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There is a growing interest for the sub­
cortical somatosensory evoked potentials 
(SEPs) to médian nerve stimulation that can 
be recorded from the posterior surface 
of the neck in man (Liberson and Kim 1963; 
Matthews et al. 1974; Cracco and Cracco 
1976; El­Negamy and Sedgwick 1978, 1979; 
Halliday 1978; Hume and Cant 1978; Abbruz­
zese et al. 1979; Symon et al. 1979; Small 
et al. 1980; Anziska and Cracco 1980; Chiap­
pa et al. 1980; Cracco et al. 1980; Desmedt 
and Cheron 1980a; Eisen and Odusote 1980; 
Ganes 1980; Mauguière and Courjon 1981). 
The interprétation of thèse components is still 
far from clear although everyone now agrées 
that the positive P9 component is a volume­
conducted (far­field) potential f rom the 
afférent nerve voUey near the axilla (cf., 
Cracco and Cracco 1976; Kimura et al. 
1978; Kritchevsky and Wiederholt 1978; 
Desmedt and Cheron 1980a; Wiederholt 
1980). 

When using a non­cephalic référence 
électrode for recording the posterior neck 
SEP the onset latency of the Nu component 
was found to consistently increase by nearly 
1 msec from the C7 to the C2 levels along 
the neck (Desmedt and Cheron 1980a) which 
apparently disproved the prévious suggestion 

' This research has been supported by grants from the 
Fonds de la Recherche Scientifique Médicale and the 
Fonds National de la Recherche Scientifique, Bel­
gium, and by the Muscular Dystrophy Association 
of America. 

of a 'fixed generator' site for this wave (Mat­
thews et al. 1974; Small et al. 1980). This 
point raises the important issue of the nature 
of the actual spinal generators involved and it 
has an obvious bearing on the diagnostic 
interprétations of spinal SEP altérations 
in clinical patients. We proposed that the N u 
component was related to the voUey ascend­
ing the dorsal column after spinal entry at 
C6­7, and anatomical relationships docu­
mented by évidence from cadaver dissections 
allowed a conduction velocity of 58 m/sec 
to be estimated for the ascending Nu (Des­
medt and Cheron 1980a). 

The présent study has now replicated thèse 
results and it describes a new method for the 
prevertebral recording of the subcortical 
SEP through oesophageal électrodes in intact 
man. This method throws new light on 
current issues and provides évidence for dis­
sociating the conducted dorsal column 
component from postsynaptic components 
locally generated in the dorsal horn. 

Material and methods 

After preliminary trials for elaborating 
the technique, 12 complète experiments were 
successfuUy carried out on 10 female and 2 
maie normal volunteers of 20—23 years. They 
were in good health, free from neurological 
disease, and had given informed consent. 
The subjects were selected from a larger group 

0013­4649 /81 /0000—0000 /$02 .50 © 1 9 8 1 Elsevier/North­Holland Scientific Publishers, Ltd. 



Fig. 1. A: photograph of the probe used for oesophageal recording. The two (dark) circular métal contacts on the 
perspex terminal are separated by 23 mm. B: latéral X-ray of the cervical spine with 6 oesophageal électrodes 
(3 probes each with a pair of métal strips) in place in front of the vertebrae which are labelled. A Beckman cup 
électrode can be seen over the spinous process of vertebra C6. 
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of students in the third year dental school on 
the basis of good yields for SEP averaging; 
they also had minimal tendency to vomit at 
probe insertion and were able to relax fully 
with the probes in place, so as to minimize 
muscle and eye blink interférence. They lay 
comfortably on a couch in a sound-proofed, 
electrically shielded and air-conditioned room 
a t24°C . 

The oesophageal probe was a flexible 
plastic tubing terminated by a smooth tipped 
perspex rod (4 mm diameter, 31 mm length) 
carrying in grooves at either ends two circular 
métal strips, 23 mm apart f rom each other 
(Fig. lA) . This probe (Disa 13K63) had been 
developed for intra-oesophageal recording 
of the electromyogram (EMG) of the diagram 
pillars (cf., Delhez et al. 1964). The two 
contacts on the probe were connected by two 
wires inside the plastic tubing and provided 
two independent active électrodes for record­
ing against a non-cephalic référence. The 
probe was introduced into a nostril and 
passed into the oesophagus with the assistance 
of the subject's swallowing. Vaporization 
of 2% Xylocaine onto the pharynx walls 
helped control the gag reflex. One probe was 
used in 2 subjects, but 3 similar probes were 
simultaneously inserted to différent lengths 
in the remaining 10 subjects, thus providing a 
total of 64 prevertebral recording sites. In 
each subject radioscopy helped adjust each 
probe individually to the wanted position 
in relation to the différent vertebrae; profile 
and frontal X-ray prints were then made (Fig. 
IB) (Desmedt et al. 1981). The probe tube 
emerging from the nostril was carefuUy fixed 
on the face skin with surgical tape thereby 
preventing any further longitudinal movement 
of the probe in the oesophagus with respect 
to the vertebrae's levels. 

Each experiment included several runs 
with 14 simultaneous recordings that involved 
two 8-channel magnetic recorders both 
operated at 7 in./sec. Scalp, earlobes and 
upper neck sites were recorded from with 

unvarnished stainless steel needles 0.2 mm 
diameter. Beckman cups filled with électrode 
jelly were placed on the lower neck and on 
Erb's point above the clavicle. The non-
cephalic référence was a silver plate on the 
dorsum of the right hand. Electrode impé­
dance was maintained below 3000 J2. Dif-
ferential amplifiers with 10 MO in put impé­
dance were used. The overall bandpass 
extended from 2.5 kHz to 0.5 Hz (cf., Des­
medt et al. 1974). For each run 1024—4096 
samples were averaged off-line (4096 words 
of 9 bits) after editing the FM-taped data to 
exclude blockings, excess EMG and other 
interférence (see Desmedt 1977, for détails 
of methods). The bin width was 80 fxsec. The 
analysis time was 80 msec with 1024 points 
for each of the 4 traces simultaneously 
averaged. The traces were not smoothed and 
were written out on an X-Y plotter. Com-
ponent profiles and latencies were consistent 
in repeat runs on any given subject. The SEP 
components were labelled from their positive 
(P) or négative (N) polarity and their peak 
latency, as recommended by Donchin et al. 
(1977). 

