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Close scrutiny of scalp recorded P9 far-field potentials following stimulation of the median
nerve often revealed dilobed wave forms. We observed that the P9 became 2 distinct peaks
(P9a and P9b) when the arm was flexed 90 degrees forward at the shoulder and that it became
a pointed single peak with 90-170 degrees lateral abduction of the arm. A simultaneously
recorded stationary negative peak (N9), registered over the stimulated arm with the use of a
distant reference, also showed similar changes, a dilobed configuration (N9a and N9b) with
forward flexion and a single peak with lateral abduction. The latencies of the scalp recorded
P9a and P9b and arm recorded N9a and N9b were close but not exactly the same.
Nevertheless, the latencies of the scalp-positive and arm-negative peaks shifted in nearly a
parallel fashion by changing the arm positions. These findings suggest that the change of axial
orientation of the propagating nerve impulse plays an important role for the rise of P9a and
that the change of volume geometry surrounding the nerve contributes to the P9b generation.
Also, the scalp recorded P9 and arm recorded N9 are one and the same, and oriented with
dipole fields extending from the arm, body and to the scalp.

Titles
Display

Tofl 9/20/99 3:09 PM



92

Relerences

Cheron, G. and Borensicin, S Specific gaung of the early
somatosensory evohed polentials during active movement
Electroenceph. clin. Neurophyuiol, 1947, 67: $17-548

Chiappa. K.H. and Ropper, A.H. Evoked potentials in clinical
medicine. New Engl. ), Med., 1982, 306: 1205-1211.

Caohen, L.G. and Starr, A. Localisation, timing and specificity
of gating of somatosensory evoked potentials during active
movement in man, Brain, 1987, 110; 451-467

Cracco, Q. Traveling waves of the human scalp-recorded
som y evohed resp : effects of differences in
recording lechmigque and wleecp on somatosensory and
sovmatomotor responses. Electroenceph. clin. Newrophymol .,
1970, 3): 357-%66

Dether, M.P,, Giard, M.H. and Mauguitre, F. Separate geners-
tors with distinet onentations for N20 and P22 somato-
sensory evobed potent finger stimulation. Electroen-
ceph. chia. Neurophysiol., 1986, 63: 321-3%.

Desmedi, JE. and Cheron, G. Central somatosensory conduc-
tiom in man: ncwral generatons and imerpeak latencies of
the lar-Diebd components recorded from neck and nght or
beft walp and eatlobe. Electroenceph. chin. Newrophysad.,
1980, 30 3x2-403

Desmedt. J E. and Cheron, G Non-cephalic reference record-
g of carly somatosensory poten: » finger stmulaton
i adult or aging normal man. differentiation of wudespread
NIX and contralateral N2O from the p ndic P12 and
N ponents. Flectroenceph. olin. N
51 35)-5%0

Desmedt, JE. Nguven. TH. and Bourguet. M. Iit-mapped
ol pmu, of human evohed potentials
the NX and N W) wnatomensary respomes Flectromn.
weph, chin. Newrophyseol.. 1957, 68 | <19
L WR, Rosser, BS and Allson, T. Dustrsbuinn of
werehral evobed responses 0 motmal man. Electroenceph
chin. Newrophysol . 1962, 14 897713

Jones. S.). An ‘interference’ approach 1o the study of somato-
sty evishod potentials i man. Flectroenceph, chin, Neu-
rophysol., 1981, 52; 9 350.

