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Study design: Topical review of the literature.
Objectives: The evaluation of patients with myelopathies requires radiological investigations; however, for the correct interpretation
of the neuroimaging findings, the functional assessment of corticospinal conduction is helpful or even mandatory in many conditions.
The objective of this review article was to assess the utility of the motor evoked potentials (MEPs) in diagnosis and management of the
most frequent spinal cord disorders.
Setting: Salzburg (Austria) and Merano (Italy).
Methods: A MEDLINE search was performed using following terms: ‘motor evoked potentials’, ‘transcranial magnetic stimulation’,
‘central motor conduction’, ‘compressive myelopathy’, ‘spinal cord infarction’, ‘spinal cord injury’, ‘syringomyelia’, ‘myelitis’,
‘hereditary spastic paraparesis’, ‘subacute combined degeneration’ and ‘hepatic myelopathy’.
Results: Central motor conduction abnormalities can be detected also in the absence of neuroradiological abnormalities—for
example, in patients with subacute combined degeneration or hepatic myelopathy. In the most frequent patients with compressive
myelopathies, MEPs were found to be very helpful in determining the functional significance of neuroimaging findings. MEP recording
can supplement clinical examination and neuroimaging findings also in the assessment of the spinal cord injury level. In patients with
spinal cord infarction, the MEP study can demonstrate spinal involvement even when radiological evidence for spinal cord damage is
absent or equivocal, thus allowing an important early diagnosis.
Conclusion: MEPs represent a highly sensitive and accurate diagnostic tool in many different spinal cord disorders. MEPs can also be
useful in follow-up evaluation of motor function during treatment and rehabilitation.
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INTRODUCTION

Neuroradiological examination represents the procedure of choice for
the diagnosis of myelopathies; however, a correct interpretation of the
data provided by neuroimaging can be achieved only if morphological
findings are correlated with functional data.1 The neurophysiological
evaluation is essential to provide functional correlate to radiological
abnormalities.
In particular, the motor evoked potentials (MEPs) elicited by

transcranial magnetic stimulation (TMS), together with the somato-
sensory evoked potentials (SEPs), represent a highly accurate diag-
nostic test, and a very high sensitivity value has been demonstrated
especially in spinal cord disorders.2

The determination of central motor conduction time (CMCT) is a
sensitive method to detect myelopathies, and abnormalities may be
observed in the absence of radiological changes.3

MEP studies can help to localize the site of main interest for the
neuroradiological study or in detecting a subclinical involvement of
central motor pathways.
For neurologists and neurosurgeons having to identify the causes of

acute spinal symptoms—for example, disc herniation with cord

compression, cervical canal stenosis, multiple sclerosis, transverse
myelitis, spinal contusion or bleeding, vascular malformations or
spinal tumors—the differential diagnosis is often difficult and MEPs
may provide an important adjuvant diagnostic tool.
The present review is focussed on studies that assessed, among the

measures of corticospinal projection, the value of CMCT measure-
ment in patients with the most important spinal cord disorders.

MATERIALS AND METHODS

Search strategy
The MEDLINE search, accessed by Pubmed (1966–November 2013) and

EMBASE (1980–November 2013) electronic databases, was performed using

the medical subject headings ‘motor evoked potentials’, ‘transcranial magnetic

stimulation’, ‘central motor conduction’, as well as following free terms,

combined in multiple search strategies with Boolean operators in order to

find relevant articles: ‘compressive myelopathy’, ‘spinal cord infarction’, ‘spinal

cord injury’, ‘syringomyelia’, ‘hereditary spastic paraparesis’, ‘subacute com-

bined sclerosis’, ‘hepatic myelopathy’ and ‘myelitis’.

Two review authors (YH and AT) screened the titles and abstracts of the

initially identified studies to determine whether they satisfied the selection

criteria, independently assessed the methodological quality of each study and
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risk of bias, focusing on blinding and other potential sources of bias. Case

reports or patient small series were also included. Some studies were conducted

by groups with common authors, so that the probability of overlapping cases

and/or controls cannot be ruled out. It was therefore impossible to determine

whether these included papers that represent duplicate publications of one

study or two separate studies (multiple publication bias). The search strategy

described above yielded 58 papers, the earliest was published in 1988 and the

most recent in 2013.

