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Abstract
Electrical stimulation of the digital
nerves of the index finger produces
changes in the EMG signal during steady
voluntary contraction of the first dorsal
interosseous muscle. This electro-
cutaneous reflex (ECR) was studied in 90
patients classified into different
categories according to diagnostic
criteria for multiple sclerosis. In ad-
dition, pattern reversal visual evoked res-

ponses (VER), brainstem auditory evoked
responses (BAER) as well as spinal and
scalp recorded somatosensory evoked
potentials (SSEP) were investigated by
stimulating both the index finger and the
posterior tibial nerve. The reflex re-

sponse was altered uni- or bilaterally in 56
per cent of the patients and the abnor-
malities of the ECR were related to the
categories of diagnostic probability.
Pathological results were found in 28 per

cent of the hands without clinical
evidence of sensorimotor deficit. Al-
though ECR abnormalities were often
associated with clinical signs, significant
correlation was found only with hyper-
reflexia and/or increased muscle tone in
the corresponding upper limb. Path-
ological ECR were more common than
pathological SSEPs with finger stimula-
tion recorded under identical stimulus
conditions. Fewer abnormalities were

found by ECR testing than with VER, but
the proportion of abnormal ECR was

higher than that of BAER. ECR provides
a valuable supplement to existing electro-
physiological procedures for detecting
lesions in the central nervous system.

Changes of rectified and averaged EMG
activity seen within the first 100 ms following
the electrocutaneous stimulus are characterised
by a triphasic modulation of activity. A short-
latency increase (El) and a later positive peak
(E2) are separated by a decrease in EMG
activity (I1) while later changes of the signal
following E2 are inconsistent. This elec-
trocutaneous reflex (ECR) was investigated
systematically by using a method similar to that
presented by Jenner and Stephens in 1981.'
Information on the range of normality and

reliability ofthe ECR in adults was given in our

previous paper.2
There is evidence that the late component of

the reflex response depends on the integrity of

supraspinal structures.' 37 Changes of the

reflex response in upper limbs were described
with lesions of the contralateral sensorimotor
cortex,' lesions of the ipsilateral dorsal
columns and the corticospinal tract,1 5 whereas
no alteration occurred in patients with lesions
affecting the frontal lobe, occipital lobe,
cerebellum or spinothalamic pathways.'
The aim of this study was to evaluate the

ECR as a screening method in patients suffer-
ing from multiple sclerosis and to compare its
diagnostic significance with established
electrodiagnostic procedures."'

Methods
Electrophysiological studies were performed
on 90 patients, 59 women and 31 men, ranging
in age from 14 to 67 years (median 40 years),
admitted to our laboratory on the suspicion of
multiple sclerosis. Based on clinical and
laboratory findings the patients were classified
into diagnostic categories according to the
criteria of Poser et al in 198312 (table 1). In
contrast to those criteria we required patho-
logical IgG production and oligoclonal bands
for laboratory support of diagnostic categories.
Patients with marked paresis of the upper limb
(MRC Grade 4 and below) who unable to
perform a steady isometric contraction of the
hand muscles were excluded.

In addition, magnetic resonance imaging
(MRI) was performed on 37 patients. BAERs,
and SSEPs were all investigated by stimulating
both the index finger and the posterior tibial
nerve for most patients.

Electrocutaneous reflex
The subjects, who were lying comfortably in a
supine position, placed their hands with palm
down on a metal plate on which a force
transducer was mounted. Pressure against the
load cell was provided by abduction of the
index finger while the ulnar edge of the hand
was supported by another metal piece which
was adjusted to the size of the hand. The ECR
was recorded while the patients performed an
isometric contraction of the first dorsal in-
terosseous muscle at a standardised force which

