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Background: In patients with multiple sclerosis (MS),
transcranial magnetic stimulation (TMS) has shown signifi-
cant prolongation of central motor conduction time (CMCT).
Abnormal CMCT may reflect sub-clinical involvement of
motor pathways and correlate with clinical motor disability.
Objective: To determine the diagnostic yield of TMS in MS
and the possible correlation of TMS abnormalities with clini-
cal disability. Materials and Methods: Thirty patients with
clinically definite MS presenting in acute relapse or with pro-
gressive disease course and 30 healthy controls were evalu-
ated. TMS parameters evaluated included threshold inten-
sity, motor evoked potentials (MEP) amplitudes and latencies
and CMCT. Reassessment studies were done after three
months. Statistical analysis: Student t-test, Mann-Whitney
U test and Spearman’s rank correlation test were used to
assess the relationships. Results: Patients with MS had sig-
nificantly higher threshold intensities, prolonged CMCT and
reduced MEP amplitudes as compared to controls. Abnor-
malities in at least one parameter were observed in 86.7%
of patients. When inter-side asymmetries in MEP latency
and/or in CMCT were considered, the diagnostic yield in-
creased to 96.7%. The diagnostic yield was 74.7% for visual
evoked potentials, 13.3% for brainstem auditory evoked re-
sponse and 10% for cerebrospinal fluid oligoclonal band.
One MS patient without pyramidal or cerebellar dysfunction
had prolonged CMCT. CMCT abnormalities correlated sig-
nificantly with the degree of pyramidal signs, limb ataxia,
intention tremor, dysdiadokokinesia and overall cerebellar
score. In patients who had clinical improvement, follow-up
studies showed improvement in CMCT parameters. Con-
clusion: TMS is a highly sensitive technique to evaluate
cortico-spinal conduction abnormalities in MS that may have
no clinical correlate and in monitoring the course of the dis-
ease. The effects of cerebellar dysfunction on TMS results
need further evaluation.
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Over the past few years, interest in evoked potentials (EP)
in patients with multiple sclerosis (MS) has shifted from di-
agnostic applications to their validity as objective parameters
of the disease course.” Among the EPs, transcranial mag-
netic stimulation (TMS) has been shown to be the single most
sensitive diagnostic test among the evoked potentials in pa-
tients with MS."*™ In these patients, TMS has revealed sig-
nificant prolongation of central motor conduction time
(CMCT). 51 Tt may also detect sub-clinical lesions and CMCT
abnormalities may be related to clinical motor disability.''!
The possible role of cerebellar dysfunction with regards to
TMS abnormalities in MS is not clear although increased
threshold intensities and/or abnormal CMCT have been re-
ported in late onset cerebellar atrophies and cerebellar
stroke, 191

The present study was undertaken to determine the diag-
nostice yield of TMS in clinically definite MS besides other
methods, to assess the strength of the correlation between
clinical disability and TMS abnormalities and to evaluate the
possibility that TMS may be used to monitor clinical response
in MS over time.

Materials and Methods

The present study was done on 30 consecutive patients of clini-
cally definite MS,"*" admitted between January 2002 and June 2003.
Patients included both patients in acute relapse and patients with
progressive course. Patients with the history of epilepsy, neurosur-
gery or pacemaker implants were excluded. A relapse was defined as
an increase in the neurological symptoms at least lasting for more
than 24 hours, starting within at least two months prior to the evalu-
ation. Ethical clearance was obtained from the local review board
and written, informed consent was taken from all the subjects.

All the subjects underwent detailed history taking, systemic and
neurological examination. The patients were clinically examined us-
ing the following scales:

1) Kurtzke’s Expanded Disability status scale (EDSS) and com-
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plementary system of grades within 8 “functional systems
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2) Pyramidal tract function was assessed by muscle strength and
reflex erading. Muscle strength was assessed and scored ac-
cording to the Medical Research Council scale. Deep tendon
reflexes (DTR) were classified as normal (0), increased but
not necessarily to a pathological degree (1), and markedly hy-
peractive, often with associated clonus (2); Hoffmann sign was
scored as incomplete (1) if only thumb or index finger re-
sponded, and complete (2) when definitely positive; Babinski
sign was scored as incomplete (1), characteristic (2), or with
pathologic shortening reflex present (3).1%%

3) Cerebellar symptoms were rated on a scale ranging from 0
(absent) to 35 (most severe)." All the scores were analyzed as
percentage of the most severe scale range and an adequate
knowledge of the individual limb function was obtained.