MEP and CMCT
CMCT estimates the conduction time of corticospinal fibers between motor

cortex and spinal (or bulbar) motoneurons.3 It includes the times for

excitation of cortical cells, conduction via the corticobulbar–corticospinal tract

and excitation of the motoneuron sufficient to reach its firing threshold. The

practical aspects of CMCT measurement in a clinical setting are covered in a

recent review article.4 CMCT is calculated by subtracting the peripheral

conduction time from the MEP latency recorded after cortical stimulation.

The peripheral conduction time may be estimated by two methods. First,

peripheral conduction time is calculated as (FþM�1)/2, where F is the

shortest F-latency and M is the M-wave latency.5 However, this method is only

applicable in relatively distal muscles. The shortest F-latency is easier to

measure and has been used to develop normal ranges in most studies. The

second approach to calculate the peripheral conduction time is to stimulate

either electrically or magnetically over the vertebral column; this procedure

excites motor roots at their exit foramina.5 However, this method

overestimates the real CMCT because the conduction time in proximal root

segment between cord and exit foramen is included.

CMCT is usually measured with the active target muscle. In this situation

there is the greatest opportunity for the descending corticospinal volley to

cause a discharge because the spinal motor neuron pool is close to firing

threshold. For CMCTmeasurement, the MEP latency is the only consideration,

and with a contraction of 10–20% maximum background force, latency

variation is much less than amplitude variation.5 It is acceptable to record five

responses and then measure the shortest latency.6

The motor root conduction time is the conduction time from motoneuron

cell body to root exiting at the neural foramen. Motor root conduction time

can be calculated as the latency difference between the peripheral conduction

time estimated by the stimulation method and that estimated by the F-wave

method.7

Lengthening of CMCT suggests demyelination along the motor pathways,

whereas low-amplitude MEPs with little delay or absence of responses suggest

neuronal or axonal loss.8 The amplitude of the MEP reflects integrity of the

corticospinal tract and excitability of motor cortex and spinal levels, as well as

conduction along the peripheral motor pathway to the muscles.8

RESULTS

Compressive myelopathy
Cervical spondylotic myelopathy. A number of studies have demon-
strated that almost all patients with cervical spondylotic myelopathy
(CSM) present an MEP abnormality for distal upper limb muscles
and for lower limb muscles.9–19 For careful assessment of the cervical
spinal cord, MEPs should be recorded from multiple upper limb
muscles corresponding to different segmental levels.18

In patients with a high cervical cord compression, the CMCT is
prolonged for biceps brachii and distal hand muscles. Conversely, in
patients with multilevel cervical cord compression such as cervical
canal stenosis, CMCT was found to be abnormal for thenar muscle
and always normal for the biceps muscle.18 This finding suggests a
prevalent damage of the central motor pathways to distal upper limb
muscles. In other patients, the CMCT abnormality is confined to
distal upper limb muscles, and these have usually a single
compression level such as a central disc herniation.
In patients showing a close correlation between neuroradiological

and neurophysiological findings, a segmental demyelination of central

motor pathways because of a direct mechanical cord compression is
probably the most important etiologic factor. However, there are
sometimes discrepancies between the level of spinal cord compression
documented by magnetic resonance imaging (MRI) and the level of
spinal cord dysfunction revealed by MEPs. In these cases, more than
one mechanism of spinal cord damage may have a role in the
pathogenesis of CSM.
In particular, a more caudal electrophysiological involvement of the

cervical spinal cord can be explained on the basis of other mechan-
isms, such as a compromised blood flow to the cord. The frequent
involvement of lower cervical segments may depend on their higher
vulnerability to ischemic damage. In fact, the anterolateral regions of
lower cervical segments are the regions where blood supply is almost
exclusively from the anterior spinal artery, whereas the higher cervical
segments are located between the cervical and intracranial arterial
territories and have therefore more sources of blood supply. When
cervical spondylotic compression involves the anterior spinal artery,
the major damage is of vascular origin and is localized to the lower
cervical segments, independent of the level of spondylotic degenera-
tive changes.1

