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Intraoperative neurophysiological monitoring of spinal roots and pedicle screw
placement

Dougho Park', Heum Dai Kwon?, Sang Eok Lee'
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ABSTRACT

Pedicle screw (PS) instrumentation is widely used for correcting spinal deformity and instability. However, insertion of PS is always exposed
to the risk of nerve root injury. For safe placement of PS, multiple methods such as visualization, palpation and imaging technique have
been applied, but all of them have some limitations. Intraoperative neurophysiological monitoring (INM), specifically triggered elec-
tromyography (t-EMG) is a useful test for securing safety during spinal instrumentation. It is a quick and accurate method based on
neurophysiological changes due to neural injury, but there is also a problem that the reliability of this test is doubtful because of low sensitivity
and variable stimulation thresholds. This review focuses on not only methodology and pitfalls of INM for spinal root and PS evaluation,
but advantages and limitations of INM compared with other diagnostic methods. Further, we suggest the need for a new protocol ensuring
maximum safety through combination of INM and other techniques.
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1. M54 LIAR &) Al D2sHoF & ity 3

AR o83t HAF14e2 H5 85 8
F A= glom, 2 F35 FojofA] Wol A= ]
o} YUt o g F30l QoA A:A(vertebral pedicle)
S uet A (vertebral body)E WARES AsH= WS
ALERIT} oM F2 S50l eVl ot A5 ¥y
= WF5k= o] = PR 1L, QFolM = A A
S(spinal stenosis)o|H T 417 WHwo] B4 E[4
25 HYol o3t o] FE olETh AR B B9
(instability) B8]0} & o 1 H&E Al¥shH, 7REgo]
(lateral mass)E w2} YARES 4sich

A5 UAEE 8ot Adsh] eiA eAte 24 7
Amkete] sk EAE olsfista, ¥ FAslel= B
o7 ook gtk HAAEE 2 A9 S (medial),
of#i&(inferior) F-E wh FHSHA =m, wbA] YARE
o] H37 9] FH AZET} &, ofg& o= Yo} 9
A 7B ApAAT 449 7hsAdo] =1L AFoAE
7IER oo A AUAA FEC & AR o] AlE ¢ S
ABT £3& 4o 4 o, H5FHspinal canal)¥} U
ARl A7t A& 2 mm oV FEE|ojof oS HASH
k= At Ao QIoH12] Byt ofy gt YA B2
ZZA| Yol ghs] Ado] Eofof s, i Zlo] Zoid 7
9 AZEQld(anterior longitudinal ligament)4 @3] &
AE 4o 4= A1, YARRo] YR A AdE A Y
7} @AYA AT (oosening), & FI2 Ydh= wHE9] ot
3ol FHER| gk 4 Ut

B9 A%, 850 vlsf| F5H9] A7171 Zem, 0|2 ]l
off LhARE A Al A5 248 32 WA 94 o (screw
breachy& B 7Fs/do] didog =rt E3t 5= A
Hog HEFo] AHo] F, T 9 (Pleura), T B
(Great vessels), 2]=(esophagus) 5 F9 A7] -2} Q-
Skl 9lof 873 Blg] ¥ EW2 o5 a5k, WAL A%
o] 9IX7F A3 B AR T 7S WSk 9l
th Q39| A%, AFH E FERO] A7 AX AR
stola AiZ o= Qbdska A UARSE AAIS &= A i
=tH13l.
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gy o5 tiRE2 olFfjolA 48T e T IFRELA
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) REUTQ| ZAKevoked potential, EP)
25 A (motor evoked potential, MEP) ¥ A7
T 5rd Qi (somatosensory evoked potential, SEP)=
NM A] HHA 02 7P to] A8E= A} Zato| A9l &
WS S Brieket doide TRETE =4 Yo
[21]. ZA9l(epidural) AFolA 7157 MEP= Y9F
(distal)ollA] EATE A1 49 JkE HA] gkon,
N AR ZS(single distal limb muscle)olA] 7] =3t MEP
= o Z848(myotome)?] €4S HHI5)7] ofHct. SEP
IA| A5 B9l Aok o8] A =4 74 4s
(summation of signals)& 7|Esh= Aoz /fE AAFZ
(individual nerve root) &A= 351, A HIlE H
o] gk &= ATH11]. THEE A7t HE9N(dermatomal
somatosensory evoked potential, DSEP)= 7i& Al7FZ0.
2HE A (innervation)g W= TFEA0] 1o} & T
ZAHE A0t SEPRFSS A= HHAoE JfHAARTS
w2 F7}8t 4= Qick 12y} DSEPE: SEPS} 2] o e
o] WQsHH, =& WEAl(variability) ¥ &39] vizER
QIsf SEPof| H]s| A& o= A= Heet vk 24717t
1, 53] == & Aol At INM B34 2171 418
9] ZHdolut el FaF 5= QIs) o A|eko] Wl o 4
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2) ZMT ZAHelectromyography, EMG)

