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Characteristics and Pathways of the Somatosensory Evoked Field Potentials in the Rat

Hyun Chul Shin, M.D.,** Yong Gou Park, M.D.,*** Bae Hwan Lee, Ph.D.,***
Jae Wook Ryou,*** Chun Zhi Zhao,*** Sang Sup Chung, M.D.***
Department of Neurosurgery, ** School of Medicine, Donga University, Pusan, Korea

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

to monitor the function of central nervous system and peripheral nervous system. Studies of SSEPs have reported

the various recording techniques and patterns of SSEP. The previous SSEP studies used scalp recording elec-
trodes, showed mean vector potentials which included relatively constant brainstem potentials(far—field potentials)
and unstable thalamocortical pathway potentials(near—field potentials). Even in invasive SSEP recording methods,
thalamocortical potentials were variable according to the kinds, depths, and distance of two electrodes. So they
were regarded improper method for monitoring of upper level of brainstem. The present study was conducted to
investigate the characteristics of somatosensory evoked field potentials(SSEFPs) of the cerebral cortex that evoked
by hindlimb stimulation using ball electrode and the pathways of SSEFP by recording the potentials simultaneously in
the cortex, VPL nucleus of thalamus, and nucleus gracilis.

Methods[ In the first experiment, a specially designed recording electrode was inserted into the cerebral cortex
perpendicular to the cortical surface in order to recording the constant cortical field potentials and SSEFPs mapped
from different areas of somatosensory cortex were analyzed. In the second experiment, SSEPs were recorded in the
ipsilateral nucleus gracilis, the contralateral ventroposterolateral thalamic nucleus(VPL), and the cerebral cortex along
the conduction pathway of somatosensory information.

Results[] In the first experiment, we could constantly obtain the SSEFPs in cerebral cortex following the transcu-
taneous electrical stimulation of the hind limb, and it revealed that the first large positive and following negative
waves were largest at the 2mm posterior and 2mm lateral to the bregma in the contralateral somatosensory cortex.
The second experiment showed that the SSEPs were conducted by way of posterior column somatosensory pathway
and thalamocortical pathway and that specific patterns of the SSEPs were recorded from the nucleus gracilis, VPL,
and cerebral cortex.

Conclusion[] The specially designed recording electrode was found to be very useful in recording the localized
SSEFPs and the transcutaneous electrical stimulation using ball electrode was effective in evoking SSEPs. The cha-
racteristic shapes, latencies, and conduction velocities of each potentials are expected to be used the fundamental
data for the future study of brain functions, including the hydrocephalus model, middle cerebral artery ischemia model,
and so forth.

O bjective[] Somatosensory evoked potentials(SSEPs) have been used widely both experimentally and clinically

KEY WORDS[ Somatosensory evoked potential- Cortex- Thalamus- Nucleus gracilis- Pathway.
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Fig. 1. AU Recordings of SSEFP monitored at
each sites of cerebral cortex during stimula-
fion of left sciatic nerve. Stimulus intensities
were ranged from TmA to 7mA. When stimulus
intensity was increased upto 5mA, response
frequency and amplitude increased, but be-
yond 5mA, they showed no change. SSEFP
detection at 4 to 6mm lateral and posterior to
bregma was failed. BO Recordings of SSEFP
monitored at each sites of cerebral cortex in
each experimental rats during 5mA stimu-
lation of left sciatic nerve. The vertical line
indicate corresponding SSEFP mean onset
latency, with standard deviation in( ), with
fime in msec.
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Fig. 2. A Amplitude distribution of P1 wave of
SSEFP according to the recording sites. Stimulus
intensity was 5mA. The numbers indicate the
percentile size of SSEFP compared to maximal
amplitude. BO SSEFP N1 wave distribution accord-
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Table 1. Mean peak latency and mean peak-to-peak amplitude
of SSEFP at controlateral cortex when SSEFP were simultaneously
recorded at three sites(controlateral cortex, controlateral thala-
mus, ipsilateral gracile nucleus). Sciatic nerve was stimulated
by a single square pulse of 7mA with 0.1msec duration

intensity.

Latency Onset P1 N1 P2 N2 P3
Mean(msec) 7.58 12.38 1528 19.85 26.67 35.75
S.D. 2.58 2.22 1.9 0.21 6.67 17.12

Amplitude Base-P1 P1-N1 NI1-P2 P2-N2 N2-P3
Mean(u V) 4.64 4.47 583 635 1474
S.D. 4.02 412 335 512 1412

S.D.0 standard deviation
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Fig. 4. Schematic diagram of averaging SSEFP wave at controlateral cortex(A),
contralateral thalamus VPL(B). and ipsilateral gracile nucleus(C) with 7mA stimulus

Table 2. Mean peak latency and mean peak-to-peak amplitude
of SSEFP at controlateral thalamus VPL nucleus when SSEFP were
simultaneously recorded at three sites(controlateral cortex, co-
nirolateral thalamus, ipsilateral gracile nucleus). Sciatic nerve
was stimulated by a single square pulse of 7mA with 0.1msec
duration

Latency Onset N1 P1 N2 P2
Mean(msec) 4.4 8.49 13.78 19.54 44.55
S.D. 1.9 2.26 2.14 4.84 4.12

Amplitude Base-N1  N1-P1 P1-N2  N2-P2
Mean(p V) 1.36 3.64 2.96 5.51
S.D. 0.69 3.94 2.98 4.82