It should also be considered that other neurological disorders such
as neoplastic compression, intraspinal tumors, myelitis, neuromyelitis
optica (Devic’s disease) and, even rarely, motoneuron disease (MND)
may result in a similar electrophysiological pattern.
About 15% of CSM cases may present with an apparently isolated

spastic paraparesis. In these patients, the MEP study may reveal a
subclinical involvement of corticospinal projections to myotomes that
are innervated by nerve roots of the cervical spinal cord.18 The
abnormality of central motor conduction for distal upper limb
muscles and for all muscles supplied by more caudal myelomeres in
the presence of a normal CMCT for biceps muscles is frequently
observed in CSM. When this pattern of MEP abnormality is recorded,
MRI examination of the cervical spinal cord should be performed. On
the contrary, an abnormal CMCT for the biceps muscle may rather
indicate several other conditions because this finding can be observed
in a high cervical cord compression and also in an intracranial
disorder involving central motor pathways (such as stroke, normal
pressure hydrocephalus, multiple sclerosis, diffuse axonal injury and
cerebral palsy), MND or a neurodegenerative disorder involving the
spinal cord.
The differential diagnosis between a high cervical cord lesion and

an intracranial disorder is often clinically and electrophysiologically
difficult. In this regard, it may be very helpful in the study of central
conduction for more cranial myotomes, in particular MEPs of the
trapezius muscle.
CMCT to the trapezius muscle is within normal limits in subjects

with high cervical cord compression.
Besides the localization of the site of lesion, MEPs may provide

valuable information in quantifying the degree of functional involve-
ment of the spinal cord, in particular when MRI shows only a minor
spondylogenic compression of the spinal cord, which can have no
significant functional effect on the spinal cord. In a recent study,20 the
level of spinal cord compression was determined according to
the pattern of CMCT prolongation and compared with the level
disclosed by MRI. The actual level of compression was correctly
indicated by transcranial magnetic stimulation (TMS) in 87.5% of
cases and by MRI in 12.5% of the cases. MEP recording may help in
the identification of patients with severe dysfunction of central motor
pathways that are probably better candidates for surgery. Moreover,
serial MEP recording may be useful in identifying the progressive
forms of CSM and in selecting patients who may benefit from surgical
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treatment. MEPs may be useful in determining the surgical site in
patients who have multilevel disc herniations. Successively, MEPs can
also have a role in monitoring the effect of surgical therapy. The
average sensitivity of MEPs in CSM was 0.82.
In a retrospective study, Capone et al.21 used MEPs for the

functional assessment of the spinal cord before and after surgery
and correlated MEP changes with clinical findings. The authors found
that early surgical intervention for CSM could produce a beneficial
effect on spinal cord functionality that can be detected by MEPs.
Clark et al.22 also reported a correlation between decreased
intraoperative MEPs and postoperative new neurological deficits in
patients with CSM.

Thoracic/lumbar spinal cord compression. In patients with spinal
cord compression at the thoracic level, MEP study shows a normal
CMCT for upper limb muscles and abnormal conduction for the
lower limb muscles.
To assess thoracic cord conduction, responses can also be recorded

from intercostal muscles.23,24 The study of different muscles
innervated by the thoracic cord, such as the rectus abdominis or
external oblique muscles, may be useful because the roots of these
muscles can be stimulated using magnetic stimulation and CMCT to
the corresponding thoracic segments can be measured.
In addition, the clinical diagnosis of lumbosacral cord lesions may

be difficult. In fact, upper motoneuron signs may be masked by the
prevalence of lower motoneuron involvement, thus leading to a
misdiagnosis of cauda equina syndrome. Similarly, in patients affected
by MND, lower MND can confound the interpretation of the testing
of upper MND. Conversely, lower motoneuron signs may be absent
or very mild because of the prevalence of central motor pathway
involvement.
MEP recording from multiple lower limb muscles, corresponding

to different cord levels, is useful in localizing the site of the lesion. The
double determination of CMCT can help in differentiating a slowing
along central motor pathways from a delay along lumbosacral motor
roots.25 The RMCT can be evaluated from the difference between the
two differently calculated central conduction times. When CMCT
(calculated with both methods) and RMCT are prolonged, a
myeloradicular lumbosacral lesion is highly probable. On contrary,
an abnormal CMCT for distal lower limb muscles confirmed by the
F-wave method in association with normal RMCTand normal CMCT
for more proximal lower limb muscles indicates that the lesion is
localized at the lowest part of the lumbosacral cord. An abnormal
CMCT evaluated with both methods, associated with a prolonged
RMCT, strongly suggests a dysfunction of multiple lumbosacral roots
and a normal spinal cord and can be observed also in patients with
neurogenic claudication due to lumbar canal stenosis.

