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Cortical and cervical stimulation after hemispheric
infarction
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SUMMARY Cortical and cervical stimulation has been performed in 20 patients with hemiparesis or
hemiplegia due to hemispheric infarction and in 20 control subjects. The motor action potentials
(MAPs) were recorded from biceps and thenar muscles. MAPs evoked by stimulation of the
undamaged hemisphere were normal in 18 out of 20 patients and in two there was a slight increase
of central conduction time (CCT). The stimulation of the motor cortex of the damaged hemisphere
did not evoke any response in 15 patients; in two the MAPs were absent in one muscle and in the
remaining three were delayed in one or both muscles. Cervical MAPs were normal in 18 patients and
delayed in the thenar muscle in two patients.

In the intact man various attempts have been made to
stimulate the brain through the scalp, but owing to
the considerable electrical resistance and high cortical
threshold they have met with little success.
Gualtierotti and Paterson' tried repetitive stimu-
lation of the scalp, which was abandoned because of
local pain. Only in 1980, Merton and Morton2 suc-
ceeded in activating contralateral muscles by applying
to the scalp a single, short-lasting, high voltage elec-
trical stimulus.

It was later found3 that the same technique could
also be used for activating the cervical region, evoking
muscle responses at a latency shorter than that
evoked after cortical stimulation. By subtracting the
latency of the cervical responses from that of the
cortical ones, central motor conduction time can be
measured.
We applied the technique of cortical and cervical

stimulation in a group of subjects with motor deficits
due to focal hemispheric infarction.

Material and methods

Twenty patients (mean age 64-5 + 7-4, range 47-72 years)
with a unilateral upper motor neuron syndrome admitted to
a rehabilitation unit for physiotherapy, and 20 normal sub-
jects of comparable age and height (mean age 59 2 + 9,
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range 34-65 years) were studied. The patients had a hemi-
spheric lesion of ischaemic origin and the study was carried
out I to 22 months after the stroke, when the motor deficit
was in the chronic stage. The clinical condition of the
patients and the CT localisation of the lesion are sum-
marised in table 1. All the patients had abnormal plantar
responses. All the subjects gave informed consent to the
study, which was approved by the local ethical committee.

Stimulation of the motor cortex and cervical region was
carried out with an electrical stimulator (Digitimer model
180) supplying a maximum of 750 volts. The stimulus time
constant was either 50 or 100 ps. Cortical electrodes were
placed on the scalp, the cathode on the vertex and the anode
on the hand motor area of both sides (7 cm down a line
between the vertex and the auditory meatus). Normal sub-
jects were only stimulated on one side. Cervical electrodes
were placed over the spinous processes, the cathode on T 1
and the anode on C4. Muscle action potentials (MAPs) were
recorded bipolarly by surface electrodes on the biceps and
thenar muscles, and stored on OTE Biopotential Analyzer
Software Interactive System (BASIS).

In patients with hemiparesis stimulation of the damaged
hemisphere was performed at rest and during a slight volun-
tary contralateral effort, in order to facilitate the MAPs.3
The facilitation only requires a minor degree of voluntary
effort. The same degree of strength was exerted during stim-
ulation of the undamaged hemisphere. Cervical stimulation
was performed at rest since voluntary contraction does not
affect the parameters of response.3 Eight MAPs responses
were obtained from each stimulation site. Threshold,
latency, duration and amplitude of the responses were
measured. The MAPs were considered abnormal when they
were absent at maximal stimulation or their latency
exceeded the range of normal controls. Central conduction
time (CCT) was obtained by subtracting the latency of
MAPs evoked from the cortex (cortical MAPs) from the
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Fig I Muscle action potential (MAPs) in a normal subject. Stimulation of the

motor cortex (1 and 2) and cervical region (3 and 4). Responses from the biceps,

first and third trace; and responses from thenar muscles, second andfourth trace.

