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Somatosensory evoked responses and central afferent
conduction times in patients with multiple sclerosis
TROND GANES

From the Department of Neurology, Ullevdl Hospital, Oslo, Norway

SUMMARY Evoked responses following median nerve stimulation were recorded from Erb's
point, the cervical spine and the scalp and afferent conduction times between each recording point
were determined in 44 patients with multiple sclerosis. A prolonged central conduction time was
frequently the only finding in MS patients, particularly in the early stages of the disease. Changes
in central conduction time thus seem to be more sensitive than changes either in response latencies
or response morphology.

Cervical and cortical somatosensory evoked
responses have proved of significant value to
support the clinical diagnosis of multiple
sclerosis.1-9 The electrophysiological criteria
generally used have been changes in amplitude,
morphology and latencies of the responses. These
parameters, however, vary from subject to subject
and depend on several factors.8 10-15 In addition,
inconclusive responses which cannot easily be
classified as being either pathological or normal
are encountered.
To overcome some of these problems several

authors have tried to determine the central
conduction time in the afferent somatosensory
pathway. 2 3 12 14 16 17 The central conduction
times are independent of the peripheral stimu-
lation site and nerves in the arm,'2 13 and varies
little in healthy persons.12 14 17

In the present study central conduction time
was measured in patients with mutiple sclerosis.
The median nerve was stimulated at the wrist
and evoked responses recorded from the
brachial plexus, cervical spine and scalp. Con-
duction times between each recording site were
determined. The aim was to see if a slowing in
the central impulse propagation occurred in
patients with normal or inconclusive cervical and
cortical evoked responses.

Materials and methods

The patients were 31 females and 13 males, the age
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ranging from 19 to 61 years. The mean age was
35 years and the median age 33 years. The patients
were classified according to McAlpine's clinical
criteria18 as having possible, probable or definite
multiple sclerosis. An additional group of five patients
with suspected multiple sclerosis according to the
criteria of McDonald and Halliday19 also was in-
cluded. The controls were taken from a previous
study'2 comprising 47 volunteer patients none of
which had evidence of diseases affecting the central
nervous system. This control group consisted of 22
males and 25 females, the age ranging from 16 to 70
years, mean and median age being 37 years. The
control group was further divided in three sub-
groups each matching the corresponding patient
group with respect to number, age and sex distri-
bution (table 1).
Stimulation All patients were tested bilaterally
using the median nerve at the wrist for stimulation
using commercially available bipolar saddle elec-
trodes. The stimuli were delivered by a Medelec
constant isolated nerve stimulator. Stimulation
frequency was 2 Hz and the strength was adjusted
to produce a small muscular twitch in the thenar
muscles.
Recording Conventional 9 mm silver disc EEG
electrodes were used and fixed to the skin with
Bentonite. The electrodes were placed midclavicularly
(Erb's point), at the spine of the fifth cervical vertebra
and contralateral over the hand area of the scalp.
The common reference electrode was attached to the
forehead. The signals were amplified, averaged and
recorded on a conventional Medelec MS 6 EMG
machine. High and low pass filters in the amplifiers
were set to 16 Hz and 1-6 KHz respectively in all
channels. Sampling time was 40 ms for Erb and the
cervical responses and 80 ms for the cortical response
giving and A-D sampling rate of 26 and 13 points
per ms respectively. The patients were sitting
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Somatosensory evoked responses and central afferent conduction times in patients

Table 1 A: Number, sex and age ofpatient and control groups. B: Mean response amplitudes of N9, N14 and N20
in each group

Suspected and Control Probable MS Control Definite MS Control
possible MS

Female 8 8 8 7 16 16
Male 4 3 4 5 4 4
Median age 28 28 31 28 41 38
Age range 19-48 18-48 21-54 18-58 27-61 28-68

Amplitude p V Amplitude p V Amplitude sV
X±SD X±SD X±SD X±SD f ±SD X±SD

N 9 6-5±18 7-8±3 9 8 1±2-3 6-1±4-2 7-2±3-4 6-3±2-9
r=24 r=22 r=40

N 14 2 6±1 3-2±1 2 2-3±1±1 2 8±1-2 1.9±1-4* 2 8±1-2
r=24 r=21 r=29

N 20 1-8±0-9 2 5±0 8 1-3±0-7* 2±0 6 1-1±0.6* 2-6±1 9
r=23 r=17 r=28

*Indicates amplitude attenuation statistically different from the corresponding control values (Student's t test, p <001).
"r" denotes number of responses included in any one group.