Spinal cord vascular disorders
The evaluation of patients with suspected spinal cord infarction
requires clinical assessment and radiological investigations. The
clinical diagnosis is often difficult, also because in the early phases
of spinal cord ischemia MRI can be unrevealing.26

Imaging (MRI) of spinal cord ischemia is well established; however,
its use in the acute setting can be difficult. In spinal cord infarction
diffusion-weighted MRI of the spinal cord is rarely performed because
of several technical issues, including the small size of the spinal cord.
Usually, only follow-up conventional MRI examinations (at least
several hours after clinical onset) show medullary pathological findings.
Nardone et al.27 explored in one case each of cervical and lumbar

spinal cord infarction whether MEP examination may contribute to

early diagnosis. Spinal MRI at admission was unremarkable in both
patients. At this time, MEPs were abnormal in both patients, to the
upper and lower limbs in the first patient, exclusively to the lower
limbs in the second (Figure 1). Follow-up MRI examinations
documented an infarction in the territory of the anterior spinal
artery and of the Adamkiewicz artery, respectively.
MEP study can thus be useful in demonstrating spinal cord

involvement also when radiological evidence for spinal cord damage
is absent or equivocal. Early diagnosis may allow earlier intervention
and contribute to improved patient management.
The contribution of MEPs was found to be relevant also for spinal

disorders resulting from dural arterovenous malformation, for which
the clinical diagnosis may be very difficult.28 Indeed, together with a
spinal cord lesion, the venous congestion frequently causes radicular
involvement, and in these cases the clinical manifestation is
characterized by a preponderance of lower motoneuron signs and
pain, thus mimicking a lumbar canal stenosis. Moreover, as
spondylotic changes of the lumbosacral column are common
in elderly subjects, the MRI study may lead to an incorrect
attribution of the cause of the disorder to spondylotic changes of
the lumbosacral column. In these cases, MEPs are useful to document
a lower spinal cord involvement, and the neuroradiological
examination should be extended to this region.
Among other ischemic myelopathies, abnormal MEP findings have

been also reported in the context of cocaine abuse.29,30 CMCT
abnormalities have been observed following thoracoabdominal
aortic surgery.31–33 Monitoring MEPs is considered a highly reliable

Figure 1 MEP of a patient with spinal cord infarction at the level T10–L1.

Left abductor digiti minimi and left tibialis anterior records are shown. In

the upper traces, the motor evoked responses after radicular stimulation are

shown in the lower traces the evoked responses after magnetic stimulation

of the motor cortex. CMCT values are indicated. Normal upper limits

(meanþ3 s.d.) are 7.7 and 17.1ms, respectively. The latencies of the

responses obtained after cervical and lumbar stimulation are normal. CMCT

to the upper limbs is normal, whereas CMCT to the lower limbs is

prolonged. Reproduced from Nardone et al.27
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technique to assess spinal cord ischemia during descending thoracic
or thoracoabdominal aortic surgery.

Syringomyelia
Noques34 first examined MEPs and SEPs in 13 patients with
syringomyelia. Prolonged CMCT or absent motor responses in
upper or lower limbs were found in most patients. MEP sensitivity
was 0.77. Measurement of CMCT, followed by SEPs after tibial nerve
stimulation, disclosed the greatest number of abnormalities. Two of
five patients who went through surgery improved clinically and
showed reduction in CMCT after surgical treatment. MEPs are thus
useful in the evaluation of anterolateral spinal cord function. Masur
et al.35 investigated the relation of clinical symptoms, MRI findings
and electrophysiological data (SEPs and MEPs) in 22 patients with
syringomyelia. They reported a MEP sensitivity of 0.68 and found a
close relation between clinical symptoms and electrophysiological
data, while degree of disability and duration of the disease were not
related to the dimensions of the syrinx. Both MEPs and SEPs detected
subclinical deficits. In another study, MEP abnormalities have been
reported in 44% of patients with syringomyelia.36 However, MEPs
may be normal even in a patient with an extensive syrinx; therefore, a
normal CMCT finding does not exclude this diagnosis, and the MEP
study is of rather limited value for diagnosing and monitoring the
course of syringomyelia.

