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Sumnan In arder 10 model the distribution of potentials in the hand due 10 antidromic SAP propagation and in the E« L..R ‘_w- “
10 alferent conduction of the median nerve volley, 2-d d of the appropnate shape wene constructed, each §E.2=n

a ‘generator’ cons r of up 10} "source’ and 3 "unk’ points. The value of the fickd potential at other stes was caloulated using o u.
fimune difference me

It was shown that o

potential gradient is virtually rero in matna pones which are separated from the region vontaning the
generator by a constnction in the boundary ol the conductor, Points on the lar side of the constriction remain virtually equipotential, ?...
a1 & level determuincd by the potential at the junction. This is naturally influcnced by the proximity of the generator, 5o that as the
penerator approsches the constriction a potenuial difference will develop between points on the far side, irrespective of their distance
frowm the junction, and oiher remote parts of the mania In the comtent of human SAPs and SEPs, wch (acton may be of paramount -
umportance in the generation of so-called “stationary” or “far-lickd’ potentials <

With addinonal postulates concerning the manner in which the SAP is attenuated by the termination of axons as it vk.v-'-_l
through the hand, and the course taken by the median nerve volley betweren the arm and the neck, it was possible 10 model the
magority of stationary SAP phenomena descnbed by Kimura et al (1984), and also the distribution and laency of the P9 SEP
component [ollowing median nerve simulation

Keymonds p | freld meslelling - v potennals = fur-ficld potentials ~
Peteninly

By Tt Padenlialy msiaionennory evoked 0
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distance would thus be positive in polarity at all
sites proximal to the depolarised region and pro-
portional in amplitude to the solid angle sub-
tended at the recording electrode by a cross-sec-
tion through the nerve trunk. This would appear
to account for the fact that P9 has a similar *
latency at all scalp and upper neck locations, since
these sites ‘see’ the action potential from ap-
proximately the same viewpoint, but an observa-
tion not predicted by the model is that the re-
corded amplitude of P9 is also similar from the
mid-cervical region 1o the vertex of the scalp.
Furthermore, it is not clear why the onset of P9
should correspond approximately to the point at

It is well known that a somatosensory evoked
potential (SEP) with a peak latency of approxi-
mately 9 msec following median nerve stimulation
at the wnst (hence labelled *PYY can be recorded
between sites on the head and remote parts of the
body. due to propagation of the mixed nerve
action potential through the brachial plevus
(Cracco and Cracco 1976; Jones 1977; Kritchev-
sky and Wiederholt 1978; Desmedt and Cheron
1980; Yamada et al. 1980). This potential, which
is recorded with similar amplitude and latency at
all sites above the upper neck, was interpreted by
Jones (1977) in terms of the volume conduction
model described by Woodbury (1960), based on
the theory of Lorente de N6 (1947). According to which the volley emerges from the arm into the |
this theory the onset of the depolansed region trunk, nor why the potential should reach a peak
may be considered equivalent o a dipole sheet and decline before the volley arrives at the spinal
equal in area to the cross-section of the nerve cord. i
trunk, propagating along the nerve with the posi- Kimura et al. (1984) described a similar phe- =

tive poles in advance. The potential recorded at a nomenon in association with antidromic propa- =~ |
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gation of the radial nerve sensory action potential
(SAP) through the hand. Two successive pos-
itive/negative ‘stationary’ deflections were re-
corded from sites on the middle and distal
phalanges of the index finger (referred 10 a site on
the fifth finger) with little or no change in ampli-
tude or latency. The second and larger of these
was thought to be due to the volley approaching
increased resistance at the junction of the finger
with the hand. By experiments conducted in vitro
Nakanishi (1982) demonstrated that stationary
potentials are produced by a moving generator
wherever there is a sudden change in the resis-
tance of the conducting medium. In a volume
conductor resistance in a given direction is
versely proportional 1o the cross-sectional ares
the medium at that point, and so will be increased
wherever the volume is constricted by encroach
ment of its boundaries.

The object of the present study was to establish
by potential field modelling in two dimensions,
whether or not the stationary potentials recorded
in the hand are phenomena which are simply
explicable in terms of the physiological character-
istics of the action potential and the geometry of
the volume conductor in which it is propagated. It
was then proposed to apply the same principles to
modelling the afferent propagation of the median
nerve volley from the arm to the spinal cord. to
establish whether conductor geometry might be a
major factor determuning the distribution and wave
form of P9.

