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ABSTRACT: Background: To investigate the mechanisms underlying disability in multiple sclerosis (MS), 40 patients with the 
relapsing-remitting form of the disease and 13 patients with secondary progressive MS underwent multimodal evoked potential (EP), 
motor evoked potential (MEP), and spinal motor conduction time evaluation. Clinical disability was evaluated by the expanded dis
ability status scale (EDSS) and functional system scales. In secondary progressive MS patients, magnetic resonance imaging (MRI) 
was used to obtain a semiquantitative estimate of the total lesion load of the brain. Results: Spinal motor conduction time was signifi
cantly longer in secondary progressive MS patients than controls (p < 0.001) and relapsing-remitting MS patients (p < 0.05), but did not 
differ between relapsing-remitting patients and controls. Spinal motor conduction times also correlated directly with EDSS scores (p < 
0.001) and pyramidal functional system scores (p < 0.001). Brain lesion load (4960.3 ± 3719.0 mm2) and the total number of lesions (67.7 
± 37.0) in secondary progressive MS did not correlate with disability scores. For the following EPs, the frequencies of abnormalities were 
significantly higher in secondary progressive MS patients than relapsing-remitting patients: visual evoked potentials (p < 0.05), 
somatosensory evoked potentials and upper limb motor evoked potentials (p < 0.01), and brainstem auditory evoked potentials, lower 
limb somatosensory evoked potentials and lower limb motor evoked potentials (p < 0.001). Conclusions: These findings suggest that dis
ability in secondary progressive MS patients is mainly due to progressive involvement of corticospinal tract in the spinal cord. 

RESUME: Potentiels evoques moteurs et invalidity dans la sclerose en plaques secondaire progressive. Introduction: Nous avons investigue les 
mecanismes sous-jacents a 1'invalidite dans la sclerose en plaques (SEP) au moyen des potentiels evoques multimodaux (PE), des potentiels evoques 
moteurs (PEM) et du temps de conduction moteur spinal chez 40 patients atteints de la forme recurrente-remittente et de 13 patients atteints de SEP 
secondaire progressive. L'invalidite clinique a ete evaluee au moyen de l'echelle d'invalidite elargie (EIE) et d'echelles des systemes fonctionnels. 
Dans la SEP secondaire progressive, 1'imagerie par resonance magnetique (RMN) a ete utilisee pour estimer semiquantitativement la charge lesion-
nelle totale du cerveau. R'esultats: Le temps de conduction moteur spinal etait significativement plus long chez les patients atteints de SEP secondaire 
progressive que chez les controles (p < 0.001) et les patients atteints de la forme recurrente-remittente (p <0 .05), mais etait semblable chez les patients 
atteints de la forme recurrente-remittente et les controles. Les temps de conduction moteurs spinaux etaient directement correles avec les scores EIE (p 
< 0.001) et les scores du systeme pyramidal (p < 0.001). La charge lesionnelle du cerveau (4960.3 ± 3719.0 mm2) et le nombre total de lesions (67.7 ± 
37.0) dans la SEP secondaire progressive n'etaient pas correles avec les scores d'invalidite. La frequence des anomalies etait significativement plus 
61evee chez les patients avec une SEP secondaire progressive que chez les patients atteints de la forme recurrente-remittente pour les PEs suivants: les 
potentiels evoques visuels (p < 0.05), les potentiels evoques somesthesiques et les potentiels evoques moteurs des membres superieurs (p < 0.01), les 
potentiels evoques auditifs du tronc cerebral, les potentiels evoques somesthesiques des membres inferieurs et les potentiels evoqu6s moteurs des 
membres inferieurs (p < 0.001). Conclusions: Ces observations suggerent que l'invalidite est due principalement a une atteinte progressive des voies 
corticospinales de la moelle epiniere chez les patients presentant la forme secondaire progressive de la SEP. 
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In most cases multiple sclerosis (MS) has a relapsing-remit
ting course but in a consistent number of patients the disease 
eventually becomes progressive. Although demyelination 
involves different neurological systems, disability in MS is 
mainly due to impairment of motor performance. 