The stimuli were 0.2 msec square electrical 
puises delivered through a pair of Beckman 
cup électrodes to the left médian nerve 
(cathode proximal) just above the wrist. 
The intensities checked by a current probe 
were 3—7 mA (about 3 times subjective 
threshold) and elicited small thumb twitches. 
In some runs electrical stimuli were delivered 
to the peroneal nerve below the head of the 
fibula or to fingers through silver ring élec­
trodes. When stimulating fingers I-II-III of 
the left hand, the stimulus to finger I was 
delayed by 0.5 msec to make up for the 
shorter distance to the spinal cord (Debecker 
and Desmedt 1964). The time intervEils 
between stimuli were usually random and 
varied between 0.2 and 0.8 sec. The mean 
stimulation rate never exceeded 3/sec. The 
upper limb was warmed by infrared and its 
température was normal at 35—37°C. 
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Results 

Latency shift of spinal Nu along the posterior 
neck 

Replication of the previous results was 
performed on the new séries of subjects. 
With a non-cephahc référence on the right 
hand, ail électrodes disclosed a positive 
far-field P9 which presented the same onset 
latency along the posterior neck and indeed 
also at ail scalp locations. The spinal Nu rised 
from the bottom of P9. Its mean onset latency 
was 9.96 ± 0.77 (S.D.) msec at the level of 
C6-C7 and 10.91 ± 0.77 msec at C2-C1. 
The two main variables affecting intersubject 
variability of SEP latencies in normal subjects 
are the tissue température of the stimulated 
arm (which was measured and maintained at 
35—37°C in our studies), and the length of 
the arm which influences the conduction 
distance from wrist to cord (Desmedt 1971). 
We did not apply any correction for arm 
length since the subjects chosen had fairly 
homogeneous body dimensions. 

The transit time between lower and upper 
posterior neck (Fig. 8C, D) is independent 
of arm length, and was found to have a mean 
value of 0.91 ± 0.32 msec in the new séries. 
This figure is close to the mean transit time 
of 0.95 ± 0.15 msec in the previous study 
(Desmedt and Cheron 1980a). The latency 
shift along the neck is thus validated and the 
new mean calculated on the basis of the 18 
subjects of both studies is 0.94 ± 0.24 msec. 
From anatomical évidence the actual conduc­
tion distance along the dorsal column was on 
average 55 mm from the spinal entry of 
médian nerve afférents at C6-C7 up to the 
spinal C2 level (Desmedt and Cheron 1980a). 
The maximum ascending conduction velocity 
in the cord was thus recalculated as 55 : 
0.94 = 58.5 m/sec. 

The mean actual conduction distance from 
lower to upper neck is of course the best 
rough estima te suggested by anatomy, but it 
is probably no less valid than the latency shift 
measure. If the conduction distance was taken 
as 60 mm instead, the velocity would turn out 

as 60 : 0.94 = 64 m/sec; and if it was taken 
as 50 mm, the mean conduction would be 
50 : 0.94 = 53 m/sec. On the other hand if 
the mean conduction velocity of 58 m/sec 
is accepted, a différence of 10 mm in the 
conduction distance from lower to upper 
neck (e.g., in larger or shorter subjects) would 
only resuit in a latency différence of 10 : 58 = 
0.17 msec, a value actually smaller than the 
standard déviation of 0.24 msec. 

Oesophageal électrodes at the level of the C7 
to Th3 vertebrae 

Prevertebral recordings at thèse levels 
situated below the spinal entry of the médian 
nerve afférent volley (see spinal roots C6-C7 
in stipple in Fig. 2) provided a différent 
pat tem which obviously implicates différent 
generators. Fig. 2 présents a line drawing of 
a frontal X-ray with 4 recording électrodes 
respectively in front of the Cl, T h l , Th2 
and Th3 vertebrae. The averaged traces 
recorded from each of thèse électrodes 
against a non-cephalic référence are presented 
on the left column. After the initial positive 
deflexion, a sharp negativity was observed 
whose onset latency increased regularly from 
levels Th3 (8.2 msec) to C7 (8.8 msec) 
(Fig. 2A—D). A seemingly obvious (but 
actually wrong) move would be to at tempt 
to calculate a conduction velocity for this 
négative potential by considering the vertical 
séparation of the électrodes (60 mm from 
Th3 to C7) as the actual conduction distance: 
in this example, this would give 60 : (8.8 — 
8.2) = 100 m/sec which is much too fast. 
The mean maximum afférent conduction 
velocity for the médian nerve from wrist 
to Erb's point was 71.1 ± 4.0 m/sec 
in 25 young adults (Desmedt and Cheron 
1980b; cf. also, Nielsen 1973). The afférent 
velocity is quite unlikely to suddenly accele-
rate by about 30 m/sec for the segment from 
Erb's point to cord. 

For solving this problem we undertook 
dissections of fixed cadavers to study the 
geometrical relationships between the relevant 
spinal roots and the électrode locations in the 
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Fig. 2. Drawing from a frontal X-ray of the profiles of vertebrae C4 t o Th3 with the first and second ribs. Four 
oesophageal électrodes (2 probes) are positioned in front of vertebrae C7 to Th3. A—D: averaged potentials elic-
ited by the médian nerve stimulus at the wrist and recorded from each of the 4 oesophageal électrodes (small 
arrows). In this and ail subséquent figures, negativity of the active électrode registers upwards. The vertical sépara­
tion of the traces is roughly proportional to the interelectrode distance. An oblique line with slope '68 m/sec' is 
drawn through the onset latencies of the négative potentials. E: averaged potential simultaneously recorded from 
Erb's point. Right side of the spine, drawing to scale of the shoulder profile and of the brachial plexus and spinal 
roots (C6—C7 corresponding to the médian nerve afférents in stipple). This drawing is based on anatomical dissec­
tions of human cadavers and shows the true orientation of the roots with respect to the spine. The thick arrows 
identify the Erb's point recording site, and the presumable sites of recording of the afférent voUey negativity by 
the oesophageal électrodes (see text). 

oesophagus. The brachial plexus passes 
above the latéral arch of the first rib which is 
at the level between vertebrae C7 and T h l . 
Its main direction is nearly horizontal and 
obliquely forward. Roots C6 and C7 (carrying 
the médian nerve afférents) run outwards 
with an angle of about 15° below the hori­
zontal (Fig. 2). A useful référence to relate 
time with position along the plexus is 
provided by the Erb's point response. Like 

potentials recorded over peripheral nerve 
trunks (Gilliatt and Sears 1958), the Erb's 
point response is an initially positive triphasic 
potential (Fig. 2E) corresponding to the 
afférent volley approaching (positive), then 
passing underneath the électrode (négative), 
and eventually propagating beyond (posi­
tive). The anatomical location of Erb's point 
is well defined, between the clavicle and the 
anterior border of the trapezius muscle, over 
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the brachial plexus which can be palpated 
through the skin (Fig. 2). The onset 
of the negativity in Fig. 2E occurs at 8.0 
msec and coïncides with the arrivai of the 
afférent volley at that site. Since the nega­
tivity at the oesophageal électrode Th3 starts 
at 8.2 msec (Fig. 2D), the latter must 'see' 
the afférent spike slightly more proximally 
than Erb's point. With an afférent conduction 
velocity of 71 m/sec the latency différence 
of 8.2 — 8.0 = 0.2 msec would correspond to 
an active site about 14 mm above Erb's 
point (Fig. 2). 