Methods

Field potentials were calculated by solving the
2-dimensional Poisson equation using a flinite dif
ference method. The conductor was represented
by an orthogonal matrix of points containing a
number of fixed-vollage sources and sinks. An
iterative solution (Gauss-Siedel method) was
achieved by obtaining an improved estimate of the
value of the field at each poimt P2 from its
previous value P2, and the value of the surround
ing points thus:
oyt =Bh 4 (P + BN, + P

aysl

while maintaiming the source and sink points at
constant voltage. Repetition of this process fo
approximately 10,000 iterations reduced the mean
error at each point to less than 0.5%. To speed
convergence, a was set at 1.7
Conductivity was assumed uniform between

‘over-relaxa

jacent points in the matrix and zero
bhoundaries. Capacitative and inductive effects
were considered negligible (Plonsey 1969)

To simulate antdromic propagation «
dial nerve sensory action potential from the fore
arm through the hand into the finger, 3 models of
increasing complexily were cor [
Model 1 consisted of a matrix measur
points, connected at the middle of the
to a ‘finger’ measuring 7 % 50 with a line
metry at x = 51, The ‘generator’ consisted of
‘source’ point and one ‘sink’ of 1
magnitude, separated by § diisions of y <
were initially located in the large area on the
symmetry line with the source closer 1o
tion with the finger. The generator was 1
vanced step-wise along the symmetry line toward
and into the finger, maintaining the source-sink
scparation at § units, and potential ds were
calculated for B generator posibions

Models 2 and 3 emploved a mainx dep
3-'fingered’ ‘hand’ with *wrist” and ‘'l 1

dimensions 31 x 100 points (Fig. 1). The

generator (located on the hine of symmetry)
triphasic, consisting of 3 source and I sink p
in the sequence "+ = = = + + " the relative
nitudes being +8, -1, =10, -2, i
units. Adjacent source and sink points were

arated by 4 divisions of y, anc

correspond with the typical mea
the SAP (1.5 msec) assuming a conduct

Potential fields were calculated for 16 positic

the generator, and wave forms of potential
generalor posibon (Le., ‘time,” assuming um
CV) were derived at points along x-line 19, with
reference to a point near the base of one

finger (x = 1.°y = 76). *Bipolar’ wave forms were
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Fig. 1. Dimensions of mainces employed for models 1-5, The generator consisted of one source and one sink point in model 1, 3 of
cach in models 2-3. These were placed along the line of symmetry with the initial source towards the finger in models 1-), -:m along
the line indicated in modeh 4 and 5. Model ) differed from model 2 by the manner in which the ge was ;
the 2 pointy shown (see text for details). Model 5 differed from model 4 by the coune af the -.n_.n._u_:._ from the arm 1o the neck. !

derived from the potential difference between ad-
Jacent *recording’ points.

Since the amplitude of the radial nerve SAP
diminishes progressively on propagation through
the hand (see Kimura et al. 1984), a similar prop-
erly was incorporated into models 2 and 3. For
model 2 the amplitudes of all generator sources
and sinks were reduced progressively and simulta-
neously. This commenced when the major sink
had reached a point in the hand distal to the wrist
constriction by approximately one-sixth the length
of the hand (y = 45) and was complete just be-
yond half the length of the finger (y = 85). Model
3 embodied a different assumption, that the
sources and sinks would be attenuated indepen-
dently of one another according to their position
in the hand. Consequently the initial source and 3
sink points were progressively and individually
attenuated between y =45 and y =85, and for
each generator position the magnitude of the 2
trailing sources was adjusted as necessary (by ad-

ding or subtracting an equal amount to or from
each) in order to preserve equality between the
sums of positive and negative charges.

In order to simulate afferent propagation of 90
mixed median nerve volley from the arm to the
head. a matnx with overall dimensions 65 x 100
points was constructed in the shape of a *trunk’
with *neck,” *head” and *arms’ (Fig. 1). The gener-
ator was again triphasic with 3 sources and 3 sinks
in the sequence ‘+ = = = + + ' the relative mag-
nitudes being the same as in models 2 and 3. The
separation between adjacent source and sink points
was 5 linear units, and the overall generator length
of 25 units was chosen in accordance with the
measured duration and CV of the mixed median
nerve volley at the clavicle (2 msec and 60 m/sec
respectively). The generator was initially arranged
in a linear fashion within one “arm’ along x-line 60
and was then advanced proximally in steps of §
units. On emergence from the arm into the :32.“
trunk the direction of propagation was diverted =

~eay-

=
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towards the neck, initially along a diagonal in
which the x-coordinate was altered by 3 wnits for
every 4 units change in y. This kept the separation
between adjacent source and sink points fixed at a
distance of 5 units, although the generator isell
was no longer linear, In model 4, after progression
by one step along this diagonal the slope was
changed to the reciprocal (3 unit change of y 10
every 4 of x) as far as the midline of the neck
(x = 33), whereupon direct caudal-rostral propa-
gation was resumed. In model 5 the initial diago-
nal was taken for 3 steps and the reciprocal for
one. At this point propagation became horizontal
for 2 steps as far as x = 37, resumed the shallower
diagonal for one step as far as the midline and
then turmed vertically into the head. The magni
wde of all sources and sinks was kept constant
throughout. Field potentials were calculated for 14
positions of the gencrator and wave forms of

selected points along x-line 29 plus the “clas
(x = 48, y = 57), all with reference to the “sacr
(x=33,y=1)