The study of the motor potentials evoked by magnetic stimu
lation is a recently introduced, painless and reliable technique 
for assessing motor pathways.1"4 Comparison of upper and lower 
limb motor evoked potentials (MEPs) provides information 
about motor conduction along the corticospinal tract in brain 
and spinal cord. In assessing damage to the corticospinal tract 

MEPs seem able to give much more useful information than 
magnetic resonance imaging (MRI), since although imaging 
abnormalities are frequently found in the brain and sometimes 
the cervical cord, these usually correlate poorly with clinical 
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signs and disability.5"10 Furthermore demyelination of the thoracic 
and lumbar spinal cord remains difficult to visualize on MRI.6-8'9 

In this study we compared motor conduction abnormalities in 
relapsing-remitting MS with those found in secondary progres
sive MS. Our primary aim was to investigate the neurophysio-
logical mechanisms underlying the progression of disability in 
the disease. Secondary aims were to evaluate the relationship 
between MEPs, clinical disability and the total lesion area of the 
brain in secondary progressive MS. 

METHODS 

Patients and Settings 

Fifty-three patients with MS presenting at the MS Unit, 
Neurologic Clinic, University of Brescia over a 17 month period 
were selected for the present study. Forty had relapsing-remit
ting MS and 13, classified as secondary progressive MS, had an 
initially relapsing-remitting course that developed progressive 
deterioration over at least the preceding 12 months. All had clin
ically definite or laboratory supported MS, diagnosed according 
to the Poser criteria." Patients with primary-progressive, proba
ble or possible MS were excluded. 

The patients underwent complete neurological examination, 
routine blood tests, cerebrospinal fluid examination, a preliminary 
MRI study and disability assessment. Additionally, the total lesion 
load of the brain demyelination was estimated by a semiquantita
tive MRI technique in the secondary progressive MS patients. 

Neurophysiological examinations were performed at the 
Rehabilitation Center of Gussago (in the same week as the MRI 
study and disability assessment) by two of the authors who were 
blinded to the clinical, laboratory and MRI data. The neurophys
iological data were compared to laboratory standard values 
obtained from 20 healthy subjects (10 men and 10 women; 
mean age 30.1 ± 5.5 yr.) recruited from the Center's staff. 
Patients and controls gave informed consent to take part in the 
study, which was approved by the hospital ethics committee. 

Motor Evoked Potentials (MEPs) 

Motor potentials in upper and lower limbs were evoked by 
transcranial magnetic stimulation of motor cortical areas with a 
MES-10 Cadwell, 2.5 Tesla unit. The active electrodes were 
placed on the abductor digiti minimi and anterior tibial muscles 
bilaterally; four responses were superimposed to measure the 
latency. The peripheral responses were obtained by direct stimu
lation of the roots at C7 and L5 with the subject at rest. Output 
was set 30% higher than threshold. For cortical stimulation the 
digiti minimi were slightly abducted and the foot dorsiflected. 

The central motor conduction time (CMCT) was defined as 
the difference between the latencies of the central and peripheral 
responses (cortex minus C7 or L5). Abnormal MEPs were 
defined as CMCTs at least 2.5 standard deviations greater than 
mean of the control group. 

Spinal Motor Conduction Time 

To assess conduction in the spinal section of the corticospinal 
tract we estimated the spinal motor conduction time12 by calcu
lating the transit time between C7 and L5, as lower limb CMCT 
minus upper limb CMCT. Our findings in controls were consis
tent with expected spinal motor conduction times.12"15 

Multimodal Evoked Potentials (EPs) 

Patients and controls also underwent visual evoked potential 
(VEP), brainstem auditory evoked potential (BAEP), and 
somatosensory evoked potential (SEP) studies. In the latter, 
upper and lower limb studies were performed, stimulating the 
median and tibial nerves respectively. All these studies were 
performed in a semi-darkened room with patients in the seated 
(VEPs and BAEPs) or supine position (SEPs) using a Nicolet 
Pathfinder I Electrodiagnostic System, and surface electrodes 
applied with adhesive paste. 

