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ABSTRACT

Background: Multiple Sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous
system. Motor symptoms represent one of the most frequent and disabling syndrome of MS. Transcranial
magnetic stimulation is a technique used for the investigation of the cortico-spinal tract able to measure the
modification at any level of motor pathway. The aim of the study was to determine the possible correlation of
motor evoked potentials (MEP) abnormalities with clinical disability and the clinical diagnostic utility of tran-
scranial magnetic stimulation.

Materials and methods: Fifty four patients with clinically definite multiple sclerosis and eighteen healthy
volunteers were included in the study. Patients were divided in three subgroups according to the degree of
pyramidal impairment calculated with Expanded Disability Status Scale. Transcranial magnetic stimulation
(TMS) parameters were evaluated using single pulse TMS and a figure of eight coil. Parameters determined
included: motor threshold, central motor conduction time (CMCT), latencies and amplitude of MEP at 120%
of motor threshold.

Results: Patients with MS had significantly higher motor threshold, prolonged CMCT and reduced MEP am-
plitudes as compared to controls. Spinal cord latencies were similar in patients and controls.

Conclusion: Transcranial magnetic stimulation represents a useful tool able to measure motor parameters,
to reveal the motor pathways involvement and bring useful information about the degree of pyramidal dys-
function. There was a significant correlation between abnormalities of MEP parameters and clinical disability.
This technique allows evaluating the status of disease and could be a measure of treatment efficiency in
multiple sclerosis.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic disease that
usually begins in young adults and is characterized
by multiple areas of central nervous system white
matter inflammation, demyelination, and glial scar-
ring (sclerosis) (1). Because no specific test for MS
is available, diagnosis rests on the dissemination in
space and time of lesions (demonstrated by MRI),
clinical manifestations and laboratory tests (2). Be-
cause the natural history of MS can be favorably
altered by treatment, the importance of early diag-
nosis has become more apparent (3).

Transcranial magnetic stimulation (TMS) is a
relatively new technique that allows painless acti-

vation of cortical structures. TMS is primarily used
for the investigation of the cortico-spinal tracts in
various neurological diseases, being especially use-
ful in the detection of sub-clinical dysfunction. The
aim of the study was to determine the possible cor-
relation of motor evoked potentials (MEP) abnor-
malities with clinical disability and the clinical diag-
nostic utility of transcranial magnetic stimulation.

MATERIALS AND METHODS

The present study was made on 72 subjects: 54
patients with clinically definite MS (according with
McDonald’s criteria) and 18 healthy controls. Pa-
tients were divided in three subgroups according to
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the degree of pyramidal impairment calculated with
Expanded Disability Status Scale (EDSS):
* [ — abnormal signs without disability (EDSS
1) — 13 patients;
e II — mild or moderate pyramidal disability
(EDSS 2-3) — 31 patients;
o [II — severe pyramidal disability (EDSS 4-5)
— 10 patients.

Patients from group I showed exaggerated re-
flexes — 10 patients, sensory loss and/or pyramidal
pathologic reflexes — 3 patients.

Patients from group II had right hemiparesis — 6
patients, left hemiparesis — 7 patients, lower limb
monoparesis — 7 patients, mild spastic paraparesis —
7 patients, mild tetraparesis — 4 patients.

Patients from group III had spastic paraparesis —
2 patients, severe right hemiparesis — 1 patient, tet-
raparesis — 6 patients, and one patient had paraple-
gia and right brachial monoplegia.

TMS was applying over the motor cortex as sin-
gle pulse with a figure of eight coil of 90 mm diam-
eter of Magstim Rapid® (Magstim Co Ltd, Whit-
land, Dyfed, UK). The stimulator pulse was very
brief (less than 200 microseconds) and the maxi-
mum generating magnetic field 1.2 Tesla. The cen-
ter of the coil was positioned over the motor projec-
tion of the hand around 5 cm lateral and 1 cm
anterior in relation with vertex. For people in which
we did not obtain a motor response in the position
the coil was moved 1-2 cm around that point in or-
der to identify the motor hot spot. The muscle con-
traction was recorded with a Nihon-Kohden EMG
device, bilaterally, from the abductor pollicis brevis
(APB) on the upper limbs using surface silver/sil-
ver chloride electrodes.

The subjects were seated comfortable in an arm-
chair and motor threshold (MT) was recorded in a
relaxed target muscle. MT was taken as the mini-
mum stimulus intensity (measured as a percentage
of maximum stimulator output) needed to evoke a
motor response >50 mV in three out of five con-
secutive trials. If no response was recorded even at

maximum coil output (100%), the subjects were
asked to contract target muscle and if still no re-
sponse was recorded, then TM was considered as
101%. For motor evoked recorded the subjects keep
the same relaxed position and the stimulus was ap-
plied over the motor hot spot at 120 % of MT. The
magnetic stimulation of the spinal roots was done
by placing the rim of the same coil over the seventh
cervical vertebrae. The evaluated parameters were:
MT; cortical latencies (CL) and spinal cord laten-
cies (SL); amplitude (AM) of MEP at 120% of mo-
tor threshold; central motor conduction time
(CMCT). CMCT was measured by subtracting the
latency resulting from spinal stimulation from that
on cortical stimulation.