It can thus be suggested that the oeso­
phageal électrodes, being actually at a 
distance of 80—20 mm from the brachial 
plexus, picked up the negativity of the 
afférent volley at levels between Erb's point 
and root entry into the vertébral canal, as 
suggested by the thick arrows joining the 
4 électrodes to the roots C6-C7 in Fig. 2. 
If so, the actual conduction distance spanned 
by the Th3 to Cl oesophageal électrodes 
should roughly be 41 mm along the roots 
instead of the 60 mm corresponding to the 
vertical électrode séparation. In this example, 
the root conduction velocity was recalculated 
as 41 : ( 8 . 8 - 8 . 2 ) = 68 m/sec. The mean 
obtained in 7 subjects for électrodes between 
ThS and C7 was 66.3 ± 10.9 m/sec. Thèse 
values were not significantly différent f rom 
the velocity of 71.1 m/sec f rom wrist to Erb's 
point . 

Arrivai times of the afférent volley at the 
brachial plexus, spinal roots and spinal 
cord 

The above évidence suggested that , in the 
case of oesophageal électrodes, the first 
negativity was related to potentials arising, 
not from spinal cord, but f rom spinal roots. 
Accurate time relationships were looked 
into by comparing arrivai times at various 
levels along the médian nerve (Desmedt 
1971; Desmedt et al. 1973) and at the spinal 
cord (Desmedt and Cheron 1980a). Fig. 
3 illustrâtes sensory nerve action potentials 
between wrist and Erb's point (A—E) for 

stimulation of fingers (which excludes anti-
dromic spikes in the motor axons of the 
médian nerve). The conduction velocity of 

Stim 

4 6 8 to 12 M ms 16 

Fig. 3. Direct estimation of spinal entry time. A—E: 
averaged (bin width 20/usée) sensory nerve potentials 
elicited by stimulation of fingers I-II-III of tlie 
left hand and recorded by needle électrodes inserted 
close to the nerve trunk at the wrist (A), forearm 
(B), elbow (C), axilla (D) and Erb's point (E). The 
différences in relative amplitudes at différent levels 
dépend in part on the placement of the active élec­
trode in relation to the generator. The vertical sépara­
tion of the traces is proportional to the measured 
distances along the nerve. The oblique dotted line 
passing through the onsets of négative responses 
corresponds to a maximum conduction velocity 
of 75 m/sec. Extrapolation of this linear régression 
to the entry of spinal roots C6-C7 into the cervical 
spinal cord (cf., Desmedt and Cheron 1980a, Figs. 
5 and 6A) coïncides with the onset of the négative 
spinal SEP component N u recorded over the C7 
spinous process (F). However, the négative potential 
recorded by an oesophageal électrode in front of 
Th2 vertebrae starts earlier (G) and it must be inter-
preted as a root potential. 
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75 m/sec calculated on thèse data extra-
polated precisely to the onset of the Nu 
component recorded over the C7 spine at 
the neck, as shown by Desmedt and Cheron 
(1980a). However, the negativity simul-
taneously recorded by an oesophageal élec­
trode in front of Th2 (Fig. 3G) started 0.6 
msec earlier and obviously preceded the entry 
into the spinal cord. 

Comparison of amplitudes of the positive 
far-field P, at différent levels pre- or post-
vertebrally disclosed consistently différent 
trends. For oesophageal électrodes, P9 
increased from ThS to Cl (Fig. 2 A - D ) 
and tended to diminish above C7 (Fig. 4A, 

10-

J I I I I I I I I L_ 
Th3 Th2 Thi C7 Cg Cg C4 C3 C2 

Fig. 4. Amplitude of the P9 nerve far field at dif­
férent électrode positions along the cervical spine. 
A, B: recordîngs through oesophageal électrodes 
in front of vertebrae C2 (A) or C7 (B) with a larger 
P9 in the latter. C, D: recordings in another subject 
with posterior neck électrodes at C2 (C) or C7 (D): 
P9 is larger over the upper spine. E: pooled data for 
P9 distribution from ThS to C2 (abscissa). The 
amplitudes in the ordinate are expressed for each 
subject in percent of the maximum P9 recorded 
either pre- or post-vertebrally. There is a consistent 
trend for P9 to be larger in lower neck prevertebrally 
(circles) and in upper neck post-vertebrally (dots). 

B). For électrodes on the posterior neck along 
the midline, P9 was small at thoracic levels 
and increased steadily from C7 to C2 (Fig. 
4C, D) (Desmedt and Cheron 1980a). At C7-
T h l , P9 was definitely larger prevertebrally 
than behind (Fig. 3F, G). The data pooled for 
ail subjects in the diagram of Fig. 4E docu­
ment for the two sets of électrodes the dif­
férent profiles of P9 amplitudes which must 
be related to orientation of the potentials 
fields generated by the arriving peripheral 
volley. 