Results

Model 1

The first model (Fig. 2) illustrates in genera
terms how the distnbution of field potenua g
2-dimensional conducting medium is infl

(1) When the generator is located in
area (ficlds 1-4), the potential gradient al
finger (recording points 1-4) is virtually zero
is because the preferred paths of current
lic within the large area. With very :

MODEL 1

Fotential fields

Fisla 1

Fig. 2. Model 1: licld potentsls associated with propaga
from a large area through 8 boundary constncton wnto &

Relerential derivation

Recarany
peinie

a dipolar generator (posative down in this &
The referential denvations show the poter

recording sites and a reference in a remote comer of the large arca. plotied against generaior position. Fic

the whole of the large area is ravsed 10 & potenual close w thae
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flowing along the finger all points necessarily re-
muain virtually equipotential.

(2) As the generator approaches the constric-
tion at the base of the finger the whole of the
latter acquires a uniform potential of the source
polarity (fields 3 and 4). The potential at the base
of the finger is naturally influenced by the increas-
ing proximity of the source, and since it is still
impossible for significant current to flow from the
source to the sink via the finger, distal points in
the finger are raised to a potential similar to that
at the junction. An analogy may be drawn with a
conducting lead connected to the positive pole of
a battery: while the circuit remains incomplete the
lead will be at one potential throughout its length,

(3) The potential difference between sites in
the finger and a distant referential point in the
large area reaches a maximal value as the genera-
tor enters the constriction (between ficlds 4 and 5)
and declines only slightly thereafter, due to de-
creasing influence of the sink on the reference site,
until the source passes by the recording point. In

K. CUNNINGHAM ET A
LI
other words, throughout the length of the finger
‘stationary” potential is present with similar -.Ee
tude and latency of onset.

iy ry -

(4) Potential differences in the large s areq |

quickly diminish on entry of the generator into the
finger. .;_.m is to say that, when the wn:nqu_b_..‘.m....
located in the more confined space, current flow K
restricted to a region within a very short distan
of the generator. Note, however, that the whole of
the large arca is now at a potential much cloker (g &
that of the generator sink than the source. .:._n..“.
large area is now connected 1o the sink as if by a
conducting lead to the negative pole of a battery,
) =
Model 2

It will be apparent from examination of the
modelled potential fields in the 3-*fingered' *hand'
(Fig. 3) that with the generator situated in the
*forearm,’ proximal to the constriction repre-
senting the “wrist,” the potential throughout the
hand and along the middle finger is ._..._2_._-.__.._..
constant and identical to that at the reference site

MODEL 2
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Fig- 3. Model 2: field potentials associated with propagation of
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3 b-clement inphasic generalor into and through a 3. fingered” * hand”
d wn Fig. 1. Ref wave forms

show the potenuial at 12 recording pomts referred 1o & site on the lateral finger. and bipolar wave forms the poteniial difference '

between adjaceni recording points, both plotied against generator position. In fickd 3 the whole hand is wirtually equipotential but”
isplaced from rero (defined as the mean of the generator source and sink potentials) in a positive sense. In field § a *stationary”

\
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on the lateral digit. On entry of the initial source
into the wrist constriction there is still little or no
tendency for current to circulate via the hand
hence no potential gradient along the hand or
finger (field 3). However, the wrist, hand and
fingers are influenced by the proximity of the
source and acquire a positive potential refative to
sites in the forearm,

On emergence of the generator from the wrist
constriction into the hand the magnitude of all
generator sources and sinks was progressively re
duced, reaching zero with the central sink distal 1o
the base of the finger by a little more than half 1he
length of the latter. As the initial source ap-
proaches the junction with the middle finger (ficld
§), all points in the latter acquire a positive poten-
tial relative to the reference on the lateral finger
The potential initially increases with the increas-
ing proximity of the source to the junction, but
the magnitude of the generator is reduced
potential reaches a peak (field 11) and dechines
Thus a *stationary’ potential is present with simi-
lar amplitude, latency and wave form at all distal
locations of the finger. The potential commences
while the gencrator is still fairly distantly located
in the hand, peaks when the increasing proximity