A single pulse TMS of the motor cortex was performed with a cir-
cular coil of 90 mm diameter of MAGSTIM 200 (2 Tesla version,
Magstim Co., Dyfed, UK) stimulator pulsed with a very brief (less
than 200 microsecond) current and generating maximum magnetic
field of 2 Tesla. The center of the coil was positioned over the vertex
for cortical stimulation of the upper limbs, and slightly anterior to
the vertex for stimulation of the lower limbs. Since the motor cortex
is more sensitive to current flowing from posterior to anterior, a clock-
wise current flow (side B up) was used for right motor cortex activa-
tion, and a counter-clockwise flow (side A up) for the left cortex
activation."” The filter setting used was 100 Hz low filter and 10
KTz high filter. The signals were recorded with a conventional EMG
machine (Nicolet Biomedical Ine., Madison, USA) bilaterally from
the abductor pollicis brevis (APB) in the upper limbs and from the
tibialis anterior (TA) in the lower limbs by surface silver/silver chlo-
ride electrodes in a belly-tendon montage. The nerve conduction stud-
ies by electrical stimulation were also performed for median and deep
peroneal nerves in all the subjects using the same EMG machine.

The subjects were seated in a chair and threshold intensity (TI)
was recorded in a relaxed target muscle. TI was taken as the mini-
mum stimulus intensity (measured as a percentage of maximum
output intensity of the stimulator) needed to evoke a response >20
mV in three out of five trials.*" If no response was recorded even at
maxinum coil output (100%), the subjects were asked to contract
target muscle and it still no response was recorded, then TI was
considered as 100%.*"' The subjects were then asked to maintain
mild isometric contraction (10-20% of maximal effort) of the target
muscles and stimuli were given at intensities at least 30% above TI
and 6-10 motor evoked potentials (MEP) were recorded; those with
shortest latency and largest amplitude were evaluated. The mag-
netic stimulation of the spinal roots was done by placing the rim of
the same coil over the seventh cervical and fifth lnmbar vertebrae.
CMCT was measured by subtracting the latency resulting from spi-
nal stimulation from that on cortical stimulation. The parameters
evaluated were: TT; cortical-APB/TA latencies (CL) and spinal cord
(cervical/TiS spine)-APB/TA latencies; amplitude (A) of MEP;
CMCT and inter-side differences in CLi and CMCT between the hemi-
spheres.

All patients also underwent cerebrospinal fluid (CSF) analysis for
oligoclonal bands (OCB) by polyacrylamide gel electrophoresis
(PAGE), visual (VEP) and auditory (BAER) evoked potentials and
MRI of brain and/or spinal cord. Follow-up clinical and
electrophysiological evaluation was performed in all the patients at
three months after the initial TMS study.

Normal ranges were established from a group of 30 age and sex-
matched healthy controls. The upper limits of normality for CLi and

CMCT were taken as 2 SD above the mean and the lower limit of
normality for the A\ as 2 SD below the mean values of controls
(Table 1). The latencies and CMCT were considered abnormal when
the responses were either absent or the value of the parameter ex-
ceeded the upper limits of the normality. In case of MEP abnormal-
ity in one limb, we considered this finding as a sign of sub-clinical
pyramidal tract involvement if' there were no signs of corticospinal
imvolvement in all other limbs.

Statistical analysis between the patient and control results was
performed using t-test. The clinical and electrophysiological find-
ings were correlated using Mann-Whitney U-Wilcoxon rank sum test
for group data comparisons and Spearman Rank correlation test.

