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Neurophysiology of the Sensory System and Clinical Applications
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Various electrophysiological tests have provided a large body of valuable information on neuronal responses to a presented

stimulus. The special and general somatic sensory pathways are main targets of evoked potentials. Two types of evoked
potentials, exogenous and endogenous, are commonly used. Exogenous evoked potentials of general and special somatic sensory
systems will be reviewed. One of general somatic sensory functional pathways, proprioception, can be evaluated by general

somatosensory evoked potentials with electrical stimulation on nerves. The special somatosensory functional pathways,
including vision, and audition, can be evaluated by visual evoked potentials and auditory evoked potentials. Also laser-evoked
potentials are newly developed for pain pathway, including lateral spinothalamic pathway, and vestibular myogenic evoked

potentials for sacculocollic pathways. The evoked potentials of sensory system have maximal clinical utility in evaluating
functional deficits along the sensory pathways. They are used for evaluating comatose patients, hysterical patients, premature
infants, patients with suspected demyelinating diseases or neoplasms, and research. We discuss the neurophysiologic tests

of sensory systems in views of practical points. The organized evaluation of sensory electrophysiologic tests can be helpful
in detecting and estimating the abnormalities in neurological diseases.
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Al=(stimulation)©] 131, 4, A=l gt <=8 A|(transduction)
of =7t =, A, =& A= FEE FFAEA
7HA] A (transmission) S| oF shw, ALEH A= A
(perception)sfjof gt} o]2fgt WS F8f otk 7154
A AAAGL & 4= Uk

AzA ] F5ell sl BARE o 577 alo] ok
el Ak fRol A 2 AlZ(sight), 4x2](hearing),
WA (smell), H(taste), Z7(touch) o2 FLE3}HTE 1990
At Sherringtona 22} & 73ZH(exteroceptive sense), $3]
ZrZK(proprioceptive sense), —L2]31 WRJZA ZFZH(interoceptive
sense) O & SIS B A Aol A= Al ZK(vision), X7}
(audition), -Z}(olfaction), 1|Z}(gustation), }=(pressure), &
(hot), d(cold), E-5(nociception; pain), 2 x| kinesthesia;
joint position), 8 & ZH(equilibrium; rotation/acceleration) ©. 2
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Table 1. Sensory systems and evoked potentials

% B3R SolHoz wgst £8A8 s w
o

] QLM E SRS AuEAl o] v)de] 5

A& GHFH 9 (exogenous evoked potentials)”}|
]_

A2 SHbA €] (endogenous evoked

dakIARIE A st ol A QA
9 akstel WS WA 4 Qs SRS Al
Sl=m

A 7 A A oA Az ztel gt
QA A 7k Ql(exogenous evoked potentials), 5 AJZFrEEA Q]
(visual evoked potentials, VEP), 4Z}-3-2F74 Q](auditory evoked
potentials, AEP), & ZH§-1H74 9(vestibular myogenic evoked
potentials, VEMP), A|A]7F2+H-3-1E4 €](somatosenory evoked
potentials, SEP)2} /2] 3-8l thafiA drgstzich

System Nature Modality Stimuli Receptor Evoked potentials
Somatic Special Vision Light Cone, rod VEP
Audition Sound Hair cell in organ of Corti AEP
Balance Acceleration Hair cell in macula or crista VEMP
General Nociception Pain Nerve ending
Proprioception Motion Golgi tendon organ SEP
Visceral Special Olfaction Chemical Olfactory receptor
Taste Chemical Taste cell
General Autonomic sense  Stretch, ischemia Nerve ending

VEP, visual evoked potentials; AEP, auditory evoked potentials; VEMP, vestibular evoked myogenic potential; SEP, somatosensory

evoked potentials.
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Figure 1. Five types of recorded waves at surface according

to geometry of potentials.