Prevertebral recording at levels C7 to C2 
Oesophageal électrodes located at or above 

spinal entry of the afférent volley recorded 
unexpected features illustrated by super-
imposed pre- and post-vertebral SEPs in 
Fig. 5A. The far-field P9 was présent with 
identical onset in both (Table I), but the 
traces differed consistently for the latency 
of their first négative component. The 
oesophageal électrode at C6 (thicker trace) 
recorded the spinal roots negativity with 
onset at 9.3 msec and peak at 10.0 msec. The 
posterior neck électrode saw the onset of the 
spinal Nil component at 10.0 msec which 
coincided both with the onset of the positive 
scalp far-field Pu (Fig. 5C, Table I) and with 
the spinal entry time estimated independently 
from conduction measures along the periph­
eral nerve (Desmedt and Cheron 1980a, 
Fig. 5; this paper, Fig. 3). The respective gene-
rators were presumably not completely 
segregated at either électrode sites though. 
The early root negativity slightly influenced 
the neck trace and could account in part for 
the bilobed bottom of P9; conversely, a small 
contribution of the spinal Nu probably 
blended into, and prolonged, the preverte­
brally recorded early negativity, as indeed 
suggested by the présence of a small négative 
peak (Fig. 5A, asterisk) after the roots ' 
spike. In any case the two records diverged 
sharply thereafter, at 10.9 msec, with a 
négative N13 posteriorly and a positive P13 
prevertebrally. Such a consistent phase 
reversai between back and front was recorded 
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0 6 10 15 ms 20 

Fig. 5. A: superimposed averaged SEPs to médian 
nerve stimulation, recorded in front (électrode 2; 
thicker trace) or behind (électrode 1) vertebra 
C6. B: subtraction of record 1 from record 2 which 
virtually éliminâtes the P9 far field, isolâtes the 
root spike 'Nio', and artificially increases the P13 
phenomenon (since the posterior Ni3 is fed into 
grid 2 of the amplifier). There is a clear-phase 
reversai between P13 and N13 in A. C: recording 
of cephalic far fields, P9, P u and P14 from the 
right earlobe. The vertical interrupted line indicates 
the onset of P9 at 7 msec. The next vertical dotted 
line to the right corresponds to the spinal entry time, 
and to the onset of spinal N u and cephalic P u . 
The onset of P13-N13 clearly précèdes that of the 
Pi4 far field. 

in ail subjects at thèse cervical levels. The 
mean peak latency of N13 posteriorly was 
13 .10± 0.80 msec, and that of the prever­

tébral Pi3 was 13.15 + 0.91 msec. They were 
not significantly différent. The maximum 
voltage of Pi3 from onset to peak had a mean 
of 0.93 ± 0.45 juV (Table I). 

The trace in Fig. 5B resulted from a sub­
traction of thèse tw^o records whereby the P9 
far-field virtually cancelled out, the root spike 
showed up (through partial élimination of the 
subséquent N u ) and component P13 got much 
larger through the addition of the N13 
recorded by grid 2 of the amplifier in this 
montage. The spinal P13 recorded by oeso-
phageal électrodes presented significant dif­
férences in onset and peak latencies when 
compared with the scalp far-field P14 (Table 
II; Fig. 5C). The duration of the spinal P13 
was 4.19 ± 0.64 msec and significantly 
exceeded the duration of the scalp-recorded 
far-fields Pu or P14. 

The spinal P13 was recorded prevertebrally 
between levels Cl and C3, and sharply 
dropped in amplitude below or above (Fig. 
6B). Another important finding was the stable 
latency of P13 along the cervical spinal cord: 

Fig. 6. Pooled data on the P13 phenomenon recorded 
by oesophageal électrodes located in front of verte-
brae Cl to Th3. A: drawing of the cervical spine 
based on a latéral X-ray which provides the ordinate 
for the graphs on the right side. B: relative amplitude 
of Pi3 (abscissa) from its onset to its peak, expressed 
in percent of its maximum amplitude in each subject 
considered. C: peak latency of P13 (abscissa) in msec. 
Six oesophageal électrodes were used in most subjects 
and the measures for any given subject are joined 
by a line. 
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TABLE I 

Mean values ± S.D. and f test by pairs for the early SEP components to médian nerve stimulation in 10 subjects. 
Nio stands for the early negativity recorded by oesophageal électrodes and interpreted as a spinal root volley 
(Fig. 2). 

Amplitude f test by Onset latency t test by pairs 
(MV) pairs (msec) 

Prevertebral P9 (level C6—C7) 
Posterior neck P9 (level C4) 
Scalp P9 

1.53 ± 0 . 5 9 
.' 1 .15 + 0.22 

1.02 ± 0.31 

} P< 0 .06 
} P > 0.4 

7.12 ± 0.65 
7.04 ± 0.66 
7.12 ± 0.65 

} P> OA 
} P> 0.4 

Prevertebral N,o (level Th2-Th3) 
Posterior neck N u (level C6-C7) 
Scalp P l i far field 

9 .13 ± 0 .63 
10.06 ± 0.81 
10.09 ± 0 .86 

} P< 0 .001 
} P > 0.6 

Posterior neck Ni3 
Prevertebral P13 (level C6-C7) 

' 0.47 ± 0 . 3 5 
0 .93 ± 0.45 

} P< 0 .06 11.96 ± 0.94 
11.95 ± 0.94 

} P > 0.6 

the peak latency of P13 varied in the différent 
subjects (if only, because of slight différences 
in arm length) between 11.9 and 13.8 msec, 
but in any given subject it was remarkably 
stable throughout the cervical levels where 
it was présent and no matter its relative 
amplitude différences (Fig. 6). 

Prevertebral recording of early SEP to 
peroneal nerve stimulation 

In contrast to the above findings, the 
peroneal nerve stimulation elicited a similar 
profile pre- and post-vertebrally. Fig. 7C 
shows superimposed traces in which the 
far-field Pi , was foliowed at each lead by a 
négative N19. The same pair of électrodes 
recorded the usual phase reversai between 
Ni3 and P13 for médian nerve stimulation 
(Fig. 7B). 

Supraglottic recording 
Arrays of électrodes placed in 3 experi-

ments on the anterior aspect of the neck 
were used for recording with a non-cephalic 
référence on the right hand. At some of 
thèse électrodes the SEP profiles were not 
unlike those seen for oesophageal électrodes. 
The supraglottic trace of Fig. 8B disclosed 
several such features: the positive far-field 
P9; a negativity starting at 8.9 msec 

I I I L- L 
0 6 10 15 20 ms 

i I I I I 
0 5 10 16 20 m s 

Fig. 7. Superimposed averaged SEPs recorded in front 
(thicker line) and behind the C7 vertebra (A), for 
stimulation of either the médian nerve at the wrist 
(B) or the peroneal nerve near the head of the fibula 
(C) . The P13-N13 phenomenon with phase reversai 
occurs in B, but not in C where both traces are con-
gruent (see text). 
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0 5 10 15 ms 

Fig. 8. Différence in onset time and duration of 
between the cephahc far-field P14 (recorded at the 
right earlobe, in A), and the spinal P13 (recorded in 
this example over the skin of upper neck, in B). P13 
shows a phase reversai with the Ni3 recorded over 
the posterior neck at C7 (C). The latency shift of the 
spinal SEP N u component from lower cervical spine 
(C) to upper cervical spine (D) is replicated. 

presumably corresponding to the spinal 
roots spike; and a clear P,3 whose onset 
obviously preceded that of the scalp far-field 
Pi4 (Fig. 8A). It is also noticed that the dura-
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TABLE II 

Transit times between the onset of the scalp P9 far 
field or the scalp Pi 1 far field (spinal cord entry time) 
and early SEP components to médian nerve stimula­
tion in 10 subjects (mean values ± S.D.)- The négative 
values correspond to components that précède the 
time référence considered. AU transits are expressed 
in msec. 