Results

Thirty patients of MS, 17 females, 13 males (age range 12-
50 years; mean 30.4%=10.8), and 30 healthy controls, 13 fe-
males and 17 males (age range 14-45 years; mean 29.7+7.02),
were evaluated. The grades of pyramidal and cerebellar dys-
function and the degree of abnormal motor signs in both the
upper and lower limbs are summarized in Table 2. At inclu-
sion, five patients had normal pyramidal function; out of these,
two patients had normal cerebellar function also. The inter-
val from the first onset of symptoms to the first
electrophysiological examination was 32.03+44.6 months
(range 5 days to 18 years).

TMS was well tolerated by all the subjects without any im-
mediate or delayed untoward side effects. In total, 119 limbs
were studied; MEPs could be elicited in all the four limbs in
controls and 57/60 upper limbs and 36/59 lower limbs in the
study group (Table 1).

The mean TI, CMCT and CL were significantly prolonged
in all the limbs (£<0.001) and the mean A  on cortical stimu-
lation was significantly reduced in the upper limbs (P<0.001)
in MS patients as compared to the controls. At least one pa-
rameter was found to be abnormal in 40% right upper limbs,
50% left upper limbs, 70% right lower limbs and 72.4% left
lower limbs. Overall, at least one parameter was abnormal in
68/119 (57.1%) of the total limbs studied. Diagnostic yield of
TMS was found to be 76.7% in the upper limbs and 93.3% in
the lower limbs. Thus, 28/30 (86.7%) patients had one pa-
rameter abnormal in at least one of their limbs. Additional
abnormal inter-side asymmetries in either CLi and/or CMCT
were found in 3(10%) patients. Hence, the diagnostic yield of
TMS in our study was 96.7%. In comparison, the diagnostic
yield of VEP was 74.7%, BAER 13.3% and CSF OCB 10%.

In the upper limbs, the mean CMCT correlated significantly
with the degree of hypereflexia (r=0.34, P=0.01), Hoffmann
score (r=0.34, P=0.01), limb ataxia (r=0.32, P=0.017),
dysdiadokokinesia (r=0.33, P=0.012) and intention tremor
(r=0.33, P=0.012). In the lower limbs, mean CMCT corre-
lated significantly with the degree of hyperreflexia (r=0.49,
P=0.002) and in the left lower limbs with pyramidal dysfunc-
tion (r=0.65, P=0.05). No correlation was found in KDSS
and CMCT abnormalities in any of the limbs (Table 3).
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Table 1: Incidence of limbs with abnormalities of TMS parameters in clinically definite multiple sclerosis patients

TMS parameter

Upper limbs

Lower limbs

Cases Controls (limits of normality) Cases Controls (limits of normality)

Threshold (%)

- Range 70-100% 70-100% 70-100% 70-100%

- Mean + SD 92.84+9.8 83.8+12.1 (Rt-0.7,Lt>92.3) 98.3+24.8 97.3+6.9 (Rt-100, Lt-100)

- Abnormal (n, %) 36 (62.1%) - 0 -
Amplitude of MEP On cortical stimulation

- Range 0.2-11.7 1.1-15.6 0.3-7.0 0.5-5.4

- Mean + SD 2.8+1.3 5.242.4 (Rt<0.24,Lt<0.17) 1.6+0.78 2.2+1.16 (RtO, Lt<0.05)

- Abnormal (n, %) 1 (1.8%) - 0 -
Latency of MEP on cortical stimulation

- Range 15.4-46.2 8.4-27.3 11.6-78.4 10-29.8

- Mean + SD 24.8+6.5 19.0+£3.3 (Rt>26.2,Lt>24.8) 33.2+12.9 25.3+3.2 (Rt>31.9,Lt>30.2)

- Abnormal (n, %)
Central motor conduction time

26 (45.6%)

- 17 (42.5%) -

- Range 4.3-31.5 5-16.8 6.7-67.1 6.5+18.8

- Mean + SD 12.6+6.2 7.7£2.2 (Rt->13.6,Lt->10.7) 21.6x13.1

- Abnormal (n, %) 21 (36.8%) 16 (40%) 13.5+2.3 (Rt->17.9,Lt>18.1)
Non-stimulable responses 3 0 23 0

