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= Abstract =

Characteristics of Trigeminal Evoked Potentials in the Rat

Yong Gou Park, M.D., Ph.D., Bae Hwan Lee, Ph.D., Eun Jung Kim, Kyung Hee Lee,
Jin Woo Chang, M.D., Ph.D. and Sang Sup Chung, M.D., Ph.D.

Department of Neurosurgery, Medical Research Center, Brain Research Institute, Yonsei University College of Medicine

Background: The trigeminal evoked potential (TEP) is one of the somatosensory evoked potenitals
which have potential changes through the sensory pathway when the somatosensory nerve is stimulated.
The present study was conducted to evaluate the characteristics of TEP through the trigeminal pathways.

Methods: Under urethane anesthesia, male Sprague-Dawley rats were fixed to stereotaxic frame for
evoked potential recording. The area around whiskers which is innervated by a pure sensory nerve branch
of the trigeminal sensory pathway was stimulated and TEPs were recorded from the trigeminal nucleus,

sensory thalamus, and somatosensory cortex.

Results: Distinct TEP wave-forms were observed through the trigeminal pathways. The observed
latencies were coincided with the ones expected through the conduction pathways of the trigeminal

system. The latencies and amplitudes were specifically analyzed from different recording areas.

Conclusions: The results suggest that relatively consistent TEPs can be recorded through the trigeminal
pathway and these may afford normative data for the pathophysiological studies such as hydrocephalus,

cerebral ischemia, and sensory disorders like trigeminal neuropathy.

Key Words: Pain: Trigeminal system, Evoked potentials, Nucleus, Thalamus, Cortex
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ial (VPM) thalamic nucleusE AX FHFI=Z
postcentral gyrusol] =@F ] =S <2l
ez & A7 FEde e

b al 715
Larsson®} Prevec”©] 19700 X202 7|E w33}
Qom ol WA FUAY WA TPREAH
2o A, AANAE, FAULED 58 FANZ
2 XY Aol 9@ Hae YA Ten o 7
Agolel BEE AT FE4E UZH] AT AT
7 asold ekt

1989 Tizuka5”°] # o4 middle cerebral artery
occlusion ¥ parietal 1 areaol|A] trigeminal Z+Z}-5-3F
A7t 24=HE Aol FAH F SakataniF 'V
3 FUHFAHAAMCAO) F FH=I, AT, AR
AL A=3}A] silver ball electrode 2 722 91 S
ZAsATE ol AR & 5 FEE
MCAO ¥ TEPS] X Eo] {oujatA ZFol=+
Rl cortical evoked potentialo] ol &3 &4
ol f&stttn Rusga>? 1 F od 3
So] o] FREHAoY AAALAEY FRHRY
“H Z}:" AFo] AANAC =&sr] 3
o3&t artifactZ 13 A}
AR7F dH#A
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471 Sprague Dawley 31%](250~300 g)

E ALESIATh vEEAIZ urethane (1.25 gkg)S 27
Yol FAstEow, 7= BHlE GAE 930 atrophine
sulfate (0.8 mgkg)E TSFAMSIAY. 713EANES
Aol g o GRE F FE AR H
NE T Y-S =23t AdsAT. FE
3 AAE AHdstd AZLEE F3Z

E} Pancronium bromide (10. mg/kg)E A= FAIsIA

28] 252 olghA F

offl _i[}l
f”l

0135 & 7](Rodent ventilator
model 683, Havard Apparatus, South Natik, MA)Z &
& dAsA FAAIIHA CO, =3 7|(Normocap
200, Datex, Helsinki, Finland)E ©]&3}o 7] CO,
ZA7FA 3] 30~40 mmHgAlo]| 2 %x]—a—}oau}
Iy A" #e Esle Z=w gk @ wuks
L0 et FAAE NEHoR
7] 8¢4& 80~120 mmHgAlo| 2

A8 TJ_ =2 A9s
1shlge Scientic Instrument Laboratory, Tokyo, Japan)oll
TAHAF)AL, heating padS o] &3te] HA W AL
35~38°C2 FAANZT FEA9 71E5S A8 AR
A7 AFH dHE FES, A (bregma)S 7]
Fog 3o =WOoF 2 mm ]7\1 9 mmZ7tA ZA

(craniectomy)ste] A uhg =E& 3} Th

o ox I met
o
N
N
>,
ol
ol
=)
_t
mﬂ

< (stereotaxic frame, Nar-

Abx}Al % A= (stainless steel needle
electrode)E AMS-3IA T AAAl Ao FtEAE A
F3t7] A8 FoE FAAR W
AMEE A HA Fo] 4%

