
AAEM MINIMONOGRAPH 18 ABSTRACT: The clinical electrodiagnostic medicine (EDX) consultant
asked to assess patients with suspected amyotrophic lateral sclerosis (ALS)
has a number of responsibilities. Among the most important is to provide a
clinical assessment in conjunction with the EDX study. The seriousness of
the diagnoses and their enormous personal and economic impact require a
high-quality EDX study based on a thorough knowledge of and experience
with motor neuron diseases (MNDs) and related disorders. Clinical evalua-
tion will help determine which of the EDX tools available to the EDX con-
sultant should be applied in individual patients. Although electromyography
(EMG) and nerve conduction study are the most valuable, each of the fol-
lowing may be helpful in the assessment of selected patients based on their
clinical findings: repetitive nerve stimulation, motor unit number estimate,
single-fiber EMG, somatosensory evoked potential, autonomic function test,
and polysomnography. The pertinent literature on these is reviewed in this
monograph. The selection and application of these EDX tools depend on a
thorough knowledge of the MNDs and related disorders.
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Following is an overview of motor neuron diseases
(MNDs). This overview will introduce the MNDs, but
only an in-depth study of the disorders and pertinent
literature will enable an electrodiagnostic medicine
(EDX) consultant to provide a full range of help.
Most MNDs are diffuse system degenerations of un-
known etiology that selectively destroy upper and/or
lower motor neurons.99,112 Although many are dif-
fuse, sporadic, and progressive, a small proportion is
hereditary11,126 or focal.61 Amyotrophic lateral scle-
rosis (ALS) is the most common MND in adults;
spinal muscular atrophy (SMA) is the most common
in children.57,69 The underlying molecular genetic

defect has been identified in one form of hereditary
ALS with an abnormal form of the enzyme superox-
ide dismutase.5 The locus of the abnormal gene has
been determined in childhood SMA and in
Kennedy’s syndrome (bulbospinal neuronopa-
thy).63,64,107 The World Federation of Neurology (El
Escorial) criteria classify other MNDs into mimic,
coexisting, and variant disorders.36 “Motor neuron
disease mimic disorders” are disorders in which the
motor neurons are secondarily involved, such as
spondylotic myelopathy, spinal cord arteriovenous
malformation, exposure to exogenous toxins, lym-
phoma, other cancers, monoclonal and dysimmune
gammopathies, vasculitis, motor polyradiculopathy,
multifocal motor neuropathy (MMN) with conduc-
tion block, chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), hyperthyroid and
hypothyroid states, Creuzfeldt–Jakob disease, and
acute infections.3,8,56,73,82,110,119 Acute viral infec-
tions that involve the motor neurons are polio, her-
pes zoster, and some coxsackie viruses.58,98 Other
hereditary degenerations, such as Friedreich’s ataxia
and multisystem atrophy (Shy–Drager syndrome)
can also have motor neuron involvement. Anterior
horn cells (AHCs) can be damaged in association
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with neoplasms, radiation, asthma, and hypoglyce-
mia.24,81,121,139 “Motor neuron disease coexisting dis-
orders” occur in patients who have a pre-existing
neurologic disease superimposed on ALS, such as
diabetic neuropathy or ulnar neuropathy. “Motor
neuron disease variant disorders” occur in patients
with ALS in whom the autonomic, sensory, or an-
other component of the nervous system is involved
along with the motor system. Electrodiagnostic
medicine testing is particularly important for identi-
fying and distinguishing the coexisting diseases and
some of the mimic disorders (Table 1).

With the identification of underlying mecha-
nisms of the MND, options for therapy have become
available. Some have already been shown to have
small benefits, but many others are being investi-
gated. The ability of EDX studies to quantitate the
lower motor neuron damage make these studies an
integral part of clinical therapeutic trials.

A number of disorders may resemble a MND,
especially those with focal cord involvement such as
syringomyelia, tumors of the spinal cord, spinal cord
arteriovenous malformations, infarction, or congen-
ital dysplasias of the spinal cord. The most common
cause of localized cord damage that can mimic MND
is bony spine disease, such as cervical and lumbar
spondylosis, which impinges on the spinal cord or
nerve roots. The EDX consultant must attempt to
differentiate these problems from MND. This can be
quite difficult because both spondylotic myelopathy
and MND may be focal at onset and remain asym-
metrical.

With the exception of “variant” disorders, MNDs
do not show clinical involvement of the sensory or
other components of the nervous system. Some
forms of MND selectively affect the upper motor
neurons as in primary lateral sclerosis; some selec-
tively affect the lower motor neurons, as in progres-
sive SMA; others, such as Kennedy’s syndrome, have
specific distributions. The most common disorder,
ALS, involves both upper and lower motor neurons.

Involvement of upper motor neurons results in
weakness without atrophy. Reflexes are hyperactive,
and pathologic reflexes are present. Spasticity is
common; with involvement at different levels, there
may be spastic dysarthria with pseudobulbar palsy, or
spastic gait. Damage to upper motor neurons is
manifest on needle electromyography (EMG) only
as abnormalities of motor unit discharge patterns.

In contrast, lower motor neuron damage in ALS
produces both clinical and electrophysiological ab-
normalities. Degeneration of AHCs and their pe-
ripheral axons results in loss of muscle innervation.
Denervated muscle becomes weak, flaccid, and atro-
phic, the typical signs of lower MND. The nerve ter-
minals of remaining intact motor units retain their
capacity for collateral sprouting and will reinnervate
the denervated muscle fibers. Weakness and atrophy
do not occur as long as the reinnervation can keep
pace with the loss of AHCs. Up to one half of the
motor neurons innervating a muscle may be lost in
ALS before clinical signs of weakness or atrophy are
found.27 As more motor neurons progressively die,
compensation fails and weakness develops. After po-
liomyelitis, as another example of the capability of
collateral sprouting, a few motor neurons that sprout
to reinnervate denervated muscles can maintain nor-
mal strength when 90% of the neurons have been
lost. The regenerating axons are irritable and often
discharge spontaneously, resulting in fasciculations,
especially after exercise.