VEPs were recorded from OZ with FZ reference (10/20 
international system). Two recordings, each an average of 100 
responses, were made from each eye. Patients were instructed to 
fixate the central point of a checkerboard pattern which was 
reversed at a frequency of 1.6 Hz. Filters were 1-100 Hz, check 
size was 35 minutes of arc. The P100 latency and interocular 
latency difference were considered abnormal if differing from 
the mean of the control group by 2.5 standard deviations or 
more. Monoaural BAEPs were recorded from ipsilateral mastoid 
electrodes referred to CZ. Filters were 100-3000 Hz, 1500 
responses to alternating clicks of duration of 0.1 ms were aver
aged. Analysis time was 10 ms, repetition rate was 11.1 Hz and 
intensity was 60 dB above threshold. At least two reproducible 
sets of responses were obtained from each side. The absence of 
a wave, or I-III, I-V or III-V interpeak latencies at least 2.5 stan
dard deviations greater the mean were considered abnormal. 

Upper limb SEPs were recorded from Erb's point, cervical 
spine (CVI-contralateral Erb) and contralateral parietal area (2 
cm behind C3/C4) with FZ reference. The median nerve was 
stimulated at the wrist (repetition rate 3.3 Hz, duration of 0.1 ms 
and intensity slightly above the motor threshold). Analysis time 
was 60 ms and filters were 15-1500 Hz. At least two sets of 
data, each the average of 500 responses, were obtained from 
each side. Latencies were measured to the peaks of N13 and 
N20. N20-N13 interpeak latencies more than 2.5 standard devia
tions above the mean of normal subjects, or absence of poten
tials, were regarded as abnormal. 

Lower limb SEPs were recorded from LI with reference on 
contralateral iliac spine, and from CZ (2 cm behind CZ) with FZ 
reference. The tibial nerve was stimulated at the ankle at 2.3 Hz 
duration 0.1 ms and intensity slightly above the motor threshold. 
Analysis time was 100 ms and filters were 15-1500 Hz. At least 
two responses, each the average of 500 single potentials, were 
obtained from each side. Latencies were measured to the peak 
of N20 and P40. P40-N20 interpeak latencies more than 2.5 
standard deviation above the mean of normal subjects or 
absence of potentials were regarded as abnormal. 

Magnetic Resonance Imaging 

Tl and T2 weighted contiguous 5 mm thick slices were 
obtained in the axial plane with a 1.5 Tesla superconducting unit 
(Siemens Magneton). Gadolinium enhancement was not used. 
The total area of demyelinating lesions was estimated by a semi
quantitative computerized method on T2 axial slices in patients 
with secondary progressive MS. All measurements were per
formed by the same investigator. Lesions were identified on 
computer images, each lesion was outlined manually and the 
area was calculated automatically. The total lesion area and the 
lesion area of each hemisphere were obtained as the sums of the 
areas of individual lesions. The total number of lesions and the 
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number of lesions in each hemisphere were also recorded. Each 
slice was compared to the previous and next contiguous image 
to avoid counting the same lesion twice. 

Neurological Disability Scores 
Patients were assessed with the Kurtzke's expanded disabil

ity status scale (EDSS) and functional systems scoring.16 

Statistical A nalysis 
Age and disease duration in relapsing-remitting MS and sec

ondary progressive MS were compared by Student's t-test. 
Differences in disability scores were evaluated by the non-para
metric Mann-Whitney test. The frequencies of EP and MEP 
abnormalities were compared by Fisher's exact test (two tails) 
for 2 x 2 table. Central motor conduction time and spinal motor 
conduction time between the two groups were compared by 
Kruskal-Wallis one-way ANOVA. Correlations between spinal 
motor conduction time and disability scores and between MRI 
data, disability scores and MEPs were evaluated by Spearman's 
rank correlation coefficients. 

RESULTS 

Clinical Characteristics 
Table 1 shows the characteristics of the two groups of MS 

patients. The groups did not differ significantly in terms of age 
(although relapsing-remitting MS patients were slightly 
younger) sex distribution (with two-thirds female preponderance 
in both) or mean disease duration (although this was slightly 
longer in the secondary progressive MS patients). 

Table 1: Clinical Characteristics of Relapsing-Remitting MS and 
Secondary Progressive MS Patients. 

Relapsing-Remitting 
MS(mean±SD) 

Patients 40 
Sex 30 F/10 M 
Age (years) 36.0 ±10.0 
Duration (years) 8.1 ± 7.5 
EDSS 1.6 ±1.1 
Pyramidal score 1.5 ± 0.9 

Statistics: *Student's t-test; **Mann-
ity status scale. 