Table 1 Diagnostic classification of the patient
population

Number of
Probability of multiple sclerosis patients

Clinically definite MS (CD) 33 (36-7%)
Laboratory supported definite MS (LD) 18 (20 0%)
Clinically probable MS (CP) 33 (36 7%)
Laboratory supported probable MS (LP) 6 (6-6%)
Total 90 (100%)
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was 20% of maximum voluntary contraction.
Force was kept constant with visual feedback
by using an analogue scale voltmeter connected
to the load cell. Rectangular current pulses of
0-2 ms were applied at a frequency of 3/s with
ring electrodes, which were fixed proximally
(cathode) and distally (anode) to the proximal
interphalangeal joint of the index finger and
connected to an isolated constant current
stimulator (TOENNIES, DA II). Stimulus
strength was standardised at four times the
sensory threshold as assessed by the method of
descending limits on both sides. Electrical
activity was recorded from the first dorsal
interosseous muscle with surface electrodes,
the indifferent electrode being positioned over
the processus styloideus radii. EMG activity
was amplified by using a differential amplifier
(20 Hz to 1 kHz), rectified and averaged time
locked to the stimulus. The sampling period
was 200 ms and 512 samples were averaged
twice on either side. Skin temperature was kept
constant at 34°C by means of a temperature
control unit (DISA, Type 15 H 02). The ECR
as characterised by a triphasic modulation of
activity E1-I 1-E2 (fig 1) was assessed as being
within normal limits or not by using the upper
limits of confidence proposed previously for
healthy adults (table 2).2

Pattern reversal visual evoked responses
A checkerboard was projected by a mirror onto
a translucent screen subtending 180 of the
patients visual field. The size of individual
squares was 42 min of arc, the luminance of the
white squares was 85 cd/M2 and that of the
black squares 2 cd/m2. Pattern reversal rate was
0 5 Hz. Monocular stimulation was performed
while the patients fixated a red dot in the centre
of the screen. The response was recorded from
an active needle electrode at Oz with a reference
at Fz (10-20-system) and amplified with a
bandpass of0-5-100 Hz. Analysis time was 200
ms and 256 samples were averaged twice on
either side. Absolute latency and interocular
difference of the Ploo component were con-
sidered as abnormal if they exceeded the mean

Table 2 Upper limits of confidence (mean + 2-5 SD)
for absolute and adjusted* data (latencies in ms)

Absolute Absolute Adjusted Adjusted
peak side peak side

Component latency difference latency difference

El 48-3 5-1 68-6 7-6
I1 597 44 84-8 66
E2 80 3 10-9 117-4 15-9
AQ (AI /A2) 1-45

*Adjustment ofarm length to a standard of 100 cm.

normal by more than 2 5 standard deviations
(SD).

Brainstem auditory evoked responses
Stimuli consisted of unfiltered clicks of 0- 15 ms
duration and an intensity of 70 dB above the
patient's hearing threshold, presented mon-
aurally via earphones at a rate of 10/s, while the
unstimulated ear was masked with white noise
at 70 dB. The polarity of the click stimuli was
reversed in regular intervals by giving conden-
sation and rarefaction clicks in blocks of 512
samples within the same averaging run. Re-
cording electrodes were set at Cz-Al and Cz-
A2 and connected to differential amplifiers
(150 Hz-3 kHz). The sampling period was 10
ms and 2048 samples were averaged twice for
each side. The responses were regarded as
abnormal if peak latencies and side difference
ofthe components III and V (as measured from
the stimulus artifact), and the I-V interval were
beyond 2-5 SDs from the mean of the normal
population.

Somatosensory evoked responses with index
finger stimulation
Identical stimuli were used for recordings of
both SSEP Dig II and ECR. SSEPs were
recorded with stainless steel needle electrodes
over the contralateral somatosensory hand area
(3 cm behind C3 and C4) and over the cervical
spinal cord at C6/C7. The reference electrodes
were placed on the midupper forehead (Fz).
The potentials were amplified using a bandpass
of 0.5 to 3000 Hz and 512 samples were
averaged twice for a sampling period of 50 ms.
Skin temperature was controlled and kept
constant at 34°C. Results were assessed as
abnormal if the latency and the latency asym-
metry of the cortical N22 exceeded the mean
normal by more than 2-5 SDs for adjusted
armlength, and if there was a reduction of the
N22/P30 amplitude of more than 50 per cent
compared to the contralateral side. Although
recorded in all patients the cervical SSEPs were
elicited with difficulty in some of them and did
not allow unambiguous identification of
individual components. Therefore, these re-
sponses were not taken into consideration.