Heredodegenerative spinal cord disorders
Hereditary spastic paraparesis. In the first studies either absent or
clearly reduced or prolonged MEPs from the lower limbs were
recorded in all patients with hereditary spastic paraparesis
(HSP).37,38 Conversely, CMCT to upper limbs was found to be
completely normal in most cases. Moreover, CMCT for lower limb
muscles is usually only slightly prolonged, despite the often severe
spasticity. This distribution of abnormalities, which suggests a
differential involvement of the spinal pathways, may be explained
on the basis of the major neuropathological feature of HSP
represented by axonal degeneration that is maximal in the longer
pyramidal fibers supplying the lower extremities. In fact, under all
conditions characterized by an axonal type of involvement of central
motor pathways (such as HSP) the loss of large diameter axons causes
only a minor degree of conduction slowing along central motor
pathways. CMCT abnormality becomes evident only for the lower
limb long tracts, whereas CMCT is normal for upper limbs. In cases
of axonal central motor disorders, the CMCT for lower limbs exceeds
the normal upper limits by a few milliseconds, whereas in spinal cord
compression the prolongation of CMCT to the lower limbs, which is
caused by segmental demyelination of the spinal cord, is usually more
pronounced.1 Even much delayed CMCT to lower limbs or absent
cortical MEPs are usually observed in subjects with inflammatory
demyelinating diseases of the central nervous system, such as multiple
sclerosis. However, in a more recent study, MEPs were abnormal
along the central pathway for both upper and/or lower limbs in all the
four patients with HSP and a molecular diagnosis of SPG5.39 The
severely prolonged CMCT to lower limbs supports a contemporary
demyelinating damage of the corticospinal tracts in this phenotype.40

In another study, MEPs were recorded from upper and lower limb
muscles in 12 patients affected by autosomal dominant HSP with
spastin mutation (SPG4).41 In all cases, direct and indirect CMCT
calculated by subtracting from the cortical latency those that were
obtained on magnetic spinal stimulation and via the F-wave method
were significantly longer than the controls.

The marked discrepancy between clinical and electrophysiological
findings is peculiar to HSP and may be useful in the differential
diagnosis with CSM. In fact, unlike HSP patients, in CSM subjects the
CMCT to hand muscles may be abnormal even in patients with mild
or absent pyramidal signs in the upper limbs.

Myelitis
In inflammatory disorders of the spinal cord such as acute transverse
myelitis, MEPs can be used to localize the site of the lesion and, in
some cases, may also show abnormalities even when MRI is
unremarkable. In the study of Kalita and Misra42 the reported
sensitivity was 1. In a segmental myelitis at the thoracic level, the
MEPs are normal for upper limbs and prolonged for lower limb
muscles. The recording from paravertebral muscles shows a normal
conduction to paraspinal muscles proximal to the lesion level,
whereas no responses are recorded from more caudal paravertebral
sites. The evaluation of motor conduction along the spinal cord and
roots may help to define the exact distribution of the inflammatory
process, and to establish whether the patients are affected by isolated
myelitis, myeloradiculitis or isolated radiculitis. In cases of
myeloradiculitis, CMCT to distal hand muscles is prolonged with
both techniques of determination, and the root conduction time is
also prolonged.
The demonstration of spinal cord involvement may also be useful

