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Basic principles of electrical stimulation and recording for intraoperative
neurophysiological monitoring

Daeyoung Kim"

Department of Neurology, Chungnam National University Hospital, Chungnam National University College of Medicine,
Daejeon, Korea

ABSTRACT

Intraoperative neurophysiological monitoring is largely based on making electrical potentials within nervous system by stimulation and
recording of those potentials. Electrical stimulation is the most common modality to stimulate neural structures. For appropriate and safe
intraoperative neurophysiological monitoring, one should understand the basic principles of electricity, electrophysiological effects of target
neural tissues depending on various characteristics of the electrical stimuli, and safety of electrical stimuli. Understanding of the basic principles
in electrical recording is also needed to establish an appropriate monitoring methodology and address various problems that can occur in
complex surgical environments. For proper interpretation of the monitoring, an understanding of how the potentials generated in the nervous
system are recorded should be underpinned.
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A 7] ofFth. YsolE o 3 AFolA Aas A
=oll gt BAHFE Go] ol A5 vl o E HE
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Fig. 1. Biphasic pulses of different waveforms (A, rectangular; B, sinusoidal; C, exponential). The gray shaded area indicates charge

(Q) of each pulse.
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Fig. 2. A train of 5 pulses. D, pulse duration; ISI, interstimulus interval.
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H 0.05 ms?Q] A AL IAE 13] 718 off 2 7t
U AY2 offet B2 ALtew 4= it

L)

2.
F=Pxt= Vxlxt:%

. Q
V:\/(EXR) :\/(005 JX1,000 Q) _ o0y

t 0.00005 s

A7|skeEArS. A2l 22]9] AA oA WAystEE A A
A7 AL D 5 Ik ARl e w7]etekge
ZAU) pH Wg}, §714ks), AlEU) 9 A9 o] wisls &
o A7 4 G 5 Jo21], B2 ASAZ] 1 msE
jr,}oL ﬁo,?_q 101-/&] P HAE H}_‘;LoL 2] Ocﬂ] =IO} Q— g,\_
olet. A1tk mam oA B A&ARRS
ms Of3H Btolof 3u), 4 2 ol FARE RS vk
F ol "AE ARESooF ﬁ4[8,9,22].

ol
)
>4

i

I'N

L_

Or_}l_‘m
jur)

oﬁ_‘

N

AEA H1EEY JIE

DIABETL HALOA 71859 7152 AH919] Aol
£ 7153k Aoltt. A9 Aol, & AL 715317] A
+ 71%30] "asitt $/4%9 A715]R0lAM JEEH] 7]
=< A|(ground) Z=olzt

tARUA AL 510

gick, vk 25 29 oHTei% oz ok 9ol
o) S 0 VE PPt WAL A 559 71EH0R
BT FA), TUAsH] YHE AR TeRds o
= gt} 720 wjgio] 1A Aol @4
ool

A e ALl A= mlAlIRE A1 A19] AAE AFs
ZZ7|(differential amplifier)Z 7153H}H23]. S27|= E
HAAE S B3 2 H4S o 2 %jHQE SE3I} EFH

A AE Q] Hlo]A(base)ol] F-L AFE SHEYH ¢ & A9
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5] Qlofof shA|e, AAEE 1A Aok As5E7 W
9] F ERMAAE 9 &40 5] dAIsHA] g &= qlow,
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olt}. o] ¢ CMRRZ th&t Zth CMRR = 20 x logio
(differential gain/common mode gain) = 20 X logio
(1,000/1) = 60 dB. &7 AAS CMRRo| & 2e A=
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(HE =0l B A5t 27H] vold 2 4242 ?375-5]
= A7 ehat AZ2E71 e sielth 18y of= vl A
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ZZ7)0] AZsh= Mol AXMo] 4x Ag He] o]
Vs FBEEAZ] Gl AZIL o 49 4 A
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nel}& ol AIZUHE At]gol2(Na’)o] F45] U= HA]
5 A (action potential)7t F/JHt. FHH SE5HP=
QIHTH AFEAY dRFE Fote] &Aoo R At
AupEeh, 914, S AZY A7 vy FHAE g
AT, ofd] EFAHIE AlEY AL Bl SAE He
A F42 olsoh= A=AHdipole)2] FEHE FHtcKFig.
3). Aol g 4 F99 Alxe] 222 vwE A
AE =, AHE o= FHHE Hol GA| olsshs A=
S B8t Sl o ISk SAF dwekA] A
1t tHall-or-none). At L5 SAPdHolA AY
(synapse) W2 AFHAGEZLE F2otL, o] AFAGEZ