Somatosensory evoked responses with
stimulation of the posterior tibial nerve
Electrical stimuli of 0-2 ms duration were
applied to the posterior tibial nerve at the ankle
at a frequency of 3/s. Stimulus intensity was
adjusted to three times motor threshold ac-
cording to twitches of plantar muscles of the
foot. Evoked responses were recorded by
needle electrodes at Thl2/Ll with a reference
on the anterior-superior iliac spine and by steel
needles applied to the scalp at Cz and Fpz.
Signals were amplified (0 5-3000 Hz) and at
least 512 samples were averaged twice on either
side for a sampling period of 100 ms. Skin
temperature of the legs was kept constant at
34°C. Provided that a normal spinal response
was recorded, the latencies and the side-to-side
differences of the cortical components P40 and
N50 were considered as prolonged when their
values exceeded the mean normal by more than
2-5 SDs.

11 E2Figure 1 Normal
configuration of the ECR
as recordedfrom the first
dorsal interosseus muscle
by electrical stimulation of
the indexfinger. Peak
latencies of El, II and E2
were measured and the
amplitude-quotient (AQ)
as given by Al/A2 was
calculated. Datafrom one
female subject of 22 years.

200uV
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Figure 2 Examples of
pathological ECR in two
patients with clinically
probable MS (CP): A)
male patient of 19years
with abnormal ECR on the
right hand as characterised
by a small second peak
(AQ beyond 1 45, that is,
exceeding the upper limits
of confidence) and a late
excitatory component not
seen on the left side; B)
male patient of 38 years.
Pathological reflex
response on the left side not
allowing identification of
E2 (probably being
delayed compared to the
normal configuration of
the ECR on the right).
Note the wide range of
normality of the ECR with
respect to its configuration
(AQ)!

0 0D

0 20 40 60 80 100

Results
Abnormalities of the ECR
In general, the normal pattern of the ECR to
index stimulation consisted of two excitatory
components (El and E2) separated by a

decrease inEMG activity (I 1) of the first dorsal
interosseous muscle (fig 1). Since El is missed
as a reliably identifiable component in about
1000 of the normal subjects,2 El-Il-E2 and I1-
E2 were considered as normal, El-Il and a

monophasic response as abnormal configura-
tions. Later changes of theEMG signal follow-
ing E2 proved to be inconsistent and were not
analysed therefore. Latencies were measured to
the peaks of the reproducible maxima or
minima of the reflex response. Based on our

previous investigation in healthy adults2 the
mean (SD) latency was 40 3 (3-2), 50 9 (3-5)
and 65-8 (5-8)ms for El, II and E2
respectively.
There was a strong linear correlation be-

tween the latencies and arm length whereas age

and sex were of minor influence on the reflex
response. Arm length as the most important
factor of interindividual variability was elimin-
ated by normalising the absolute latencies for
an arm length of 100 cm. The amplitudes as

measured peak-to-peak between El and -Il
(Al) as well as Il and E2 (A2) were used for
calculating the amplitude quotient Al/A2
(AQ). A1 was found to be smaller than A2
(AQ < 1-0) in 75% of normal subjects,
whereas in 25% Al was equal or larger than A2
(AQ =/> 1-0) on one or both sides. Given a

normal configuration of the ECR, the latter was
assessed as abnormal if the latencies or the side
differences of the various components
exceeded the upper limits of confidence for
adjusted arm length (table 2).
According to the criteria mentioned above 50

out of 90 patients (56%) had ECR abnor-
malities. Alterations of the reflex responses

Table 3 Incidence ofECR abnormalities

Upper
ECRfindings limbs %

Latency
El and I1 normal, E2 delayed 20 11-1
El normal, II and E2 delayed 28 15-5

Configuration
El-I1,noE2 2 1 1
El,noIl,noE2 9 50
Amplitude quotient Al/A2 > 1-45 3 1-7
Late monophasic response 7 3-9
No reproducible response 3 1-7
Normal response 108 60 0
Total 180 100 0