AMYOTROPHIC LATERAL SCLEROSIS

Clinical. The major determinant of ALS is progres-
sive loss of motor neurons. The loss of motor neu-
rons usually begins in one area, is asymmetrical, and
later becomes evident in other areas. The first signs
of ALS may be either upper or lower motor neuron
loss. Recognition of upper motor neuron involve-
ment depends on clinical signs; the electrophysi-
ological changes that occur with upper motor neu-
ron damage are neither specific nor sensitive
enough to provide help.

In contrast, EDX testing is of major help in iden-
tifying lower motor neuron involvement; lower mo-
tor neuron abnormalities are typically evident on
electrodiagnostic testing before they are clinically
recognizable. Needle EMG and nerve conduction
studies (NCSs) can assist in both identifying the pres-
ence of and documenting the progression of the loss
of lower motor neurons that occurs in ALS, thus
minimizing the common occurrence of early misdi-
agnosis.10,40 However, the variations in the findings
among patients with ALS require better definition of
the criteria for diagnosis.9

Table 1. Disorders sometimes mistaken for ALS that must be
considered during electrodiagnostic evaluation.

Cervical spondylosis
Motor polyradiculopathy
Multifocal motor conduction block
CIDP
Peripheral neuropathy
SMA
Focal amyotrophy
Primary lateral sclerosis
Multiple sclerosis
Myositis
MG

AAEM MM#18: ALS and Other Motor Neuron Diseases MUSCLE & NERVE October 2000 1489



The World Federation of Neurology has classi-
fied ALS into definite (upper motor neuron and
lower neuron signs at three levels); probable (upper
motor neuron and lower motor neuron signs at two
levels), possible (upper and lower motor neuron
signs at one level or upper motor neuron signs at two
levels), and suspect (lower motor signs at two levels
or upper motor neuron signs at one level).36 Al-
though these criteria are appropriate for clinical di-
agnostic purposes, they have been modified to allow
earlier entry of patients into clinical trials, by requir-
ing lower motor neuron findings in only two
limbs.120 The “levels” for the classification are bul-
bar, cervical, thoracic, and lumbosacral. The electro-
physiological changes that occur with ALS at each of
these levels result in abnormal motor unit potentials
(MUPs) and abnormal spontaneous electrical activ-
ity. The MUP changes that occur in ALS include
impaired MUP recruitment, unstable MUPs, and ab-
normal MUP size and configuration. A number of
abnormal spontaneous discharges can occur with
ALS, especially fibrillation potentials and fascicula-
tion potentials.

Needle Electromyography. The increase in muscle
force that occurs with increased effort results from a
combination of the number of MUPs that are acti-
vated, and the rate of activation of individual MUP.
Motor unit potential recruitment is the orderly acti-
vation of more motor units as the effort and firing
rate of individual units increases (Fig. 1). The pri-
mary EMG finding in ALS is the abnormal MUP re-
cruitment that results from the loss of AHCs. The
orderly pattern of MUP recruitment is preserved in
ALS,96 but the number of MUPs recruited with in-
creasing effort is reduced. Recruitment frequency,
one measure of recruitment, is the rate of discharge

of one MUP when an additional MUP begins to dis-
charge. In ALS, the recruitment frequency is in-
creased because fewer AHCs are available to be ac-
tivated as effort increases. When recruitment is
reduced from a loss of AHCs, the number of MUPs
firing at any given firing rate is reduced.27,80,111 The
relationship between the number of active MUPs
and their firing rate is the major EDX measure in the
assessment of MNDs. Quantitative measurements of
MUP recruitment in ALS, although difficult to make,
have shown a marked reduction.111

As the number of AHCs in the motor neuron
pool innervating a muscle are lost in a MND, fewer
MUPs can be activated. When the disorder has de-
stroyed all the AHCs for a muscle, there are no
MUPs under voluntary control. Just before that
stage, a single motor unit may be found firing at
rates of up to 50-Hz. With a severe loss of motor
units, only two or three potentials are found firing at
frequencies of 20-Hz. Occasionally, if motor units
with a high threshold for activation are lost first,
apparently normal recruitment may be seen with two
or three MUPs firing at rates under 10 per second;
but then additional units are not recruited with in-
creased effort (Fig. 2).

Such patterns of poor MUP recruitment must be
distinguished from poor activation, a pattern in
which a few MUPs are firing at slow rates. Poor acti-
vation may be caused by upper motor neuron weak-
ness, pain, or poor cooperation and is not a sign of
lower MND. The differentiation of poor activation
from poor recruitment is best made by: (1) the rate
of firing of individual MUPs (slow in poor activation
and rapid in poor recruitment) or (2) the ratio of

FIGURE 1. Recruitment of MUPs at increasing levels of effort in
extensor carpi radialis muscle with severe reduction in recruit-
ment. Effort increases from top through the bottom trace. Rate of
MUP firing is shown at the right. In a normal muscle there would
be four or more additional MUPs activated at this rate of firing.

FIGURE 2. Motor unit firing under voluntary control with minimal
reduction in recruitment in an extensor carpi radialis muscle with
normal strength in ALS. Two motor units (A and B) are firing at 5-
and 6-Hz initially in the top panel. Increased voluntary effort re-
sults in firing rate increases to 8- to 9-Hz with recruitment of a
third unit (C) in the middle panel. More effort increases the rates
in the lower panel to 10- to 11-Hz with no additional nearby units
recruited. Only a small, distant unit begins firing at 7 Hz (D).
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the rate of MUP firing to the number of MUPs that
are active.