in the diagnosis because in the early phases of the disease, an acute
myelitis may rarely mimic the clinical features of an acute poly-
radiculitis. In some types of myelitis, such as myelopathy associated
with acquired immunodeficiency syndrome (AIDS) and HAM/TSP
(HTLV-I-associated myelopathy/tropical spastic paraparesis), symp-
toms and signs of spinal cord involvement may be masked by a
concomitant neuropathy. In these cases, MEP abnormalities demon-
strate cord involvement that is usually localized at the thoracic level.
Moreover, MEP studies performed on patients with HAM/TSP
support the involvement of the pyramidal tract mainly at lower
levels, following a centripetal pattern, whereas in AIDS patients such
an involvement is more prominent at brain levels following a
centrifugal pattern. The authors concluded that, in the retrovirus-
associated neurodegenerative disorders, these differences in corticosp-
inal tract involvement of patients with AIDS and HAM/TSP may help
to orient early neurorehabilitation measures.43

Nutritional/metabolic myelopathies
Subacute combined degeneration (vitamin B12 deficiency). The neu-
rological manifestations of vitamin B12 deficiency primarily result
from the degeneration of the posterior and lateral columns of the
spinal cord. The functional exploration of the central motor pathways
in subacute combined degeneration may reveal a spinal cord
dysfunction even in the early stages of the disease when the clinical
symptoms may be limited to brisk tendon reflexes. CMCT to upper
and lower limb muscles was abnormal in the four patients examined
by Di Lazzaro et al.44 In another study, damage to the central motor
pathway was identified in four out of nine patients.45 Interestingly,
while MEPs and median SEPs were normalized after replacement (as
well as MRI abnormalities), tibial SEPs remained abnormal in most
patients.

Hepatic myelopathy. Utku et al.46 performed a MEP study in two
patients with spastic paraparesis and found the absence of cortical
MEPs in upper and lower extremities. These patients with chronic
liver diseases were diagnosed as having hepatic myelopathy (HM) also
because all the other possible diagnoses were ruled out. HM may
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rarely occur in patients with cirrhosis and other chronic liver diseases;
this complication is usually associated with overt liver failure and
surgical or spontaneous porto-systemic shunt.
To determine the frequency and gravity of HM, Nardone et al.47

performed a study examining MEPs in 13 patients with liver cirrhosis
associated with porto-systemic shunt.
Six patients with clinical signs of spinal cord involvement also

exhibited markedly prolonged CMCT, whereas milder MEP abnorm-
alities were found in four of the seven patients with normal clinical
examination. The clinical and neurophysiological features of patients
with slight MEP abnormalities improved after liver transplantation,
whereas no changes were detected in patients with a more advanced
stage of disease (and more severe MEP abnormalities).
The MEP findings therefore support the potential value of the

evaluation of the CMCT in preclinical and early stages of HM.
Patients who undergo liver transplantation with preclinical or early
HM documented by the MEP study seem to have a greater likelihood
of recovery (Figure 2).47 It is thus possible that MEP/CMCTs
have greater sensitivity in detecting preclinical or early HM and in
assigning a prognosis for recovery after liver transplantation.
Although a larger study comparing the sensitivity, specificity and

predictive value of MEP/CMCT is yet to be conducted, central motor
conduction studies are an important consideration in the workup of
patients with HM.
Nardone et al.47 found an abnormal CMCT to the lower lumbar

spinal segments and a normal CMCT to the upper cervical spinal
segments, thus supporting localization to the thoracic spinal cord.

Figure 2 MEP evoked by lumbar and cortical stimulation in a patient with

hepatic myelopathy before liver transplantation (LT; upper traces). CMCT

values are indicated. A considerably abnormal CMCT prolongation can be

observed. MEP evoked by lumbar and cortical stimulations after LT (lower

traces). At this time normal CMCT can be recorded. Reproduced from

Nardone et al.47

Figure 3 The figure illustrates a custom-made torque measurement device

used to assess maximal voluntary isometric dorsal flexion torque (a), and

the amount of background torque required for the transcranial magnetic

stimulation (b–d). The analysis of MEP measures obtained from a healthy

subject tested in the static condition at 20% maximal voluntary contraction

The latency of the tibialis anterior EMG amplitude (b) was quantified using

the cumulative sum (c). The difference between and the background torque

and torque generated by the MEP response was also shown (d). Reproduced

from van Hedel et al.55
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Spinal cord injury
In patients with spinal cord injury (SCI), a good correlation was
found between MEP findings and motor function.48,49 Interestingly,
in SCI patients with high cervical lesion, MEPs can be recorded from
the diaphragm, as well as from the scalenes, the parasternal
intercostals and the expiratory rectus abdominis muscles, to
investigate the central motor conduction properties of the
respiratory muscles.50,51 Therefore, TMS can be used routinely to
monitor patients with impaired central respiratory drive in SCI
patients.
MEP recording can supplement clinical examination and neuroi-