were found bilaterally in 22 patients whereas in
28 the investigation revealed pathological
results in one hand (table 3). El being within
normal limits, the latency of E2 was increased
in 48 upper limbs (67% ofpathological results),
36 of whom showed an increase of the El-E2
interpeak-latency as well. Both II and E2 were
delayed in 28 upper limbs. While the latencies
proved to be the most sensitive parameters in
our population, the configuration of the reflex
response was decisive for ECR pathology in 24
upper limbs (33% of pathological results).
There was no reproducible E2 in 11 patients, in
nine of whom both I1 and E2 were missed as
reliably identifiable components. The
amplitude quotient Al/A2 being decisive in
only three patients, a late monophasic response
(which could not be assigned to a specific
component) was seen in seven upper limbs,
while in another three a reproducible reflex
response was not recorded at all. Two examples
of pathological configuration of the ECR are
given in fig 2.
The frequency of ECR abnormalities

increased in parallel with the probability of
demyelinating disease. The reflex response was
altered uni- or bilaterally in 34 out of 51
patients with definite MS (67%) and in 16 of33
patients assessed as having clinically probable
MS (48-5%). On the other hand, the ECR was
normal in six patients with laboratory
supported probable MS, so that the incidence
of pathological findings was 41% in the sum
total of patients with probable MS.

ECR and multimodality evoked potentials
Evoked potentials data are summarised in
tables 4 and 5. VERs were recorded in 89
patients and found to be abnormal on one or
both sides in 69 ofthem (78 %). SSEPs to finger
stimulation recorded in 88 patients revealed a
rather low incidence of pathological results
(280o) while abnormalities were found on one
or both sides in 40 out of 78 patients examined
with stimulation of the posterior tibial nerve
(510oo). BAERs were studied in 86 patients;
they were abnormal on one or both sides in 24
(28%O) and normal on both sides in 62 patients.
Abnormalities of BAERs were found in a
higher proportion of patients with clinically
detectable brainstem lesion (34%) while the
incidence of pathological results was lower in
the absence of corresponding signs (24%). For
all modalities tested the evoked potentials were
found to be abnormal in a higher proportion of
patients with definite MS (table 5).
The incidence of pathological ECR was

higher than that of the somatosensory evoked
potentials with cutaneous nerve stimulation in
the upper limbs as recorded under identical
stimulus conditions. Pathological reflex res-
ponses were found in 40 hands without any
abnormality of the SSEPs with finger stimula-
tion. In 30 hands the examination of both ECR
and SSEPs provided pathological results.
From this group 15 had a prolonged latency
and four a significantly longer latency of the
N22 component compared to the contralateral
side. In six hands index stimulation did not
provide a reproducible cortical response while
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Table 4 Findings of multimodality evoked potentials

Unilaterally Bilaterally Proportion of
Modality pathological pathological pathological results

VER 24 45 69/89 (78%)
SSEP tibial n 14 26 40/78 (51%)
SSEP index 12 13 25/88 (28%)
BAER 13 11 24/86 (28%)
ECR 28 , 22 50/90 (56%)

Table 5 Proportion ofpathological results and
probability of multiple sclerosis

Definite MS Probable MS
Modality (CD + LD) (CP + LP)

VER 44/50 (88 0%) 25/39 (64-1%)
SSEP tribial n 23/44 (52-3%) 17/34 (50 0%)
SSEP index 18/50 (36 0%) 7/38 (18-4%)
BAER 16/47 (34 0%) 8/39 (20 5%)
ECR 34/51(66-7%) 16/39 (41-0%)

Table 6 Pathological results without clinically evident
sensory motor deficit

Pathol ECR Normal ECR Total hands

Pathol SSEP 12 7 19
Normal SSEP 24 87 111
Total hands 36 94 130

the latter showed a significant amplitude
reduction of more than 50 per cent side-to-
side-difference in four hands. Abnormal
SSEPs over the somatosensory hand area were
found in six patients (eight hands) in whom a
reproducible ECR was recorded with stimula-
tion of the corresponding index finger. Al-
though the reflex response was rather small in
three of these cases, it was assessed as normal
according to both latencies and configuration.
In two other patients (two hands) with a
delayed cortical response to index stimulation
there was a striking configuration ofthe ECR as
characterised by later components following
the rather small E2. Nevertheless, these find-
ings were assessed as being within normal
limits according to the criteria mentioned
above. There was a significant correlation
between abnormal ECR and SSEP findings
with stimulation of the corresponding index
finger (p < 0 001) for both the sum total of
patients and those without sensorimotor deficit
(table 6).
To evaluate the practical value of the ECR as

a screening method in patients suspected of
having MS, the incidence of pathological find-
ings was compared to that of the multimodality
evoked potentials. Abnormalities of the ECR
were found in none of the eight patients
without any pathological result provided by the
well established electrophysiological screening
tests. Positive findings for one modality were
combined with one pathological reflex res-
ponse in 17 out of 36 patients. Fourteen of 17
patients in the more certain diagnostic
categories with positive results for at least three
modalities also had alterations of the ECR.