AEo) S=8A7} L ek 9] 299 #ig),
Q(synaptic potential)7} FAHCE JAFAYE= &
FESY e AL, JAZEESDE S AU
Afe AR, AFYS Tt 520 E Hupew,
SSHANE o7|A] xRt Fe| HupeR] i) o 4l
A R iRV R aF AN 7S5
71852 S} AFARANA 71HE A9 715
1 (source)Tt 715 A=9] Ao w2} (1) &9 E= o

9] AY(unit or multiunit potential), 2) LTFEY AY
(near-field potential), (3) ¥HF9 AY(far-field poten-
tia)9] Al MFE Y= 5= tH2sl.
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1) ©9 £= O MRl(unit or multiunit potentials)
9] A= e AR ABAIROA 7S = W
AL 9ulob, bk A= B9 At AR RE 52
AABMEENA 7155 = HAS vt & A9 vlAl
A== ABARFY Aol A JEAZIAY ZHA7 1= %
Hog 715 4 itk eF AN &9 B
o] A9 289 gEAR] A= HAF A= HE A=
et HAR A= At A5 A}del BE AES B
3] 517] sl mAE=S Adska, A9 YAE =Astet
= uMA=7]Z(microelectrode recording, MER)& A|3)
sttt 7122 st A= 2-3 um Z7|(microelectrode)=
] AAE SHsEAY 9F 50 pm Z7](semi-microelec-
trode)Z TS| ML 7ISRHH29). HIYGL R i 2
9| HEE R T FeeS B9l ot FRlol vAESE
Adsta, AP, eselv A 5 AYd A= o
e RS, A7) A=l tigt vkgel e S 715 9 245t
of A=o] YAt Fo4E T DA et thad e
th o 2 U= Saks0lH, 719 ke 25 9 Al
oA LRt ST E5H9l= “all-or-none” £4
ol A9 FUS B XEZ 7 o Aol ofgh ot
P FEE S5 mgo] dAsk] wizoll MERC]
A= S99 Uot Ry okt 744, U} vEo] E),
T8 A=) wE #IF oo F83t QIAFITH30].

2) 252 MQ|(near—field potentials)
THEY AYe Aol Heohd, A4, A 5 &

&
A 2] YT AN 1S Aol Te

10 ox

A7

A7 A AEEe 82 WA, ool 220 2

St ACR 715 o Qi Tl B A o7l E
[e]

E5H(compound action potentials)e} F-2tt.
Ao SAEE 2HRY A= A4S o2t olsoke
&5 AE gttt FAolA EF AL olsohs S
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Fig. 3. The action potential (grey area with positive polarity inside the nerve) travels from left to right in a volume conductor.
In a monopolar recording (left panel), the active (A) electrode was placed near the nerve and the reference (R) electrode on
a remote inactive point (not shown). The traveling action potential resulted a typical triphasic potential of positive-negative-positive
polarity. In a bipolar recording (right panel), the both active (A) and reference (R) electrodes were placed near the nerve. The
traveling action potential resulted a typical biphasic potential of negative-positive polarity.

Z219] 21 & vlElok=t, A= 4.5 cm/ms/pm=Z LA
ATH31]. DRFH o= ' g7t 5l 35 A9 Ak S
4 cm/ms WA 6 cm/mse]tH28].
AFoA I AZutE Dozl 3o AT Fo] 2RSS
©71 & @=(monopolar) A50& E}&EH ol
71E5HH AHAZ 22 FHY(positive deflection)E B
T 735t SH HukEy, FHolo] A2 FHEA1Fo]
U AM(triphasic) HE & 4= AUtHFig. 3). 2E=0]
o5&l we} o] 5ok HES HIE AFHE A=A FA4E
=4, Agsk= A=A ] Qs FE7 e, g2 F
A7t A= viE ol RS Av= A4 e SHA7H
Uehal, Fojo] §ESE FuEE A=S7ke] 9ol o5
FHA7F YERdT

72 B FAAE AAFARE wet 7ol wix|et gt 44

e

o o

o £ F AFo 7|5 O A9 71SHe UE 3ge
dett o= A 7122 HE okl A4S e AW
= X

BFE0hohfeh, & o YR SRR WA USE
712E & QAL F 2 HAFoz V15T A A9jRA
THOR WAL S A= Fple] XIG AFEN o) 4
gt 0|2 A AT Fgje] 7phe AFE i gETol

S 735t FH7F Yehs o3t @49 hFig. 3).