From onset From onset 
of scalp P9 of scalp Pj 1 

Prevertebral P9 onset 0 .004 + 0.10 - 2 . 9 4 + 0.51 
Posterior neck P9 onset - 0 . 0 9 0 + 0.17 - 3 . 0 0 + 0.65 
Prevertebral P13 onset 4 .83 + 0.48 1.85 + 0.68 
Prevertebral P13 peak 5.99 + 0.57 3.11 + 0.54 
Posterior neck N13 onset 4 .83 + 0.48 1.86 + 0 .68 
Posterior neck Ni3 peak 5.94 + 0.57 3.06 + 0.54 
Scalp Pi4 far-field onset 6.51 + 0.92 3.49 + 0.71 
Scalp Pi4 far-field peak 7.33 + 0.68 4 .38 ± 0.55 

tion of the spinal P13 is longer than that of 
the scalp P14, as indicated above. It is indeed 
amusing that averaged traces not unlike those 
obtained through oesophageal électrodes can 
be acquired by électrodes appropriately 
placed on the anterior aspect of the neck: 
however, such skin électrodes do not allow a 
similar detailed analysis of the SEP compo­
nents as was possible for the oesophageal 
recordings. 

Fig. 8 also illustrâtes dorsal neck recordings 
with a bilobed P9 nerve far-field (cf., Desmedt 
and Cheron 1980a, Fig. 1) and another repli-
cation of the latency shift of the spinal Nu 
which was, in this example, 0.73 msec later at 
C3 (D) than at C7 (C). 

Discussion 

The oesophageal électrodes used are non-
invasive and benign. The only minor problem 
is that the subject must have patent nasal 
cavities (no rhinitis) and reasonably quiet 
pharyngeal régurgitation réflexes. Maies 
appear to have more difficulties than young 
females or patients to swallow and tolerate 
the probes, and to remain fully relaxed for 
prolonged periods. X-ray monitoring is essen-
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tial for accurate électrode placements (Fig. 
1). The method achieves good electrical 
recording conditions, without EKG or other 
interférence, and provides stratégie access 
to the anterior aspect of vertébral bodies 
C2 to TH3. The new approach thus provided 
to the spinal SEP generators did much more 
than merely elaborate the évidence currently 
obtained from dorsal neck électrodes, and ac-
tually raised fresh issues about the differentia-
tion of fixed versus moving generators in the 
spinal cord. 

Volume-conducted peripheral nerve far-field 
P9 

The first event elicited by médian nerve 
stimulation is a widespread far-field positivity 
P9 that is recorded with an identical latency 
over the entire scalp, the earlobes and the 
neck, provided a non-cephalic référence is 
used (Cracco and Cracco 1976; Desmedt and 
Cheron 1980a). The latter paper clarified 
the complications that can arise with the use 
of cephalic référence électrodes: for example, 
when a lower neck électrode is connected to 
grid one of the amplifier and a scalp électrode 
such as Pz to grid two, a spurious 'N9' can be 
seen simply because the P9 far field happens 
to be larger at the Pz référence than at the 
neck. Such observations should not be taken 
to imply that P9 would reverse sign at the 
neck. It is generally agreed that P9 represents 
a volume-conducted potential generated in 
the stimulated nerve proximal to the axilla 
(Cracco and Cracco 1976; Kritchevsky and 
Wiederholt 1978; Wiederholt 1980) since its 
onset précèdes the arrivai of the peripheral 
volley at Erb's point, but is later than the 
onset of the médian nerve potential in the 
axilla (Fig. 3D—G; Desmedt and Cheron 
1980a). Furthermore, P, persists while ail 
subséquent SEP components are lost in the 
patients with traction injuries of the brachial 
plexus when the spinal roots have been 
severed (Anziska and Cracco 1980). 

It is interesting to notice that the P9 far 
field thus relates to the nerve volley as it 
enters the brachial plexus f rom the axilla, 

while the second P u far field recorded from 
scalp has an onset that coïncides with spinal 
entry and dorsal column volley (Desmedt 
and Cheron 1980a). This seems to suggest 
that the volley travelling in the proximal 
brachial plexus and spinal roots is not 'seen' 
as a separate scalp far-field deflection. One 
reason for this to happen may be that the 
geometrical orientation of proximal brachial 
plexus and roots is close to the horizontal 
plane (Fig. 2) and therefore put at a dis-
advantage for volume conduction to the top 
of the head (in contrast to nerve trunk at 
the axUla, or dorsal columns or medial lem-
niscus). 

The early négative component 
With a non-cephalic référence on the hand 

of the unstimulated side, ail the recordings 
from dorsal neck électrodes présent a sharp 
negativity rising from the bot tom of the P9 
far field. This negativity N u recorded over the 
C6-C7 cervical spines is generated by the 
spinal cord itself near spinal entry of the 
afférent nerve volley since its onset consis-
tently coïncides with the arrivai of the volley 
as estimated from direct nerve recordings 
(Fig. 3A—F; Desmedt and Cheron 1980a, 
Fig. 5). From levels C7 to C2, this negativity 
présents a clear latency shift which has now 
been replicated in the subjects of the présent 
study (Fig. 8C, D). The increase of the Nn 
onset latency at more rostral levels along the 
neck has important implications for relating 
this SEP component to ascending conduction 
of the somatosensory volley in the dorsal 
column. Several previous studies (Matthews 
et al. 1974; Small et al. 1980) missed the 
latency shift because of their use of a scalp 
Fz (instead of a non-cephalic) référence 
whereby the spinal potentials were spuriously 
distorted by the scalp far-field Pu injected 
into grid two of the amplifier in that 
montage. This issue was thoroughly dis-
cussed by Desmedt and Cheron (1980a) 
and need not be repeated. The mean transit 
time for the spinal Nn is 0.94 ± 0.24 msec 
in the 18 subjects of both studies. The mean 
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maximum conduction velocity for Nn 
is then 55 : 0.94 = 58.5 m/sec, using the 
actual conduction distance estimated on the 
basis of anatomical évidence in the previous 
paper. This velocity is 12 m/sec slower than 
that of the corresponding peripheral nerve 
afférents in our material. The slower conduc­
tion in the centrally directed branch of the 
primary afférent neuron with respect to the 
peripheral branch has been documented in the 
cat (Brown 1968; Uddenberg 1968; Loeb 
1976). 