Ao A HFE <

& F ANAFE FAT AT AF5e AFA

M ox
2
1l
o
2o
o

o
WA, Al AR FhE
o

i
&
Cin

7]1(A385D stimulus isolator, World Precision Instrument
nc., Sarasota, FL)Z T FWd WaE 3~4 Hz9
WEE sho] 0.1 msec & A=3hth A=2] A7
T 005 mARE HA F/IAZIEA Zhzhe] A7)

Fuage BEse BAdd 47 AF
Fol EEH=AE AT FFsHEA oo
-7



g 9] 5% AF A AR o] 5 55
xzs17] 18] A=2E 9 H = (stainless steel, NE-10,
Rhodes Medical Instruments Inc., Tujunga, CA)S A& J/ N1
Stk of WS 14 mm A3 ABe HA A 250l
XA BX dFo2 3ta, e FAFRAA= 20 msec
02 mme] F79 1 mme] Aol dAd =& 4ol stimul
e Fdo] AYEe FAHToE iy FAdRe
F ARE VIS F dA ARE Aotk FEHY

= IBM Pentium computer2 <=3 3}o] Spike 2
program (supplied by CED Co., UK.)S ©]&3}l4 7]
Sekdth zb fAelAM EZHF H99E 303,000
HzZ o Z}(filtering) 3} A A 10,0008 ZSZ &3 30~
3003] ¥ (averaging)3} % T}
2) Alatn} AMXIAIZSHOIAM Q] AMXIAIAFEA 2|9 Fig. 1. Representative trigeminal evoked potentials.
A %H

7|Z: Thalamus®} nucleusoll A AFxF41

71%23}7] ¢ concentric bipolar electrodeE AF-&3}
Aot 1A= thalamus®] 739 VPMELIQl ZHA A oW |
HZ02 314 mm AFYAA SLOoZ 26 mme] T . g e —=_ 40 msec
X A Z2o] 6 mmol A nucleusi= prin sens trigeminal
nucleus ventrolateral ¢ HAAA HEBOFE 95 TP/VA ‘\{\/\/' e P
mm A HolM ZWoz 25 mme YN o]
8.6 mmoll A 37 9] 7] ¥ (stereotaxic method)oll A3} — J\' \ e Py
o] 7= a
2z o} Fig. 2. Typical trigeminal evoked potentials produced by

the same intensity of stimulation (Coordinates
[AP, ML]: upper left; [-1, 5], middle center;
o] AEeIA /1%H U RPe FPUY L2, 6], lower right, 13, 7).
o] 95 S IH(negative peak; N)Z 3} 9]
3} (positive peak; P)E A ol3tH L, 7= 3

14 &0l get N Plog pRad BASAT  AFd T 40dNE /1S9t 2 29 94

7y g9 FBEVe A-AAY FEIE SHIA 2 H|%3 33¥LS BPor Paxinos®t Watson'®9)
I AEL FHH FHAelE ASSt EAISHATH atlasoll o] A Fo A7z fd T AAREE 293
D F=E AR SuEelo] 7=l € Part I F9oA FANE 71E5F F AT
(Fig. 2, 3)
RN 715 AT FEALAY TE @ cH=mEoA e 7|2 Q|0 M2 AXIAIE £
R A 2719 2L HER arifactS AYEL wx9lo| A=7| Hsl ¥y AN =3 Al
£ N1-P19] F 7h9 g2 FAH AR h(Fig. D). 7 z

FA9e] FEIE itiald] A AFAAN H

1 mm, 5N o2 7 mmF-$olA 2.56+

0402 7Pg W] JElsion, N19) A9 WA A

1) o= o E: 715 g & AAAE FEH HEZ 2 mm, AZAAA GoZ 7 mmEY A 2046

A5 715817 S8 A= 71TE dHE 22152 P19 A AAAAM HE 2 mm, FFA

ASE A5 S Al F ZAstelAd 1 mm A d0Z 6 mm o)A 46.78+3.79% 1 FTE Y
A o] F3EA 005 mASlA 9 mAS AVIZ M7 7} AR #A YERTHTable 1).