A= ARRE APl SHS] FR7EA9] Alte] gE=
o] A= A|Hof|AFE = A=) YA7HA] =to] Fel=
AlZtole}, S el AEAR ERH F919] 277t S
g, 181 9RFY ols& Lt E4E Aok SHAY 3

= e A"l A Tkt A &5 gE
o] AlZke Felet A= 7ke] ARE whgelth. wer sfg 417
o Ar&Lrt o ofg 474dR-50] It ols I 71y
SHHAS] B2 A AYE ol FotHA FAL EeEo] AMdut
ol= e FHE 2 4 Atk olE Y H(physiologic) AlZF
+Htemporal dispersion)o]2} opH, Z7Ho] S4k9] A&}
A=-715 7H9] A9l JFS whett AYE AEARS &
BT et 2179 S4ko] A" A4 A F
THRTH32I

THolA S == AR A 25500 s vEhd
= B8535 49 (compound muscle action potential)
ojt}. &&5H?l(motor unith= sH2] H4-5-417 Y(spinal



Electrical stimulation and recording

23

motor neuron), OJoA] 7|¥st= F41} E5E T motor
endplate), 12|11 0|F Rl THRER o|Foxltt 5t
9] S-59= E 7HollA 10070 ool 475 E&3ich
>edRol Qs FAEE AYNE s HEEH A (motor
unit action potential)gt 319, ol& BA} HeAER 7|5
< 4= ok mFu g5t A=5E ol&dl Yok B
THAAE o] LAY ol

+5AEE B9l AEd A7) Ase 55U F9lo 9
A3t 25417 Bol|lA ofNEEF A (acetylcholine)& 725t
1, o =70l L] 8A|12 Ageto] 2T
of L5 ASE ARt ulFo] &5] A== FAIFA
Al(neuromuscular blockerye & $72 L=, HgkE=
d(non-depolarizing) THAEAAA|[FH-AKcurariform)
g Edtie oEERo] 550w 8419 2%
Sk A& got 48 HES Apdsto] 2HRY 55 I
o 54 FAEREA EA D ZH(succinylcholine)©l
fEHo|tHe S5 UTE GEFAIA o ol FAHa77 R
S| YE= i) 7 7R B B8 s A9 A4S
gE&H0=E AT 4 St

EAISEEANY oA 715 HloliMe 248 H=
= Fe5dHo] YA 5k Bl Fela, Ve AeE &
o 9ol FaRgict shuhe] 5417 T2 sl
Az A7 |72 71ohd o &5 AA7H /98k==H],
o oE H=Z FAGITH EsE8s5 e ¢
9] oldutE yehdtt. oli= &4 A=l AHE F-HjollA 2
SEEHE WAste] W 3to g HAURS oulgitt, TheF
A=o] 2/33ke 504 "ojxl 3ol F=IohH E3kt
LAY F-29 ogutE Yeh, o= Mt A=
= ¥l )= st =] FaRE IX7HA] o|2A4] X
SlSe= SfuRit

BFNA7IAE o8l fidEe EgEsEgsdde 2=
A179] A=) 98l fElE Afets 92 th(polypha-
sic) FHiol™, XE% At} 57 A71A=0l 2 457t
57 A== oM H157|3Kdesynchronization)
7} dojutar, olof QJsf Az o g FAkE BS54
7t A2 A (phase cancellation)E& ¥07]7] HlEo=
HRITH33]. X3 5YUe AN 5T RACE A=
VEES . w gt 220] Al Halsl=d], ol Y AR
A7|A = 7190 Hps4d Y 5 9RkE 8 XIt=
AZ AAFRITH34).