Statistical analysis

Means and standard deviation were calculated
for each parameter and each group. Statistical cal-
culations were carried out with STATISTICA 6.0
(Statsoft Inc., USA). Student t-test was used to as-
sess the relationships. All results were considered
significant at the 5% level (p < 0.05).

RESULTS

Pyramidal symptoms appeared in results of af-
fected cortico-spinal tracts (paresis or plegia, mus-
cle tone modifications, exaggerated reflexes, patho-
logic reflexes or no abdominal reflexes) were
observed at all patients included in the present
study. MEP parameters obtained by TMS are shown
in TABLE 1.

At patients with MS from the first group (EDSS
— 1) there are not statistically significance modifi-
cations of MEP parameters (TABLE 2).

Patients with mild or moderate pyramidal dis-
ability (group — II) in comparison with healthy vol-
unteers presented statistically significant modifica-
tions of MEP parameters: increase of cortical
latencies, CMCT and decrease of MEP amplitude
at 120% of MT (TABLE 3).

TABLE. 1 MEP parameters at patients with MS and healthy volunteers

Healthy Patients Patients Patients
MEP parameters

volunteers group | group li group lli
Spinal cord latencies (ms) 12.3+1.6 13.33+£1.18 13.14 £ 1.94 13.83+1.92
Motor threshold % 57.85+7.60 | 62.03 +10.58 | 66.83 +14.49 | 73.95 + 19.48
Cortical latencies (ms) 206 £1.7 22.01 +2.43 23.6 +4.13 29.95 + 6.57
CMCT (ms) 8.4+0.7 8.68 + 3.25 10.45 +4.17 16.12 + 5.88
Amplitude of MEP at 25+15
120% of MT (mV) 1.34+£1.2 1.38 £1.72 0.51 +0.45
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TABLE 2. MEP parameters at patients with MS from group | and

healthy volunteers

MEP parameters Healthy Patients p
volunteers group |
Spinal cord latencies (ms) 123+ 1.6 13.33+£1.18 0.18
Motor threshold % 57.85+7.60 | 62.03+10.58 | 0.95
Cortical latencies (ms) 206 1.7 22.01 £2.43 0.08
CMCT (ms) 8.4+0.7 8.68 + 3.25 0.15
- S N
ﬁfml\/ﬁ)'lll'tl(Jr?]‘\al)Of MEP at 120% 25+15 134+12 0.09

TABLE 3. MEP parameters at patients with MS from group Il and

healthy volunteers

MEP parameters Healthy Patients p
volunteers group Il
Spinal cord latencies (ms) 12.3+1.6 13.14+1.94 | 0.14
Motor threshold % 57.85+7.60 | 66.83+14.49 | 0.89
Cortical latencies (ms) 206 +1.7 23.6 +4.13 0.05
CMCT (ms) 8.4+0.7 10.45 +4.17 | 0.05
- S N
,c’-)\mep_II[tl(J:]%)of MEP at 120% 25+15 1384172 0.04

TABLE 4. MEP parameters at patients with MS from group Il and

healthy volunteers

MEP parameters Healthy Patients p
volunteers group Il
Spinal cord latencies (ms) 12.3+1.6 13.83+1.92 0.38
Motor threshold % 57.85+7.60 | 73.95+19.48 | 0.02
Cortical latencies (ms) 206 1.7 29.95+6.57 | 0.005
CMCT (ms) 8.4+0.7 16.12 +5.88 | 0.004
ﬁfmlv;l)_lll_ttjgt\a/)of MEP at 120% 25+15 0.51 + 045 0.003

At patients from the third group with severe py-
ramidal disability were modified all MEP parame-
ters except of the spinal cord latencies that had no
statistically significance (TABLE 4).

DISCUSSION

Prolonged CMCT - essential parameter that
shows nervous transmission of myelined axons —
were found at all patients with mild, moderate or
severe pyramidal disability (4).

Modifications of spinal cord latencies had no
statistically significance which demonstrates that
increase of cortical latencies is determined by in-
creased CMCT and shows delay of neuronal trans-
mission in the superior segment of cortico-spinal
tract.

Demyelination and secondary of it degeneration
of cortico-spinal tract fibers, conduct to desynchro-
nized impulse and modification of all MEP param-

eters, facts that were shown in this study by corre-
lations of pyramidal disability with degree of MEP
parameters modifications.