Jones, 8J. and Power, CN  Scalp topography of human
somatinensory evobed potentials. the effext of mterfening
tactibe stimulation appleed to the hand. Electroenceph. chin
Newrophyuol, 1954, S5 25 %

King. DW. and Green, J B Short latency somatosensory

X. DELBERGHE ET AL |

potentials in human. Electroenceph. clin Neurophyi
1979, 46: 702-708. 3
Knicheviky, M. and Wiederholt, W.C. Shori-latency somaig.
sensory evoked potenualy. Arch. Neurol., 1978, 15: 706-7]
Mauguidre, F., Desmedt, J.E and Courjon, J. Astereognoaly
and dissociated loss of frontal or panetal components of
somatosensory evoked potentials in hemisphenc lesioos:
detailed correlations with clinical signs and comput
tomography scanning. Brain, 1983, 106: 271-311
Nogueira. M.C, Brunko, E, De Rood, M., Trempont, V. and
Zegers de Beyl, D. Effects of isollurane on pre- and posi.
dandi hors-l oy y evoked Ll
Neurology, 1989, 39: 1210-1215. 3
Rossni, PM., Gigh, G.L, Marciani, M.G. Zarola, F, and
Caramaa, M. Non-invauve evaluation of inpul-ouiput nF-.v
o of bral areas in healthy hy.
mans. Electroenceph. clin. Neurophysiol., 1957, 68: 85~ 100,
Sebel, PS., Erwin, C.W, and Neville, W K. Effects of halothane
and enflurane on far and near hield somatosensory evoked
potentials, Br, J. Anaesth., 1987, $9: 14921496 Fi
Shaw, NA, The effects of sumulus rate on the corucal °
somatnemsory evobed potential in the rat. Electromyogr’
Clin. Newrophysiol., 1987, 27 235-241
Shmp, 1C. Tamas, LB. Swiov, W.C. and Wyler, AR
Somatosensory evoked potentials alter removal of somatos
sensary core in man. Electroenceph. chin .1-.::._.5(.&-.4
1980, 65: 111117
Small, D
soimatinensry evobed pas als mal man and in
patients with central nervous sysiem lesons. In; JLE De’
smedt (Ed.), Progress in Climeal Neurophysiology, Vol 70
Karger, Hasel, 19R0:; |90 204
Wiederholt, W C,, Mever-Mardung, k.
Kevwn, K L Sumulating and recon

mick, B and Me- 9
methody used ,r
wbtaimng short-latemy  somatomemsory  evikerd teniials 5
(SEP) in patients with contral and perspheral neurdogse
disorders. Ann NY Acad. Sci. 1982, N M9 188
o o Seades. D and Framer, E. Short-latency somal i
sensory evobed potentialy in infants. Electroenceph. clin
Newrophysol., 1984, 39 M6 - 173 £
Zegers de Bevl, D., Delberghe, X.. Herbaot, A.G. and m:.:roc
F. The somatsensory central conduction lime Phvsiclog-
cal conuderations and normative data. Electroenceph. chin
Newrophvaol., 1988, 71: 17-26

11
Beauchamp, M. and Matthows. W B Subcurncal

h.r..a.e.,ld_.r?!_i- and climical Newrophyunlogy . 1990, 77 91

Elsewier Saentific Publishers Ireland, Lid

EVOPOT 89095

Presence of two subcomponents in P9 far-field potential following
stimulation of the median nerve
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potential for the scalp recorded P9 representing a
dipole distribution (Yamada et al. 1985),

In this study we examined the changes of N9
and P9 induced by different arm positions and
studied their relationship in further detail. We
believe the findings provide additional insight into
the physioanatomical mechanisms for the genera-
uon of far-field potentials

Materials and methods

We studied 10 healthy volunteers (9 males),
aged 28-40 years (mean 36.1 years) after informed
consent was obtained. Subjects lay on a bed and
were instructed to relax with eves closed in a
senudarkened quiet room, separate from the in-
strument control room bul in view through a

lus electrodes were Mat-surfaced
7 mm in diameter, placed over the right
median nerve at the wrist, with the cathode 2 em
proximal to the anode. We also stimulated the
ulnar nerve at the wrist in 3 subjects, Stimuli with
4 pulse duration of 0.1 msec were delivered at a
rate of 4.3/sec via a stimulus isolation unit. The
mignsity was approximately 3.4 times  sensony
threshold and ehated a3 modest comraction of the
abducion pathcis brevis muscle. The responses were
I using a filter bandpass of $0-3000 He