relaxed in an arm chair or lying in a bed during the amplitude in all but one of the patie:
tests and care was taken to avoid tension in the neck The cervical (N14) and cortical (N
muscles by supporting the head.10 12 also were well preserved in many I
The signal latencies were determined with an in some patients in the group

adjustable marker and were always measured from *
stimulus artifact to peak negativity of the responses. multipeserosis nh wererevI
The amplitudes were measured from start of signal Subjective evaluation, however,

i
to peak negativity. Generally 150 analog signals from pression that N14 and N20 ampl

Erb's point and 300-600 analog signals from the patients with apparently normal tesl
cervical spine and scalp were averaged. somewhat reduced. Statistical

In the present study the N9, N14 and N20 were of both amplitudes and latencies of
used to denote the maximum negative peaks of the between the patients and the e
responses from Erb's point, the cervical spine and controls are shown in tables 1 an(
the scalp regardless of the actual latencies of the also illustrates the age distribution
responses. The conduction time (CT) as measured each patient and respective control

between the peak latencies will be denoted N9-N14 only well-preserved and easily
and N14-N20 respectively.

Results

STATISTICAL EVALUATION OF RESPONSE DATA The

response recorded over Erb's point (N9) was
always present and of normal latency and

responses were inctuaea, mEne numsei
varied and are denoted by the lette
1 and 2. The data in table 1 confir
amplitude of N14 and N20 were X
patients with clinical probable and
compared to those of the cor

nts examined.
120) responses

patients, even
with definite
rely disabled.
left the im-
itudes in the
,t results were
comparisons

the responses
corresponding
d 2. Table 1

and sex of
groups. Since
recognisable

r of responses
er r in tables
med that the
attenuated in
definite MS

ntrol groups

Table 2 Mean response latencies and afferent conduction times in each patient group and the corresponding control
groups

Suspected and Control Probable MS Control Definite MS Control
possible MS
Latency (ms) Latency (ms) Latency (ms)
!±iSD X±SD X±SD ±±SD Z±SD Z±SD

N 9 9 7±08 9 8±0-9 10-2±0-8 10±0 9 10±0 8 10±0-9
r=24 r=23 r=40

N 14 13-1±1 3 13 3±0 9 13-6±0 9 13-5±1 1 13-3±2-1 13-4±1
r=24 r=21 r=29

N 20 18 9±1 4 18 9±1 2 20 2±1-5 19 2±1-4 21±2-2* 19-1±1-2
r=23 r=17 r=28

Conduction time (ms) Conduction time (ms) Conduction time (ms)

N 9-N 14 3-5±07 3-7±07 3 4±0 6 3-4±0 6 3-7±1-1 3 4±0 7
r=24 r=21 r=27

N 14-N 20 5 6±0 8 5-5±05 6-4±1.1* 5-7±0 5 7-1±1-9* 5-7±0-6
r=23 r=17 r=21

*Indicates latencies statistically prolonged compared to the control values (Students t test, p <001).
"r" denotes number of responses included in any one group.
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(Students t test p<0-01); no change was seen in
the group with a diagnosis of possible MS. In
patients with a diagnosis of probable MS only
N20 was attenuated while in patients with a
diagnosis of definite MS both N14 and N20 were
reduced.
Response latencies and conduction times are

shown in table 2. N14, when present, rarely was
of increased latency while N20 was increased
only in patients with a diagnosis of definite MS.
The central conduction time N14-N20 was pro-
longed both in patients with a diagnosis of
probable and definite MS, suggesting that the
conduction time was a more sensitive measure
than response latencies.

RESPONSE CHARACTERISTICS Table 3 shows the
most frequent changes of N14 and N20 observed.
Since the normal configuration of the cervical
and the later components in the cortical evoked
response varied considerably, no attempts were
made to classify the morphology of the res-
ponses. The lower amplitude limit of I iWV was
chosen since this was the lowest value found in
the control groups. Well-defined N14 and N20
with amplitudes as low as 02 juV, however, were
frequently observed in patients with multiple
sclerosis. The data in table 3 confirmed that the
number of pathological responses increased with
the certainty of the clinical diagnosis.

