=
O A= A A1) SV RS Phase-reversal)

o] Motor wave= 73}l Sensory waves oFd1A| @A == 4%

Fig. 178 29 9ol AF8 Al 39 trace= vgo] F=7]2H
GAE| 2] o= o] WaE|T, 71 ok 2] Y] 7]2] trace= latency
20 ms Lo A ol = A ok s Tutg o] & Wi

L. o2t = TG AT ol BAE A
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F50] 7)%50] AZIBIA AL E $-olTk. A7} 2553 7150l
A YA, B2E50] 7)%s0] £AE lrk TR <lte] utyg
= LA A A oH=rh AARE 317] Hof HEEA] $Ah e
£ oA, S&Alol|A] ulE] 7] Aol ghate] AJelE 24 3
7Fsh= Aol Fa8HckFig. 17).

SHA7F SR E AAIE7FE S - S B ARl
obAFsH Ax(nitrous oxide, N2OYE AHE-SHA E1W A3 7452
9] T o] v AA| G| B2 T A] mp A ARE AR S}
1 ok Flch(Park %, 2012).

o Al A= T A Yo Y A A AP AMI & S12] 7]
52 elshy] Y3t 24 i m A=K Direct cortical stimulation)

&5 F91E AARI] 1A AAInR7F = o] 92 o 414
W AR 22 F4laleHcentral sulcus, CS) FHOYA]
5530 = Ko Bipolar stimulatorS ©]8-31o 30
Hz, 2 mAS] ©95E] A A5 Sel7HaA w8 A=-5 Al8et
o} YA AMDoNA = 3 F-919] ugo] v 2 2ol
HAE,  dAes Y] M) AT EEEFY
(supplementary motor cortex, Broadman area)o| 4= 2% 1F
oo TES 4= (a1, YA S RH(S2)0ll A e Azt A
(SDell A vrebd 22 Tt 4= glek(e] <5, 2000).

5 FAE A7 =S ol A 50 SRS E wefsh=
Holl = AP AR central sulcusS 2 o) ARE-S
© Subdural electrode strip2 ZLH&E ARE-S= WPH YL Bipolar
stimulatorg ARESH= WHol Sloh HEgE AASH: Bt
Subdural electrode stripe 5@ ol A7gste] Eal 7|40
B A7|AFE FolA M ol ddte 5o
S AEA 0 7 mfotslol A £& T 5559 &Ado] 7H=A] o
£ gpofdtt}, HA= om7|A A& 08 SHHA w24
SR e 5 AEe peot A5 4 qlojA] Froh

Subdural electrode strip= gk 3]l 117G stol A A= 7] o
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of &5 o 1S melslrle

Bipolar stimulator® %] #H-2 A=3l=

%O]—t LS O Hx-_—'__

AT 432 Z
TR HE S BRI S wjol 4 gl B,

o
T
=

ofee By
P

I
=T

Seg 7

311 Bipolar stimulator® A& 3o} F7}s}1L EohA] 8}
&2 ot sh= MAZZo] gith

SEFFE A7) 4 A=E 31 Fig. 18a, b} o] A7)
7Fet | w4 0] 75 TAE o] Ao R el X%

Al
]‘:j /\O
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Q=

A=

OF

Fig. 19. Intraoperative seizure after DCS recording (one trace response (a), two trace responses (b), one side responses spread (c), both

side responses spread (d)).
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A= Haol e ukg o] Shst A&tk A A 3] ALt
7F i Fitolm, o] gt Aol i 1 A& kR
a1 k] )4 O] Zto] AR 7 eohS o] o Al 5
olof sl = w2 FHAPI g W7 k. Tl B R 555
O M7 A A= Ak AT abg o] T} FAlo M)A &}
& W7 {0 g o] A4S fj7hA] 7okl & ThA|
H HARS 183t = Sh= Z10] Tk Fig. 18e+= oM xd7]x}§$
A QLS W o] A 7 ] ] b= wk ol Fig. 181, g,

= 7] AS 31 = Aol A bipolar stimulatorE ] 74
of| A |t BHAIS= ¢l 3AMEartifact) T o] o}, -4 = w3} o}
EA GREAL AR vk So] WAL T e 9t
obd i 1A A= wjof| e o] 2|3t g So] TEEHERE M
w1} ] S stolof & Aot

ool A7N1A A=E 571 whizell A= Al717F v 7
SIE17E @ st A2 A0 O] A i glof 7kl A7) A
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& Y 5 ek Rk ShA T kA 22w 2 0] Sl
o] U 9ol BT ¥ 4TS 3710 918
BFE(e] 35, 2000).

Fig. 19914 @, B 3t4910] 555 Aol dgetol ]
ﬁﬂlﬁﬂmwﬂﬂﬁ ol o}, @k 9% o] A7
S AR Tt ok of A EAlof o] E T gk w9
SEFFESNA L okl A A glolA Aol 3
& A S gyl B8k Al stgo] BT 28 vt
2 57} 3RS 3] holch. @i 4% S BT S g e

o
A
[e]

okl A#S 313 9l mHgolth(Fig. 19).
oA WA= Qo) 227]5-8 Belaly] 918k A4 o m A

(Direct cortical stimulation)& & 20 HAFH o dfsho]
A EAL

dole3 FE AR SIeiA AAlu7E gup A<l
propofol®] Y& FAISHIL 158 A 7|k ¥ 2t oAl
wZobA tiabr} 7hsstet. ddojgSofl sl = Foll Bipolar
stimulator 086144 30 Hz, 2 mA2] Th el A s &
7HAA 1E A= Algettt.

oo]22E R vl & g of| A7 LS R4 0 7 A

2ot thokE LA R gsk=d] ol ol oA AW IR T
= WA HH HkE 1L B9} flojSael Aol dojFa= o
A(core) 5910l S == 3ol A7 A=5& A =¥ vke e 5



Fig. 20. Final mapping results.
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