TMS- Transcranial magnetic stimulation; MEP- Motor evoked potential; Rt- Right; Lt- Left; n = Number

Table 2: Incidence of limbs with pyramidal and/or cerebellar
dysfunction in 30 clinically definite Multiple Sclerosis patients

at inclusion
Parameter Upper Lower
limbs limbs

No. of limbs tested 60 59
No. of limbs clinically weak (N, %) 12 (20%) 25 (42.4%)
Pyramidal dysfunction (N=30)

- Range* 0-50% 0-66.7%

- Mean + SD* 15.46+15-11 27.77+17.68

- Abnormal (N, %)
Cerebellar dysfunction (N=30)
- Range*
- Mean + SD*
- Abnormal (N, %)
Motor scores
a) Hoffmann / Babinski score

25 (83.3%) 25 (83.3%)
0-80%
28.0 + 30.45
16 (53.3%)

0-80%
28.0 + 30.45
16 (53.3%)

-N 60 59
- Range* 0-100% 0-100%
- Mean + SD* 35.83 £ 42.28 48.03 £ 32.92

- Abnormal (N, %)
b) DTR score

28 (46.77%) 45 (76.3%)

=N 60 59
- Range* 0-100% 0-100%

- Mean + SD* 39 (65%)  61.67+36.09
- Abnormal (N, %) 425+ 36.62 49 (83.1%)

* - % of the most severe scale range; N- Number

On follow-up, 17(56.7%) patients improved clinically,
11(36.7%) worsened clinically and 2(6.6%) remained clini-
cally stable. Clinical improvement or worsening on follow-up
was considered as change in EDSS by one or more points.
For follow-up analysis, only the limbs that had abnormal
CMCT at inclusion were studied. In total, 24 upper limbs and
12 lower limbs could be evaluated. In patients who improved
clinically (n=12), CMCT showed a corresponding reduction
in 14/15(93.3%) upper and 9/9(100%) lower limbs; mean
CMCT improved significantly from 17.07 msec. to 14.53 msee.
(P<0.001) [paired t-test] in the upper limbs and from 34.7
msec. to 25.9 msec. (P<0.001) in the lower limbs. On the
other hand, in patients who remained clinically stable or wors-

ened (n=13), CMCT showed a corresponding worsening in 7/
9(77.8%) upper and 1/3(33.3%) lower limbs; mean CMCT
worsened from 19.18 msec. to 24.98 msec. in the upper limbs
(P>0.05) and from 24.5 msec. to 27.13 msee. in the lower
limbs (P>0.05) (Figure 1).

Discussion

The results of the present study show that TMS parameters
are significantly altered in clinically definite MS patients as
compared to the controls. The diagnostic yield of TMS was
higher than that of VEP, BAER and CSF OCB, akin to pre-
vious reports. /13202229 There are no Indian studies available
on the role of TMS in MS patients. The diagnostic yield of
CSF OCB in our patients was low similar to other Asian stud-
ies. The reported CSF OCB positivity in Asian studies varied
between 27% and 45%.1%°1 Since we do not have the meth-
odology to assess lesion volume and lesion load, we have not
correlated MRI findings and TMS parameters.

The diagnostic yield of TMS increases whenever more than
one limb is tested and abnormal asymmetries between the limbs
are taken into consideration.'™ In our study 96.7% of the
patients had at least one abnormal parameter or abnormal
inter-side asymmetries in the parameters. This incidence of
abnormalities in our study was higher than that previously
reported in MS.%*3 Thig could be have resulted from the
evaluation of both the upper and lower limbs, thus a larger
segment of spinal cord. In our study examination of the upper
limbs alone had resulted in a diagnostic yield of 76.7%, simi-
lar to the other studies that evaluated upper limbs only.***!
We found a higher incidence of abnormal MEP in the lower
limbs when compared to the upper limbs. Recording from the
lower limbs allows the efferent volley to traverse a longer path
through the cranio-spinal axis. We considered all the non-
stimulable responses to be abnormal because MIEP could eas-
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Table 3: Correlation of CMCT in upper and lower limbs of multiple sclerosis patients with clinical scores at time of inclusion