Superimposition of two single potentials.

latency of MAPs evoked from cervical region (cervical
MAPs). Conduction velocity in the median nerve and ampli-
tude of MAPs evoked by median nerve stimulation in the
abductor pollicis brevis were measured bilaterally.

Results

In normal subjects, at rest and during voluntary effort
motor cortex and cervical stimulation evoked MAPs

in biceps and thenar muscles. The latencies of cortical
and cervical MAPs are shown in table 2. The duration
ofMAPs on cortical stimulation was 19-0 + 3 0 ms in
the contralateral biceps and 16 5 + 3-0 ms in con-
tralateral thenar muscles (fig 1 (1) and (2)). The
amplitude of the cortical MAPs varied widely accord-
ing to the degree of effort, and was not considered a

reliable parameter. The same variability was observed

Table 1 Clinicalfeatures ofpatients

Upper limbs

Weakness
Duration Muscle

No Age (yr) CT localisation (months) Reflexes Biceps Thenar tone

1 63 L capsular 19 + + + 2 3 2
2 72 R capsular 8 + + + 2 3 2
3 58 L parietal I + + + 2 1 2
4 68 R temporo parietal 7 +++ 2 1 2
5 70 R capsular 13 + + + 1 3 2
6 75 Lcapsular 6 + + 2 2 2
7 47 L fronto temporo parietal 6 + + + 2 1 2
8 65 R capsular I + + 1 3 0
9 70 Lcapsular 2 + + 1 2 2
10 57 L fronto temporo parietal 7 + + + 1 2 1
11 60 R fronto temporo parietal 22 + + + 2 3 2
12 70 R fronto temporo parietal 4 + + + 2 3 0
13 55 R fronto temporo parietal 2 + + 2 3 2
14 68 R fronto temporal 4 + + + 2 2 1
15 60 L subcortical 10 + + 2 2 2
16 72 R capsular 3 + + + 2 2 2
17 65 Lcapsular 2 + + 1 2 1
18 76 R capsular 5 + + + 2 2 1
19 60 R temporo parietal 12 + + 2 2 2
20 60 L frontal 3 + + I 1 2

Tendon reflexes: + normal, + + increased, + + + increased with clonus.
Weakness: I moderate, 2 severe, 3 paralysis.
Muscle tone: 0 reduced, I normal, 2 increased.
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for stimulation threshold. Cervical stimulation
evoked on both sides MAPs of 20-2 + 2-5 ms in the
biceps and 15-0 + 2-0 ms in the thenar muscles (fig 1
(3) and (4)). Median nerve stimulation elicited normal
MAPs in the abductor pollicis brevis.

In patients, cortical MAPs from the undamaged
hemisphere were normal except for patients nos 18
and 20, who showed a slight increase of CCT for
thenar muscle (case no 18: 7-7 ms; case no 20: 7-0 ms).
Cervical stimulation evoked MAPs of normal latency
and duration in all the patients except nos 12 and 15
in whom the cervical MAPs were slightly delayed in
the thenar muscles (17-3 ms in patient 12; 17-7 and
17-1 ms in patient 15). In these two patients the
electromyographic studies revealed neurogenic signs
in muscles innervated by seventh and eight cervical
roots. In all the patients median nerve stimulation
evoked MAPs of normal latency and duration.

Stimulation of the damaged hemisphere at maxi-
mal voltage did not elicit contralateral MAPs in 15
out of 20 patients (nos 1 to 15) (fig 2). In two patients
(nos 16 and 17) the cortical MAPs were absent in the
biceps and normal in the thenar muscle. In three
patients the cortical MAPs were delayed in latency in
both muscles (nos 18 and 19) or in the biceps (no 20);
the central conduction time was prolonged (case no

18: 6-7 ms for biceps and 11 1 ms for thenar muscle;
case no 19: 14-2ms for biceps and 13-6ms for thenar
muscle; case no 20: 7-0 ms for biceps muscle).
The latencies of cortical and cervical MAPs and the

CCT are listed in table 2.
Latency changes were generally accompanied by

reduction in duration (case no 18: 10 ms for thenar
muscle; case no 19: 12 ms for the biceps and 1Oms for
thenar muscles; and case no 20: 11 ms for the biceps
muscle).