AFFERENT CONDUCTION TIMES To examine whether
estimation of the afferent conduction times could
yield evidence for a slowing of the central con-

Table 3 Number of evoked responses absent, below IA V
or with a significantly delayed latency in each patient group

Latency
Diagnosis n Response amplitude increased

N14 N20 >25SD
Absent )<pV Absent J<pV N 14 N20

suspected} 12 0 0 1 4 0 0possible J
Probable 12 1 2 4 5 0 1
Definite 20 9 4 8 8 1 6

n =number of patients

Trond Ganes

duction time in patients with normal or small
changes in N14 and N20, the responses were
classified as being either normal, inconclusive
or definitely pathological. Absence of a response
or a statistically significant increase in response
latency were considered pathological. A well-
defined cervical or cortical response with unusual
configuration or a slight amplitude attenuation
(07-09 LV) of N14 or N20 in an otherwise
normal response were considered inconclusive
changes.
A: Suspected and possible MS: (Table 4) The
changes in the evoked responses were inconclu-
sive in two of the five patients with suspected
MS. Estimation of afferent conduction times
added no further information. In the seven
patients with possible multiple sclerosis the re-
sponses were pathological in only one patient in
whom N20 was absent unilaterally. Estimation
of the afferent conduction times revealed three

a
VH

N 20
J-~,

193
19.1

b
TJ

21-7

L ~~~~~]21-6~~~~~14-5
>,We v 14-8

i 10-5

N14 | ; < ] 11 6

N1293

N9~~~8

VH TJ

N9-N14 2-4 3-4 14 4-1

N14-N20 7-7 6 8 7-2 6-9

Fig 1 Examples of normal evoked responses and
prolonged central conduction times in two patients with
possible multiple sclerosis. Potentials evoked by
stimulation of the right median nerve always uppermost.
Calibration bars represent 2-5 p V and time scale 10 ms.
Note different time scale for the scalp records. Peak
latencies are denoted by numbers to the right of each
record. Conduction times for each patient are given in
the table below records

Table 4 Evoked response characteristics and afferent conduction timnes in patients with suspected (A) and
possible (B) multiple sclerosis

A: Suspected MS B: Possible MS
Evoked responses Conduction time prolong Evoked responses Conduction time prolong
(N14-N20) N9-N14 N14-N20 N9-N14 N14-N20

Normal 3 0 0 Normal 4 0 2
Inconclusive 2 0 0 Inconclusive 2 0 1
Pathological 0 0 0 Pathological 1 - -

Sum patholcgical tests 0% 57%
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more patients with a significant slowing of the
N14-N20 conduction time. In two of these
patients the evoked cervical and cortical responses
were normal (fig lA and B).
B: Probable and definite MS: (Table 5)
Although the number of pathological responses
was much greater in these groups, there were
many normal or inconclusive responses (six and
seven patients respectively in each group). Estima-
tion of the afferent conduction times increased the
number of pathological responses. N14-N20 was
prolonged in three patients with probable MS
and in five patients with a definite diagnosis.
When conduction time was included, the test
results were definitely pathological in 67% and
90% of patients with probable and definite mul-
tiple sclerosis respectively. A significant pro-
longation of N14-N20 also was present in one
patient with a diagnosis of definite MS and
normal evoked response properties. Examples of
the variations of the evoked responses in these
two groups are illustrated in fig 2 A-D.

Discussion

Attenuation of N14 and N20 was frequent in
patients with probable and definite MS, while
no reduction was present in the earlier stages
of the disease. The results failed to reveal any
latency shift of N14, while a delayed N20 was
present in patients with definite MS only. A pro-
longed central conduction time was present both
in the groups with a probable and definite diag-
nosis suggesting that estimation of the central
conduction time was a more sensitive method
of detecting delayed central impulse propagation
than the latencies of either N14 or N20. As
emphasised previously2"13 the latency of N20
mainly is determined by the conduction time in
the peripheral nerve and less by the conduction
times in the two central segments tested with
the present recording technique.
The number of patients showing changes in

the cervical or cortical evoked responses has
varied in the different studies published.' 5 7-9

Table 5 Evoked response characteristics and afferent conduction times in patients with pr-obable (A) and
definite (B) multiple sclerosis

A: Probable MS B: Definite MS
Evoked responses Conduction time prolong Evoked responses Conduction time prolong

n N9-N14 N14-N20 n N9-N14 N14-N1O

Normal I 0 0 Normal 2 0 1
Inconclusive 5 0 2 Inconclusive 5 0 4
Pathological 6 - - Pathological 13 -