ECR and clinical symptoms
Based on the clinical examination 38 of the 90
patients examined (42%) showed signs of cor-

ticospinal lesion and/or sensory deficit

Clinical symptoms Normal ECR Abnormal ECR

Hyperreflexia and/or
increased tone

Impaired fine finger
movements

Weakness of hand muscles kjjj H

Sensory deficit

Ataxia/intention tremor

Flexed/pronated position of
the arm outstretched

100 80 60 40 20 0 20 40 60

No of upper limbs (n= 180)

Figure 3 Correlation between abnormal
electrocutaneous reflex (ECR) and clinical symptoms in
the corresponding upper limbs. By using the Chi square
test, the proportion of limbs with a symptom and
abnormal ECR was compared to that of the limbs with the
corresponding symptom and normal ECR. The categories
of normal/abnormal ECR are separated by the vertical
bar. "Hyperreflexia and/or increased muscle tone" as
present in 32 upper limbs (hatched area) was the only
symptom being significantly correlated with pathological
ECR (p < 0005).

unilaterally (26 patients) or in both upper limbs
(12 patients). There was no evidence of a
sensory or motor deficit in 130 of the 180 upper
limbs examined (72%). Abnormalities of the
ECR were found in 36 hands (28%) without
clinical symptoms. From this group, 12
presented pathological SSEPs with finger
stimulation (table 6). The relationship between
clinical symptoms and ECR findings are sum-
marised in fig 3. An abnormal reflex response
was found in 36 out of 50 upper limbs (72%)
with signs of corticospinal lesion and/or sen-
sory deficit whereas the ECR was within nor-
mal limits in 14 hands (28%o) in spite of clinical
symptoms. The most frequent physical symp-
toms in our population were increased muscle
tone and hyperreflexia in 32 upper limbs, 28 of
whom showed an abnormal ECR (87%).
Impaired fine finger movements were seen in
25 hands, the ECR being abnormal in 15 of
these (60%). There was weakness of the hand
muscles (including the first dorsal interos-
seous) in 16 upper limbs, 12 of which had an
abnormal reflex response (750%). If sensory
testing was not performed by one of us, sensory
deficits as described in the patients' records
have been estimated cautiously and symptoms
such as "numbness" and doubtful paresthesiae
or dysesthesiae were not assessed as positive
findings. Superficial and/or proprioceptive
sensation were found to be impaired in 15
upper limbs, 10 of which presented alterations
of the ECR as well as pathological SSEPs with
stimulation of the index finger. Lack of posi-
tion sense and abnormalities of postural sensa-
tion without other clinical deficits were found
in three hands in which our investigations
revealed abnormalities of both ECR and
SSEPs with finger stimulation. Alternatively,
symptoms such as ataxia, dysmetria and
cerebellar tremor did not affect the frequency
of pathological results.

In general, the ECR was more likely to be
abnormal in upper limbs with sensory motor
deficits. However, a significant correlation
with pathological ECR was found only for
hyperreflexia/increased muscle tone
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(p < 0005), which was the only sign
associated with alterations of the ECR in eight
hands. None of the other symptoms was sig-
nificantly correlated with abnormal ECR. On
the other hand, pathological findings were seen
in a smaller proportion of hands in the absence
of clinical symptoms and therefore provide
evidence for subclinical lesions. Symptoms of
past or actual brainstem lesions such as cranial
nerve disorders, dizziness, nystagmus and
diplopia were present in 34 of the 90 patients
examined (38%). ECR abnormalities were
found uni- or bilaterally in 41% of the latter
whereas 36 of 56 patients without correspond-
ing signs (64%) did present a pathological
reflex response.

Discussion
This study was performed to evaluate the
diagnostic significance of the ECR in 90
patients with probable or definite MS. We are
aware of only one report on the application of
electrically elicited long-latency reflexes in the
upper limbs in MS with stimulation of the
median as well as of the superficial radial
nerve.'3 To avoid interference from the muscle
innervation we applied electrical stimuli to the
index finger for the investigation of both ECR
and somatosensory evoked potentials.

