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Conducted and segmental components of the
somatosensory cervical response
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SUMMARY Cervical responses evoked by stimulation of the median nerve have been con-
currently recorded from C7-Fz and C7-Sn (suprasternal notch). The existence of two different
waveforms (RI and RII) has been confirmed. RI (from C7-Fz) consists of four negative peaks
(N9, Nll, N13, N14) followed by a large positive deflection (P16). RII (from C7-Sn) is charac-
terised by an early positive-negative spike (Pl-Nla) followed by a slow negative-positive wave
(Nlb-P2). The study of the most relevant parameters (polarity, latency and refractory period)
of each component of RI and RII did not indicate whether the generators underlying RI differ
from those responsible for RII. However, stimulation of the lower limb, which does not involve
segmental events at cervical level, showed a clearcut difference: no response was recorded
from C7-Sn, while evoked activity equivalent to RI was obtained from C7-Fz. Therefore it is
suggested that RII is entirely generated by segmentally evoked potentials while RI is mainly due
to conducted potentials.

Two waveforms of the somatosensory response
recorded from the surface of the neck upon stimu-
lation of the upper limb have been described. The
first one (RI), investigated by a number of
authors,'-4 consists of four negative peaks (N9,
NIl, N13 and N14) followed by a large positive
deflection (P16). Such a response is usually ob-
tained from the active electrode placed over the
spinal column and a mid-frontal reference elec-
trode (Fz). Other reference electrode positions,
more or less distant from the active one, have
been used (for example hand, knee), without re-
markable changes in latency or in polarity of the
single components, with the only exception of
N9.5 6 The second type of cervical response (RII),
studied almost exclusively by a Japanese group,7
is characterised by an early positive-negative de-
flection followed by a negative-positive wave, the
reference electrode being placed at the supra-
sternal notch (Sn).
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It should be pointed out that no component of
the RI response (loosely called the electrospino-
gram) is regarded as strictly spinal in origin, with
the exception of N1I, which is probably due to
the conducted activity of the dorsal columns. 2 S

N9 is generally attributed to the activity of the
brachial plexus,2 while N13 is thought to be gen-
erated by the dorsal column nuclei.2 8 N14 and
P16 are far field reflections of the activity of
supraspinal somatosensory afferent pathways, from
the medulla to the cerebral cortex,9 although a
partial contamination from spinal segmental events
cannot be excluded. The RI cervical response
therefore mainly reflects the conduction of affer-
ent impulses along the lemniscal pathway, from
the brachial plexus to the thalamo-cortical
projections.

In contrast, RII has been regarded as a reflec-
tion of spinal segmen'tal events. 7 In particular,
the early positive-negative deflection may repre-
sent the incoming volleys conducted through the
cervical roots, while the subsequent negative-
positive wave is believed to reflect interneuronal
activity and the related primary afferent depolar-
isation.
The possible relationships between these two

responses have never been properly investigated.
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In particular, it is not clear at present whether the
generators underlying RI do differ from those
responsible for RII, or whether RI and RII are
to be considered as different features of the same
events, although the former explanation seems to
be the most likely on the basis of the spatial
orientation of the two derivations. To clarify this
issue simultaneous recordings of RI and RII upon
stimulation of the median nerve were performed,
and the most relevant parameters of each com-
ponent (that is polarity, latency and refractory
period) of RI and RII were studied in a group of
normal subjects. Moreover, stimulation of the
lower limb, which does not exite the occurrence of
segmental events at the cervical level, was per-
formed and the relevance of the recording elec-
trodes arrangement on the features of the evoked
responses evaluated. Finally, additional infor-
mation was obtained by leads suitably positioned
over the shoulder, that is at different levels of the
brachial plexus.

Material and methods

Observations were made on eight volunteer subjects,
ranging in age from 26 to 39 years. Subjects were
kept relaxed on a couch in a quiet room. The median
and the tibial nerves were stimulated at the wrist and
at the popliteal fossa respectively, using surface elec-
trodes (Disa 13K62) with the cathode proximal to the
anode. The limbs were gently warmed by an infra-
red lamp throughout the experiment to ensure a skin
temperature of 36-38°C. Square pulses were gen-
erated by a Disa 14E01 Ministim stimulator (pulse
duration 0-2 ms) at a rate of 1 Hz. The stimulus
intensity, both at the wrist and at the popliteal fossa,
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was three to four times the motor threshold of the
innervated muscles. Both neck and shoulder record-
ings were performed by means of fine subcutaneous
needles, with electrode impedance of 1000-2000 ohms.
Five derivations were concurrently employed to
record the activity evoked by stimulation of the upper
limb, the electrodes being placed as in figs 1 and 2.
Cervical activity evoked by stimulation of the lower
limb was simultaneously recorded by derivations C7-
Fz and C7-Sn (fig 3). The input from the recording
electrodes was led to differential amplifiers (Evoked
potentials amplifiers Ote 2305) and simultaneously
recorded on magnetic tape (Philips Analog 7): the
output, summated by a digital averager (Neuro-
averager Ote) triggered by the stimulator, was dis-
played on an X-Y plotter (Philips PM 8125). The
frequency response of the recording apparatus was
16-10 000 Hz (3dB). Analysis times of 20 or 50 ms
were used and usually 512 or 1024 responses were
summated. Number, shape and polarity of the re-
corded potentials were analysed visually. Peak laten-
cies were measured on the plot or with a cursor on
the computer oscilloscope.

