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Review Article

Free-running and triggered electromyography during intraoperative neuromonitoring

Sang-Eok Lee’, Dougho Park

Department of Rehabilitation Medicine, Pohang Stroke and Spine Hospital, Pohang, Korea

ABSTRACT

Intraoperative electromyography (EMG) is known to record compound muscle action potential (CMAP) in response to spontaneous or
stimulated cranial nerve or spinal root activation. EMG can detect cranial nerve or spinal nerve root irritation (known as free-running EMG),
and may involve electrical stimulation of neural elements or hardware to assess function (known as stimulated or triggered EMG). EMG
has a low positive predictive value with high sensitivity, which is particularly useful in the early detection and prevention of pending nerve
injury. EMG is one the most useful modalities of intraoperative neuromonitoring (IONM) for monitoring neural function along with sensory
and motor evoked potentials during surgery associated with spinal manipulation and cranial nerve involvement.
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Al Ee= A543 (spinal root)9] 4937} ApTA 0.
E UEHAY faE] o] 5] UEhd whgo] EsEs
A (compound muscle action potential, CMAP)2.& 7]
E5E AL 654173 AZ A (intraoperative neuromoni-
toring, IONM)°l|A] 2 =(electromyography)gt SHH1-
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18729 Luigi Galvaniv A7|A=0=2 7|9 Sitte]
7h 5k A ERIE o] 289 M7|4AlTof et g
A7 AP A, o]fet THAEE 18909 Etienne-Jules
Mareyol 2J3f -&0& 7|2%9ich o]% 1922 Gasser2}
Erlanger= &2 A71418E 7]53k= OscillloscopeE 7H
dofelon, THEE 19609 & 5 PHAIES sk
b Ao = ZEESITH5,0].

TEF AT A9 BHo R AMFTAE L A
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7INEE 715510] BT} HAlH LY A=olEE Wst
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Aok oIt 4,71

oyt THEE FEFAEADANA 4739 715H<
o] gk &1} HEo] & Qlef UE AFEEE 2
719 TAsks H =52 1L 9lo], FFpEoly HAIH
TS oA AT H(somatosensory evoked
potential, SSEP), 2&-F&d¢(motor evoked potential,
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ofFst o da|st

25HHESHAY] = motor unit action potential
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tion)o] JAE Hold =2 FEIAH, FAto] gE=H
o, TSRSl S o] o slte] Sito] gE=E
o UEhh= shue] MUAPE, &3AIEARAIY 2420l
A “Spike”ﬂh—i 2HH1,3,7-91.
23 olgh AL ThoFel] LETHOE Qupsh s gl
] A9l & A 714 A, A1749] A neural irritation)
9l Aryt 71 9 Tz A7A-2 71'5(neuromuscular func-
tion)oll wt FFS W=THTI.
J8BE g Boldhe 4 A0 At 15
SERYH IAEE 5% FEFAFARAIE Sk Aol F8

SltHTable 1).

2. Ok

TAEE uiEA] SSEPY MEPSF nRPZHA R A wnts
(total intravenous anesthesia, TIVA) ¥'Ho| @o] ALET]
oZ|11 lom, AFIHFR Aok AFIAAAl] 9
R I dher) A AR A= 252 (motor activity)

< FoM AaAP)7le] = Folle mdtke ol 2
s AFE AR, T 57 obd A2l é
Z ARk Zlo] FHH10L. e & 2ol A=E o]t

7] 98 g2] AREElE 22 Train-of-Four HHold, di]
2 27 o139 wkgo] vehgAY, FHiA| Bkl 80% o1
FIEESE FASfoF 27,101

Table 1. Muscles commonly used in intraoperative electromyograhic monitoring

Cranial motor system

II1, 1V, VI Extraocular muscles

\% Masseter, temporalis

Vil Frontals, orbicularis ocularis, orbicularis oris, mentalis, others
IX Stylopharyngeus

X Pharyngeal and laryngeal muscles

Xl Sternocleidomastoid, trapezius

XII Tongue

Spinal motor system

C1

C2 Sternocleidomastoid

C3 Trapezius, sternocleidomastoid

C4 Trapezius, levator scapule

C5 Deltoid, biceps brachii

C6 Biceps brachii, brachioradialis, pronator teres, flexor carpi radialis

Cc7 Triceps brachii, pronator teres, flexor carpi radialis, extensor digitorum communis
C8, T1 Flexor carpi ulnaris, abductor pollicis brevis, abductor digiti quinti (minimi), first dorsal interosseous
T2 to T6 Intercostal muscles, paraspinal muscles