maging findings in the assessment of the SCI level and can define the
extent and the severity of pyramidal tract lesions in patients with SCI.
The recording from multiple muscles can be used to identify the level
of spinal cord lesion, and this is particularly helpful in uncooperative
or unconscious patients. It should be considered that lower limb
MEPs may be absent at rest even in a few normal subjects.
For this reason, the contribution of MEPs in the assessment of

thoracolumbar SCIs is more limited than that for SCI at the cervical
level. MEPs may be useful in the prediction of functional outcome in
the acute phase of SCI. In a study of Curt et al.,52 MEP recording
from the abductor digiti minimi muscle was highly correlated to the
outcome of hand function.52 When MEPs recorded from the
abductor digiti minimi muscle were absent, active hand function
was not regained. For the reasons previously explained, recordings of
lower limb MEPs were less effective in predicting the recovery of
ambulatory capacity, and there were some patients with an initial loss
of lower limb MEPs who showed a recovery of ambulatory capacity.53

However, other authors found that assessment of MEPs of the
anterior tibial muscle allows stratification of SCI according to lesion
severity and outcome. The MEP amplitudes increased over 12 months
after SCI, which was paralleled by a significant improvement of lower
extremity motor scores and walking function. MEPs of the anterior
tibial muscle latencies remained usually stable.54

Another study investigated the reliability of TA MEP measures
controlled for dorsal flexion torque and motor task (Figure 3).55 The
reliability of MEP amplitude was in general good. The reliability was
good to excellent for MEP latency, maximal voluntary contraction
and for the TMS threshold required to evoke a liminal MEP. The
increased facilitation by the dynamic motor task showed the best
reliability at 20% maximal voluntary contraction.

DISCUSSION AND CONCLUSIONS

In this narrative review, we have summarized studies demonstrating
the usefulness of MEPs in the evaluation and management of many
spinal cord disorders.
The first step in the diagnosis of spinal cord disorders and the main

strategy for the correct management of the patients should be history
taking and the clinical examination.
Nevertheless, MEP studies provide reliable information about the

functional integrity and conduction properties of the corticospinal
tracts in the diagnostic and prognostic assessment of various spinal
cord disorders. It should be always considered that cortical stimula-
tion produces both a direct corticospinal and indirect corticobulbar
and then bulbospinal signal. As the latter is polysynaptic, the variably
delayed monosynaptic signals that may emerge after injury or are
present after treatment should be distinguished from those poly-
synaptic responses.
However, despite the limitations of the technique, MEPs allow

following the evolution of motor disturbances control and to evaluate
the effects of different therapeutic procedures.

The most frequently observed myelopathy is the CSM. The
differential diagnosis between CSM and MND may be difficult
because both conditions are characterized by a variable combination
of upper and lower motoneuron signs. MEP studies—in particular,
the multilevel assessment of the CMCT—can be extremely useful. In
subjects with spinal cord compression, MEP abnormalities are
recorded in all muscles localized below the level of the spinal lesion
sparing muscles supplied by more cranial myelomeres. In MND,
abnormal CMCT findings recorded from certain muscles may be
associated with a normal CMCT to muscle innervated by more caudal
myelomeres, resulting in a peculiar ‘suspended’ abnormality of the
central motor conduction. Typically, in MND patients an abnormal
CMCT for the biceps brachii may be associated with normal findings
for distal upper and lower limb muscles.1