(=6 dB) Eight-channel oulputs were simul
neously averaged using a Nicolet Pathfinder 1
Each test conusted of averaging a total of
15002000 responses. The digitized intersample
interval was 0,08 msec with an analvsis tlime of 20
msec. Each test was repeated to confirm repro-
ducibility of the response, Recording electrodes
were silver-silver chloride cups filled with ECG gel
attached 10 the skin with collodion. Electrode
impedance was less than 5 k. One electrode was
placed at C3 of the 10-20 system, over the acro-
mion process bilaterally, Erb’s point, and the neck
just above the C7 spinous process. Multiple elec-
trodes were placed over the lateral aspect of the
middle upper arm. The right knee electrode served
as a reference for all recordings. Also muluple
bipolar electrodes along the median nerve course
in the forearm and arm recorded the nerve action

potential. We examined responses with the fol
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ing 4 different arm positions: (A) arm adduction
(natral rest position), (B) 90° arm forward flex
ion, (C) 90° arm abduction, (D) 160-170° arm

abduction (see Fig. 1). In all positions the elbow
EF X

was extended

Results

Using a non-cephalic reference (knee), scalp

clectrodes registered 4 positive far-field potentialg
(P9, P11, P13 and P14) following stimulation of
the median nerve. Close scrutiny of the broadly
based peak of P9 revealed a small notch on the &
descending phase following the onset peak (N6
suggesting the presence of two components (Fig,
1A). The dilobed peak configuration became more
distinct when the arm was Mexed %0° forward
(Fig. 1B). We designated the first peak P9a and
the second peak P9b. In the naturally rested arm
positon (Fig. 1A), P9 was a dominant compo-
nent but P9a was identified in 7 of 10 subjects,
With 90® arm flexion both peaks became distinet B
in all subjects. In contrast, P9 developed 4 more &
pointed configuration losing ' component

when the arm was abducted %0 ° 1C), Essen-2

5.5“

mally  the  same  change was
160170 abduction « e arm (Fig. 101 Dagital §
eero-phase  shaft  filter using the high low

frequency filter was useful o identify the small

wrved

and P9b) with position A or B and ungle peak with position
or D. The dilobed con ton s more distingt with
1
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Fig 2. Onginal racings wsing wide open bamdpass filter (10p)
and dignally filtered tracings (bottom) m different

tions. Dignally fillered racings show clear sep

and P9b with positioas A and B P9g was lou w

fast frequency components by climinating the
derlying slower frequency waves (Eisen et al
Cireen et al. 1986), Digitally filiered tra

a bandpass of 300-2500 Hz thus co

presence of two distinct peaks, P9a and PYb, with

arm positions A and B but a single peak wi
position C or D (Fig. 2)

We then compared the scalp N6-p9 potent
with the N6-N9 responses recorded fre
stimulated arm with the use of
(knee). N6-N9 are stan
have a fixed latency regardless ¢

delimd
(Yamada et al

muscle and acron
1985; Kamey
With the changes of arm posit

Fig 3. Companson of salp recorded N6-P9 (2 and b) and ar
8rm Né were clow and shifted together by changing arm

Wteries of salp P9 and arm N9 were slightly different

dustinet

thobed N3 and Nob (oge
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TABLE |
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Peak latencies (mean and S.D.) of scalp recorded potentials. A, B, C and D indicate difl

D were compared with A by the paired 1 test

Ne Pa) P

P11

P13

7.3 E60
033

1294
054
1294
098
1311
0
1303
090

arm recorded Né were very close and shifted in a
nearly parallel fashion with changing arm posi-
tions (Fig. 3). They were shortest with position A
(Fig. 3). We also observed similar morphological
changes in N9 as seen in P9 wuth different arm
positions. All subjects showed a double-peaked
N9, named N%a and N9b, with position B and a
single peaked N9 with position C (Fig. 3). With
position A, separation of N9 into N9 and N9h
was seen in 1 subjects. Although the latencies of
P9 (P9, P9b) and N9 (N9 N9b) were not the
same, they correspondedly sh

arm position showing a longer

twon B or C than n posiion A (Fig. 1)