Secondary-Progressivt 
MS(mean±SD) 
13 
10 F/3 M 
40.0 ±7.4 
11.8 ±5.8 
5.1 ±1.3 
3.0 ±0.8 

p-value 

ns* 
ns* 
ns* 
< 0.001** 
< 0.001** 

Whitney. EDSS: expanded disabil-

Central Motor Conduction Time and Spinal Motor 
Conduction Time 

Table 2 shows mean values and standard deviations of lower 
and upper limb CMCTs, and spinal motor conduction time in con
trols, and both MS groups. Both upper and lower limb CMCTs 
were significantly longer in both patient groups. The mean slowing 
was significantly greater in secondary progressive MS than relaps
ing-remitting MS. Mean spinal motor conduction time in sec
ondary progressive MS was significantly slower than in controls (p 
< 0.001) and relapsing-remitting MS patients (p < 0.05). Spinal 
motor conduction time in the relapsing-remitting MS group was 
longer than in controls, but the difference was not significant. 

MEP and Multimodal EP Abnormalities 
The incidences MEP and EP abnormalities are shown in 

Table 3. A significantly higher percentage of abnormalities was 
observed in the secondary progressive MS group compared to 
the relapsing-remitting MS group. In the relapsing-remitting MS 
group VEPs were most often altered, followed by lower limb 
MEPs. In secondary progressive MS patients, lower limb MEPs 
were abnormal bilaterally in all cases and upper limb MEPs 
were abnormal in at least one arm in all cases. Lower limb SEPs 
were more altered than VEPs. A distal-to-proximal severity gra
dient of SEP and MEP abnormalities was discerned in both 
groups, but was particularly evident in the patients with sec
ondary progressive MS. 

Table 3: Frequencies of Multimodal Evoked Potential and Motor 
Evoked Potential Abnormalities in Relapsing-Remitting MS (40 cases) 
and Secondary Progressive MS (13 cases). 

Modality 

VEPs 
bilateral 

BAEPs 
bilateral 

SEPs upper 
bilateral 

imb 

SEPs lower limb 
bilateral 

MEPs upper 
bilateral 

limb 

MEPs lower limb 
bilateral 

Relapsing-
Remitting 
pts (%) 

23 (57.5%) 
7 (17.5%) 
7 (17.5%) 
3 (7.5%) 
7 (17.5%) 
3 (7.5%) 

13 (32.5%) 
11(27.5%) 
12 (30.0%) 
8 (20.0%) 

17 (42.5%) 
12(30.0%) 

Secondary-
Progressive 
pts (%) 

11 (84.6%) 
10 (76.9%) 
8(61.5%) 
6(46.1%) 
7 (53.8%) 
5 (38.5%) 

12(92.3%) 
11 (84.6%) 
13(100%) 
11 (84.6%) 
13 (100 %) 
13(100%) 

p-value 

<0.05 

< 0.001 

<0.01 

< 0.001 

<0.01 

< 0.001 

Statistics: Fisher's exact test adjusted for 2 x 2 table. Values were con
sidered abnormal when 2.5 SD from the mean of controls. Bilateral: 
when EPs were abnormal on both sides. 

Table 2: Central Motor Conduction Time (CMCT) of Upper and Lower Limbs and Spinal Motor Conduction Time (SMCT) in Controls, Relapsing-
Remitting MS and Secondary Progressive MS Patients. 

Upper Limbs CMCT 

Lower Limbs CMCT 

SMCT 

Controls 

mean ± SD (msec) 

6.3 ±0.8 

13.4 ±1.3 

7.1 ±1.3 

Relapsing-Remitting 
MS 
mean ± SD (msec) 

8.6 ±3.3* 

19.3 ± 8.1* 

10.7 ± 6.2 ns 

msec: milliseconds. Statistics: Kruskal-Wallis one way ANOVA. ns = not significant compared 
compared to relapsing-remitting MS; (pp < 0.001 compared to controls. 