We bave now found that Bok (1928) 
indicated a maximum diameter of 13 (im for 
the axons in the dorsal column for the upper 
limb (Burdach tract) in man. Applying the 
conversion factor of 4.5 m/sec/jum discussed 
earlier (Desmedt and Cheron 1980a, p. 
396; cf. also Boyd and Kalu 1979), a value of 
13 X 4.5 = 58.5 m/sec is found which agrées 
with the above data. The maximum velocity 
of the peripheral branch of the primary 
afférent neurone is larger and also 
corresponds to the diameter of its largest 
fibres, namely 16 X 4.5 = 72 m/sec (actual 
mean found: 71.1 m/sec; Desmedt and 
Cheron 1980b). 

When first looking at oesophageal record-
ings, we were quite surprised that the prever-
tebral negativity rising from the P9 far field 
had an earlier onset than the N u at the 
posterior neck (Figs. 5A and 7B). It was also 
unexpected that the latency changes with 
spinal level differed from those for the 
posterior N, i . In fact the oesophageal élec­
trodes are quite close spatially to the cer­
vical spinal roots that émerge just behind 
the vertébral bodies and run obliquely in an 
antero-latéral direction. Evidence has been 
presented that the first prevertebral nega­
tivity ('Nio', see Table I) is related, not to 
the dorsal column volley, but to the spinal 
roots action potentials on their way from 
Erb's point to entry into the spinal cord 
(Figs. 2 and 3). As discussed above, the 
recordings at prevertebral levels Th3 to C7 
allow a conduction velocity to be calculated 
which is not significantly différent from the 

71 m/sec found in the médian nerve. The 
afférent axons of the médian nerve enter the 
cord through roots C6 and Cl (Foerster 
1933, 1936; Keegan and Garrett 1948; Gri­
solla and Wiederholt 1980) which penetrate 
the vertébral canal at a level corresponding 
to the upper aspect of the corresponding 
vertebra. Spinal cord segments C6-C7 entered 
by thèse roots are actually located 10—15 
mm more cephalad (Desmedt and Cheron 
1980a). Therefore, the geometrical relation-
ships are quite distinct in front and behind 
the vertebrae: while the posterior neck élec­
trodes over the C6-C7 spinous processes 
record the earliest onset of the Nu compo-
nent presumably generated in the dorsal 
column, the prevertebral électrodes at the 
same levels first see the incoming volley in the 
spinal roots, about 1 msec earlier (Table I). 

The différent position of thèse two sets 
of électrodes (non-cephalic référence for ail) 
in relation to the volume-conducted periph­
eral nerve volley is also reflected in the 
différences recorded for the amplitudes of the 
P9 far field at différent levels (Fig. 4). 
Although the true onset of the Nu SEP 
component cannot be recorded prever-
tebrally, there is some indication that Nu 
may contribute to some extent to the oeso­
phageal records by sustaining and prolonging 
the early roots' negativity (Figs. 5A and 7B). 

The postsynaptic spinal generator expressed 
in the prevertebral P13 

Much of the current uncertainties in the 
physiological interprétations of the spinal 
SEPs arises from the lack of an adéquate 
data base that would provide dues for the 
identification of the différent generators. 
Published statements have been either uncon-
vincing (overinterpretation of notches in wave 
form profiles) or rather tentative. The use of 
epidural (Shimoji et al. 1971) or intrathecal 
(Ertekin 1973, 1976) électrodes in man con-
firmed the présence of a spinal négative wave, 
but failed to achieve a detailed analysis 
because of obvious limitations (and potential 
hazards) of the technique, and because the 
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wave forms recorded varied greatly with 
the positions of the depth électrode tip and 
of the référence chosen in relation to the 
cord. Thèse data cannot be easily related to 
the currently available spinal SEPs derived 
f rom the posterior neck with a non-cephalic 
référence. 

The use of oesophageal électrodes in man 
has achieved a small breakthrough in this 
connection by consistently disclosing a posi­
tive component P13 with a mean onset latency 
of 11.96 msec, thus about 1.9 msec later 
than the spinal entry time at onset of the 
posterior N u at the levels C6-C7 (Table I). 
The profile of P,3 is clearly defined and 
appears as a phase reversai of the N13 compo­
nent which is recorded at the posterior 
neck (Figs. 5A, 7B and 8B). There is no 
significant différence between the time 
features of the two components (Table 
I). The finding of the P 1 3 - N 1 3 phase reversai 
proved useful to identify the posterior N13 
whose onset is not always clearly differen-
tiated from the preceding N u , especially at 
higher cervical levels (Fig. 8C, D; Desmedt 
and Cheron 1980a, Figs. 1 and 2). 

The prevertebral P13 is distinct from the 
scalp far-field P14 that is now related to the 
volume-conducted ascending volley in the 
medial lemniscus (Nakanishi et al. 1978; 
Desmedt and Cheron 1980a; Mauguière 
and Courjon 1981). The duration of the spi­
nal Pi3 is longer, 4.19 msec on average, than 
that of the scalp far fields Pu or P14. Finally 
P,3 has a restricted distribution along the 
spinal cord and its amplitude drops sharply 
above the C3 vertebra (Fig. 6), a finding 
that excludes its being generated above 
foramen magnum. 

Thèse results can be meaningfully related 
to anatomical and physiological évidence 
on the distribution of cutaneous afférents 
in the cord. After spinal entry, the large 
fibres of the dorsal root bifurcate in the 
dorsal column into an ascending branch 
reaching the cuneate nucleus, and a shorter 
descending branch; collaterals of either 
branches penetrate into the dorsal horn 

through its medio-dorsal aspects and form 
a.o. a dense plexus in the nucleus proprius 
(Cajal 1909, p. 503; Schimert 1939; Sprague 
and Hong Chien Ha 1964) which corresponds 
to the cytoarchitectonic layers IV and V 
described in the cat (Rexed 1954) and in m£in 
(Schoenen 1973). The density of collaterals 
is highest at the root level and drops in the 
neighbouring segments (Cajal 1909; Sterling 
and Kuypers 1967; Imai and Kusama 1969; 
Rethélyi and Szentâgothai 1973). 