MODEL 3

Fateniial it
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of the source is balanced by the reduction in its
magnitude, and terminates with the ultima
appearance of the generalor at approximat
the length of the finger
The tnphasic wave form recorded at locatior
the hand and the stationary positivity pre
oughout the finger are broadly sir
radial nerve SAP recordings obtained by Ki )
et al. (1984). They also recorded a Minal stationary
negativity, however, which was not preds
the model. At sites proximal 1o and wit
wrist constriction the modelled fields pre
small positive-going aflerpotential of fined
(fields 11 and 12), due 10 emergence of the trailing
sources from the constriction into the hand. Th
i not detectable in the actual recordings, per
because in reality the hyperpolansation event
less abrupt and of longer duration than was as
sumed for the model
Muodel 3
Model 3 differed from model 2 in that, after
cmergence from the wnist constriction, the init
source and 3 sinks were atienuated independ
of one another according to their individual posi
tions in the hand. Since it is necessary 10 preserve

Fisig Fiaid Fiasla PFisis
L . 1" "

Fig 4. Model 3: as model 2 but with independent attenuation of all sources and unks on propagation through the hand. such that the
initial source reaches zero first (chronologically). In field 14 the | potential present st the distal extremity of the middle digit s o
negative polarity, as in the actual radial nerve SAP recordings of Kimurs et al (1984)

positive potential begans 1o appear throughout the length of the dign. reaching a peak with fickd 11. In field 14 the final potential i
present at the distal extremity of the middle digit is of positive polarity with respect to the reference. i
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a balance of charges, the 2 trailing sources were
incremented or diminished as appropriate for each
position of the generator

The major difference between models 2 and 3
visible in the ficld potentials and referential wave
forms (Figs. 3 and 4) is that the final, positive-
going stationary potential in model 2 is replaced,
in model 3, by a positive,/negative biphasic poten-
tial. This is of similar latency and amplitude at all
sites distal to the point at which the initial genera-
tor source is reduced 1o zero and resembles quite
closely the actual SAP recordings of Kimura et al.
(1984). The one feature present in reality but not
predicted by the model is a smaller, earlier deflec-
tion, also recorded from the index finger with
reference to the fifth. This was proposed by

Patuntinl feids
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Fig. 5. Model 4: fickd potentials asociated with
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propagation of a &
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Kimura et al. (1984) 10 be due toithe
approaching increased resistance at the wrist, and
might be explained by the additional postulat eﬁ
conductivity vanations in the hand (see Di
sion).

E

____n._..?
R+
Model 4 - "
Models 4 and .5 were designed -to ‘simyl
afferent propagation of the mixed median
volley from the arm into the shoulder, neck and =
head. The separation between adjacent source E&..ﬁ
sink points was fixed at 5 divisions of the matrix)
and on emergence of the generator from the arm

.....S:.n-w...:r?...n.:un:—..:onvaﬂnn»:oni.m. w
wards the neck was defined by the hypotenuse of S

matrix triangles which preserved this S-point geps "

MODEL 4

A

1]
_&

Finid 12

ad” on & relatively direct &

from the ‘arm’ 10 the “neck’ and

wal course. In field 1. with the generator confined .—__..”.: the arm the whole body is displaced from

fero potential 1 & poutive swnse Following emergence of the generator into the trunk (febds 4-8), 3 potential difference starts 0
develop between the head and neck and the reference on the “sacrum.’ peaking with amval of the major generator sink at the neck
(field 12} This *stationary’ potential is coincident with s *travelling’ megative wave at lower neck wies. Al the ‘clavicke’ & triphasic
wave i recorded as the generator propagates through the shoulder. The graphs of potential in the line of recording points | -8 show

the developaient of potential graduwnts along the Uunk. commencing with field 4.

- .nlam.m'u!
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gration (i.e., 3-4-5 triangles). In model 4 (Figs. 1
and 5) a diagonal course was maintained as far as
the midline of the model (i.e., the *spinal cord®)

Fig. § illustrates potential fields calculated for 4
positions of the generator, graphs depicting the
potential in the line of recording points 1-8 (x-line
29) in relation to the mean of the generator source
and sink potentials, and wave forms of the poten-
tial recorded at 9 sites on the head, neck and
trunk referred (o the ‘sacrum’ (x =33, y=1)
plotted against generator position (i.e., *time'). In
the latter it can be seen that there is no mark
deviation from the baseline while the generator 1s
contained within the arm (fields 1 and 2). Du
this time the potential gradients are confined to a
region within a very short distance of the genera
tor while the trunk, head, neck and other arm
remain virtually equipotential. Note, however, that
this potential is displaced from zero (defined as
the mean of the generator source and sink poten-
tials) in the polarity of the initial source. 10 which
the trunk is connected as il by a lead 10 the
wsitive pole of a battery. Once the source emerges
nto the trunk (ficlds 3-6) potential gradients be-
gin to develop in the latter, the neck and head
acquiring & positive potential relative to  the
sacrum. As the generator continues to approach
the neck (fields 7-9), the amplitude of thus sta-
tionary potential gradually increases although it
noteworthy that, on account of current fMlow heing
confined 1o the larger area, there is no sigm
solential gradient from the upper neck 1o the wop
o the head

As the generator moves lurther proximally
potential difference between the head and 1he
sacrum stabilises bneflly on emergence of the traul
ing sources into the trunk (fields 9 and 10). hut
then continues to increase and reaches a peak onl
after the major sink arrives at the mudline or
‘spinal cord’ and the initial source the head (field
12). The model fails to predict, therefore, that the
potential difference between the head and a re-
mote site such as the sacrum will reach a peak
while the volley is still at the level of the shoulder
At the ‘clavicle’ (recording point 9) and sites along
the neck the initial positivity is followed by a
negative peak as the central sink passes its point
ol closest approach to the recording site. Thus a

"travelling wave' is described which increases in
latency from lateral to medial and caudal to rostra

Siles.