The assessment of recruitment is usually subjec-
tive and more difficult than the identification of
MUP changes or fibrillation potentials. Motor unit
potential quantitation, such as “peak ratio analysis,”
can help distinguish a neurogenic process, especially
in muscles with continuous activity, such as the
tongue.55 Nonetheless, EDX consultants can readily
become proficient at recruitment assessment by
training their hearing to make quantitative estimates
of: (1) the rate of individual MUP discharge and (2)
the number of active MUPs. Motor unit number es-
timates (MUNE), described below, is a method that
more objectively measures the number of remaining
AHCs.

The MUPs of intact AHCs change their appear-
ance, as collateral sprouts from their nerve terminals
reinnervate denervated muscle fibers in ALS. Sprout-
ing nerve terminals have slower conduction, and
they may show block of conduction or release of
smaller amounts of acetylcholine at the neuromus-
cular junction. Motor unit potentials that include
such recently reinnervated muscle fibers will there-
fore show variation in configuration of the MUP
from moment to moment on needle EMG.79 In-
creased jitter and blocking on single-fiber EMG
(SFEMG) are seen for the same reasons and may be
the first sign of denervation and reinnervation.37,129

Motor unit potentials variation is a sign of active
disease, and, even though it is an attempt at recovery
of function, in ALS, it is a poor prognostic sign
that signifies a more rapidly progressive disease37

(Fig. 3).
The MUPs of reinnervated muscle fibers have

less synchrony of firing of the component single fi-
ber potentials because of nerve terminal conduction

slowing and the slowing of muscle fiber conduction
in recently reinnervated, atrophic muscle fibers.
Asynchronous firing of muscle fiber potentials re-
sults in an increase in polyphasic MUPs (MUPs with
more than four phases), an early finding in virtually
all patients with ALS.79 Increased fiber density on
SFEMG also reflects the reinnervation of muscle fi-
bers by remaining motor units.37,129,133 Fiber density
measurements estimate the number of muscle fibers
innervated by one AHC. Fiber density increases as
ALS progresses until late in the disease, when it be-
gins to fall because AHCs are no longer able to sup-
port the increased numbers of muscle fibers.

As collateral sprouting brings more muscle fibers
into a motor unit, the MUP increases in duration
and amplitude.27,79,96 Motor unit potentials increase
in size with greater synchrony of firing as maturing
collateral nerve terminals develop faster conduction
and reinnervated muscle fibers regain their size. In-
creased MUP duration and amplitude are often the
easiest measures for the EDX consultant to recog-
nize, and they are an important clue to the presence
of a neurogenic process. Long-duration, high-
amplitude MUPs cannot be taken alone as evidence
of ALS, because the same MUP changes can be seen
as residuals of an old neurogenic process. A severe
neurogenic disorder with residual weakness may be
associated with residual fibrillation potentials. None-
theless, the finding of unstable MUPs or fibrillation
potentials is strong evidence of an ongoing process.

The axons and cells of motor neurons sprouting
to reinnervate denervated muscle are irritable, firing
spontaneously or with a low threshold.67 Irritability
of lower motor neurons is manifested by fascicula-
tion potentials. Fasciculation potentials occur in a
number of disorders and in normal individuals. Fas-
ciculations are prominent in most patients with ALS
and can be an important clue that a patient may have
the disease. However, they are nonspecific and are of
no significance if not accompanied by fibrillation
potentials or the appropriate MUP changes. Fascicu-
lation potentials with no other associated EDX ab-
normalities (“benign fasciculations”) do not evolve
into ALS.14,15 Fasciculation potentials in ALS be-
come long-duration, polyphasic, and unstable as the
disease progresses, just as the MUPs do.37 Fascicula-
tion potentials in ALS are generated in the AHC
early and in the nerve terminal late in the disease.42

They arise from motor units that are still intact and
will therefore disappear in muscles that have lost all
their innervation.80,138 Occasional patients with defi-
nite ALS have no fasciculation potentials. Prominent
fasciculation potentials may be so dense that they
obscure the baseline and make it difficult to identify

FIGURE 3. Unstable S-MUP under voluntary control in ALS. In-
stability in the upper, slow sweep is seen as amplitude variation.
In the lower, triggered trace at a faster sweep speed, variation in
the interspike interval and MUP configuration can be seen.
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fibrillation potentials. Auditory recognition of the
slow, ticking sound of fibrillation potentials is then
more reliable than visual recognition.

The most reliably recognized abnormalities on
EMG in ALS are fibrillation potentials, the sponta-
neous discharge of single muscle fibers that have lost
their innervation (Fig. 4). Fibrillation potentials can
be readily recognized by their slow, regular firing
pattern. Infrequently, fibrillation potentials may dis-
charge irregularly but can still be distinguished from
irregular end-plate spikes in that fibrillation poten-
tials do not have the short interpotential intervals
(<70 ms) seen with end-plate spikes. Careful search
for fibrillation potentials is essential to the identifi-
cation of ALS. Early in the course of involvement of
a muscle by ALS, or in patients with slow progression
of their disease, collateral sprouting produces nearly
complete reinnervation of denervated fibers. In
these patients, fibrillation potentials are limited in
number and scattered in distribution, making them
difficult to find. In slowly progressing ALS, fibrilla-
tion potentials do not become prominent until up to
one third of the AHCs are lost.80 In patients with
primarily bulbar involvement, if fibrillation poten-
tials cannot be found elsewhere, examination of the
tongue, masseter, or facial muscles is important.