Results

The general waveform of RI and RII (fig 1) was
essentially similar to the original descriptions,
apart from two additional peaks referred as PIO
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Fig 1 Cervical responses simultaneously recorded
from C7-Fz and C7-Sn following median nerve
stimulation at the wrist. In this and the following
figures positivity is downwards. Calibration: 05 ,uV;
512 responses were summated.

Fig 2 Neck and shoulder simultaneous recordings
following median nerve stimulation at the wrist. The
negative peak of the response recorded at the axilla
(first trace) is coincident with NO, while the negative
peak of the response recorded along the upper edge
of the trapezius muscle (third trace) is coincident with
N9. Calibration: 05 AiV; 512 responses were summated.
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and Nlb are postsynaptic in nature, their complete
recovery never requiring less than 5 ms. No defi-
nite conclusions could be reached on the later
components (that is P16 and P2), partly owing to
their variability, but it seems very likely that they

I are to be considered postsynaptic in origin.
Cervical activity evoked by stimulation of the

tibial nerve at the popliteal fossa was concurrently
recorded from C7-Fz and C7-Sn. A clearcut re-
sponse could be obtained from C7-Fz (fig 3), its

0 10 15 20 25 3 general waveform being very similar to RI, as
ms previously reported by Leandri et al." Moreover

ordings following tibial nerve it was observed that the interwave latency between
lepopliteal fossa. C7-Fz picks up a the first two negative peaks (1.6±0.3 ms) was very
? while C7-Sn fails to demonstrate close to the time interval between Nil and N13
fed activity. Arrows indicate the two (14±0.3 ms).
spposed to be equivalent to Nil and In contrast no definite response (fig 3) could be
of the cervical response evoked by detected from C7-Sn, even when more than 2000

ze upper limb. Calibration: 05 ,uV; replications were summated.
oere summated.

Table Mean latencies (ms) of RI and RII components

RI N9 P10 Nll N13 P16
9 3+0 7 10-1+0-8 11-4+1-0 13-1±0-9 16-4±1-0

R11 NO P1 Nla Nlb P2
8-7±0-8 9 9+0-8 11*5±0-8 12-7±0 9 16-2±1 0

4 0-6+0-1 0 1+0-2 0 1±0 5 0 5+0 3 0-2±0-5
p <0-001 ns ns <0 005 ns

N14 component has been omitted as RII does not show any peak at
this time or occurring between Nlb and P2.

and NO respectively.* The mean latencies of the
single components of RI and RII as well as their
statistical parameters (paired t test) are shown in
the table. The brachial plexus response has been
recorded at different levels of the shoulder. T'he
negative peak of the triphasic (pnp) response was
coincident with NO when picked up at the axilla,
and with N9 when picked up along the upper
edge of the trapezius muscle (fig 2).
Double pulse experiments showed that N9, PlO,

and Nil as well as NO, P1, and Nla, had a very
short refractory period. When equal paired stimuli
were given to the median nerve with different
interstimulus intervals, a complete recovery could
be observed within 2 ms. Therefore it has been
concluded that all these components are presyn-
aptic in origin. As to the refractoriness of the sub-
sequent ones it can be maintained that both N13

*The nomenclature originally proposed by Shimoji et alt" for the cord
dorsal potential (that is P1, NI, and P2) and subsequently extended'
to the surface recorded response (that is R1I) has been partially
modified. Unlike these authors7, we have called Nla and Nib the
two distinct peaks following P1, Nlb corresponding to the second
component of the negative wave (cf Shimoji et al,'7 the peak indicated
by the arrow in the left side of fig 1 and the upper half of fig 2).

Discussion

Previous descriptions of the two waveforms of the
somatosensory response recorded from the surface
of the neck upon stimulation of the upper limb
have been con;firmed by our findings. This holds
true also for the initial small negative deflection
of RII, immediately preceding the PI-Nla di-
phasic complex, already recorded but apparently
disregarded by Shimoji et al.7 Indeed such a
deflection, tentatively called NO, is not visible in
the cord dorsal potential (CDP) concurrently re-
corded from the posterior epidural space (cf
Shimoji et al,7 left side of fig 1 and upper half of
fig 2). It should be pointed out, however, that RII,
in contrast to the CDP, has been obtained by a
referential derivation which picks up both local
and far field events. We presume that NO may
originate from the most distal portion of the
brachial plexus, since the concurrent recordings
performed over the shoulder have shown that NO
has the same latency as a wave generated at the
axilla, more peripherally than the origin site of
N9.
A comparative analysis of RI versus RII, re-

veals that the P1 component occurs at the same
time as PlO. Usually such a peak- is not evident
as a distinct component of RI, possibly because
of its small amplitude, but we feel that it should
be identified with P1 (see also Abbruzzese et al"),
although synchrony between two events cannot
be regarded as a proof of a common origin.