Model 5

In model 5 a more devious route was proposed
for the generator, to see if this might result in a
maore accurate prediction of the wave form and

positive potential recorded from the hea
to the sacrum 1o reach a peak and r
towards the baseline while the initial s
» sink are onented honzonta
Id 9). As with model 4 the o
iy corresponds approximately
which the initial source enters the trunk from 1
constncted space of the arm. The model
forms now resemble more ¢
ty (see Cracco and Cracco 1976: Jones 1977
Kritchevsky and Wiederholt 1978, Yamada et a
1980), with a *stationary positive polen
w upper neck and head (of smaller a
caudally, and with a shightly earhier peak)

neck, represents th
wave

The ‘sacrum’ was chosen as relerence for
¢ls 4 and § because it s situated close
furthermost extremuty of the area of
which generator currents can circulate most free
ind 15 therefore one of the sites whose potential
least inflluenced by the generator wh
agates through the trunk. Considering ot
ence siles often used for SEP record
potenuial difference between the contrala
*shoulder’ and the sacrum is fairty small for
positions of the generator. However, the sh
acguires a significant positive al @
onentaton of the mitial source and majo
changes from diagonal
uve potential as the imitial source enters
stricted space of the neck. Very similar

honaz . and 2

i rences are also recorded betwe C
tralateral *hand” and the sacrum. This is bec
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source and magor sink are honzontally oneated in the shoulder A second “stationan' positive peak with similar distribution i zo
comparahle latency 10 the *travelling’ negative wave at lower neck sites

there 1s no preferred path for current to Mow
between source and sink via the contralateral arm,
and so distal sites acquire a potential which is
virtually identical to that present at the junction
with the trunk, Nakani

experimentally in the cat that an electrode located
on the contralateral forepaw is not indifferent to
activity in the ipsilateral brachial plexus

Discussion

In the context of a 2-dimensional, uniform
conductivity model of action potential propa-
gation, it has been demonstrated that *stationary’
potentals are likely to occur wherever there are
regions in which current density is low because the
preferred paths of current flow are distorted by

it

3

the boundaries of the conductor from the geome-:
try they would assume in an infinite space. Model|
1 illustrates such a condition, where a chamber of

large arca conlaining the generator is connected 10

a second. narrow chamber through which only &
tuny proportion of the current flowing from the
source 1o the sink will pass. Penetration ol current!
will also be low between two equally spacious
chambers joined by a *bottle-neck,’ so it is unnecs
essary for adjoining chambers to be of unequal
size for stationary potentials to develop between
them. The peaking and subsequent decline of such
potentials depends on other factors, such as the

generator moving past its point of closest sap=s

proach to the recording site, diminishing in magni-

tude prior to the recording site being Hun__&.ﬂu

(models 2 and 3), or changing its direction
propagation (models 4 and 5).

|

It must be emphasised that the postulates made
in the context of models 2-5 have only been
¢nfirmed as possible explanations ol stationary
potential phenomena, and that other solutions may
exist. It is the virtue of the modelling exercise that
any number of variables may be manipulated in
order 1o identily those which succeed best in
accounting for the observed effects.

The principles governing the distribution of
field potentials in a 2-dimensional conductor also
apply in 3-dimensional space, although when com-
jaring the predictions of a 2-D model with physio-
logical data it will naturally be necessary to con-
sider possible boundary and conductivity effects
in the third dimension. The models as constructed
may be considered 10 have a z-dimension equal 10
one matrix point throughout, and 3-D Mields would
be essentially similar provided the z-dimension
were uniform and of small magnitude compared
with x and y. This is approximately so for the
wrist, hand and fingers, although the gradual
tapering would cause the influence of the genera-
tor at remote, distal locations 1o be more strongly
felt. Likewise, in the context of the trunk, arms
and head, although constrictions in the third di-
mension might cause stationary potential effects
to be more marked, there is no reason W suppose
that this would result in qualitative differences
from the predictions of a 2-D model.