2) 712 A0 M2 ARNY RUTLISl Hst
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Table 2. TEP Amplitudes Recorded in Different Cortical Areas

Amplitude N1 P1
Coordinates -1, 5 37.82+13.11 -49.78+17.37
(AP, ML) -2, 5 61.20+22.12 -85.12+31.13

3,5 65.11+28.72 -87.67+37.37
-1, 6 45.35+19.70 -56.77+20.71
2,6 79.32+30.20 -99.31+30.52
-3, 6 63.42+20.72 -73.49+20.64
-1, 7 13.24+2.85 -20.71+6.42
2,7 41.67+13.26 -60.72+19.65
-3, 7 46.44£11.49 -65.19+18.33

Fig 3 Thigeminal evoked potentials produced by
@5 mA 9 mA) Cadess [AB ML}
upper B [ 5] midde ok |2, 6]
lower right; [-3, 7]).

Table 1. TEP Latencies Recorded in Different Cortical Areas

Latency Initial N1 P1
Coordinates -1, 5  3.02+0.18  24.92+1.87 48.52+4.31
(AP, ML) -2, 5 3.18%0.24 29.34+191 53.56+4.25

-3, 5 3224031 2353+1.87 48.34+327
-1, 6 3.17+032  23.57+1.80 48.50+3.47
2,6 3114024 22324199  46.78+3.79
23,6 355t042 24091233 51.22+4.61
-1, 7 2564040 26.19+322  56.12+5.31
2,7 3314048 2046+2.15 48.89+4.83
3,7 3.14%049  21.64£1.92  50.16%3.62
@ = m oMLl 7|8 /IR0 M2 MRRA R

EEERERREERCET
Fa9e) NI P1o AEGS A

Wl FZe| wish

e Ak

=
H B AFoA HZ 2 mm, JZHA do= 6
mm  F¢A N1L  79.32+30.20, Pl& -99.31+

Table 3. TEP Latencies Recorded in the Thalamus and
Trigeminal Nucleus

Amplitude Initial N1 P1
Nucleus (Pr5VL) 0.24+0.17 9.35+0.63 22.56+1.98
Thalamus 1.32£0.19  10.14£1.30  35.09+2.29

Table 4. TEP Amplitudes Recorded in the Thalamus And
Trigeminal Nucleus

Amplitude N1 P1
Nucleus (Pr5VL) 23.32+8.35  -29.2849.93
Thalamus 5.22+1.69 -8.71£3.07

30529 FoE UM =2 JIES /AL ASE F
A = AATH(Table 2).

() AlAOMe 7|5 /I E AXAAE Y
HMelo] FFT7| Bl A AAANE s
7123171 $138] bipolar concentric electrodeS AF&3
At A7A=FS dEH A MY AR 5L A=
2 AYstgor 1 9XE Paxinos® Watson'®9)
atlase] 2] A3 HAANA F=E 3.14 mm, FO=Z 2.6
mm, Z°olE 56~64 mm Atole]l AH F, A
T = EZ3(VPM nucleus)o| A SAstAdc. o 2
3 m}o] AEAE 7|7} 1.32+0.199) 2 N19| Hi
E717F 10.14£1.30, B MFo] 522£1.69°]3 Pl
o) H FE7)7} 35094229, HH WFo] 871+
3.07%] sharp waveE 7]= & 4 UATH(Fig. 4, Table
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Fig. 4. A representative TEP recorded in the sensory thalamus (left) and TEPs produced by increasing intensity

of electrical stimulation from 0.05 mA to 9 mA (right).

10 microV|
40 msec

20 msec

-

Fig. 5. A representative TEP recorded in the principal sensory trigeminal nucleus (left) and TEPs produced by

increasing intensity of electrical stimulation from 0.05 mA to 9 mA (right).

() ARAHOIML TIZ ARO M2 AR
Ul TBe| Wk AGAA HANG FEA

concentric electrodeS AF&3l 1 X +& Paxinos¥
Watson'®9] atlaso] A AAFAA HZ 9.1~9.8
mm, O F 24~2.6 mm, Z°]= 8.82~8.42 mm A}

ol9] A
ventrolateral part(Pr5VL)o|A ZA3stdc 2 A3 o
o3 e go] AFAE7|7} 0.24+0.170]3 N1
P FE7|7F 9354063, HHF HZFo] 23.3248.35
olx P19 HH FEI|7} 2256+1.98, BT FEo]
29.28+9.93%] sharp waveE 7|12 = )Ath(Fig.
5, Table 3, 4).