It has been previously assumed2 8 that NI 1 and
N13 components reflect the activity of dorsal
columns and dorsal columns nuclei respectively:

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.44.8.718 on 1 A
ugust 1981. D

ow
nloaded from

 

http://jnnp.bmj.com/


Conducted and segmental components of the somatosensory cervical response

however simultaneous recordings of RI and RII
recently performed by Dimitrijevic et al,"2 chal-
lenge such a hypothesis. According to these
authors,'2 Nil and N13 are due respectively to
presynaptic and postsynaptic activity in the dorsal
horn neurons, Ni1 being equivalent to Nla and
N13 to Nib.* Actually there is little doubt that
Nll and Nla are presynaptic while N13 and Nlb
are postsynaptic in origin, as we demonstrated by
double pulse experiments. However, while the
mean latency of Nll is extremely close to that of
Nla, Nlb occurs significantly earlier than N13,
more specifically in coincidence with the CDP Ni
component.7
The difference in latency between N13 and Nlb

is in keeping with the assumption that N13 is gen-
erated at a more rostral level than Nlb, possibly
by the dorsal columns nuclei. The equivalence
proposed by Sedgwick (personal communication)
that NiI=Nla and N13=Nlb, and its functional
implications, must be considered with caution
although such a hypothesis cannot be definitely
ruled out unless further evidences become avail-
able. The possible equivalence between P16 and
P2 cannot be excluded: in fact both components
are related to postsynaptic events and their mean
latencies are not different.

In general, a constant gap in latency between
two events can support the assumption that they
are generated by different structures or by the
same structure at different levels, while identical
latencies are not by themselves a proof of the
common origin of the two events, a mere coinci-
dence between them being possible. This concept
might hold true also for our findings: in fact we
have not been able to demonstrate a clearcut
difference between RI and RII either on the basis
of their chronological features or by analysis of
other relevant parameters. t

Nevertheless, it is conceivable that one deri-
vation (that is C7-Sn) could be selective with re-
spect to generators at the cervical level, the spatial
orientation of its electrodes being particularly
suited to detect horizontal dipoles and to ignore
vertical ones. Such assumption can be verified by
stimulation of the lower limb, which is a suitable
way to evoke conducted events in the absence of
segmental cervical responses. In previous experi-
ments" we have shown some clearcut analogies
between the response evoked by stimulation of the
upper limb and that obtained by stimulation of the

*Nla and Nlb correspond respectively to N3 and N4 components
as described by Dimitrijevic et al."2
tActually it might be of relevance that on no occasion did RII re-
cordings show a distinct peak chronologically related to N14 or
occurring between Nlb and P2.

lower limb when the derivation C7-Fz is em-
ployed. In particular, apart from the expected
absence of N9, we observed that the first negative
peak of the response evoked by stimulation of the
tibial nerve is due to a travelling wave arising in
the most rostral portion of the dorsal columns,
while the second negative peak is generated by a
fixed dipole, probably located at level of the dorsal
column nuclei. Since the interwave latency of
these two peaks is very similar to the interval
between NIl and N13 it seemed appropriate to
assume that the first two negative peaks of the
cervical response evoked by stimulation of the
lower limb are equivalent to NI1 and N13
respectively. 11

The present investigation shows that the cervical
activity evoked by stimulat'ion of the lower limb
can be recorded by C7-Fz but not by C7-Sn. We
think that the former derivation is particularly
suitable to pick up conducted events, probably
generated by vertically oriented dipoles, though
the co-detection of spinal segmental events cannot
be excluded. On the other hand, the clearcut
absence of any response upon stimulation of the
lower limb seems to suggest that C7-Sn cannot
pick up conducted events. It follows that the re-
sponse recorded by C7-Sn upon stimulation of the
upper lim'b (that is RII) is likely to be mainly (or
exclusively) related to segmental events generated
by dipoles which are horizontally oriented, as
suggested by the maximal amplitude of the CDP
in the anteroposterior axis on the horizontal
plane.13
We conclude that the electrophysiological events

underlying RI cannot be identified with those
responsible for RII. In this connection it seems of
relevance that in spinal man RII is still present,'4
while only the initial portion of RI (that is N9
and NIl) can be recorded after a complete spinal
cord lesion3 at C5. Further investigations in
patients with high cervical lesions are still required,
however, since good recordings from such patients
are technically difficult to obtain.'5
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