T6 to T8 Upper rectus abdominalis, paraspinal muscles, intercostals muscles

T8 to T10 Middle rectus abdominalis, paraspinal muscles, intercostals muscles

T10 to T12 Lower rectus abdominalis, paraspinal muscles, intercostals muscles

L1 Quadratus lumborum, paraspinal muscles, iliopsoas + internal oblique

L2 Iliopsoas, adductor longus, quadriceps, adductor magnus

L3 Quadriceps, adductor longus, adductor magnus, iliopsoas

L4 Quadriceps, tibialis anterior, adductor magnus

L5 Tibialis anterior, peroneus longus, extensor hallucis longus

S1 Gastrocnemius, abductor hallucis

S2-S5 Anal sphincter
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3. XMUZHME(Free-running electromyography)

ARIAEE & F = E 5 A Dok £H32
2 AR EEY|, FEEE AR A= A170] 71 stretch)
T dEtEAY, 71E 714141 A= mechanical irritation)
of] fsiA U= star, dolut ¥7]qe] =&, o] T
F% o[HEE QY AAEA ol wet BEEI e gt
[1,7.11]. 3HAI9E, 3]&(ischemia)& Q18] A174<&/do] Uephd
Bole BE EEAA7 UehtA| got LA EoA A
7] ofHTH1,7]. mbA pEIgolA IS & 54 A1
9] o LEES, H™oH Agsl= o] F8sitt. AR
F=I7go] oA FEo] HEoe}t FolE stofof sk, s
o] TAT YT HAR A7|XGeH AL 52 &
Aste] ZHAJefjof & 8ES AEistolok gt(Table 1).

TAE AS= SR 714 AHE ZelsiA seidgelu
FeENE AdEo] Yehrlo] gt AFEY o R S
T=s57] el sfjAo] Fofsfiof gt} THE A15.9] A
U3Kfiring)d ¥k, X1& 9 A& Hlgol= AoE 71
T 4= Qo] AYHCE FasitHll

1) Mz s

TE 5 WETFE AR ASE MUAP, B34 24 E &
AJ(abnormal EMG activity) & Q&A% (artifactual sig-
nals) 522 W= & QUtH11,12]. & % ERlEE= MUAP
+ Semi-rhythmic = Holw, =7 S7IHAY
X% (sedation)o] EFES 4% W) & o4l U3t
(voluntary firing) & oJ¥to] FESFA| LAY HZAE
(anterior horn cell)9] ¥rAR&(reflex activity) 22 e}t
HoH11,12].

& 5 0] A k= o sh E= 2 Y 2
A7t FAAE 5t Ueh=s A2 Spikeztal s o]
*Hbiphasic) F+ 4M(triphasic) 2 & she] & HA(<L
2,000 pV) Y= Hola A o= F85kA] 4rH7,9,13].

Spike2} E] o 597t Sl U= 2o
& BurstZtdl st 7[AA HFo] IS W yEhal o
(polyphasic) 422 5,000 #V o9 2= H]ItH1,2,
7,9,12](Fig. 1).

og] A7 A&F o7 A= AL A1AAE9]
Aol gt H o R F35HH8]. Train FHEHOE 4=
ZoA FESQ oY 2EE7E 2498kt veh=t
Burst®} &2 4170y A17o] Stretching ™ UERATH
(Fig. 2). °] & A traint= FEAHA Y= AR 2o ot
% %il(sinusoidal pattern)e]™ IHIE=(60-210 Hz), B
A|4717Hmilliseconds-several seconds)e] £%o]|c}, o]

o
St A traine 10% ol X&EHW £& T AHTE ds

A Spike
J2s50uv
| s | —
100 ms 100 ms
B Burst
| ey | | e }
100 ms 100 ms

Fig. 1. Electromyographic signals. (A) Spike, (B) Burst. Adapted
from Beverwyk et al. [1] with permission of Springer.

(neurologic deficit)= 4 &= Slof FE as5p, H3t
&k (complex repetitive discharge)¥ H|525FCH9, 14~
161.

1 Qo] 2AE Algg AZ7|(electrical cautery), S
(suction tube)o] BAU, SSEPE ol ©xAl17go] A=k
o S5 QlFA4lSTE SRlETt

o s

2) K2 oA

AITATE A8olo] SEFAAA AAE T o, A5
gt shado] ofele] Pl T 9heA Fabl ek & 417

o] AlZjstA AetE= 5 Agh EoAE FHEAISTL UE
W Rtk ojHst ¥ QI+ electrical silence”} YRS
o Atk oA ol APUTAEA A= s =0 Bl A
Eo|w=7} Wil 31 71&(warning criteria)o] H2FolA] e
o] ItH13,17-19].