Table 2. Comparison of near-field and far-field potentials

nE AZbd9)e) 13 oty oA AR gete s
(approaching) A2 FHoA 7|5 wi= 4= HF=
HRlth A& S U A= 27t v dufg2 P45, F2t
AL P50, A|ZAFES PI00SoE 7|ZHh oeFoz
o%ﬂﬁXPJCﬂHL ZA 23l 7429 <) Broadmann

b FolA M7t FAdE o] M99 FlFo] HolA ==
%%%E(or)en fieldy g B/dsHA =lo] N20S F/dstA
t} npxjto g2 Ao 7 Z4AA 9l F|Z(local circuit)7} &
e = 97t FAEA HrhFigure 1).
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2) THHCSL YALE T I
A91E 7188k WAlol THL e field)sh Y9
i

A (far field)7} Qu}f. THTE A= A 9g AR 29} 7]
SR Fdshe 7 % 2o whet 9o %2 W3k}
ELE} 01]% EH A ZHA Y SR 0] 01, 02 9| H
} LO, RO Oﬂ Al g Ado] STt dfld e
%Hi} 71559171 de] "ol Qlof, &
g g sirt. o3t T tﬂrﬂ} X}
' sol b2tk d&
24 991 10 msec U]U}.J XLF]
= W, A= BEE W21, A2 A e wo] &
o] F3lelt) Edl 7|25t o] DY r wWE 13
< A7 $8liAe e FEHE wolA "ok oyt
= o] FEHYe] Wy} ol Ha

2, ZZIEIM2|(somatosensory evoked potentials)

Aol digt ol a1 F-42-+2 3 91(derma-

tosensory evoked potentials)¥} AHH2 Q1 A A 722 9]

Near-field potentials

Far-field potentials

Stimulation rate
Averaging (trials)
Filtering (band pass)
Attention

Generator

Amplitude (mV)
Latency (msec)
Frequency (Hz)
Topography

Low 1~2 High 5~20
Low 100 High 1000
Lower Higher

Affected Steady

Cortex P100, N20 Subcortex N18
Viiith nerve I Brainstem n~v
Plexus P9, P13 Cervical cord N14
Large 1< Small <1
Late 15< Short <15
Slow <200 Fast 200<

Sharp gradients

Broad distribution
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Table. 3 Types of evoked potentials

Sensory system Evoked potentials

Somatosensory Dermatosensory evoked potentials (DSEP)
Trigeminal nerve DSEP
Somatosensory evoked potentials (SEP)
Median nerve SEP
Posterior tibial nerve SEP
Visual Flash visual evoked potentials
Pattern reversal visual evoked potentials (PRVEP)
Full-field PRVEP
Large check size
Small check size
Half-field PRVEP
Large check size
Small check size
Auditory Short latency auditory evoked potentials
Rarefaction
Condensation
Alternating
Middle latency auditory evoked potentials
Vestibular Vestibular evoked myogenic potentials
Ocular

Cervical

(somatosensory evoked potentials)2 = 4~ Qlth
ARz EAShe Qb 712k A7) el AHkALA
HZrE A Q(trigeminal nerve SEP)7} 13 A4 gH2-a-at
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A= oFEZEAHmedial malleolus)2} o} #| 23 Z(Achilles
tendon) Atolo] BEATATL MASkT 23 em AR
of HuA=HFS AAFI BlZAI% (peroneal nerve) Ak
22 oA B2 v 2w el fibular head) o] M-S
Az ereh g5 A9 9l (dermatomal SEP)of]
A 22 uke-S A7) 943t &3} 2] A= AeA gkt
T3 QHAo A = A4 o TRt o2 A
ARIE A8 2l = =919 o =915 A= = 3l
A e AR ST Aae 27 A Ee1s
of 27k AN E Aol 25% A FIT HER A2
HEX= 2.1~4.9 HzZ St} 5, 101} o] 602] <