Tables | and Il respectively show the mean
latencies and standard deviations of the N6, P9a,
Pob, P11, P13, P14 and N19 peaks recorded from
the scalp and the N6, N9a, and N9b peaks re-
corded from the arm. Using the paired ¢ test, N6
and P9b latencies were significantly longer in

TABLE Il

Peak latencies imean and 5.1 ) of arm recorded poten
evplanation abbreviatusns see Table |

NE /l&.u-.

642
040
670 *
0.46
671 ¢
043
683"
04

<00y ** po

positions B, C and D compared 10 position A, The
P9a peak registered in all subjects with position B
had a significandly longer latency compared 1o
posiion A. P11 in positions B or C was signifi

cantly longer than in position A, There were no |

staustically significant latency differences in sub-
sequent peaks, P13, P14 and N19,

We also examined the field disinbution of 14-

and P9b, In position A, P9h was generally a more

dominant component at the scalp electrode and §
P9a was more prominent at the cervical (Cv7), and |

Cs .:}.

Cwvr
i-w- h,

Acromien =T
Q=i

-

Fig. 4. Field distributions of P9 (a and b) and their relatronship |
with arm recorded N6 and N9 (2 and b) in position A S

{adducted position). PSa was better recorded in cervical than

scalp elecirodes and extended 1o the opposite arm (O-Arm .
while PUb was better identified at the scalp. Note the small

N%a and N9 a1 the arm (delvod)
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Fig 5. The same subject and recording parameters as in Fig. 4

but with poution B (930 forward abducted position). Bot

and P9b became disunct at all recording sites. especially at

Cv7. Also note the accentuation of N9a a1 the acromuon amd
arm resulung in dilobed confliguration of N9

the acromion and arm electrodes opposite 1o the
side of stimulation (Fig. 4). With position B, both
P9a and P9b became more distinct, especially at
the Cv7 electrode (Fig. 5). Also N9 became the
dominant component at the ipsilateral acromion
In contrast. position C or D resulied in a single

Fig. & The same subject and recording parsmeters as i Fig 4
but with position D (160-170* lateral abduction) Both o
20 7.9 were 2 single peaked wave form at anv recording site

Fig 7. The latency compansen
travehing impulswe recorded with a bepolar
and P9 latencies were close 10 the peak
potentialy recorded at the

nnl, respectively

illa and jusi dist

peaked P9 and N9 at all electrodes (Fig. 6). These
findings were consistent in all 10 subjects

In order to estimate the site of origin for P9
and P9b, we compared the P9a and P9b |
with the action potentials recorded w

| bipolar electrodes along the course of the

nerve in 3 subjects. This revealed P93 latency was
e action potential 4
was just distal to Erb's poir

Finally we

close 1o axilla and POt
tested the sa
ulnar nerve stimulation in 3 subjects

same changes as with median nerve

Discussion

A number of studies have discussed 1
of the P9 lar-field

(Cracco and O
6. Jones Cliappa e al. 1980; D

and Cheron 1980: Yamada et al. 1980)

generallv been agreed that P9 an

the brachial plexus. Macca

twoned that P9 was biphasic in ,w.. b of recc

showing an additional earlier peak than

generally wenufied as P9: however, thev di

further discuss or investigate this feature

we found dilobed P9 (P9a-P9b) or an addi

small notch (P%) over the descending phase

(P9b) in 70% of the subjects when their arms wer

in the usual arm adducted posit
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of P9a by arm Mexion and diminution of the same
peak by arm abduction may provide some insight
into the mechanism of generation of far-field
potentials,