=

4, {592 MQ|(far—field potentials)
AE-9] ALt Aol & 5 A9 WA FRloflA H el
AR HFollA ZF == Hloltt A9 A= o7 F

oA AsHe 950l Bk 4 glon, 2R A9
of e 1 A7} Am mekE BAsth U89 A9
2487] 9Iat ol ujAe Zi7e) s T
sgd 9dons ASAAY 48T Aol
AN ofe] MRS 74710 ot 3394 v
9=3te] 717, T1e)3 A7) dhAle] 54 5 T
W) WEe] 1 29E 245 44 e B9t

e Gon e
o Mo o
[ N o
o I

N,
d o
N

o JFS
Ut

A5 Aol S 9dE F 7R FES 4 9
£, A "Rl A48 53t o] 1% F2EA 7] Yot
+ AA2H(stationary) YOIt} A GHZALIOA] HTHEHo|
oJef} F/g=l= N18o] 11 ofojc}. T WA= 417 4k whet
RS- A9k Zo] SHol=(traveling) A7} E4

oM BAE A& (stationary peak)e Fgsk= Zolth

=20z AP7F A A A FAE A2 Fsk= o
#AQl A= A7 A= vE 8AHEA (volume con-
ductor)®] FAAE A4 wjo]ckFig. 4). Nakanishis 34
7h7e)e] HZ-vlE Al (sciatic-tibial nerve}& &0t
FGAH(Ringer's solution)o] & ZefAE ARt Wil 417
9] A2E "t AYE FAsto] 879 FEo= itk
[35]. <95 5 719l FgolA 7] A== 7Fskal, WA 6
7fe] FEofA tieket x3to g EAFTHYE Ao
g, et & £3589 AFog X3t 7|EoAE= g 1
< AWt EdEEA0 9Jgt o biphasic) w7t 715%]
UAAE, A2 Fofl oA Z7F3t 7B F A= A
olof] ARt 9] 4=} Z-2 O] 7RI A} 7185
At A7 B9l AutEl= A7F 2eE 8o FAAE A
o muict 27HAQ] AAE AHS 3498 Aol Kimura
52 AES bR 9F AAE7|(styloid process of
radius)9] YE 10 cm AA-olA 8ZA1F(radial nerve)ll
A7 7Isle] B9 S sH91E S7gst8itH30l. 71
£ A9 834 A=E Tt 1.5 cm {HHo=E a6ty
I, R A7IETE 291800 VI A5E Rk
Nakanishi®] & A3 vi7IA| =, 334174 F28 o=t
AAE AT F = 7|53 51 ofd 9AE AWl &
AL To] 7|5EANE A7lE7EY] W= Ve A=
O F sz T 75oA = A5 IRt FasHA gAe =
710 FA=R= F 1Y A7 715 = o] AE2 4
£7Fet 7|1AEeE EER QoA FA4E B /T
o Zom, 7¥7t &rte 7|A R 9 &ERL10] YR A=
A Z18EE &, XA A7 Wk &5 &7 714
Follx F/8E Aoltk

=2ol= A7 A FHE Aok o A=A
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Fig. 4. A schematic illustration of monopolar (referential) recordings of a nerve runs along compartments with different volume
conduction. The active (A) electrodes were placed near the nerve and the reference (R) electrodes on a remote inactive point
(not shown). Far-field potentials generated when the compound action potential passes across a boundary of volume conductors
were shown as positive-negative biphasic peaks with a stationary latency (dashed lines) irrespective of the recording sites.

S ol 87 AFolM, BES 90°= F3|1L 7|155Pd Ee
H Aejore et oFd A5 A7 oike--ElE F
949] &= 71504 yehdti37]. o] Al FE71= A=
71t gol| F2ke Ao A5 § 2F 79 50 V1=
o EEA99] AE7I9 ARSI TEOIA P4
27} 90° = HsIEA o] FejelM 72| A7t B44E A

& ¥ Ut
ZE

Sa% VARHIAE P8 AT SIAE A7)
7185 Q83 4] S50 B SE A5E2H] A7)
ab4 wis}, Je)3 A1) Qo] that 718 UelE o3
Sfelof gtk olo] that olsi/k girka U] cherst A
Fol et HAshE /AT AEsh Rk, 14 A
AR A3 WA HAL, 9% $AY AES &

% otk 434 BB 71BE TR 217152 7]
23 Qe olofelel AT AA YL sk, BT
S BHOIA AAIOR WAISH: ofe] 7|%4e] BAS
of thstolof Sk, vzt 543 AR Al
AEE L A AAAGNH A APt 1S
A0 G olelt wirslolel gk
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