232 21231 60 Hz Zubrt 2 4= QlojA] 4.7, 49 72 3]
2 AT WA 0 Hz o]4%, Thejol M 5 Hz o]
Aol A T GRS HESo] sk A ZI7HE 10

msec, A=+ ZFEE 20 mA o]st=E Sto)

o I

T

@ 715

WEL 20-3,000Hz2 AA3}T, AFSIZ= 500~2,000
Ho=g 3ich UHIH o7 47 Hz A2 2 1,0000H AP35}
of, 4% HE AU BE F 9l AT B AA o}
X159} 3} 2712 W) B, ko] Anht 23 o}
2719) 20 oAFEILA] SRISIh 71 AS B 4L
50 msec, oFe] AL 100 msec JE2 AA T}

N A uhz, AHs WAYHOR B mgsh-
Ao WkT Gtk T £BHo GTo|Al £5 EbA
(Erb’s point, EP), 73 5¥HA| FJ(C5 spinous process,
Cs8), Wit S 71 2] C3/4° (C3/49] 2 em Tl E-57|=
A= AA3i}y ZH2F ErbZ 9](Erb’s potentials, EP), N/P13,
N20 5} 7|23 cHFigure 2). Thg] HHER 2Zo| A=
22 & 25-F-9|(popliteal fossa), 2.5~ 3R1Aje} F5= 1274
FRALS, T12), Fpz, Cz’ (Cz2] 2 em $H)of| E-57| 58-S
Ax|sla1, @79 (popliteal potential), H<5719(cauda equina
potentials, CE)2} 2]~ 7 9](conus medullaris potentials,
CM), N/P31, P40 2+8< 7| Z3lcHFigure 3).
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Generation of somatosensory evoked potentials
by median nerve stimulation

(@leqdes

2w
5ms

2w
5ms

2w
5ms

_j1pv
5 ms

|
v
5ms

Figure 2. Location of stimulation, placement of recording
electrodes, and somatosensory evoked potentials by right
median nerve stimulation. The data show peripheral (Erb’s
potentials), subcortical (N13, P14, N18), and cortical (N20,
P22) potentials. EPi/c: ipsilateral/contralateral Erb’s point,
CS5S: spinous process of the Sth cervical vertebrae, C3°/4’:
2 cm posterior to C3/C4.
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gttt 7171 22 o2 SFAAE Y At ok AA|
AlZrel| A grobal 4= Qltt Avob= HEZ|7F AL, SAle] A
Ql Ao =i, 40~50tHE AX A T2 S
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2 wha] LERL}= 1319 (short latency potential)o] =2 J&F
< Fu, Y EQIT} T2 FrhE ok} Aol S
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[
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13

oK AFAA SIS Aol u FA2A
91 by olael A Thgo] BAE A o=rh Bt 7]
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Generation of somatosensory evoked potentials by
posterior tibial nerve stimulation

F

- o |

ez PFd-PFp == Iswv
e, . . . . . . . 1o

L3 -IC

T12-1C

Fz-C5S

Cz'-Fz

posterior \_,
tibial n.

Figure 3. Location of stimulation, placement of recording
electrodes and somatosensory evoked potentials by right
posterior tibial nerve stimulation. The data show peripheral
(PF), spinal (CE, LP), subcortical (P31) and cortical (P40)
potentials on each channel. C5S, T12S, L3S; spinous process
of the 5" cervical, 12" thoracic, 3™ lumbar vertebrae, PFd, PFp,
distal, proximal parts of the popliteal fossa; IC, iliac crest;
PF, popliteal fossa potential, CE, cauda equine potentials;
LP, lumbar potentials.