Far-field potentials from a traveling wave were
once thought to reflect an area of positivity mov-
ing in front of a nerve impulse as it approached
the recording electrode (Woodbury 1965). How-
ever, it is not known why a traveling nerve im-
pulse along the first order afferent at a particular
anatomical site would give rise to a stationary
positive field in the absence of a fixed neural
discharge. Nakanishi (1982) proposed that the
change of resistance in the surrounding medium
along a nerve may result in an abrupt alteration of
the extracellular current flow giving rise W a sta-

onary field potential, Using the hand as a mudel,
Kimura et al. (1983, 1986) demonstrated the rise
of a swutionary flield potential when a peripheral
nerve impulse passed from the palm 1o the digits
and proposed that an abrupt change of volume
geometry surrounding the nerve gives rise 1o a
far-field potential. Desmedt et al. (1983) observed
the latency shift of the median P9 far-field poten-
tial by raising the shoulder and stressed the impor-
tance of the axial onientation of the propagated
dipole in determining the features of the far-ficld
potential. Nakanishi et al. (1986) also observed
polarity inversion of far-ficld potentials by chang-
ing the imb position in the cat,

In accordance with the above theories proposed
by differenmt investigators. Stegeman et al. (1987)
developed a computer model which evaluated the
potential distnbution in a cylinder of infinite
length with an impulse propaging along the center
line. Varving conditions included: (1) an abrupt
change in medium conductivity with uniform
geometry. (2) an abrupt change in evlinder volume
with uniform conductivity, and (3) a change in
direction of impulse propagation without a change
in geometry or conducuvity. All these conditions
produced stationary potential peaks in the cvlin-
der between points on opposite sides of, and dis-
tant from, the site of change. In our present study
changes in wave form and latency of P9 occurred
with different arm positions. Accentuation of P9a
with arm flexion forward may by attributable 1o
the near %0° angle change of the nerve axis in the

A. YASUHARA ET al

vertical plane as well as the horizontal plane. With
the arm resting position, neural axis is angled 904
in the horizontal planc only, resulting in a lesg
conspicuous P9a than that with arm flexion. Arm
abduction of 90-170° appears to cause relative s
straightening of the neural axis at the shoulder,
which may explain the loss of P9a with these
positions. Despite the straight entrance of a travel
ing merve impulse from the arm to the shoulder
with arm abduction, P9b remained. Therefore, P9
and P9b could be generated by different mechis
nisms: P9a by changes of axial orientation of the |
nerve and PY9b by change of volume geometry
surrounding the nerve. The field distributions of
P9a and P9b also differed. P9a was better re-
corded from the neck 1o the opposite arm than al
the scalp and its field appeared 10 be oriented
more horizonally than vertically. In contrasi, the
P9b field appeared to be onented vertically and
was best recorded at the scalp 4
We previously reported the stationary  field
potentials of negative polarity, N3, N6 and Ng,
recorded from the stimulsted arm with the use of
a distant (knee) reference (Yamada et al. 1985),
Unlike traveling impulses their lutencies were fixed
regardless of the recording sites. However, their
amplitude was highest nearby the gencrator sives: 8
N3 at the forearm, N6 at the deltoid, and N9 at
the acromion. Because of the chse latency rela
uonship between the scalp recorded MY and arm
recorded N9, we have suggested that they arise
from the same generator site with a dipole repre-
sentation. However, detailed examination of N9
and P9 in this study revealed slight latency dif<
ferences between P9 and N9a or P9b and N9b
with a consistently earlier peak of the P9a and
P9b than the N9 and N9b. respectively, Never-
theless, the changes in their wave form and latency
with different arm positions corresponded 1o each
other, suggesting that scalp positivity and arm
negativity are one and the same. Since the latency
of a given peak within successive waves may shift
depending upon the effects of phase addition and .*
cancellation imparted by neighboring waves, the &5
slight latency difference between scalp positivit
and arm negativity does not necessarily preclude]
the notion that they arise from the same generaldl
source and are distributed with a dipole relation=}