A7 WARE A Al 9] AAETs 2AE AP
o] f-8oH &84 4= Stk AT AARE i AT &4
o Yist, FAlol ol ReIE HARsH ]9 &olsla, &
A7F SZHAQ1 9785 sh7lofl ARt Aol At INMoA
Aol Sl 2= HARE AP A% (free-run EMG) A
At} 9F A% (triggered EMG) AP QUth

A TAE A S AR B A5 TAE W

RS R IR TR WIS a2

2 AT 4 9on, =AY (motor unit action
potential, MUAP)E 7153t #5417 A (irritation)
o} &4injury)o] TS 4%, 715 Aol F2Eo] Q=
g Z8ofA 1Fa=e] A7 W l(neurotonic discharge)
o] 71&4rt. F7|¥o]7] %2 F2 EduKshort bursts)E
7Fs e 4= q9lo), Uk o2 o|Ro] A1 £44& AlAL
Sk A9 AoH, 32 Y(tugging), AlH(irrigation),
7] A H(electrocautery), 24l AZ(soaked pledget) &
of osff fE 4 Sk § 33 e X&== 71 vhlong
trains)}2 A&E+E A(traction)o|Ur YHHcompression)
I AT, F o B2 7Y AF &4 AA] e
9] 744 S 2 FAl(intervention)s A3}
[11,23].

I FHE= 8 AT LR 7S 2 AARE
LARE 97] FRlS e 7MY 783 AAF B4, 254 U
AR A e Al INME] 2710] == Aot A7 U
AR A ARE FHESHE IPYolu ARE Adshke 23
oAl AxzEe =R 7] A= 7ote] ERk-5Hel(compound
muscle action potential, CMAP)S] ¥4 8.5 3H01E 4=
Aom, o]F YA AR 7o S48 0= wrget 4= Sl

TS I PHS F 7R e, 21 A%
2] A={(direct nerve root stimulation, DNRS)®T} 7Hd
A17 B8] A=indirect nerve root stimulation, INRS)H
o] 9low, F 1A HE INMolA R-835HA &84 4+ Ut
[9,24].

i 2AE AAF Al 1-5 Hz ©99] ¥ vk A=
(pulsatile stimulation)2 AR&3IH, BA7|7Hpulse width)
2 50-300 msO& JHH25]. i ZAEE 59 AAT
7 A3E di= FHW(constant-voltage)o] obd A
S (constant-current) 02 A= 715foF SHH26). AL
(voltage)}Z Q1A ZZo|u 7 5o &J3t A3k visto] A
9] 5E2 WEo] F= ST H(driving-force)E Aot 4
o, 29 HA(Ohm's law, V = IR} W2t} 2574
AR AR F A s FAE AR A H d H
Aol vyt 9 5, I, E9 50| A FAIATE ol
85 (osteoporosis) F5 5 2t 7R S/goll w2k A% 4t
ol gapd 4= qlow, E Fl, AN 7] Ao whtA
T Ao Frert gebd 4= Qlok wEbA M A= &
785 T A=l Bls SRt 2o tiekido] B AA|
= EAIE dIAZIA =HoH24). webs] 99 2AEE Hrre
= AT A5 ARSIt