In response to a single afférent stimulus, 
electrophysiological recordings from the 
exposed cord dorsum in cat or monkey 
disclose a spike (currently related to the 
volley in the central branch of the first 
neurone ascending the dorsal column), rapidly 
followed by a more prolonged négative wave 
that is interpreted as a postsynaptic activa-
tion of interneurones of the dorsal horn 
(Casser and Graham 1933; Hughes and Casser 
1934; Bernhard 1952; Bonnet and Bremer 
1952; Lindblom and Ottoson 1953). One or 
more négative waves may follow the first one 
which is elicited by the lowest-threshold 
cutaneous A-alpha-beta afférents (Beall 
et al. 1977; Willis and Coggeshall 1978). 
Intraspinal mappings with microelectrodes 
locate the maximum négative wave in the 
middle layers of the dorsal horn (Coombs 
et al. 1956; Fernandez de Molina and Gray 
1957), more precisely in layers IV and V 
where many interneurones are postsynap-
tically activated by cutaneous input (cf., 
Wall 1973), and identify a corresponding area 
of positivity in the ventral cord (cf., Beall 
et al. 1977). With électrodes on the surface 
around the cord, Austin and McCouch (1955) 
found the first négative wave of the cord 
dorsum to decrease laterally and to invert 
into a positive wave on the ventral aspect 
of the cord. Thèse data concur remarkably 
with the phase reversai we recorded post-
versus prevertebrally in intact man (Figs. 
5A and 7B) and suggest that the N 1 3 - P 1 3 

SEP component is postsynaptically generated 
within the dorsal horn. By contrast the 
posterior neck N u component is interpreted 
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as the presynaptic volley ascending the dorsal 
column, there being no reason to implicate 
spinothalamic pathways in the early SEP 
components (cf., Halliday and Wakefield 
1963; Noël and Desmedt 1975). 

Along thèse lines, the P , 3 - N i 3 spinal com-
ponent can be relate.d to a fixed generator 
in the central part of the dorsal horn. This 
interprétation can be substantiated by 3 
findings. First, the onset latency of P13 is 
remarkably stable along the cervical spinal 
cord in any given subject (Fig. 6C). This time 
constancy would indeed be expected for a 
potential that is focally generated in the 
dorsal horn over a number of spinal segments. 
It offers a contrast with the latency shift 
of about 0.94 msec recorded for the dorsal 
column Ni, over the same vertical extent. 

Second, the vertical extent of P13 has been 
studied in détail for comparison with the 
anatomical distribution of collaterals given by 
the primary neurones to the dorsal horn. 
The density of such collaterals is expected 
to be highest close to root entry, thus for the 
médian nerve afférents in spinal segments 
C6 and C7 which are situated behind the 
bodies of the C5 and C6 vertebrae (Desmedt 
and Cheron 1980a, Fig. 6A). The descending 
branch of the primary neurone sends col­
laterals in diminishing amounts to several 
segments below the root entry in the cat 
(Sterling and Kuypers 1967; Imai and Kusama 
1969; Rethélyi and Szentâgothai 1973). 
Déjerine and Thomas (1896) studied human 
autopsy material with lower brachial plexus 
lésion and found that degenerations in the 
dorsal horn extend down to the second or 
third dorsal segments. In first approximation, 
the médian afférents arriving in roots C6-
C7 can be expected to contribute sizeable 
amounts of collaterals to dorsal horn to 
two spinal segments above (thus up to seg­
ment C4) and below (down to T h l ) the roots 
entry. The longitudinal location of spinal 
segments C4 to T h l corresponds to the bodies 
of vertebrae C3 to T h l (Desmedt and Cheron 
1980a, Fig. 6A). Since the exact position 
of our oesophageal recording électrodes was 

established by X-ray (Fig. 1) and since 6 
levels were simultaneously derived in most 
subjects, the spatial distribution of P13 can 
be established precisely (Fig. 6B). Thèse data 
indeed provide an excellent corrélation: 
the maximum amplitude of P,3 is in front 
of the vertébral bodies C4 to C7, and a sharp 
drop in voltage occurs at C3 and at Th l . 

Third, no prevertebral positive component 
analogous to P13 is recorded for afférent 
volleys ehcited in the lower limb. The oeso­
phageal électrode at C7 only records a first far-
field Pi7 that is followed by the dorsal column 
négative component Njg, and the trace profile 
is virtually identical to the one recorded by 
the posterior neck électrode (Fig. 7C). This 
fits in with our hypothesis that Pn is related 
to a postsynaptic fixed generator in dorsal 
horn because the axons ascending from lumbo-
sacral levels in the tract of GoU (gracilis) do 
not anatomically innervate the dorsal horn at 
cervical levels. 

It is important to emphasize that the N13-
Pi3 spinal component thus identified is 
generated by a neural structure, the spinal 
dorsal horn (mainly layers IV and V), that 
is not a sériai link in the somatosensory 
pathway going up from spinal entry to céré­
bral cortex. Therefore the N , 3 - P i 3 com­
ponent recorded from the neck or oeso-
phagus should, under certain pathological 
conditions, undergo dissociated changes that 
would not be necessarily reflected in the sub­
séquent components generated higher up 
along the somatosensory pathway. There 
are indeed cases, for example in patients with 
multiple sclerosis, where this spinal compo­
nent would be reduced or delayed by a focal 
lésion even though the cortical N20 compo­
nent présents a latency within the normal 
range (cf., Small et al. 1980). We interpret 
this to mean that a focal lésion can involve 
the collatéral nerve branches directed onto 
the dorsal horn interneurones without affect-
ing the stem nerve fibres (central part of the 
primary neurone) ascending in the dorsal 
column that activate the lemniscal neurones 
at the cuneate nucleus. Our finding that the 
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N 1 3 - P 1 3 spinal component is generated in the 
dorsal hom and présents a longer duration 
than the scalp far fields emphasizes that 
it should be carefully distinguished from the 
P 1 3 - P 1 4 scalp far field on the basis of distinct 
generators, and even though the respective 
latencies may overlap in time. For example, 
in patients with a destruction of the cephalad 
dorsal column down to the level cervical 
C5, the Pi4 scalp far field is eliminated while 
a négative Ni3 with rather prolonged time 
course is recorded from the posterior neck 
(Mauguière and Courjon 1981). This N13 
wave should not be interpreted as a dorsal 
column volley, but related instead to the 
dorsal horn fixed generator which can still 
be activated through collatéral branches of 
the caudaliy directed bifurcation of the pri-
mary nerve fibre entering the spinal cord. 