TWO SUBCOMPONENTS IN P9 FAR-FIELD POTENTIAL

ship. The longer latencies of these negative and
positive peaks with the arm abduction could possi
bly be explained by stretching the nerve near the
axils, but the latency shift was not sufficient to
cause a corresponding delay in the scalp P14 and
N19 latencies. Alternatively, a change of the
anatomical orientation of tissues surrounding the
nerve might shift the generator sites without caus-
ing a delay in the nerve conduction velocity

The latencies of scalp N6 and arm N6 were also
very close and shifted in a nearly parallel fashion
with different arm positions, suggesting that they
arivc from the same source. If, however, the arm
N9 and scalp P9 are onented in a dipole with the
negative field near the generator source and the
positive field at a distance, it is puzzling why the
N6 had the same polarity at the arm and at the
scalp. Previously we have demonstrated the posi
tivity (P6) at the knee relative 1o the toe suggesting
the presence of counter-positivity against N6 in
the tower half of the body (Yamada et al 1985)
Thu  the N6 from the scalp may be attributable
W the positivity from*the reference electrode. Al
ternatively, scalp N6 may be negative relative o
the reference electrode, As the field distribution of
Pa and P9b is different. cach far-field ptential
likely has its own charactenstic field depending
upon the site of angn andor generator mecha
nism

Eerson et al (1984) described  stationary
Regsave potentials, N10 and N12, that have fived
latencies from the low cervical spine to the scalp
after stumulation of the median nerve. The cervical
recorded N13 also shows little or no latency shuft
from the low to high cervical spine (Emerson et al
1984; Yamada 1988) Our Né and N9 muy

shr

the similar physicanatomical mechanisms with
these stationary negative peaks maximally re

corded nearby the generator sources. Similar 1o
the 9_pg relationship, cervical N13 has a Posi-
Uve counter-field at the scalp (Yamada et al
(1980; Kaji et al. 1986) or at the anterior neck
(Desmedt and Cheron 1980; Emerson et al. 1984)
.._._S_ﬂ_q N24, also a stationary potential at lumbar
pine after tibial nerve stimulation, has a corre-
Sponding positive potential at the scalp (Yamada
L n._. 1985) or at the abdomen (Desmedt et al
1983 Seyval and Guabor 1985). These findings sug-

gest that the negative stationary field gencrated
when a traveling impulse passes a certain anatomi
structure, is a prerequisite for the rise of a Positive
far-field potential at a distance. Our study SUj
gests that the stationary or far-ficld potentials ar
generated and also aliered by the complex
multiple anatomical substrates sur unding
nerve. In the clinical domain, abnorn
potentials may not always represent a conductior
disturbance of nerve impulses but could reflect th
change of anatomi

far-field

structures surrounding the
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Somatosensory evoked potentials and magnetic resonance imaging
in intraspinal neoplasms '
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proven intraspinal neoplasma, and the resulls were compared
information denved from magnetic resonance imaging (MB) MR
intraspinal expansle lesion. SEP was shoormal in 19 ¢

Median and postenor il somatosenory cvobed

was sgmifican { P = 0,03)

nedian amd ..?...4.?._ pamie
SEP ( 100% ). Abnormal SEI were seen i Tof 11 (6
semsory examinations. Four of 9 patents (447)
results indistinguishable
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Spinal cord tumors account for 13% of ver
nervous system neoplasms (Sloofl et al. 1984). An
incidence of 1,3/100,000 of population has been
estimated for primary spinal cord tumors com
pared to 6-7/100,000 for bramn tumors (Percy et
al. 1972). Approximately 0% of spinal cord
tumors occur in adults. The symptoms of spinal
cor | wumors are vanable but the initial complaints
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Somatosensory evoked potentia
shown to be sensitive
estons (Giblin, 1960; H:
I Desmedt
1983 Yu and Jones 1985
Seval and Gabor 1987). §
were previously described in small gre
tients with intraspinal tumors without corre
with magnetic resonance imaging (MR) (No#
Desmedt 1980; Riffel et al. 1984; Maguiére et
1985). We now report SEP abne
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