Table 2 MAPs after cortical and spinal stimulation

R cortical stimnulation L cortical stinulation Spinal stimulation CCT

Biceps Thenar Biceps Thenar Biceps Thenar Biceps Thenar
No Side (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms)

1 R 0 0 51 +09 13-801 / /
1* 8-8+0-2 18-2+2-1 5-0+0-1 134+07 3-8 4-8

2 R* 97 + 3-0 19-0 + 0-2 6-5 + 0-1 14-1 ± 0-1 3-2 49
L 0 0 6-0±0-1 14-303 / /

3 R 0 0 6-7+0-1 14-2+0-2 /
L* 10-6 + 0-5 20-8 + 0-8 6-5 +03 14-3 ± 0-4 4-1 6-5

4 R* 9-3 + 0-3 17-9 + 1-7 6-3 0-3 14-1 0-2 3-0 3-8
L 0 0 6-7+0-4 14-307 / /

5 R* 10-2 + 0-3 19-3 + 0-2 63 ± 0-2 13-0 ± 0-2 3-9 6-3
L 0 0 6-5±0-0 13-5 020

6 R 0 0 71±01 14-8 00 / /
L* 9-0 + 1-1 19-5 + 1-2 5-2 + 0-2 14-8 ± 0-5 3-8 4-7

7 R 0 0 6-6+0-4 14-3±040 /
L* 10-6 + 0-7 19-8 + 0-9 59 + 0-0 13-9 + 0-0 4.7 59

8 R* 10-7 + 0-3 21-2 + 0-5 6-5 ± 0-4 16-0 + 0-1 4-2 55
L 0 0 64+04 16-2±030

9 R 0 0 5-9+0-2 14-9±020
L* 10-0 + 0-1 20-1 + 12 54 + 0-0 13.5 + 08 46 66

10 R 0 0 6-4+0-1 153 ±060
L* 114+ 12 205+03 5-9+0-2 148±09 5.9 5.7

11 R* 96+01 210± 19 5-8+0-1 15-1 +0-2 38 59
L 0 0 65+01 150±10 / /

12 R* 108 + 0-1 203 + 0-1 6-0 + 05 162 ± 03 48 41
L 0 0 5-9+0-5 173±08 / /

13 R* 103 + 12 196 ± 1-5 57 + 0-0 145 + 01 4-6 5-1
L 0 0 57+0-0 143±03 / I

14 R* 118+1-1 200+43 69±0-3 135±05 49 65
L 0 0 54+06 141 +00 / /

15 R 0 0 6-0+0-4 177±02 / /
L* 9-5 + 04 222 + 1-9 6-5 + 0-1 171 + 0-1 30 5-1

16 R* 10-0 + 0-8 20-2 +04 6-2 ± 04 14-5 + 03 3-8 58
L 0 20-4 + 08 58 03 15-0 ± 0-6 54

17 R 0 214+25 55+00 143+00 / 7-1
L* 10 7 + 0-1 20-1 + 1-5 5 5 + 00 14 7 + 0-5 5 2 5-4

18 R* 114+04 22-7+0-0 5-8+0-0 150±0-1 5-6 7-7
L 130±0-1 26-4+0-7 6-3±0-1 15-3+0-1 6-7 11-1

19 R* 10-4 + 0-3 21-3 + 1-0 5-8 + 0-1 15-1 ± 0-1 4-6 6-2
L 20-0 + 2-0 28-5 + 2-0 5-8 0-1 14-9 ± 0-1 14-2 13-6

20 R 13-6+ 1-3 20-2+0-5 6-6+0-1 14-1 0-2 7-0 6-1
L* 10-6 + 0-1 21-0 ± 1-0 5-8 + 0-4 14-0 ± 0-1 4-8 7-0

Mean of normal
controls 10-2 + 1-0 19-7 + 1-0 10-3 + 0-9 19-8 + 1-1 5-5 + 0-8 14-3 ± 1-0 4-3 + 0-6 5-3 + 0-6