Stavionary potential eflects will also be pro-
Juced where current flow is restricted, not by
encroachment of boundaries but by a reduction in
conductivity (Stegeman et al. 1985). In the radial
nerve SAP recordings of Kimura et al. (1984) a
small, early stationary potential was recorded from
the index finger referred 1o the fifth, which was
presumed to be due w the volley approaching
increased resistance at the wrist. Such a feature
~as not predicted on the basis of a 2-dimensional,
aniform conductivity model and could neither be
explained by constriction in the third dimension
It may be suggesied. however. that longitudinal
division of the ‘hand’ inlo compariments con
nected with each “finger’ and separated from one
another by parual barriers of lower conductivity
would cause a stationary potential to develop be-
tween the middle compartment (directly ap-

sroached by the generator) and lateral compart

ments while the generator is at the level of
wrist
The chowce of a ‘generator’
ments (3 "sources’ and 3
magnitudes

H:n.-l—_;__ﬂt C L§
‘sinks’) of different
and arranged in the seguence
4 = = =+ +" was made with the object of pro
ducing a reasonable approxmation of the ¢
pound action potential as recorded at a distance
of a few millimetres. As the generator was moved
through the matrix, this resulted in a smooth
triphasic wave form being recorded at sites 2
more matnx divisions distant. Assumpuons o
concerning the physiological charactenstics ¢
SAP were, in models 2 and 3, that it we
steadily diminished on propagat

ha

the magnitude of each would depend «

parucipating axons present al that location, w
might be lesser or greater in number and/or size
than axons contributing to adjacent generator ¢
menits). It follows from the later assumpuion that
the initial source will disappear [lirst (chronologi-
cally speaking). and with the sink at its final
location (the most distal axon terminals) all cur
rent must be drawn (rom more proxmal segments

The assumpuon that the SAP will be progres-
sively attenuated on propagation through 2
seems justifiable 1n the case of the radial nerve
mnervating the dorsal surface of the |
The situation is differe
however,

fairly uniform.

edian nerve, which

tude along the finger. The assump
es and sinks will be attenuateéd
ly of one another cannot be supported
expenmental evidence, but se
sonable and accounts well for the
negativity of the radial nerve SAP which w
otherwise be difficult to explain. Median
SAPs, on the er hand, appear 1o exhub
such final negatvity (Kimura et al. 1983). T
anticipated by model 3, since the negat

nly at sites dis




426

the sink which, for the median nerve, would be the
very lips of the fingers,

The only postulate necessary for model § accu-
rately to predict the distribution of the P9 SEP
component produced by an afferent median nerve
volley concerned the precise course taken by the
nerve fibres between the axilla and the spinal
cord. When the proposed course was uniformly
diagonal with virtually no deviation from the most
direct route, the stationary potential recorded from
head and neck sites referred to the sacrum in-
creased monotonically, reaching a peak only with
arrival of the major sink at the midline. When,
however, the generator was turned more horizon-
tally such that the head and the sacrum were both,
for a short time, closer to the initial source than
the major sink, their potential difference declined
momentarily before once again increasing. De-
tailed features of the P9 distribution also success-
fully predicted by model § were that its amplitude
would be similar at all sites from the upper neck
to the vertex, and its onset would correspond to
the point at which the action potential emerges
from the arm into the trunk.

Nakanishi et al. (1986) have shown experimen-
tally in the cat that the orientation of brachial
plexus fibres is an important factor influencing
the polarity and distribution of potentials re-
corded from the skin surface. However, changes in
the wave form and latency of P9 associated with
the attitude of the shoulder (Desmedt et al. 1983)
appear. at first glance, to be incompatible with the
predictions of the model. It was reported that P9
had a later onset and also tended 10 merge with
the following positivity (P11) when the shoulder
was held in a high position, thereby presumably
causing axons Lo be oriented more horizontally. In
models 4 and 5 it was the more diagonal orienta-
tion which caused P9 to merge with the following
positive peak. An alternative explanation for the
findings of Desmedt et al. (1983) is that the more
horizontal orientation may have caused the early
part of P9 10 be cancelled by activity at the
reference location. This was the contralateral
shoulder, which has been shown 1o be not indiffer-
ent 1o potentials arising in the shoulder on the
ipsilateral side

Following P9, potentials recorded from the neck

K. CUNNINGHAM g7
o - N

and scalp are belicved to originate ‘within!,
vertehral column and skull, and thus are unfi
to be accurately simulated in a simple unj
conductivity model, It was demonstrated,

ever, that a travelling negativity recorded from
lower *neck’ and possibly equivalent to the
componént of the SEP (Jones 1977; El-Neg
and Sedgwick 1978; Desmedt and Cheronq
was accompanied by a stationary positive
similar latency, present (as is the P11 SEP g0
nent) from upper neck level to the vertex of th
scalp. In order 10 model potentials succeeding P1] ©
and N11 one would need to take into account _.___mﬂ
possible contribution of excitatory and :..E—..:&.
postsynaptic potentials, plus the orientation bf
postsynaptic neurones in the dorsal horn and
cuncate nucleus.

peakar®

-

An attempt was made previously (Jones 1917

1o account for P9 in terms of the volume conduc: ¢
tion model proposed by Woodbury (1960), Two,

limitations of the latter in the present context are:.