Complex repetitive discharges are spontaneous,
regularly firing, time-locked, multispike potentials
that may be seen on needle EMG examination with
chronic denervation (Fig. 4). Complex repetitive dis-
charges occur in ALS of longer duration as well as in
other chronic neurogenic atrophies and have no
special significance. Rarely, myotonic discharges that
wax and wane in amplitude and frequency may be
seen in association with prominent fibrillation po-
tentials.37 Patients with ALS rarely have other itera-
tive discharges, such as grouped discharges and dou-
blets. These also imply nerve terminal irritability but
have no other significance.

The selection of muscles for needle EMG study is
an important consideration in the evaluation of a
patient with suspected ALS.79,134 The number of
muscles examined in an ALS patient should be mini-
mized, while obtaining sufficient information to
make the correct diagnosis (Table 2). Fibrillation
potentials are best seen in weak, atrophic muscles.
Examining such muscles first to confirm the pres-
ence of a neurogenic process facilitates a needle
EMG examination. Identification of definite ALS re-
quires the presence of abnormalities (reduced re-
cruitment, large MUPs, and fibrillation potentials)
in at least three levels of the neuraxis. It is usually
best to first select muscles in the most clinically in-
volved limb, testing proximal and distal muscles in-
nervated by different nerve roots and peripheral
nerves (Table 3). It is important when faced with a
potentially diffuse process not to spend time at-
tempting to look for a root or peripheral nerve dis-
tribution of apparently focal abnormalities. It is far
more efficient and easier on the patient to move to
another limb or to cranial muscles after clear abnor-
malities are found in two muscles with different in-
nervation in one limb.

It is often necessary to test less common muscles
to identify and characterize ALS. Thoracic paraspi-

Table 2. Information that electrodiagnostic testing can provide
in the assessment of patients with suspected MND.*

Confirm a suspected diagnosis
Identify subclinical lower motor neuron loss
Define the severity of lower motor neuron loss
Define the extent and distribution of disease
Rule out other suspected peripheral neuromuscular disease
Distinguish and define other coexisting neuromuscular

disease
Assist in defining the severity, rate of progression, and

prognosis
Provide quantitative monitoring of the rate of change
Monitor responses to clinical or experimental therapies

An EDX consultant testing possible ALS patients should consider each
of these.

FIGURE 4. Electromyography findings with standard concentric
electrode in ALS. (A) Fibrillation potentials of spike and positive
waveforms. Both are evidence of denervation of muscle fibers.
(B) Complex repetitive discharges. (C) Fasciculation potentials.
(D) End of a muscle cramp. (E) Poor recruitment with S-MUP
firing at a rapid rate. (F) Decrement of a voluntary MUP. (G)
Variation in S-MUP during voluntary contraction.80 (By permis-
sion of Mayo Foundation.)
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nal muscles are particularly useful for showing mul-
tilevel involvement and may require testing at two or
more levels to find the fibrillation potentials.76 Tho-
racic paraspinal muscle involvement suggests earlier
respiratory involvement.78 If thoracic paraspinal
muscles are involved, identifying abnormalities at
two additional levels (one arm and one leg) is suffi-
cient to confirm the lower motor neuron involve-
ment of definite ALS.36 Other muscles that are also
sometimes helpful are the tongue, masseter, inter-
costal, and diaphragm muscles.13,16,51,114 Respiratory
muscles are particularly helpful in patients present-
ing with respiratory difficulty for assistance in both
diagnosis and treatment.31,41 Although the anal
sphincter remains clinically uninvolved in almost all
ALS patients, testing should be considered if there is
incontinence of stool, because it may show abnor-
malities on needle EMG testing.28

Focal weakness and atrophy without pain or sen-

sory loss, and preserved reflexes suggest ALS. Test-
ing clinically normal limbs will often provide the evi-
dence of a diffuse neurogenic disorder, typical of
ALS. However, some patients do not have the mul-
tilevel fibrillation potentials typical of ALS, even af-
ter testing paraspinal and bulbar muscles. Although
such patients may have a monomelic amyotrophy48

(see later), plexus damage,81 or localized spinal cord
disease, ALS cannot be excluded. The presence of
minimally abnormal MUPs, unstable MUPs, or ab-
normal SFEMG should be sought, because they may
be the earliest signs of involvement in other regions.

Nerve Conduction Studies. Although the major
electrophysiological changes in ALS are found on
needle EMG, NCSs are an important part of the as-
sessment of a patient with suspected ALS to exclude
other possible causes, especially MMN.109 As a
muscle in a patient with ALS loses its innervation,
the compound muscle action potential (CMAP) falls
in amplitude. Low-amplitude CMAPs are therefore
directly related to the severity of the disease and can
provide data for judging prognosis.86,101 Low-
amplitude CMAPs may occur in myopathies but not
with disuse. An initial positive deflection of the
CMAP due to dispersion of the end-plate region is
often seen with very low CMAPs and may not be
improved with repositioning the active electrode.

Measurement of motor conduction is of major
importance in recognizing peripheral neuropathies,
mononeuropathies, and polyradiculopathies that
may resemble ALS clinically.29,34,51,72 Conduction ve-
locity (CV) may be slightly slowed50,79 and distal and
F-wave latencies slightly prolonged in patients with
ALS but not as prominently as in neuropathy or poly-
radiculopathy.32 A mild reduction in CV occurs in
ALS from relative loss of larger, faster-conducting
fibers; the remaining, smaller fibers conduct at their
normal, slower rate.65 The reduction in CV does not
fall below 70% of the lower limit of normal. The
amount of slowing is proportional to the reduction
in CMAP amplitude (Fig. 5). Ulnar nerves in ALS do
not appear to be more susceptible to localized en-
trapment than in normal subjects, but ulnar neurop-
athy can aggravate the impairment from ALS if not
recognized.