It is not known whether the long-latency
components of the reflexes elicited through
cutaneous excitation, muscle stretch and mixed
nerve stimulation share a common pathway.
Although a supraspinal origin of stretch-
reflexes is still controversial'"'9 the dependence
of the secondEMG response on the integrity of
both the central somatosensory afferent and the
corticospinal pathways is suggested by
previous results.2"22 Similar evidence was
found for the long-latency reflex after mixed
nerve478 and cutaneous stimulation.'5
However, whether the ECR represents a trans-
cortical or a spinal polysynaptic reflex loop that
might be under suprasegmental modulating
influence is unimportant for practical diagnos-
tic purposes as long as this test discriminates
reasonably well between the normal group and
patients with MS.
ECR abnormalities were found in 50 of the

90 patients examined (56%). The latency ofthe
E2 component proved to be the most sensitive
parameter, being responsible for 67% of
pathological results. Abnormal configuration
was decisive for pathology of the ECR in 24
upper limbs, three of whom did not show a
reproducible reflex response. Validity of the
ECR is provided by the high proportion of
positive results in patients with clinically defin-
ite MS (67%), that is, by an increasing
incidence of pathological findings in parallel
with the severity of clinical symptoms. On the
other hand, an abnormal reflex response is
obtained in 410l4) of the patients with probable
M-S and therefore ECR testing fulfils the
requirements of a diagnostic test as needed in
the less certain diagnostic categories.

Based on our results, subclinical lesions can
be demonstrated in 36 of the 130 upper limbs
without clinical evidence ofcorticospinal lesion

or sensory deficit. However, the rather high
number of neurologically intact arms (58% of
the patients examined) may be due in part to
the fact that most of the clinical data had to be
obtained from medical records which must
imply some loss of information. Although
clinical symptoms in the upper limbs are often
associated with ECR abnormalities (72%), the
latter are found to be significantly correlated
only with hyperreflexia and/or increased
muscle tone in the corresponding arm. ECR
testing has provided positive results in seven
out of eight patients presenting a tetraspastic
syndrome. Although the origin and the central
pathways mediating the long-latency reflex
response are not known definitively, abnor-
malities of the ECR should only be accepted as
of diagnostic value in the sense of indicating
subclinical lesions when there are no clinical
symptoms of brainstem or spinal cord disease.
ECR abnormalities were found in 36 of 56
patients without evidence of past or actual
brainstem lesion. However, in only 16 of these
(that is, in 29% of the population without
brainstem lesion) there was no sensory motor
deficit in the corresponding upper limb.
Although abnormal ECR is significantly