Range: 9-0-12-5 17-0-22-5 9-0-12-5 17-0-22-5 5-0-7-5 13-5-17-0 3-2-5-9 4-0-6-8

Values are mean + I SD.
* = site of hemispheral involvement.
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Fig 2 Muscle action potential (MAPs) in patient no 3.
(A): Cortical stimulation. MAPs are normal in (1) right
biceps and in (2) right thenar muscles after stimulation of
the left cortex, but absent in (3) left biceps and (4) left
thenar muscles after stimulation of the right cortex. (B):
Cervical stimulation. MAPs are normal in (1) right biceps,
in (2) right thenar, in (3) left biceps and in (4) left thenar.
Superimposition of two single potentials.

Discussion

In the intact man, single pulse, high voltage stimu-
lation of the motor cortex and of the spine2 3 activates
the descending pathways and allows one to measure
the central motor delay. Large efferent neurons of the
motor cortex are probably excited since the latency is
compatible with conduction through the fast cortico-
spinal axons.4 The precise site of action of the stimu-
lus has not been established. Cervical stimulation may
excite the spinal motoneurons, the spinal inter-
neurons or the ventral roots. The observation that the
threshold and amplitude of the responses are not
enhanced by voluntary contraction suggests that acti-
vation takes place at the level of the ventral roots.
Mills and Murray' have recently provided evidence
that stimulation of the cervical region excites the
motor roots at their exit from the spinal canal.

In 18 out of 20 patients studied the CCT was

normal in the unaffected hemisphere. In two patients
there was a slight increase of the CCT and this may be

due to a lesion not demonstrated by clinical and
radiological investigation.
The MAPs evoked by stimulation of the affected

hemisphere and the CCT were constantly abnormal.
The most common abnormality was absence of the
potential at maximal voltage, a finding never
observed in normal subjects or in the unaffected hemi-
sphere of patients. Increased latency and decreased
duration also seemed to be reliable indicators of corti-
cospinal involvement, provided that the patients are
able to produce a voluntary effort. The recordings
from biceps were slightly more sensitive than those
from thenar muscle since biceps MAPs were con-
stantly abnormal while thenar MAPs were normal in
three patients. Although response amplitude is to
some extent related to response duration it varies con-
siderably according to the degree of effort made by
the subject, and is not in our opinion a reliable para-
meter. The same holds for the response threshold.
The cervical MAPs were normal in 18 and delayed

in two patients. In these two patients there were EMG
signs of a neurogenic lesion, a finding not uncommon
in patients with hemiplegia and attributed to an
associated entrapment or traction neuropathy or
radiculopathy.6

It was difficult to correlate the degree of neuro-
physiological and clinical impairment since cortical
MAPs were absent even in patients with incomplete
motor deficit. For the same reason, no correlation
was found with proximal and distal motor weakness.
However, the five patients who still displayed cortical
MAPs showed a less severe motor deficit.
Abnormal central motor conduction has been

described in multiple sclerosis7 8 and motor neuron
disease.9 In these conditions, the MAPs evoked from
the motor cortex are usually delayed. This abnormal-
ity is attributed to demyelination with conduction
block and to degeneration of the corticospinal fibres.
After a stroke, the descending pathways are inter-
rupted and this may explain why, in the majority of
cases, the responses disappear. Increased latency and
shortened duration of the residual cortical MAPs
may be due to defective spatial summation of the
corticospinal projection.
The finding that cortical responses could be absent

even in patients in whom voluntary movement was
still possible may suggest that movement occurred
through non pyramidal pathways or through the
small pyramical tract fibres.
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