Search for conduction block is of particular im-
portance in suspected ALS patients with primarily
lower motor neuron findings to exclude potentially
treatable disorders such as MMN with conduction
block.18,30,82,83 A single axon with intact conduction
along its entire length except at a local site through
which the action potential cannot pass is said to have
a conduction block. A classic example is the conduc-

Table 3. An approach to electrodiagnosis in patients with
suspected ALS.

NCS
Study most involved limb:

Motor with F-wave latencies of two nerves
Look for F-wave dispersion or loss
Look for conduction block with distal and proximal

stimulation
MUNEs of normal or borderline low CMAPs
Sensory conduction in nerves with abnormal motor

conduction
Be sure limb is not cool

If predominantly lower motor neuron clinically, also test:
Motor conduction in other limbs
Blink reflexes, if polyradiculopathy is suspected
Motor and sensory conduction in the leg, if peripheral

neuropathy is suspected
Phrenic studies for evidence of slowing, if predominant

clinical findings are respiratory
Repetitive stimulation without exercise in weak limbs to

assess fatigue and for prognostic help

EMG
Search for:

Fibrillation potentials
Reduced recruitment
Large MUPs
Unstable MUPs

Examine:
At least three levels: cervical, lumbar, thoracic, bulbar
Most involved limb first: two (or more) weak muscles with

different innervation
Distal muscles of other potentially abnormal limbs
Bulbar muscles, if other levels do not demonstrate

abnormality
Intercostal and diaphragm muscles, if respiratory

involvement is of concern

Somatosensory evoked potentials, if primary cord or
demyelinating process is suspected
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tion block in an axon when a local anesthetic pre-
vents the generation of an action potential. The
CMAP can be elicited distal, but not proximal, to the
block. The CMAP therefore is full amplitude distal to
the block and absent proximal to the block. Conduc-
tion block in the axons of a whole nerve is seen as an
abrupt change in CMAP amplitude or area with
stimulation at different sites along the nerve. Stimu-
lation at short intervals along the nerve can precisely
identify the location of the block.

Conduction block can be reliably assessed only in
motor axons. There are pitfalls to the accurate de-
tection of focal conduction block. When the CMAP
amplitude is reduced to less than 50%, phase can-
cellation and the mild slowing in some nerves often
results in an amplitude difference between proximal
and distal sites of stimulation that is more than that
seen in normal individuals. This finding is not un-
common in ALS and may suggest the presence of a
conduction block. Compound muscle action poten-
tial area measurements are helpful in identifying
conduction block because dispersion causes less
change in area than amplitude between proximal
and distal sites of stimulation. Confirmation of the
presence of a conduction block requires exclusion of
anomalous innervation and technical problems and
varies with the nerve. Greater than 10% reduction in
amplitude and area between two sites of stimulation
3 cm or less apart is most reliable at confirming the
presence of a conduction block.4 A conduction
block away from sites of common compression is the
most persuasive evidence of the presence of MMN

with conduction block. Proximal stimulation is re-
quired to recognize the common occurrence of con-
duction block proximal to the usual sites of stimula-
tion.68 It must always be recalled that local
entrapment neuropathies may cause conduction
blocks in ALS. Clinical assessment then becomes
necessary to decide the significance of focal conduc-
tion blocks.136

Nerve terminal sprouting or cool extremities may
result in distal motor latencies prolonged out of pro-
portion to slowing of CV and should not be consid-
ered evidence of a focal lesion or a peripheral neu-
ropathy without concomitant sensory abnormalities
and temperature control.72

Reports of additional central slowing of conduc-
tion as measured by F-wave latencies have not been
confirmed.7 Blink reflexes are entirely normal, but
the silent period is often lost and obliterates long
loop reflexes.37

Sensory NCSs performed as part of the assess-
ment of a patient with ALS are also necessary to
further exclude a peripheral neuropathy.70 Al-
though there may be resistance to ischemia in large
sensory fibers in ALS,17 reports of major abnormali-
ties of sensory conduction in ALS have not been
confirmed; normal values should be expected.50,79,80

Although mild sensory conduction changes may be
detected,124 less than 10% of patients with ALS have
sural NCSs clearly outside the normal range for age.
If sensory conduction is abnormal after control for
age and temperature, some disorder other than ALS
or a concomitant disease should be suspected and
sought clinically.137

Repetitive Stimulation. The instability of neuro-
muscular transmission in collateral nerve terminal
sprouts in ALS is manifest on repetitive stimulation
as a decrement wi th s t imulat ion at s low
rates12,27,88,102; some decrement occurs in over half
of patients with ALS.37,102 Although decrements of
up to 28% may be seen, the decrement is usually less
than 10% (Fig. 6). The decrement may have the
same characteristics as that of myasthenia gravis
(MG): maximal after three to five stimuli, repair af-
ter brief exercise, and enhancement several minutes
after exercise. It is therefore not possible by electro-
physiological testing to determine whether MG co-
exists in patients with ALS. Because repetitive stimu-
lation and SFEMG may be abnormal in ALS, only a
large decrement in muscles with a normal CMAP
would suggest a primary neuromuscular junction dis-
order. A decrement often becomes evident during
NCSs by an inability to obtain a CMAP of stable am-
plitude.