A= Z H(stimulation probeq= & FollA HF9]
23|(current shunting)s A4Skl s F=2 @24
(monopolar)?] I A= ARESIH, AFZ2HO| F1t

=

e



18

Dougho Park, Heum Dai Kwon, Sang Eok Lee

& Eball tip)e ATt 24 EAOl J5 & AAE
Aggsict g2 A=ZngzHE ARRSH of, 1:]-01 vl A=
(single needle electrode)E & F-9] HFHTS(paravertebral
muscle)l] YAAIZI=H], A= HAR7E A S A (return)dh=
AEE AFdiErh

715 A=Hrecording electrode)?] 7%, & A FAAKR:
7t 9] Fel(level) B 7159] &0l 5= 1Fslo] st
17} ol S5 AEsh, o]2 dukHQl A AJufjo]

Er{{Table 1). ¥ Hrs A=Hsubdermal needle electrode)
= ol&ste] 7155, iR e 5 ofid I5olA A 2
Ax 7ol 7|1=3hh

A=A71= 0 mAolA AlFSHe], CMAP ¥Rl o= A
A7 AA8] F7HA 7= Al 02 Xdgst, X A=A)7]
£ A7sto] 2] QbAS BASHof star, URFE o= 30-50
mAZ A5 4= QItH25]. 718 717Htime base)}= 10 ms/div,
EJ} FM(filters) 10-10,000 Hz, W E(gain)= 50 uV/div

AR5 11].

(1) 2™ AMA #2| X =(direct nerve root stimulation, DNRS)

DNRSHZ =2 WA A 7919 Al olA] A=
9 X|(stimulation threshold)ES Z2AsH=4] 883514 AFLH
tF. DNRS AA7E 21A 0= YARRS] Z5E fIXE AAFE
S Q= AAF L ofy™, INRSeF Agsto] &gt A=
AAE LIl b= AEolA INRS 235 AgsH] siAd &
A Eol= IS o 4= Qlok DNRS INRSeH 2] A%
O] FF= A9 HA dorug ofz] o] HAE IS A
= 04 O P olq_ [271.

A7st FAAAH o2 75eh= H4AA2e] AL oy
A AT A= o] §E32 HolARt, THF o= ke
Ao B, TEY, FEEZFE, S 5 Aol Tx Al
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Table 1. Sampling of muscle (Myotome) during the triggered
electromyographic examination

Root level Muscles
Cervical C3C4 Trapezius, Sternocleidomastoid
C5C6 Deltoid, Biceps brachii
C6C7 Flexor carpi radialis, Pronator teres
C8T1 Abductor digiti minimi, Abductor pollicis

brevis

Thoracic T7T8 Upper rectus abdominis

TIT10 Middle rectus abdominis

T11T12  Lower rectus abdominis
Lumbar L2L3L4  Quadriceps femoris

L4L5S1 Tibialis anterior, Gluteus medius

L5S1 Extensor hallucis longus, Peroneus longus
Sacral  S1S2 Medial gastrocnemius

S2S3S4 External anal sphincter
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INRSH LA AHQ] =29 A (insertion tract stimulation,
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L 2ol 7idolthFig. 1). ol A" WARE A Al 99
9] B IofA A7] A5 o] A543 v 2RI
3 &= Qled, o]zlo] B INRSHOl SigRith10,311. ITS Al
Al7go] 7Kg 7WAl Avks B34 S (mid-pedicle)l
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o] S0)7kH=A] HHEA] ERRlgof gHH32].
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SA AR M5 AR AR) A A 4] 9
1 = AR P9 FAle QBT 8 mRoflA| 7t
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A} el gt B2 ek Hee], 7 AAR ko] vlal A
ERF FESH AL STk
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A ohe ZloR BRIEITH34,35].