A possible explanation for this finding may be the restricted
number of fast-conducting corticospinal projections to the biceps
brachii, which were activated by TMS. Therefore, even the loss of a
limited number of corticospinal fibers in the early stage of the disease
may be sufficient to determine a CMCT abnormality for this muscle.
It should be considered that a suspended abnormality of central
motor conduction for biceps brachii can also be caused by a delay of
conduction along the C5 and C6 roots. A concomitant lesion of these
roots can be detected on clinical examination (that is, diminished
biceps reflex) and/or electromyographic study of muscles innervated
by C5 and C6 roots. On the contrary, a CMCT abnormality for
proximal upper limb muscles with normal conduction to distal upper
limb muscles is rarely observed in patients with CSM.1,19 The
suspended central conduction abnormality can also be characterized
by an abnormal CMCT for distal upper limb muscles associated with
a normal conduction for lower limb muscles. In these cases, the
evaluation of the central motor conduction with the F-wave method
is mandatory for a correct localization of motor pathway dysfunction.
MEP studies may also be particularly useful in the differential
diagnosis between spinal cord compression and primary lateral
sclerosis. This condition belongs to the group of MNDs, but only
affects upper motoneurons, and can simulate a CSM when bulbar
involvement is clinically not evident. However, the combination of
MEP and clinical findings in the vast majority of patients with
primary lateral sclerosis determines a very peculiar picture that can be
of considerable value in the differential diagnosis. Indeed, MEPs are
absent or extremely delayed, even in the early stage of the disease and
in muscles with minimal weakness and/or spasticity. The marked
alteration of MEPs evoked by cortical stimulation in association with
a disproportionate minimal degree of motor deficit represents a
pattern of MEP abnormalities that can be considered rather specific
for primary lateral sclerosis.
In patients with spinal cord ischemia, MRI can be normal in the

early phases and MEP study may be useful, along with clinical
examination, in demonstrating spinal cord involvement and in
localizing the site of central motor pathway dysfunction.
After hypoperfusion in the territory of the artery of Adamkiewicz,

only lower limb MEPs are abnormal, whereas in case of an ischemic
lesion in the territory of the anterior spinal artery, upper and lower
limb MEPs are abnormal. MEPs may disclose spinal cord involvement
even in the case of spinal transitory ischemic attacks.
On the other hand, diagnosis of lesions at the lumbar cord level is

often difficult because clinical signs of upper motoneuron signs may
be obscured by the prevalence of lower motoneuron impairment, thus
causing a misdiagnosis of a cauda equine syndrome. Furthermore,
lumbar spinal cord infarction may be associated with root damage
due to venous congestion; in these cases, signs of lower motoneuron
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dysfunction and pain are the dominant clinical manifestations. It
should be considered that the isolated finding of prolonged CMCT is
not specific for any neurological disease, and that the facilitation of
MEP responses usually induced by mild motor contraction is difficult
or even impossible for the population of subjects with spinal cord
disorders being partially or totally plegic. Although studies regarding
motor functional recovery in these myelopathies have been promis-
ing, more trials are required to substantiate preliminary evidence.
In most patients affected by SCI or myelitis, spinal cord involve-

ment is clinically evident, and the MEP contribution to the diagnosis
is therefore mainly confirmatory. However, in these cases MEP studies
may be useful in localizing levels of functional defects.
On the other hand, the functional outcome in traumatic SCI did

not correlate with the strength of MEP signals. The motor output
below the level of SCI is a function of both: the conduction of motor
signals through the lesion (measured by MEPs) and the processing of
those signals by neural circuitry below the level of injury (assessed,
among others, by kimematic and poly-EMG studies). Many impor-
tant functional aspects of motor control, such as coordination, speed
of movement and sensory integration, may be affected by patterns of
strength, spasticity (hypertonia, hyperreflexia and dysynergias) or
sensory function/neuropathic pain (dysesthesias, hyperalgesia and
allodynia).
Of great importance are MEP studies in patients with myelopathies

associated with vitamin B 12 deficiency or chronic liver diseases. The
findings of some studies indicate that the electrophysiological
evaluation of central motor conduction may disclose an impairment
of the corticospinal pathways even before the myelopathy is clinically
manifested.
In conclusion, the above mentioned studies illustrate that the

functional assessment of corticospinal conduction by means of MEP
can significantly contribute in the diagnosis and management of
spinal cord disorders and should not be overlooked by clinicians.
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