(1) it defines the distribution of ficld potentials®
only in an unbounded medium; (2) the rule ‘of
proportionality between the amplitude of the &
corded potential and the solid angle subtended at
the recording electrode by a cross-section through
the nerve trunk is only useful at relatively short
distance, where the separation of the electrode
from the generator is not large compared with thé
cross-sectional diameter of the latter. At greater
distances the relationship approximates to an in- 5
verse square law, which singularly fails to account
for the similar amplitude of P9 at sites located a_
wide range of distances proximal 1o the generator.
Yamada et al. (1985) recorded two negative-
guing stationary potentials of shorter latency than
P9 from distal and proximal sites in the arm with®
reference to the knee. The first of these (N3) was
absent above the level of the elbow and the second
(N6) greatly reduced above the junction with the
trunk. Similar findings have been reported by
Frith et al. (1985). These deflections are perhaps
best viewed as pasitive potentials present at the
reference site. As the volley approaches a region
of increased resistance, perhaps due to volumetnic
constriction at the elbow for N3 and the axilla for?
N6, proximal sites will acquire a stationary Posi g
tive potential. This will be conducted to the restbls

4
A
5

‘STATIONARY" SAPs AND SEPs MODELLED IN 2.1

the body by a ‘lead’ effect, will decline as the
volley emerges from the proximal side of the con-
striction, and will be partially or completely
cancelled when both electrodes are located on
proximal side,

‘Far-field' potentials of latency less than 10
msec following median nerve stimulation were
also recorded by Yamada et al. (1985) between
electrodes on the 2 lower extremities. The implica-
tion of this, that the left and right legs were
differentially influenced by the median nerve vol
ley while it was still within the arm, seems to he
incompatible with volume conduction theory, and
the possibility should be considered that
potentials may have been artifactual phenomena
due, for example, to leakage currents in the
amplifier between one recording electrode and the
earth, which was presumably located on the
stimulated forearm,

Yamada et al. (1985) also recorded potentials
from a second, unstimulated subject. connected 1o
the stimulated subject by a conducting strap at-
tached to the arm or leg of both. It was noted that
the potentials were uniformly distributed over the
second subject and that no activity was recorded
when both electrodes were located on the |
This finding is explained by the postulate
second subject was raised 10 a uniform pote
equal to that present on the first at the pe
contact. The declared object of Yamada et al
(1985) was to obtain a relatively *neutral’ refer-
ence site, far removed from the generator of SEP
activity in the stimulated subject. This is wi
any theoretical justification, since without comple
tion of the circuit there would be no cause for
y Mow thre the second subject. hence
no potential gradient and no tendency for any site
to be more *neutral’ than the point of contact with
the first,

Currer

Two points of general significance concern the
nature of so-called ‘far-field® potent
whether or not there can be said to exist *
and “indifferent’ sites on the body. It was po
out by Nufiez (1981) that *far-field poten
strictly speaking a misnomer, but the term possi
bly has some value in describing potentials which
fail 1o decline in amplitude with the square of the
distance from the generator. This said, the poten

tials occurring in conjunction with a propagating
nerve volley are all governed by the same pring
ples. whether they be recorded in the ‘near-field
or the *far-field.’

A possible definition of an ‘active’ site is
where there is a high density of
for example the clavicular reg
potential is at the level of the brachial
This, however, does not necessarily imply t
potenual dilference will be present at any given
time between a site in the active zone
where current density is low. Conversely )
tal difference may be present between 2 ‘inactive
regions which are separated by a boundary ¢
stniction or a region of lower con
may be useful 1o make a distinction between t
indifferent locations, remote from the generator
a region where generator currents ¢
freely and therefore maintained at a poten
which s roughly the average of the ge
sources and sinks, and in: ¢ but
locations where, through an interposec
consinchion or 2one -.‘_ ﬁ._’ﬂm conductivily a wi

current flow

when

area lends 1o acquire the potential of the neares
generator source or sink. It is intriguing 1o n
that, according 1o this ¢riterion, the whole

body is "influenced” by the median nerve act
nual while it is contained within the

¢ ¢audal sites become more truly indifferen
alter the volley emerges into the trunk

Resume

2 dimensions

Afin d"obtenir des «
potentiels dans la main dus § la prog
PAS antidromiques. et dans Je comps ¢
conduc
(PES), des matnces & 2
appropnées onl é1é construiles,
un ‘générateur’ comprenant jusg
"source’ et 3 points “puits’. La valeu LT
de champs au niveau d'autres sites 8 &1é cale

deles de d

n afférente de volées du nerl
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en utilisant une méthode de différences finies.