INM# T2 ZHAE Hladt 55 B9, PSS7F RAIZAL
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Fig. 1. Indirect nerve root stimulation. (A) Insertion tract
stimulation, (B) Pedicle screw stimulation.
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55 ERIF 4= = o] U}, PSS9t ITSE Hlwst <
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5. INM Hg Al Zit i8S OfFA ol= R4S

537 Aol oed A= Aot AR I
AT A7 AR S S Sske Ao] A8A gAY F
SOl AR, AA| ol 288l B At sje] oI
T o8 7 8450] 2deH, orjele 71, AEld |
a7 B 28Rty o2t Wiaee 43ARl e 3 B4
of QFdell Aol He Fa3t FEol. A5HEE INM 4
& Al Fefsford A (pitfall) B’ 23} sj4o] slej=|ojof &
Hago] s st g,

1) X3 912 Ty

etz o R Y2 A= QAo ¥ HAe= Aol &
3 A= AYEE 7S EwoRit: B ol A
JAS AV|= AAE B2 W I 29E AFE 5 A=A,
of2] fxpe] HpefRt AAIA A, & Wil Aol, e
84 5] SEro] dusA A8 5 e A= A w2 o
oRRIRe] gt A2 ALA R =oEal At Tt o
Aol st ofids] 23t ghe] v % w=r3o] AR
tH6.38,39]. Raynol G [401 PSSAl A= All710f] w2 LAt
x A1 o1del 7Fs-d(probability) AolE 213t vt 9lo

H, 2.8 mARTH R 2= Al710lAlE 100% WARE 9A] o]
o] g % YTk Bk olX A3 SiXjof el &
A= A Qs 4249 Fal(case)oll weh AGA HAE
Aok QAT 54 9l2ie] GOl alo] & F ol 1F
g TS UEe Aol 835t

2) J2 Lz 3 Sy A
A= G2)o]| theygdo] EARE A2 Aate] AlFwrt g
A 3 Q1SS oulgit) wZtEe} Eo|xE A3t ofg &
< 1S B, 53] WETt Bolzof vls] ¥ Ans
Holow, GsHAE A= Ao whe} RISt Solwrt &
A= TS BAH41-43]. Mikula 5 [43]9] A7ollA] =
SAI71E 7-9 mAR AAoHS W 7P =2 UEE B9
O, 10-12 mA9] A= A7|olA 7hE =& Bol=E 3l
H, AR =2 Bolxo] Hlof F WHEE Btk tE
B o] ofohH 563 WARE AR Al 8 mAS] A= AEollA
7P 2 U4%(0.82) € E0)%=(0.97)& BA o, A A
202 Eojiof H|gf W2 TS Holdl glow, Fo
A= 6 mAS] A= Al71014 5187 FsEHacceptable) £ol%
(0.90Z BHJout, W mZ(0.43)& A3 AAF ZA19] Al
Frert F2E& BIsIATH38]. Kulkit 5 [44]19] FFtollA=
10 mA9] A= Al712 PSSE ARFS o §5, 254 &
7 24%, 15%2] 94385 Helrh o|Xg 2o vigEs <l
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[AEC] oigh AEst 1S Bl A 23 HerronE EY
& J=E Hfgte] =S 7sfof gtk

3) X3 x| Y
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o B
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7F A9eH, o] AolA ARAES FTHE, AT
AAE ETE g GukS vk Qi A1ATa AL AATS
Wro] ZZte] Wit A= 93] ghe S7gstgit). dakgo=z
QS F9| HRA17470] AA Wt A= FX= 6.34 mA,
G4 AT et A= GAE 4.33 mA, T kS W=
A7l Bt A= FA1E 11.93 mAR Alo|E HHTH28].
AAE < 9 Ulof|A DNRSS A3 i 22 SirjofA e
Bolo] whzh A7 ekl Hwrt than, A7 A AAME &
417(denervation) 282 FYsHA Holo2te oLt 29
Aol wiet Zzte] AR A= QA= vk & S Ut

weh S A ek AL QA A 2 A7) 4
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