S.D.0 standard deviation
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Table 3. Mean peak latency and mean peak-to-peak amplitude
of SSEFP at ipsilateral gracile nucleus when SSEFP were simulta-
neously recorded at three sites(controlateral cortex, controlateral
thalamus, ipsilateral gracile nucleus). Sciatic nerve was stimu-
lated by a single square pulse of 7mA with 0.1msec duration

Latency Onset N1 P1 N2 P2
Mean(msec) 2.9 6.6 9.9 12.8 28.7
S.D. 0.5 1.1 1.6 2.1 3.0

Amplitude Base-N1  NI1-P1 P1-N2 N2-P2
Mean(u V) 13.64 8.45 4.53 18.34
S.D. 17.26 8.24 4.34 20.16

S.D.0 standard deviation
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Table 4. Conduction velosities of each sites, onset latency, peak
latency of waves and estimated latency(msec) according fo
nucleus gracilis onset latency

Cortex ou! P N1 P2 N2 Ps
Latency 7.58 1238 1528 19.85 2647 3575
(SD?) (2.58) (2.22) ((1.90) (0.21) (6.67) (17.12)
E. Lat3 11.28 1458 17.48 33.38
Cv4 25.67 1572 12.74 9.80 7.30 5.44

VPL5 oL N1 P N2 P2
Latency 4.4  8.49 13.78 19.54 4455
(SD) (1.9 (26 (2.14) 4.84) 412
E. Lat 8.1 11.4 14.3 30.2
Ccv 4402 2281 14.06 9.91
Nuc.gra.6  OL N1 P N2 P2
Latency 2.9 6.6 9.9 12.8 28.7
(SD) ©5 a.n a8 @n GO
CV 62.07 27.55 1837 14.06 6.34

10 onset latency(msec) 20 standard deviation
30 estimated latency(msec) according to nucleus Gracilis
onset latency
OL(cortex or VPL)—OL(Nuc. Gra)+Nucleus Gracilis peak latency
40 conduction velosity(m/sec)
Distancel cortex—stimulus=194.58mm,
VPL—stimulus= 193.68mm
Nucleus Gracilis—stimulus = 181.83mm
50 ventro posterolateral nucleus of thalamus
60 nucleus gracilis

O 00000 O 25.67mm/msec, 44.02mm/msec, 00
0 62.07mm/msecd] O0O0O0O0O, 000000 DOOO
O la fiberDO OO0O0O((70~120m/sec) OO0 OO0
goodd, o000 o000 oodg obobobb ooo
0 000 0004, Zileli O Schramm®™0 00000
percutaneousU] 1 OO0 O OO O0O0O0OOOO SSEP
0 000000, 000 o000 Oooo o oooo o
000 9.1+ 12msecO 00 OO0 OOO O OO 20
0 00 000000 SSEPO OO OOOOOO 7.58+
2.58msec] OO OO.

00 O0O0O OO0 o000 OO0 OO0 ooo oo
0 0dd oo o000 oooo oo oooo oda
0 000 OO0 00 000 OO0 OO0O(Table 4). O
O OO0 O0000 O OO0 N1OO peak OOO0O OO
000 000000 0000 Oo00ooo oooo o
000 0O 00 N1OO peakOODO0O OO ODOO OO
0O 0 000 0 00 81Imsecd OO OOO 8.49msec
0od 00O 000 000, 0000 oooo oobo gd
00 0000 OO0 OO0 0000 ooooo.ooo o
0 0d ooobo ooooo oood obobo oo dd
OO0 00O 000 00 0000 (synaptic delay)d OO
00 0od oo 00 oodoo boboob oooo da
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00 000 OD000 0O0000.0 000 ooo o
0 0000 000 00OOoO00O0 oooo 0o oo o
00 dooog oo ooog boo.ogooog ooo
O OD00ODO ODO00 (scalp electrodes)00 OO0 O
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O 000 OO0 far—field potentiald 00000 OO (tha-
lamocortical pathway)O0 0 OO0 near—field potential
000 0ooo.0bd oo 0b Oob oob ooo o
000 OO0 00000 O0oooo OO0 oo ooo
00 000 0obobo oob oooooo, obog oo
0 000000 00000 0000 000 0o oooo
0 ODO0O0 OO0 Obobooo oo ob oo (brain—
stem potentia)d OO OO0 OO0 OO O OO0O O
goboo ooo 0 0 00 oob obo boo.ogo
0000 (unipolar electrode)d 0 OO0 0O (bipolar elec-
trode)d OO OO0 OO0 O0O0O0O OO0OO, 0000
000 000 OO0 0000 0000 ooooo oo o
gooo ogdb obodo oobo bogoo, ooo
0000 0 000 000 O0OO00 ooooooo oo
goo 0d0 00 0o ooboo oboo goo o
00 000 00 00 OO0 00o0Ooo0 00o o oo
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00 00O 00000 (primary somatosensory cortex)
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00 00000, 00 10 000 000 000000 O
00 O000.00000 00000 cuff 0000 OO
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Koyanagi 0 Tator'™0 OO0OCOO OOOO OOOO 3
mm 0000 SSEPO OO0 0O O0OOOO 000000,
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0000 0000 OO0 0000 SSEPD OO0 O OO
10 000 000O0. 000 0O 00000 00000 O
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0 00.0,000000 SSEPO OOOD OO OO0
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00 000, 0000 VPLO SSEP OO0 00 OOO
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00 OO0. Wiederholt O Iragui-madoz”®0 00, VPL,
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