3. AZFEEMQAAKvisual evoked potentials)

EAATAAFTANA AR T Fol] SFEHAA 23
A (near field)2 HEE e AATE EREE A
e} rESh=d ZEi4et sfe AR ALt
ok HE AT AAJop=at vhAjopRFo] Q)rt
(Table 3). w5 A2 o] Fado] we} Alaxb(prechiasmal),
Al nl2H(chiasmal), 12|31 A]nl2}(retorchiasmal) 2 &35}
o] =g

(

o] 71 v W5 wo=-g Aol A 5] Hr]et
LIS ZHLO o]FA A E(bipolar
cel)E 7 A 417 H A 2 (ganglion cell)of] e 5 gk
L}2} A] Al 7 (optic nerve), A nlZ}(optic chiasm), A]73
(optic tract) 5 Bl AFo & Solxith 22 4¥
of 7ZHAE Witk Aol 017k Al SRk 912
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47| %(lateral geniculate nucleus)ol 7}#] o|Ec) 11 & A]
WAE AA A2 optic radiation)& F3] 7+ F
Q2 z}Zo] HuEH ) wale] FAE Q= wlulbz 9
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el 21 AR 25 FRA7IEH ok, Aot
A= F2 YHRAIAA 2] A7 A A 3E(ganglion cell)
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A oo B2 E w|E0 R A Bk 15 5
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wojof dtch diujavyt WolARE HE77E Hoju
=lo] dAEA FAfof Fhch”
AAoF Aol A= U bFA=(monocular stimulation)
& 2Rk HEAJof 2l A= HES-9] A8-S o)7] 3|

Al oFot A}=H(binocular stimulation)2 2>
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SAZ AL 2R 101080 T2 ARG A
B5FA] a1 1980t W% Queen Square A=FH-ZHH-S
AF4-8cHFigure 4). O1, 02 A2 WhA|ofA}(half-field

stimulation)of| 4] P1002] 541 ¢ X] ¥(isopotential zone)of] ¢
#3k7] whioleh. mebx] HIL Wek ApRel 9Z 0% of
%E35}o] MO= 955 (midoccipital) =02 FE43
(inion)o 4] 5em A, LO+= 3= T5H(left occipital) #
=<0 & LOE= MOoJA] 5 cm &, RO= 5 cm &, MF=
0L A = (midfrontal) A=FO 2 FHZ] X (nasion)of| A 12
cm Aol IR Al A2+ 7|EHS2 8 ARESHL
Sengle] HAMAL AAelE, MFE 7ZE0R LO,
MO, ROGIIA] 7|58l mhal ot AL+A2 7] 27420 2 MFoj 4

~~

Generation of P100 by visual stimulation

“MF
Jios ‘ MO
Ne . In
\L E “. . 4 NS
. Al : LO—MF m_‘ b
~ MO-MFp=.
i . RO N owus
'/" NTS
[J o \ _ RO-MF
'/ S P | /Mo o Mm
\\ / MF_Al,Z PitS
/
. 10 J 10 v

Figure 4. Pattern reversal visual evoked potentials on Queen
Square montage. The data show P100 waves on LO, RO, and
MO recordings. LO, left occiptal; RO, right occipital; MO,
mid occiptal.
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7155 9ge HojFe vl Ad 5 o]&sHA Hrk
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Figure 5. The localization of lesion in abnormal visual evoked
potentials. Each data shows prechiasmal, chiasmal and
retrochiasmal defects. OS/OD: left/right eye stimulation.
LO, left occiptal; MO, mid occiptal; RO, right occipital.
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Paradoxical Lateralization
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Figure 6. Paradoxical lateralization of P100 on occipital
recordings. The schematic drawings show paradoxical later-
alization on large hemifield stimulation (A), but not on small
hemifield stimulation (B) because of the directions of occi-
pital dipoles.
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Generation of Wave |-V by Auditory Stimulation
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Figure 7. Generation of potentials along the auditory pathways.
The data show wave I, II, III, IV, and V at Cz electrode, based
on ipsilateral or contralateral ears.
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Cervical Vestibular Evoked Myogenic Potentials
Sacculo-collic reflex
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\ Vestibular |
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Figure 8. Cervical vestibular evoked myogenic potentials
(cVEMP). Schematic drawings show cVEMP pathway and
location of electrodes. The data reveal myogenic potentials
(P13, N23).
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