SHATE AMAEE 0 AAZIO R LS A ARAIE
4= Qo] S4H 0 E HEo)A feedbacks & 4= JloH,
e A B5o] sfjAof o3 AWt oA oF
HA7uH (facial palsy)t A3&olA A5A72EH|(C5
palsy)9] &l f-8skh= 7ol Urh9,12,14,15,18-201.

webA AALHEE Al PESAEARAIE ok 4
2 MEP Y SSEPE &7 Ald¥(multimodality IONM)3}3,
S| 71A S S25] ERlsh, ey 3 et
Aasto] Yrolot ni oo} Aojof wet ZHEAISE siA
Sz Aol & F AT A& dshs d Zeo] Hoh

4, QEAME(Triggered electromyography)
FEA0RE 280 AVATE 7|55k AU HEet &

2, SUTAEE 2544 79 5 s1sk4e Ho] ol 9]
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—
100ms

Fig. 2. An example of abnormal electromyographic activity during schwannoma removal operation on T8-9. (A) Burst signals in the
right abductor hallucis at the timing of tumor contact, (B) Train and Burst signals in the both abductor hallucis during tumor removal.

= Qo] $A Aol ATEE gjlstal, AIFat Al
o] 715 W7o, HSpaolA Aol AdsHA AdE
SAE Bl ol 4 olfE e 5 AR
FEZAEE @54(monopolar) E= F=d(bipolar)
e A2 stimulation probe)E AREsto] Algsict o=
A AR AETEREY] dEFERl AIXE RISk
Hlgf], FF4 A=A APAAHCERE HEAAES
ol AAE A ARE0NA A7 HEt 9IRS Aot
= d) S¥5itH1,2,4]. et o g o ARl A3
7 WARE A=Hpedicle screw stimulation), 23 A3 Z;
H(direct nerve root stimulation) & A17FFo||A AFFZ
B2 FEol= o o8| = B, 54 AEEAAE X
7ol A= 4 4l7o] opd FE2EF} AFARES FHcke
o] AREETH1I

10 o

o

N

3 B9l Eol
Aot Al7dol] gk 23 AQl A7 1A= direct elect-
rical stimulation)< g A7 @ AIAZLS EQI5H= ¢ =
25 = 4 9ok 50-100 ps, 2.1 Hz9] square wave2] 7]
A=E ot A17Fo] §R=E CMAPo] 7|SHTH12].
i AR Aoy AT gRloks o R o
F Al7olut Aol 0 mARH FotH AFAI7E &
T2 470Ut 4173 ol| A eksHAl CMAP UrerE mi7k+] %15

Stk HA1749] AL AEAEE 0.01 mAR Moz 2y
A2 0.5-2 mA°lA4 CMAPo] &Rl=TH12].

A7 A& (ocus)ol Ao 7HMHESFE, 93
(threshold)7} WolA|H 417 ZAo|A A=l E HAA| &
o], CMAPY] A7} BotA| AL Z1&o] AXA YeRdrH12l.
YAl 49 2A=e] 9271 1 mA olskehd A= FHof Al
730l & 2o & Hr oA 1A|sto] o5t a2 X
F 5= =E sfjof sIrH12l.

AZB2O| 7ISHQl HEl Ht

A7 d Ao dig AREAR A7 ol A1 2
A9 71540 HEE Brkoks d ARSE 5= ok B
A1749] A=9] IR 2 mA BITkolH, &4 HIokAY THdH
o2 QhE]ojA WA l(pathologic) A17olu AlAZoA =
2/33t0l o =2 A7 9A7F asto] 3 mA ool
tH1,21]. skA9E H&Ql Aoy A1) H71A= ] gt
2|7} o =R, 7]A1Z 91 A=H{mechanical irritation)©]
izt A= o Yo, APEHE A E Spike E4= Burst 41
S5 E 4 QoI

& B0l A 43S AT o UtEet Boleg
2E 5 e AFEold Y it ek 4SS 1L
2gfjof git,

A A Aer 4 23E B3 A7 volume
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conduction H&= AL HAAE A=51o QFHAIA
A} CMAPo] Yel= ZACZ current Jumpahal 3P4, HHA]
st7] el 7hsolH Y578 AFHAAE ol&stAY, T=4
AFHHAE ARSI H 7hstt A2 A=F08 CMAPE 7]
SIS SHH2l.