FIGURE 5. Slowing of CV and prolongation of distal latency in
ALS are in proportion to the reduction in CMAP.80 (By permission
of Mayo Foundation.)
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Motor Unit Number Estimates (MUNEs). Determi-
nation of MUNEs20,39,43,47,91,131 is a quantitative
method of assessing loss of AHCs but it is less com-
monly used than is MUP recruitment. The number
of motor units in a muscle is estimated in MUNEs by
(1) measuring the size of the CMAP evoked by su-
pramaximal nerve stimulation and (2) dividing the
supramaximal CMAP by the average size of single
motor unit potentials (S-MUPs). Estimates of the size
of S-MUPs can be made by measuring “all” or “none”
responses at threshold stimulation,46,90 from the size
of F waves, from spike-triggered surface averages,91

or from measurements of CMAP variance.38 Motor
unit number estimates can be most reliably used in
neurogenic processes, where the reliability increases
as the disease progresses.53 The method is most
readily performed in distal muscles that lend them-
selves to surface stimulation and recording tech-
niques but requires 5 to 10 min per nerve for full
assessment. Reproducibility is now comparable with
that for CMAP.85,127

Motor unit number estimates have shown that
reinnervation by collateral sprouting can prevent re-
duction in strength and CMAP amplitude with loss
of up to half the motor units in a slowly progressive
ALS.37 The loss of motor units measured by MUNEs
in individual muscles is rapid over a few months and
more gradual for the remaining motor units (Fig. 7).
In ALS, some of the S-MUPs seen on MUNEs are
much larger than others, indicating much more col-
lateral sprouting and increase in size (Fig. 8). Motor
unit number estimates quantitation is the most reli-
able method to measure the loss of motor neurons
in clinical trials.19,21,52,143

Other Studies with Limited Application in ALS.
Some uncommon electrophysiological studies can

provide insight into clinical phenomena. Compari-

son of macro-EMG and twitch forces has shown that
the late deterioration of strength in patients with
ALS results from a decline in force of surviving mo-
tor units as well as from loss of motor neurons and
corticospinal degeneration.44 The fatigue in ALS re-
sults from a combination of factors.123 Polysomnog-
raphy can help elucidate the problems of sleep-
disordered breathing in selected patients.54

Other electrophysiological methods are useful
primarily for elucidating the pathophysiology of
ALS, in addition to, at times, ruling out mimic dis-
orders. There have been reports of abnormalities of
somatosensory evoked potentials in ALS.35,132,144

Studies of populations of ALS patients have shown

FIGURE 8. Compound muscle action potential areas plotted
against 30 steps of increasing stimulus intensity from threshold to
maximal. The normal muscle on the left shows small, smooth
increments. The recording in ALS on the right shows one very
large motor unit (large step from 60 to 100%) with high threshold,
four other large steps with lower threshold units, and a number of
smaller steps.

FIGURE 6. The CMAP decrement, immediate repair, and later
increase in decrement with repetitive stimulation at 2 Hz before
and after exercise in ALS resembles that seen in MG.80 (By per-
mission of Mayo Foundation.)

FIGURE 7. Motor unit number estimates in hand muscles with
normal strength in ALS patients at 2- to 4-month intervals show
an initial rapid loss of units, followed by a slower loss. Some
muscles had fewer than 100 units (lower limit of normal) at initial
testing.
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an increase in the mean values for the median N20
and tibial P38 scalp somatosensory evoked potential.
Such changes in a patient with ALS therefore may be
related to the primary disease rather than a second-
ary disorder. Somatosensory evoked potential
changes are of diagnostic help only when they clearly
demonstrate the presence of another disorder.

Recent studies of transcranial motor evoked po-
tentials (MEPs) have shown distinct abnormalities of
threshold, cortical inhibition, latency, and motor
control, whereas the cortical silent period is nor-
mal.95,97,115,142 Abnormalities of excitatory postsyn-
aptic potentials have been shown with peristimulus
time histogram testing with MEPs.104 These studies
are of interest in helping to better define the nature
of the disease but are not as yet of clinical diagnostic
value. Primary lateral sclerosis shows distinct changes
on MEPs.23

Threshold tracking that tests axonal membrane
excitability can show changes in axonal membrane
excitability. This promising new method has shown
some changes in ALS that are of uncertain clinical
significance.17 One report of abnormal stapedial re-
flex suggests that ALS involves the motor neurons of
the stapedius muscle.125 H-reflex abnormalities have
also been reported.89

Only a very small proportion of patients with ALS
has clinical evidence of impaired autonomic func-
tion. Nonetheless, autonomic function testing shows
that up to 30% of patients show mild, but definite,
abnormalities on one or more sympathetic and para-
sympathetic tests of autonomic function, especially
in the leg; autonomic testing should be considered
in patients with such symptoms.37,45,84,113

Diagnosis. With careful attention given to the tech-
nical details of needle EMG and NCS, electrodiag-
nostic testing can be extremely useful in identifying
and characterizing ALS50,80 (Table 2). The typical
NCS and needle EMG findings in a patient with ALS
are low CMAPs with normal nerve conduction, poor
MUP recruitment, and widespread fibrillation po-
tentials with MUPs of increased duration and ampli-
tude. Some decrement on repetitive stimulation,
varying MUPs, and abnormal jitter and blocking are
common. Finding this combination of changes in
individual muscles demonstrates the presence of a
progressing neurogenic process. The distribution of
such changes defines the likelihood of ALS. In asso-
ciation with multilevel upper motor neuron signs,
the following criteria can be used to interpret the
distribution of lower motor neuron findings where
the levels are bulbar, cervical, thoracic, and lumbo-
sacral6,36: definite ALS, three levels; probable ALS,

two levels; possible ALS, one level; and suspected
ALS, two levels without upper motor neuron signs.