Sum pathological tests 67% 90%

a
KM

N 20 Lm 18.9
21-3

b
GR

\ 189

[[19-6

c
AF

. 11 5
125

N14

N 9 9.5
9.5

KM GR

r r

N9- N14 2 3 3-6
N14-N20 7-4 8 8 6-2

d
ER

18-7

123

1 9.5
AF ER

I r r

3 31 29 28 2-7
7-4 7 7 6-4 5-5 -

Fig 2 Examples of evoked
responses and prolonged central
conduction times in patients with
probable and definite MS. Peak
latencies are given to the right of
each record, calibration bars
represent 2 5 j. V and time scale
10 ms. Note different time scale
for scalp records. Conduction
times for any one patient are
given in the table below records.
A: Normal evoked responses
except for an unzusually large
latency difference of N20
bilaterally. B: Well preserved
evoked responses but low
anmplitudes of N14 and N20.
C: Well preserved evoked
responses but an abnormally wide
N20. D: Normal evoked responses
except for N20 which was absent
uinilaterally.
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When the electrophysiological diagnosis was
based on changes in response properties, the
present data showed that the SEP test was de-
finitely pathological in 14%, 50% and 65% of
the patients with possible, probable and definite
multiple sclerosis respectively. The number of
pathological tests thus were somewhat lower
than previously reported,5 8 9 probably due to
the response classification used in the present
study.
When a prolonged conduction time was in-

cluded as a criterion of a central lesion, the
number of conclusive pathological tests increased
in all groups. An exception was the group of
five patients with suspected multiple sclerosis,
none of whom had a prolonged central conduc-
tion time. This may suggest that these patients
were in a very early phase of the disease prior
to any detectable changes in the central conduc-
tion times. (There is also the possibility of a
misdiagnosis in this group.)

Severe derangements or abolition of the cer-
vical or cortical evoked responses probably re-
flects relatively large areas of demyelination in
the afferent pathways since conduction block is
the ultimate result of demyelination. The first
change in multiple sclerosis probably is a local
segmental demyelination merely resulting in a
slowing of impulse propagation of the injured
area.20 Although few patients were examined,
the fact that two out of four patients with pos-
sible MS had a prolonged central conduction
time as the only pathological finding supports
this assumption and emphasises that estimation
of central conduction time is of particular diag-
nostic value in the early phase of the disease.
The SEP test is of less value in patients with

a probable or a definite clinical diagnosis. The
present data, however, indicate that estimation
of the central conduction time also in these
groups increased the diagnostic strength of the
SEP test by reducing the number of inconclusive
results.
Changes in somatosensory evoked responses

have previously been compared to neurological
symptoms as well as to relapses and remissions
of the disease.' 6-9 The results are somewhat
confusing since some have reported a clear
relation between the SEP results and clinical
relapses and remissions,7 while others have not
found such a correlation.6 The fact that patients
with impaired vibration and position sense may
have a normal somatosensory evoked response
is also surprising.' 7-9 Although no attempts
were made in the present study to correlate the
results with the clinical findings, it is not unlikely

Trond Ganes

that the more sensitive conduction time rather
than changes in evoked response characteristics
may resolve some of these problems.

Evaluation of the central conduction times is
based on a number of approximations. Firstly,
N14 and N20 are synaptic potentials. The peak
to peak time defined as the central conduction
times thus also includes the time needed for
generation of the synaptic potential. Secondly,
the exact generator site of N14 is still debated.
Most data" 14 15 point to the medulla caudal
to the dorsal column nuclei as a probable gener-
ator site. The N9-N14 conduction time includes
impulse propagation in the proximal plexus and
dorsal roots; patients with cervical radiculopathy
had a prolonged N9-N14 conduction time.13
Evidence further exists that N9-N14 conduction
time in addition comprise a part of the central
afferent pathway," 12"15 probably the dorsal
column. The N14-N20 conduction time repre-
sents a genuine central conduction time and the
present data suggest that a slowing of impulse
propagation in MS patients affects this segment
of the afferent system rather than the segment
involved in N9-N14 conduction time. Whether
this indicates an unequal liability to MS in the
two parts of the afferent systems or merely
represents a quantitative effect reflecting the dif-
ferent lengths of the segments involved has yet
to be determined.
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