1231 k] Hg=dloli} FHol QA HH 3|27} A7HA
CMAP©] 7254 %= current shunting®] A& 4= 31o]
=4 237 HojHe o] A9 A=71= AA=o] qlojok
5tal, A=E g dofl= E47](suction tube)E ARE-5}o] o
wstofof ghe(1,2].

3) MFZ UAx X=

237 YA (pedicle screw)Z 0]-83t 2517 %&(spinal
fusion)& 0] MPE wHslaL, Mg gHsty] gt
& WRHOE T2 FQ5 FRloA gol AlgEH. A5:1Y
SA| A3 AR 5742 o A5AY nfdE 08
Aelsto] AASHA H=tl, 254 UAREo] dlgE F=HT
QFZolLt o0 2 Hlofut YA|SHA| E AP ApAlgE &
o] 7Fs7dol Qlth1,22](Fig. 3). H574 WARRo] d3d
AR A== FE 2% 10%C]H, G749 AeAlgE
9] &4 2%-3%C1 O|ETH22-26]. WEtA £&F FA-
(intraoperative imaging guidance)®t &% FH=7t
£ A ARESto] At A7 RS fAAT1E 34
o|tH1,22l.

8 (bone)= A=} Qlo] M7A=A] HpA7E L
74 YA A10]9] current transferS AgsR=t], 23
(pedicle wal)ollA] T<(breach)o] =W YARZOA] 234l
Lo B2 Ao A7) ato] WAYsHA =1, A7|AFA|
g HgA ol wel CMAPo] 7154 4= ot waka] A
7IZA=A] 10 mA o] B2 AR7t A7-E €36k |

= H

==

J

NI

=
=
=]

=}

. ol

3

A LI
Vertebral body '.:._,:-"'_ Spinal canal
"’ :o'._:a -‘.;- .
* -
N L
" se™ t LY
Pedicle , Ay ,',;/'-, b
. , I,';" ’—v 'f(
be A LN A
"‘| T,y .
3 T
PR DYV &) 25s Sa o
RN %
28 T A5 ‘. ."4"‘ 33 A
4, S ey
e %

7 pt
4‘ Right L5 Thecal sac g

containing
cauda equina

nerve root

QA5 Aol A5Hol eFgF o R 4l o] XI5
Aok & 4= 9o}, 5-7 mA wThe] W2 9X|E HQlthd
UAREo] Z% 9A(screw malposition)2] 7Fs7de] &t
(1,71.

37 ARl digh A S ARRE F- A
7IAESHAY, UARESE 971 flsf 9HE01l Holex B9 A
7\1ZE0ke wol 22l B4 AERANAE A8t
100-300 gs, 2.0 Hz9 &#F (constant-current) A=< O
mAR A4 ZHAIBHH(screen)oll BEgo] UERE w74
0.5-1 mA¥ A= 271 7182 st YroloflAl 1A|s)
of gitH1].

FETAEE ARSSE H34 AR AR ofF] 7H4] 84l
o] PFE FE=E 10 mA2] FA|= HFo]7] eE7|of] sfAo]|
Folofjof gitt. Egd Agkoz 0 ZFt dutElo] 9d 4
A7 B, B FAAAE Hel B =2 A=9A7t
FQs}tH21,27]. AAR 22 ARIAE F9lof wet 417
A Aot 2w, B0 wet HA1743e] A=HA7F o
S & 5= ATH22). 193 S B9 FHeE A AR
7S A WA YA FESHA =L, dAl= W2 A
FAJslo] 232 (current shunting)® 28514 Eo =

FE 34

L AFAAE HQIrH22,28]. 11 ot GHA Fe dF
24 TPAARS, ShaS T2 3R] AA A, AAES
AAAS] A H57g UARe] Ao wet H7IA ol w
E =95 g2kl 4= 9JrH27,29,30). wEbA of ] Algke
Este], I 9y vt JX|E vlwstEA gst=
o] WFHoE [-8sitt

a2z

s 259 WHeE 7S Aes, e 5 2

’a
; Malpositioned right screw
impinging neural structures

Fig. 3. Lumbar pedicle screws. (A) Correctly placed screw. (B) Misplaced screw. Adapted from Beverwyk et al. [1] with permission

of Springer.
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A% FAY B2 HAE T HpAAEEY] A=dirrita-
tion)& Aok APALALLY, Aol HEH AL 22
hardwareE A71A=0t0] 7152 B7lols FUSAER o]
Foldt}, & T THE TAE AAFSASE de B4 &

QIrks 83 Aol AR, WgtEe] H]s) Bojwrt vhe

A9 g 9 AR 339 ol
I $&ZAABARAE sl Ao] & & AT

ABELY 7S €Y & A
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