A paucity of findings in individual muscles may
require a number of muscles to be tested to identify
abnormalities at a single level (cranial, cervical, tho-
racic, lumbosacral); but even when findings are un-
equivocal, at least two muscles of different spinal
nerve and peripheral nerve innervation should be
tested at each level. It is best to avoid muscles that
are frequently involved in common disorders, such
as carpal tunnel syndrome and ulnar neuropathy.

One of the most important tasks of the EDX con-
sultant is to rule out the presence of other diseases
that may resemble ALS (Table 1). The disorders to
be particularly concerned about include cervical or
lumbar spine disease, peripheral neuropathy, poly-
radiculopathy, and multifocal motor conduction
block. Normal motor and sensory NCSs make the
presence of a peripheral neuropathy very unlikely.
Normal F-wave and blink reflex latencies make it less
likely that the disorder is a motor polyradiculopathy,
but it can never be entirely ruled out by needle
EMG.

If the clinical signs are predominantly lower mo-
tor neuron with some preservation of reflexes, then
multifocal motor conduction block should be sought
with additional conduction studies.13 Prominent
weakness and fasciculation in forearm muscles re-
quire careful search for conduction block in that
limb. The most important clue to the presence of a
conduction block is a normal CMAP with marked
weakness in that muscle. If that is present, then
proximal stimulation should be applied in search for
proximal conduction block. Bilateral ulnar, median,
peroneal, and tibial motor conduction studies in-
cluding F waves and proximal stimulation may be
needed to identify the block. Identification of a con-
duction block becomes more difficult as stimulation
proceeds more proximally. Root stimulation is par-
ticularly difficult, and it requires well-defined nor-
mal values for comparison.117 Although the conduc-
tion block may appear at any level, the median nerve
in the forearm is a common site rarely susceptible to
other disorders. The best evidence of multifocal mo-
tor conduction block is a localized region of CMAP
amplitude drop or slowing over a few centimeters,
demonstrated by “inching” or near-nerve needle
stimulation.

Some patients with ALS may have low-amplitude
sensory nerve action potentials with mild slowing of
sensory conduction.7 Nonetheless, the presence of
sensory changes should suggest other disorders.

Localized spinal cord disease from spondylosis is
differentiated by the distribution of abnormalities—
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widespread in ALS, localized to the upper or lower
limbs in spondylosis.18 In the patient with spinal
cord damage due to bony disease along the entire
spine, bulbar signs would be needed to identify ALS.
Complete certainty is not possible by needle EMG
alone. For example, patients with syringomyelia of
the entire cord can show all the typical needle EMG
findings of a MND.37 Some clinical considerations in
designing the plan for EDX testing of a patient with
suspected ALS are listed in Table 3.

Rate of Progression. The mechanisms underlying
differences in rate of progression, and thereby of
prognosis, are yet to be defined, but needle EMG
findings can assist in the definition of prognosis.5,71

Although there have been few published studies, ex-
perience has demonstrated that the severity and rate
of progression of the disease can be judged from the
needle EMG as well as clinical criteria.66,74,130,135

Both severity of needle EMG abnormalities and their
distribution are important in this judgment. Poor
MUP recruitment is strong evidence of a neurogenic
process, and an otherwise entirely normal needle
EMG would suggest an acute process (possibly toxic
or infectious). Among the electrophysiological mea-
sures, decline in MUNEs and mean CMAP ampli-
tude are most directly correlated with rapid progres-
sion to a fatal outcome because CMAPs less than
20% of normal for age in ALS indicate severe motor
neuron loss.37,77,143 Examples of additional evidence
of rapid progression are moderate-intensity fibrilla-
tion potentials in all limb muscles, low MUNEs, vary-
ing MUPs, and a decrement on repetitive stimula-
tion.37,53 In 30 patients with moderately severe,
progressing ALS, individual needle EMG criteria
were no better than individual clinical signs in pre-
dicting time to death; prediction of time to death
was best judged from a combination of clinical and
EMG findings (Table 4). The assessment of clinical
trials is significantly enhanced by electrophysiologi-
cal quantitation.19

OTHER MOTOR NEURON DISEASES

Bulbospinal Neuronopathy (Kennedy’s Syndrome).
An x-linked, slowly progressive form of MND sym-

metrically involving bulbar and spinal motor neu-
rons is associated with testicular atrophy and gyne-
comastia.1 The age of onset is younger than for most
ALS patients. However, both patients with Kennedy’s
syndrome and those with ALS, who do not have clas-
sic findings, may be misdiagnosed.108 The unique
genetic defect has been demonstrated to be a CAG
expansion repeat; the age of onset is earlier with

longer lengths of repeats. Genetic testing should be
considered whenever the possibility of that diagnosis
exists.

Although the electrophysiological findings are
similar to those of ALS, greater symmetry of findings
and clear bulbar abnormalities are helpful in distin-
guishing the disorders. Nerve conduction studies are
generally normal except for reduced CMAPs and
MUNEs, but some patients have shown sensory nerve
abnormalities.60 A higher proportion of Kennedy’s
syndrome patients have reduced sensory nerve ac-
tion potentials than do ALS patients. On needle ex-
amination, there is marked reduction in recruitment
with large MUPs and scattered fibrillation potentials.

Spinal Muscular Atrophy. The major MNDs in
childhood are the autosomal recessive SMAs.64 Their
genetic defects are allelic variations on a single gene
resulting in different severity and rates of progres-
sion. Type 1 (Werdnig–Hoffmann disease), is a rap-
idly progressing, more often fatal disorder with onset
before 6 months of age; type 2, with an onset from 6
to 18 months of age, is a more slowly progressive and
relatively benign disorder.94 Type 3, with onset after
18 months of age, often presents in adolescence and
has a long survival with ambulation throughout most
of adult life. Some adults with SMA are those with
type 3. Others who have onset in adulthood may be
autosomal dominant or recessive, but the gene loci
have not been identified. All forms of SMA have
prominent proximal weakness.