Parameter CMCT - correlation

CMCT — Upper limbs (n=58)

CMCT - Lower limbs (n=36)

with: N Spearman rank
co-efficient (r)
Pyramidal dysfunction 30 0.14
Hoffmann/ Babinski score 60 0.34
DTR score 60 0.34
Cerebellar dysfunction 30 0.24
Cerebellar scale score
a) Total score 30 0.26
b) Upper limb ataxia 60 0.32
c) Dysdiadokoki-nesia 60 0.33
d) Intention tremor 60 0.33
e) Dysarthria 30 0.27
EDSS 30 0.07

P value N Spearman rank P value
co-efficient (r)

NS 30 0.30 NSe
0.01* 60 0.14 NS
0.01* 60 0.49 0.002*

NS 30 -0.19 NS

NS 30 -0.09 NS
0.017* 29 -0.10 NS
0.012* 29 -0.09 NS
0.012* 58 -0.12 NS

NS 30 0.09 NS

NS 30 0.06 NS

CMCT- Central motor conduction time; EDSS- Expanded disability status score; *Significant P value <0.05; NS- Not significant; r = Correlation; °Correlation of
pyramidal dysfunction with CMCT in left lower limbs was significant using paired group statistics (r=0.65, P=0.05)

Upper limbs Lower limbs
24.00 + 20.06
_ o
5} 8} .
8 18.00 &
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E E
- =
3} 12.00— O
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Figure 1: Change in CMCT in upper and lower limbs of MS patients on
follow-up

ily be elicited in all the four limbs of the healthy controls.
Silent lesions were detected in one patient (3.3%) who had no
clinical evidence of pyramidal and cerebellar dysfunction. Simi-
lar findings were observed in the earlier studies.!*!'%!

The present study confirms the observation that CMCT
measurements correlate positively with motor disability.!*!!
The lack of correlation between CMCT abnormalities and
EDSS is possibly because EDSS takes into account overall
clinical disability, i.e., both pyramidal and non-pyramidal tract
lesions. The effects of cerebellar dysfunction on TMS results
are not well known. We found a significant positive relation
between CMCT abnormalities in the upper limbs and limb
ataxia, intention tremor, dysdiadokokinesia and overall cer-
ebellar scale score. Previous observations point that cerebel-
lar dysfunction might play a role in the CMCT abnormalities
by TMS.'1H Tt however, might be over-represented due to co-
incidental pyramidal tract involvement.

In our patients, there was improvement in CMCT param-
eters corresponding with clinical improvement, although the
number of patients evaluated was small. Mean CMCT of the
total group studied, improved significantly in patients who
had improved clinically, whereas the mean CMCT of the total
eroup worsened in patients who worsened clinically or re-
mained stable. Similar results have been reported previously

12.21,.26,27]

after steroid therapy! and physiotherapy.*!

TT is a measure of the cortico-cortical excitability of pyrami-
dal neurons. The increased TT and reduced A may occur due
to temporal dispersion of descending volleys or conduction
blocks in the descending motor pathways. The CMCT prolon-
gation in MS occurs secondary to delayed supra-threshold
stimulation of smaller and slower conducting motor neurons
and a compromise in the stimulus conduction in large diam-
eter demyelinated or incompletely remyelinated corticospinal
fibers, resulting in lack of temporal summation./?"?26:2 The
absence of MEP elicitation results from conduction failure
secondary to demyelination across the zone of pathology.*%

In conclusion, the present study suggests that TMS should
be taken into account as a tool in monitoring motor disability
in patients with MS, owing to the frequency of lesions in
cortico-spinal pathways and the significant correlation ob-
served between the abnormalities in CMCT and the degree of
motor disability. In order to further define the potential role
of TMS in the characterization of MS-related disability, espe-
cially in patients with primary or secondary progressive dis-
ease course, large prospective serial studies are required.
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sensitive technique to evaluate corticospinal conduction ab-
normalities in MS that may have no clinical correlate and may
monitor pyramidal function during the course of the disease.
In future studies, it would be of interest to monitor short-
term and long-term treatment effects (steroids and
immunomodulating drugs) by TMS.
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