correlated with abnormal SSEPs as recorded
under identical stimulus conditions, ECR test-
ing reveals a higher incidence of pathological
results. Based on the hypothesis that the
afferent pathway of the SSEPs is similar to or
identical with that of the long-latency reflex
response, an abnormal ECR is expected to
occur in case of pathological SSEPs. On the
other hand, the combination of pathological
ECR with normal SSEPs (found in 40 hands in
our study) suggests a lesion within the descend-
ing pathways mediating the reflex response.
The findings in six patients (6 hands) exhibit-
ing abnormal SSEPs without alterations of the
ECR have to be emphasised and may be due to
various factors. First, they might represent an
argument for ECR and SSEPs to depend on
different afferent somatosensory pathways, for
example, the spinothalamic tract and the
lemniscal afferent pathway which may be dif-
ferentially affected by localised demylinating
lesions. However, correlation of abnormality in
these tests as found for the majority of patients
exhibiting pathological SSEPs suggests their
dependence on a common afferent pathway,
provided that these findings do not represent
two separate lesions. Second, the normal ECRs
assessed by using the upper limits of con-
fidence for certain parameters (not taking into
account the absolute magnitude of the signal)
might represent false negative results. By
applying the procedure proposed previously
for assessing the reflex response, false positive
results are expected to occur in only about
0.5%0. Third, supposing a supraspinal reflex
arc, the results may be influenced by the length
of the pathways involved: SSEPs to finger
stimulation may be impaired due to a lesion
within the lemniscal pathway whereas the latter
might have less influence proportionately on
the ECR mediated by both ascending and
descending pathways including synaptic
relays.
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Fewer abnormalities are found by ECR
testing than with VER, whereas the proportion
of pathological results is higher for ECR than
for both BAER and SSEPs. However, the
evoked potentials might have been decisive as
"paraclinical" evidence'2 of a lesion in some
patients and thus for inclusion in this study. By
taking MRI findings as paraclinical evidence of
lesions into consideration, electrophysiological
results have been decisive for classification in
10 of the 33 patients with clinically probable
MS (that is, in 30% of this group) while eight of
the 33 patients (24%) diagnosed as having
clinically definite MS were identified by
evoked potentials. Despite these difficulties a
comparison of the diagnostic yield of the
evoked responses with the results of the ECR
might be of some interest for the following
reasons. First, the bias resulting from this leads
to an underestimation of the sensitivity of the
ECR relative to the evoked potentials. Second,
the findings of the established electro-
physiological methods reported in this study
are consistent with previous reports on the
incidence of pathological results in MS. This
suggests that the techniques used are compar-
able to those in earlier reports. In accordance
with previous results,24 VERs most often led to
the reclassification of patients and were
decisive for the diagnosis of clinically probable
and definite MS in seven patients (I 1 %) while
in another eight patients (12%) both VERs and
SSEPs with tibial nerve stimulation revealed
positive results. Reclassification was based on
abnormal BAERs in only four ofthe 66 patients
with clinically probable or definite MS (6%).
Our data confirm previous reports on the

incidence of the pathological VERs in MS,
being lower in the less certain diagnostic
categories. Abnormal VERs are found in 69 of
the 89 patients examined (78%), 19 of whom
with clinical evidence (4) or a history of optic
neuritis (15). VER testing provides patho-
logical results in 21 of 39 patients (54%) in the
category of probable MS without evidence of
optic neuritis actually or in the past.

Dysfunction of the auditory pathways in the
brain stem is shown in 24 of 86 patients which
represents a rather low incidence of patho-
logical results (28%) compared with other
reports. The proportion of BAER abnor-
malities in patients in the less diagnostic
categories is only 20-5o% in our study compared
with 34 0% in patients with definite MS.
Although we find a lower proportion of abnor-
malities in all categories ofMS, the correlation
between clinically detectable brainstem lesions
and pathological BAERs is confirmed by our
data. Abnormalities are obtained in 34% ofMS
patients with symptoms of brainstem lesion
and in 24% of those without corresponding
signs which is similar to previous results.
The rather low incidence of SSEP abnor-

malities with stimulation of the index finger
(28%) might be due to the small number of
fibres involved compared to stimulation of the
median nerve and also to the fact that we have
not made diagnostic use of the cervical spinal
SSEPs in spite of their diagnostic value in
MS.26 With stimulation of the posterior tibial

nerve the incidence of abnormal SSEPs almost
doubles that obtained by cutaneous nerve
stimulation in the upper limbs. These findings
may indicate impaired conduction in the dorsal
columns of the spinal cord. SSEP abnor-
malities with tibial nerve stimulation are found
in 23 (52 3%) of the 44 patients examined with
definite MS. However, positive results are of
diagnostic value in only 15 of these (34-1%)
without evidence of either brainstem or spinal
cord disease. Similarly, abnormal SSEPs with
tibial nerve stimulation in 17 (50 O%) of the
patients with probable MS are indicative of an
additional central nervous lesion in only 12 of
them (35 3%).
ECR testing reveals a somewhat lower

incidence of pathological results in our popula-
tion than that provided by a previous study'3
using mixed nerve stimulation in the upper
limbs, but without taking into consideration
clinical symptoms of the corresponding arm.
Nevertheless, our findings also suggest that
ECR testing is at least as effective as a diagnos-
tic screening method in MS as the well estab-
lished electrophysiological procedures, with
the exception of the VERs. The ECR
represents a valid supplement to the clinical
examination for detection of lesions in the
central nervous system. Moreover, since the
latencies of the reflex response proved to be
quite resistent to changes of the force of
isometric contraction,2 ECR testing is readily
available in any well equipped laboratory and
therefore of practical value.
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