It was shown that at patients with severe disabil-
ity (EDSS 4-5) there is a significantly increased of
CMCT, motor threshold and decreased amplitude
of MEP at 120% of MT in comparison with patients
with minor motor deficit.

Neuronal demyelination and/or neurodegenera-
tive process is best shown by blocked neuronal
conduction and cases of impossibility of MEP gen-
erations, even with facilitation and maximum out-
put intensity of the stimulator (in our case 1.2 Tesla)
(5-8). Such cases were registered at 5.55 % of MS
patients. In one patient no MEP could be elicited at
maximum stimulator output and in two patients the
lack of MEP generation was present only unilateral.
All three patients present a severe motor disability.

60% of patients with secondary progressive mul-
tiple sclerosis and severe pyramidal dysfunction
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(EDSS 4-5) present significant modified MEP pa-
rameters. By contrast only 40% of patients with re-
current remissive form of MS present significant
modification, of MEP parameters. It is important to
notice that all these patients present a long history
of illness (16.75 £ 8.5 years).

This study confirmed conclusions of other clini-
cians that found the correlation between clinical
disability and MEP abnormalities (9-15).

CONCLUSIONS

1. The most important modified parameters of
MEP were found at patients with severe py-
ramidal disability.

REFERENCES

1. Lewis PR - Merritts Neurology 11th Edition. Lippincott Williams & Wilkins
2005; 941-963

2. Bejenaru O si colab — Ghiduri de diagnostic si tratament in neurologie.
Editura Medicala Almatea 2006; p.116-138

3. Mihalcea P — Scleroza multipla. Editura Universitatii din Oradea. 2005; p.
84-178

4. Hess CW, Mills KR, Murray NMF, Schriefer TN — Magnetic brain
stimulation: central motor conduction studies in multiple sclerosis. Ann
Neurolog 1987; 22:744-752

5. Rossini PM, Caramia MD, Zarola F — Mechanism of nervous
propagation along central motor pathways: non-invasive evaluation in
healthy subjects and in patients witch neurological disease. Neurosurgery
1987; 20:183-191

6. Witt TN, Garner CG, Oesher M — Central motor conduction time in
multiple sclerosis: an comparison pf visual and somatosensory evoked
potentials in relation to the type of disease course. EEG/EMG 1988;
19(4):247-254

7. Caramia MD, Cicinelli P, Paradiso C, Mariorenzi R, Zarola F,
Bernardi G, Rossini PM - Excitabbility changes of muscular responses
to magnetic brain stimulation in patients witch central motor disorders.
EEG Clin Neurophysiol 1991; 89:243-250

8. Rossini PM - Clinical application of magnetic transcranial stimulation in
multiple sclerosis. In: Clinical applications of magnetic transcranial
stimulation. Lissens M.A. (ed) Leuven: Peeters press, 1992; 21-31

10.

11.

12,

13.

14.

15.

2. TMS may also detect sub-clinical lesions and
CMCT abnormalities it seems to be the most
sensitive parameter for motor disability.

3. There was significant correlation between
CMCT, evolution of the disease, and with the
degree of pyramidal signs.

4. TMS is an easy and reliable method to quan-
tify pyramidal dysfunction in MS and moni-
toring the evolution of the disease and should
be taken into account as a tool in monitoring
motor disability in patients with MS.

Kandler RH, Jarratt JA, Gumpert EJ, Davies-Jones GA,

Venables GS, Sagar HJ — The role of magnetic stimulation in the
diagnosis of multiple sclerosis. Journal of the Neurological Sciences
12/1991; 106(1):25-30

Cruz-Martinez A, Gonzalez-Orodea JI, Lopez Pajares R, Arpa J —
Disability in multiple sclerosis. The role of transcranial magnetic
stimulation. Electromyography and Clinical Neurophysiology 2000; vol.
40(7), p. 441-447

Nikitin SS, Kurenkov AL — Stimularea magnetica in diagnosticul si
tratamentul bolilor sistemului nervos central. 2003; p:142-160.

Sahota P, Prabhakar S, Lal V, Khurana D, Das CP, Singh P —
Transcranial magnetic stimulation: Role in the evaluation of disability in
multiple sclerosis. Neurol India 2005; 53:197-201

Thickbroom GW, Byrnes ML, Archer SA, Kermode AG,

Mastaglia FL — Corticomotor organisation and motor function in multiple
sclerosis. J Neurol 2005 Jul; 252(7):765-771

Barker AT, Freeston IL, Jalinous R, Jarret JA, — Clinical evaluation of
conduction time measurements in central motor pathways using
magnetic stimulation of human brain. Lancet 1986; 1:1325-1326

Kale N, Agaoglu J, Onder G, Tanik O — Correlation between disability
and transcranial magnetic stimulation abnormalities in patients with
multiple sclerosis. J Clin Neurosci 2009, Aug 18