Il a été montré que le gradient de potentiel est
virtuellement nul dans les zones des matrices qui
sont séparées de la région contenant le générateur
par une consinction dans les limites du con-
ducteur, Les points du chité éloigné de la constric-
ton restaient virtuellement & des valeurs équipo-
tentielles, & un niveau déterminé par le potentiel &
la jonction. Ce fait est naturellement influencé par
la proximité du générateur, i bien que lorsque Je
Bénérateur .s'approche de -la constriction, -une
différence de potentiel se développe entre les points
du chié doigné, quelque soit la distance de la
jonction et dautres parties éloignées de la matrice.
Dans le contexte des PAS et PES humains, de tels
facteurs peuvent &tre d'une importance capitale
dans la gendse de potentiels ainsi appelés *station-
naires” ou “de champs éloignés’,

Avec des hypothéses supplémentaires con-
cernant la maniére avec laquelle le PAS est atténué
par la terminaison des axones Jors de la propa-
gation dans la main, et le trajet pris par la volée
du nerl médian entre le bras et le cou. il est
possible de modeler la plupart des phénoménes
PAS stationnaires décrits par Kimura et al, (1984),
ainsi que la distribution et la latence de la com-
posante P9 du PES i la stimulation du nerf médian
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SCALP TOPOGRAPHY AND DISTRIBUTION OF CORTICAL SOMATOSENSORY EVOKED
POTENTIALS TO MEDIAN NERVE STIMULATION

SADATOSHI TSUJI ¥ and YOSHIYUKI MURAI
Depurtment of Newrology, School of Medicine, University of Oceupational ansd Enveronmental Health,

Yahatanishi-ku, Kiakyswhu City 807 {Jupan)

(Accepred lor publication: February 10, 1986)

5 ¥ Topographies and distrib of cortical SEPs 10 median perve stimulation were studied in ¥ norm
neurological patients. SEPs recorded from C4, P4, Pz, T6-A1A7Z dervations 10 lelt median nerve stimulation were cr
arly negative (N16, N20) and 2 positive components (P12, P2Y), whereas those recorded from frontal eloctrodes (Fz
disclosed 2 early negativities (N16, N24) and 2 early positivities (P12, P20), N20 and P20, and P23 and N24, reverse
rolandic fissure with no significant difference in their peak latencies. P21 was of sightly shorer latency a1 C4 than at more 1
electrodes (P4, T6, Pr)

In ) patients with complete hemiplegia but normal sensation, all the carly SEP COMPONCHLs were nos
peak latencies except for 3 decrease of N24 amplitude. In 2 patients with complete hemiplegia and swenwory | 2
were seen. These Mindings suggest that N20 and P20 gre penerated a3 wingle horzonial dipole in the central lissure, whereas P2

N24 are a reflection of multiple generatons in pre- and postrolandic regions

Keywords: 1y iy = sealp diorrsbe = mvwadian weere odimedatsen

coeticul SEM

The origins of the initial negative component of
the cortical somatosensory evoked potentials
(SEPs) 10 median nerve stimulation have been
discussed by various investigators. There are two
theories. One is a single dipole theory with the
gencrator located in the post-central fissure
(Broughton 1969; Golf et al. 1977, Allison et al
1980; Pratt and Starr 1981; Allison 1982; Lueders
ct al. 1983; Jones and Power 1984). The other is 4
multiple generator theory with generators located
at pre- and post-central fissure (Kimura and
Yamada 1982; Maccabee et al. 1983: Mauguiére
et al. 1983; Yamada et al. 1984; Desmedt and
Bourguet 1985; De Weerd et al. 1985),

In this study we report on the scalp distribution
and topography of early cortical SEPs in normal
subjects and neurological patients. The purpose
was 1o identify the generators of early cortical
SEPs to median nerve stimulation

Subjects and Methods

(1) Sulyects

Eight normal healthy subjects (7 males and |
female ranging in age from 22 10 60 years with a
mean of 38 years). 4 patients with cerebral infar
uons (48-60 years), and 1 patient with a bra
lumor (56 years) were studied. Three patients
cerebral infarction had a complete flaccid hen
plegia without sensory abnormality (touch pain
position. vibration and cortical sensation
normal). A low density lesion was seen |
subcortical motor area in the CT scan. Ir
other 2 patients. both motor and sensory funct
were severely abnormal

(2} Methods i

The median nerve at the wrist was stim
unilaterally through tin disk or needle elec
The stimulus was a constant current square wan
of 0.1 msec in duration and 3.3/sec in rep
rate which was delivered by an electronic st
tor (Sanei IF 37) by way of a stimulus isol
unit (Sanei 5361). The stimulus intensity was the
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