Siunmary 

Short-latency somatosensory evoked poten-
tial (SEP) components to médian nerve or 
finger stimulation were recorded in 12 normal 
young adults with 14 channels, using a non-
cephahc référence. Several électrodes were 
placed along the posterior neck, earlobes 
and scalp while oesophageal probes provided 
2—6 recording sites at known levels in front 
of vertebrae C2 to Th3 (Fig. 1). The oeso­
phageal électrodes provided a new non-inva-
sive point of entry that secured important 
data about the generator sources of the spinal 
SEP components. 

Ail cephalic électrodes recorded a P9 far 
field which is greater over the scalp, earlobes 
and rostral cervical spine than over the caudal 
cervical spine. P9 is the volume-conducted 
peripheral nerve volley coursing between 
axilla and spinal cord. The direct recording 
of arrivai times of the peripheral volley along 
the médian nerve and brachial plexus (Erb's 
point) served to estimate the spinal entry 
time which coincided with the onset of the 
posterior neck N u (at levels C6-C7) and of 

the scalp Pu far field (Fig. 3). The latency 
shift of the onset of N u from lower to upper 
neck has been replicated (Fig. 8C, D) and 
Nil is interpreted as a presynaptic volley 
ascending the dorsal column (central branch 
of the primary neurone) at a velocity of 58 
m/sec (Desmedt and Cheron 1980a). 

At oesophageal électrodes in f ront of the 
C7-Th3 vertebrae, the first négative 
component starts before the spinal entry 
time and it corresponds to action potentials 
in the spinal roots (Figs. 2 and 3). The most 
remarkable feature of oesophageal recordings 
in front of the C3 to Th2 vertebrae is the 
positive Pi3 component which represented a 
phase reversai of the second negativity N13 
recorded from posterior neck (Fig. 5). The 
P 1 3 - N 1 3 phenomenon was recorded in ail 
subjects and presented a stable latency 
throughout the cervical cord (Fig. 6C). It 
was clearly differentiated from the scalp 
far-field P14 which is related to the ascending 
volley in the médian lemniscus (Figs. 5 
and 8; Tables I and II). The spinal P13 did not 
extend above C2 and it was obviously 
generated below the foramen magnum. P13 
is interpreted as a dorsal horn postsynaptic 
potential which is elicited by collatéral 
branches of the (bifurcated) primary afférent 
fibre. 

The use of 14 simultaneous recordings 
including a séries of pre- and post-vertebral 
électrodes clearly identified two distinct 
generators for the spinal SEP components 
to médian nerve stimulation: a presynaptic 
generator which ascends the dorsal column 
(Nil) and a postsynaptic fixed generator 
in the dorsal horn of the cervical spinal cord 
( N i 3 - P l 3 ) . 

Résvmié 

On a enregistré avec 14 canaux (référence 
non-céphalique) les composantes de brève 
latence du potentiel évoqué somesthésique 
(PES) à la stimulation du nerf médian ou des 
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doigts chez 12 sujets jeunes normaux. Des 
électrodes étaient placées sur le cuir chevelu, 
les lobes d'oreille et la nuque. De plus des 
sondes oesophagiennes permettaient de déri­
ver en 2—6 points devant les vertèbres C2 à 
Th3 (Fig. 1). Ces éle'ctrodes oesophagiennes 
sont bien tolérées et apportent des données 
nouvelles importantes sur les générateurs 
des composantes spinales du PES. 

Toutes les électrodes céphaliques ont 
enregistré d'abord un potentiel far-field P9 
qui est plus grand sur le cuir chevelu et jus­
qu'à la partie supérieure de la colonne cer­
vicale que dans la partie inférieure de la 
nuque. P9 est le potentiel de champ de la 
volée nerveuse périphérique entre l'aisselle 
et la moelle. Nous avons enregistré les poten­
tiels de nerf médian et du plexus brachial 
(point d'Erb) pour évaluer le moment de 
l 'entrée de la volée dans la moelle cervicale 
et ce dernier coïncide avec le début du Nu 
à la nuque (C6-C7) et du potentiel de champ 
Pu sur le cuir chevelu (Fig. 3). Nous avons 
confirmé l'augmentations de latence du N u 
entre le bas et le haut de la nuque (Fig. 8C, 
D); Nil est interprétée comme la volée pré-
synaptique montant dans la colonne dorsale 
à une vitesse de 58 m/sec (Desmedt et Cheron 
1980a). 

Au niveau des électrodes oesophagiennes 
se trouvant devant les vertèbres C7-Th3, 
la première négativité débute avant l'arrivée 
de la volée périphérique à la moelle et elle 
est interprétée comme un potentiel d'action 
dans les racines spinales (Figs. 2 et 3). Le 
phénomène le plus remarquable enregistré 
par les électrodes oesophagiennes se trouvant 
devant les vertèbres C3 à Th2 est la compo­
sante PES Pi3 qui est en phase inverse par 
rapport à la deuxième négativité Ni3 dé­
rivée au niveau de la nuque (Fig. 5). Le 
phénomène P 1 3 - N 1 3 a été observé chez 
tous les sujets; il présente une latence stable 
tout le long de la moelle cervicale (Fig. 
6C). Il est clairement distinct du potentiel 
de champ P14 du cuir chevelu qui lui est 
l'expression de la volée montante dans le 
ruban de Reil médian (Figs. 5 et 8; Tableaux 

I et II). Le Pi3 spinal ne s'étend pas plus 
haut que la vertèbre C2 et son générateur 
est de façon évidente en-dessous du trou 
occipital. Pi3 est interprété comme un poten­
tiel postsynaptique dans la corne dorsale 
de la moelle cervicale où il est déclenché 
par des branches collatérales de la fibre 
afférente primaire (bifurquée). 

L'utilisation de 14 dérivations simul­
tanées comprenant des séries d'électrodes 
pré- et post-vertébrales a ainsi clairement 
identifié deux générateurs distincts pour les 
composantes spinales du PES à la stimulation 
du nerf médian: un générateur présynaptique 
qui est conduit le long de la colonne dorsale 
(Nil), et un générateur fixe postsynaptique 
dans la corne dorsale de la moelle épinière 
cervicale ( N 1 3 - P 1 3 ) . 

We wish to thank Prof. J. Mulnard, director of 
the Department of Anatomy, for his help and sugges­
tions in relation to the studies of human anatomical 
material, and Prof. J. BoUaert, Chief of the Depart­
ment of Radiology, for his active coopération in the 
X-ray studies of oesophageal électrode placements. 
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