Secondary-Progressive 
MS 
mean ± SD (msec) 

13.4± 4.6a6 

34.2 ± 12.6aB 

21.2 ± 9.4aB 

to controls; *p < 0.05 compared to controls; "p < 0.05 
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2 4 6 

Expanded Disability Status Scale 

1 2 3 4 

Function Pyramidal System Scores 

Figure 1: Scattered plot showing EDSS (A) and pyramidal functional system scores (B) of the MS patients plotted against the spinal motor conduc
tion time. Statistical analysis: Spearman's rank correlation coefficient: A - 0.69, P < 0.001; B = 0.60, p < 0.001. 

Disability Index 

EDSS and pyramidal functional system score were significant
ly worse in secondary progressive MS than in relapsing-remitting 
MS (p < 0.001). A positive correlation was found between spinal 
motor conduction time and EDSS score (p < 0.001) and spinal 
motor conduction time and pyramidal system score (p < 0.001) 
(Figure 1). 

Magnetic Resonance Quanti.ti.on of Lesion Load 

In the secondary progressive MS group, mean area of brain 
demyelination was 4,960.3 ± 3,719.0 mm2 and the number of 
lesions was 67.7 ± 37.0 (with 2,562.2 ± 1,731.3 mm2 involved 
and 35.1 ± 21.4 lesions in the right hemisphere and 2,398.1 ± 
2,097.2 mm2 involved and 32.6 ± 17.3 lesions in the left hemi
sphere). The combined area and number of lesions varied great
ly from patient to patient (range 1,267-12,691 mm2, and 26-131 
lesions respectively). No correlation was found between lesion 
area or number in one hemisphere and CMCT or spinal motor 
conduction time on the contralateral side. Furthermore there 
was no correlation between lesion area or number and EDSS or 
functional system scores, disease duration or age. 

DISCUSSION 

In our study secondary progressive MS showed a worse clini
cal pattern and a significantly higher frequency of neurophysio-
logical abnormalities than relapsing-remitting MS. 

VEP, BAEP and SEP were more frequently abnormal bilater
ally and, in the case of SEPs, were more frequently abnormal in 
lower limbs. These results are in agreement with those reported 
in the literature1724 and do not require any further comment. 

MEP alterations were frequent in our MS patients, more so in 
those with secondary progressive MS. The lower limbs were 
particularly affected, and bilateral lower limb involvement was 
present in all the secondary progressive patients. These findings 
paralleled the clinical condition of the patients, so that sec
ondary progressive cases were more severely compromised and 
characterized by greater involvement of the lower than the upper 
limbs. MEPs are increasingly studied in demyelinating dis
eases2'7"2225"30 and relations between MEP abnormalities and 
MS clinical features such as weakness, plantar extensor 
response21'22-31'32 and, in longitudinal studies, changes in clinical 
status27 have been established. 

We found that conduction time in the cervico-lumbar tract 
was markedly increased in the secondary progressive group 
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compared to both controls and the relapsing-remitting group, 
while was no significant difference in spinal conduction time 
between the relapsing-remitting MS group and controls. There 
was also a significant direct correlation between spinal motor 
conduction time and both EDSS score and pyramidal functional 
score, constituting further indication that MEPs are correlate 
closely with disability. 

The measurement of spinal motor conduction time by MEPs is 
not without methodological bias. This applies to all non-invasive 
methods for determining spinal motor conduction which have lim
itations related to the uncertainty of position of the stimulation site 
(or recording site) in relation to the position of the electrical gener
ator or site of excitation.1213 An important limitation of the method 
used in this study derives from the fact that different fibers are 
involved in the corticocervical and corticolumbar pathways, and 
we recognize that the motor conduction times we measured are not 
true spinal motor conduction times. Furthermore cervical and lum
bar conduction times may have sufficed to demonstrate greater 
involvement of lower limbs. Notwithstanding this we chose to 
determine the spinal motor conduction time in order to specifically 
investigate conduction in the axons running in the lower part of the 
spinal cord. We note finally the spinal conduction times we found 
in normal subjects were similar to those obtained by Eisen et 
al.12-13 and Snooks et al,14 and comparable to those obtained using 
direct spinal stimulation,1523 confirming that the present methodol
ogy gave reasonably reliable results. 