<, Principal sensory trigeminal nucleus,
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D27 WA AZRAFLAAE AALstE
olfre dukd [AAMAE AZHAE AL E EF
AE ZE F Sl Az F2H9 4] Jo
WAL fRddE s @ 5 glens 47
AAAZAAIRY AL A 1 &4 A= 9 F2H9
AA49RE ¢ F Jdve Aotk olygt FEAS
AAbe F2 3t A fefstes AHES V1ES=
far-field potential®} Al A7} 7 Z(thalamocortical

pathway) ©]’goll Al 7] 3}+= near-field potentialZ '}
= F Atk dFelA AF ol&HE FZ AEHAY

A Y ARLFEAS] HAE FZ farfield poten-

_l

tialS A sF=H| v%O}L} near-field potential 2 &
& A ATE FA) o5 FAHERE dddE 2
#E5 Q7] A5 & Fde wHKAY Y, T
ol gk Eeke] WE ol 9FS worm=
AT ARE A7l FAGESAT. AAAE T
Af e o AP FEALe vl AEHAGAH=
7b Bl ga d<est, WAl 7]l FejsiA] &
© EFAAAAER] A EAE AT F doen &
5o o] Hol THEFFOE 3 2FHE FY &
Ae Aol Avk 2P A= WY, 715
wet 247 Rag Adgrt g2t duAdel glen &
3] near-field potential®] 7% 1 F-8Ao M=

o].zl, l&%o] onq_

A9 FEs A% ASUH F B (tapping), =5
X% (vibration) 5 7|AF =
S (mechanical stimulation)> 5% #Z& AdFo R
A2ate] 7H4Ao] ot Hao] HEo| o} we
HFsly Basith whde A7 AT Aol A

%
@Qﬁ?“iﬂﬂﬂOHhA 12 g7t 87w
o

A1 7 (muscle  stretch),

phalic montage®] 7%~ noncephalic montage®ll ]3]
TEHEFHFLE AT FE FHoy A IEFY far-
field potential > EZ3}A] Hel= < 7} ek Leandri
%18)% Ayrol| A AFaEAl A 7123 Azt

3% N77}A], cephalic montage

98 A9l

noncephalic montage2] 73
o] A$ NIOZHA7F AlA oA
cephalic montage®] 7% A3 FEE 3
far-field potential S 7|58 4 AT HuFe} =
3k Sakatanis'”& 9 FEEAE 02~0.6 mA9]
A 712 H71A=3}Fe] cephalic montageZ 7|53 24
7} EXZHOF positive - negative - positive wave
(upward positivity) S R.o]™ HH7A] FHE7|7} 6.5~
8 msec] A WA positive wave O] FHolx 27)
o] 22 Zof mrt #AHJEH ol AF-9F
ZF A2 93 Ao g Rty X

P9 AALA 7 FR8HA AAAE RS
202 AF Al Yede 3¥o] d#AHA
AJE AF7tA] Hi g ne <
w2t 7|59 At 4] g8 oA
S WEA Kt low oled He
dALAME wprR| ot Abghel A
A7IA=3] T AR A
7123 A3S B farfield potential®] 7%
A718YH F4stE Bl AAA /&

+
o]

23 4 9l 1} near-field potentialQ] 7
3

m]I

o

QL
f5)
2
Tz
o
_n
rlr

i 1 2% X g Jf o o
i

=

H
N,
i

Juo S N oox ox oo
RO
> L
:

N

A A 7LA] =) 2
A9 H Y, Soustiel's > FE-7] 08, 1.6, 2. :
msec9] 57HJ}—€ Farste] 3HAZE HzE, SHAZE Al
YA fEE e E ¥ Jes Hrlkst=d

fr8&3k AAletal Baustoh EE L
717} 09, 1.0, 2.5 msecd] 37} %7] & @32 =

FollA 71538t Zpzto] AR A —rH«] o
A, Ha YR, HZre Ao A AdFe g A9
(presynaptic potential)©]™ o] ol E & x| = ZF
5, 6 msec?| = AF7FA S A FxE=, 7

-9 A7 WAL 10 msece] e IF
o o3 FAHE Relw 2 o|F9 e THFF

eandris 2 ZH&E

2
W Findler 2L J8E 17} 8, 14, 18, 23, 38, 44,
56, 114 msec?] 770 T7F dAAUA NEH AT
3191, Barker5"Ve FE7] 20, 29, 37 msec91 s
7N E3te] EARMAR 7ol S Hrrsted 83t
T3l 5192, FagadeSe FE7] 23, 39 msecd]