The reasons why many relapsing-remitting MS patients 
eventually develop a progressive course are not well under
stood. One pathophysiological mechanism responsible for this 
deterioration may be that of increasing extent of overall cerebral 
demyelination. We used a semiquantitative method to assess the 
total area of brain lesions on contiguous 5 mm thick MR images 
in the secondary progressive MS patients, and found that the 
total area of demyelination and the number of lesions varied 
widely between patients. However neither of these parameters 
correlated with EDSS or pyramidal functional scores. Central 
conduction time and spinal motor conduction time were also 
compared to total demyelination area, but again no correlation 
was found. Thus, in agreement with most authors710-33-34 our 
results seem to rule out total lesion burden in the brain as a 
major determinant of disability. 

With regard to the relation between multimodal EPs and 
MRI findings, some publications report a significant direct cor
relation and others no correlation.35 37 This is probably because 
various criteria have been used to quantify MRI lesions, and 
also because of the heterogeneity of the MS populations studied. 

Since it is well accepted that in MS there is an ongoing silent 
activity even when changes are not clinically appreciable,33-38"40 

serial MRI studies are increasingly used to monitor disease activ
ity and to assess outcomes in clinical trials4'-42 Recently a posi
tive correlation has been shown between changes in disability and 
the rate of appearance of new demyelinating, enlarging or enhanc
ing lesions in serial MRI.4345 It is likely that the use of serial and 
gadolinium-enhanced MRI to assess changes in lesion volume, 
perhaps with the aid of techniques that can detect subtle changes 
in apparently normal white matter,46-47 will provide parameters 
that correlate more reliably with disability than the area measure
ment we used in the present study. We note, however, that most 
published studies report no correlation or feeble correlation 
between the extent of lesions on MRI and disability.7-10-33-34-38-48-49 

The results of these studies and our own raise intriguing 
questions concerning the development of disability in MS. The 
fact that some patients develop disability apparently in the 
absence of new cerebral MRI lesions and without relation with 
the total lesion load in the brain indicates that more than one 
mechanism is involved in the development of disability in MS, 
among which may be progressive axonal loss in pre-existing 
lesions and involvement of the spinal cord. 

Spinal cord neuroimaging remains an unsatisfactory method 
for assessing spinal cord involvement, and most previous stud
ies of lesion load in MS did not even bother to image the spinal 
cord. Tartaglino et al.8 and Kidd et al.9 found that lesions often 
occurred in the cervical region and that the most common loca
tion for plaques were the dorsolateral areas of the cord. In a ser
ial MRI study of brain and spinal cord with and without 
gadolinium, Kidd et al.50 found that clinical deterioration was 
independent of the appearance of new activity in the cord and 
suggested that the development of progressive disability might 
be related to mechanisms such as axonal loss not clearly demon
strable by MRI. 

In general the lower limbs are more severely affected than 
upper limbs in MS. There is usually a progression towards para
paresis with spastic paralysis and clonus in the lower extremities 
whereas severe pyramidal impairment is seldom seen in the 
upper limb. 

It is our opinion that demyelination or atrophy of fast-con
ducting corticospinal axons could be responsible for slowing 
and dispersing the descending wave. This dispersion progres
sively increases with distance from the cortex, and this phenom
enon would be more evident in fibers to the lower limbs because 
of their greater length. Furthermore the longer fibers might be 
intrinsically more susceptible to damage, as observed in periph
eral nervous system conditions. Note also that less corticospinal 
fibers supply the lumbar enlargement than do the cervical tract, 
so that fewer or smaller lesions may cause more severe failure 
of the descending volley to lower limbs than to that of the upper 
limbs. 

We note finally that involvement of the spinal section of the 
corticospinal tract may give rise to most disability in virtue of 
its strategic role in ambulatory function; this would be further 
exacerbated by the bias of the disability scales toward gait 
abnormalities and unbalance. 

In conclusion, the results of this study indicate that sec
ondary progressive MS patients are much more severely 
affected than relapsing remitting MS patients, that involvement 
of the spinal cord is important in determining this disability, and 
that MEPs are useful for monitoring it. This change is probably 
related to slowing and dispersion secondary to the involvement 
of the longer fast-conducting pyramidal fibers, that for most of 
their length run in the spinal cord. 
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