H7h REASe] X9 daglel dHHA 7154



T 9] 59 BAGA AT HUAAS) 5 59

Acka ATk Stechisons e FAE7] 6 msec ©] AT A 2F WALE B 247 AR 9@ P
A9 z7gEvte] XX AN 7]%5S barel columnol] ANE7F A@HW, I o]Fo] wA
Hrlshed 83t 1 o]FY HEL AL & dAS 53 FHY barrel columnZ 2157} 7
A AR Reg e F AAZAZ Uyt gl dEed o] dY FAES AYY FUSI(POm
3 T nucleus)S ¢ =2 Whgo] thE AlF-FHAZE WAL
HAE o] &3 FIAAY AP farfield potential g Afoted 2™ste AeE AgHI ok o]y
o 3 BuE A ¢lom F= nearfield potential 3 YA FHHo] 1992 Diamond®2] HLEES E
o disiMwr A7 ARyt TEFHJT ol AF ¥ 3 AAFHAC
ARE HA Y AZE UFE &7 W2l A 2 ool ) 71EE WE&EES Fas HA B
o DiITHE Y F9S AXNEE NAAT T F AFPelMe] AR WA ¥ N19 FHFEII} 21
HE B2 felA 4 ANE =38 479 & msec o449 HE vlFol XTI e TEA ZL&
F A A9d B4 e gE VEPed  JAAE dAHFT JAHEY EFoE x-™HE oY

Zrzke] ZE-7)= 8, 16, 32, 80 msecH W, A9
N e 23 AS-IdE 1 FRE B3 T A
=

7 9ol A F1Aske Yge] 2 e 84

barrel field®] 534 A< FHZ=3(POm nucleus)
AEE 53 22L& 22 F9 barrel columnEol <]

2
2+
= gk Ao E HT
o}

A4 AH F ¥ (postsynaptic potentia)E 2] & B AqAdger WAME oz FIEEAE A
o2 2AHE oY barrel field®] FEF FA(inte-  71ASdH] ARG FEAAE V15T A vla
grative processing)®] A Ao Z HwsTt  FH 2 Ad#ZQ] near-field potential S 7]= F UYL
o AR AAAE EAHoE A7 Fhd B Z B9 mE FFEHES AAFoEN FT
qEE= 2 8kreceptive field)7F Al A7+ AR T e A o] R oflet FFF
7y oA 9o A YA O Z (topographically) =4l oy} H3&8 -2 nearfield potentialol] FFS & F
stH, sid ol tial 7 A §veEte F & A HEd Wi 2dS o] &3 dFA fEd
|997% FH FEd=E &3} o] AALY] 712A8 2 834 AME-E Ao E Z|gEt

-
gom, ANAE AT

o] Earrel) RFoz EAsttn IHFA YoP A =

o

& A7e AdgFer 3 e FEHE A5 AAAAFERANE AEAS ASEds | 2
A 71AH ASE T3l F2 olFolA gow A AARZE wEt dojue I AW Az
ZNAFE AT ATE W =2 B AN Z4 AT SUHEA, B AFdAe IHE o
= A7 A5E ARt AR AN E VIS &3 TE4H4PS B AR AR F e 2AAUA
SR AF A7l wE 24 33 FEIG JAF Q FGRAV EXse FEAFHE AFEo Ak
T AR FERee] V1R A5 E AAGAT A7 FEAAE 7IFsEA 2 B3-S #F 2435

FHoA AAAE FAA= AGelFed 27kA]9 A 3, dgue 3389 dig ARE HAFEH, o U
2 ZA2E F3ted FUHE E5A(VPM nuclews)S  ob7t AV EH H4stE qrEst A A 4t
B A2 TS POm nucleus)S FF ARV AIAY FAREAE AT A FAE AR
e Ao dHA Aok AGFAY AF-aEzr wEY £49 5 folA FEH A WA =9 4%
WAHE % ARA JARY A4 A B T ORA, Al WA FaEHd H ASE skl
3 2 Eot wxE FEEH, A WY 71Emicro- AYT F AVAFTES FI, AAIAEH, A, e
electrode recording) A7 AH#ES T A EF oA FEHANE 7IESAT AANAY, A,
FEFAE AT Al ol HBHE FHS B3 Ao s Folo wet FEAee] F57), *
(VPM nucleus)®] 5 F&FHo] 714 WA 257 & Fo] B2 vUgwth IFE7= 4R
AgHa, FH FEAgde 25 =A HAEHY A A2E ©E A9 AR B A2
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X WANE hFoZ FEEY
A7 FEANE Y
near-field potential S 7]
2 3IFus /’<ﬂ A1 g
aAZNY, FFF EE
field potential | éﬁc}% % -
d& o] &g AFolA fFEx
&34 AH8d Ao = ZlgdEn.
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