The needle EMG findings in Werdnig–Hoff-

Table 4. Correlation coefficients of clinical and needle EMG
parameters with months until death in 31 patients with ALS.37

Parameter
Correlation
coefficient

Clinical factors
Age and severity* of clinical deficit 0.57
CMAP

Amplitude alone 0.63
Decrement alone 0.47
Amplitude and decrement 0.66

Needle EMG
Fibrillation potentials alone 0.41
Combined factors

Decrement and fibrillation potentials 0.59
CMAP amplitude and fibrillation potentials 0.67
Age, severity, and CMAP amplitude 0.80
Age, severity,* CMAP amplitude, and

decrement 0.82
Age, severity,* decrement, CMAP amplitude,

and fibrillations 0.86

*A quantitative disability score measures severity of the clinical deficit.
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mann disease are similar to those in ALS, with poor
recruitment (loss of MUPs), large MUPs, and fibril-
lation potentials.49,116 Needle EMG findings are
among the most relevant to confirm AHC disease in
this disorder.118 The number of fibrillation poten-
tials varies not only with the severity of Werdnig–
Hoffmann disease but also with the diligence of the
EDX consultant in searching for them in a small
child. This is somewhat easier with conscious seda-
tion, but electronic storage and subsequent review of
all needle EMG recordings should be standard for
children. Frequently, review of the recording imme-
diately after completing the needle EMG shows fi-
brillation potentials, varying MUPs, or other MUP
changes that were not appreciated during the re-
cording. The reported incidence of fibrillation po-
tentials has varied up to 100%.77 Large MUPs are
seen in Werdnig–Hoffmann disease, but more low-
amplitude, short-duration, varying MUPs are seen in
this SMA than in ALS and are due to reinnervation;
these MUPs should not suggest an additional myop-
athy.25,26,57,77 Fasciculation potentials are seen in
only 35% or fewer of children with Werdnig–
Hoffmann disease, much less than in patients with
ALS.

Low CMAPs with mild slowing of CV and small
decrements on repetitive stimulation are also seen in
children.77,100 Most studies have shown sensory con-
duction to be normal94,122

More benign forms of SMA in children and
adults may be mistaken for muscular dystro-
phy.57,75,94 The needle EMG results can be extremely
helpful in making an accurate diagnosis for SMA.
The needle EMG findings are those of a chronic
neurogenic process with poor recruitment and large
MUPs.79,93 The severity of findings increases with the
duration of the disease. Early in the disease, muscle
cramps and minimal needle EMG abnormalities may
be the only findings.25 If the duration of clinical
disease is over a year, impairment of recruitment and
large MUPs are widespread and prominent.25,77 Fi-
brillation potentials in SMA are infrequent and scat-
tered in contrast to their prominence in
ALS.77,101,105 The fibrillation potentials may be of
such low amplitude and short duration that they are
difficult to distinguish from baseline noise. True fas-
ciculation potentials are generally infrequent, but
they must be distinguished from contraction fascicu-
lation, the potentials (or twitches) of large motor
units in muscles that are not completely relaxed.
This differentiation can be made only by recognizing
the irregular firing pattern of true fasciculations, as
opposed to the semirhythmic pattern of MUP firing.
Many forms of iterative discharge can occur in SMA.

Complex repetitive discharges are more common in
SMA than in ALS. Neurotonic discharges (rapidly
waning potentials firing at 150- to 300-Hz) are seen
in some patients with long-standing SMA.

Motor unit potentials in SMA are usually of long
duration and high amplitude. Polyphasic MUPs, al-
though less common than in ALS, may include sepa-
rate, time-locked components called “satellites,” or
“linked potentials.”79,116 These late components are
the action potentials of atrophic single muscle fibers,
of split fibers or of muscle fibers innervated by a
long, thin nerve terminal. In the late stages of SMA,
short-duration, low-amplitude MUPs may be found,
especially in weight-bearing muscles such as the an-
terior tibial and gastrocnemius muscles. These small
MUPs are typically associated with histologic changes
of the type seen in a myopathy.2,94 Nerve conduction
studies of motor and sensory fibers in SMA are nor-
mal.100,122 Compound muscle action potential am-
plitudes are not as low as those seen in ALS and are
often normal. Responses to repetitive stimulation
are also usually normal.

Needle EMG diagnosis of SMA is usually not dif-
ficult in the patient with atrophic muscles, normal
conduction, poor MUP recruitment, and large
MUPs. The major distinction is usually a chronic my-
opathy, which would have small, rather than large,
MUPs. However, in the late stages of SMA and some
myopathies, severe degeneration of muscle can re-
sult in MUP similarities that may make it difficult to
distinguish them by needle EMG. Chronic inflamma-
tory myopathies may show large, long-duration
MUPs, suggesting a neurogenic process. Atrophic
muscle in neurogenic disease that has been chroni-
cally overworked may show the changes of a myopa-
thy, both on needle EMG and histology. In these
patients, it is better to study less severely involved
muscles, which are less likely to have changes resem-
bling a myopathy.33,93 In the patient with a wide-
spread, chronic, wasting disease, caution must be
used in interpreting needle EMG findings that are
not clear-cut.

Rare, focal forms of MNDs have been described
that remain limited to one extremity, “mono-
melic.”48,59,61 The needle EMG findings are like
those of SMA but are limited to the involved extrem-
ity. Their benign, but insidious, course is reflected
on needle EMG by low CMAP amplitude, normal
sensory potentials, marked impairment of MUP re-
cruitment, and very large MUPs. On needle EMG,
they cannot be distinguished from spinal cord dis-
ease due to syringomyelia, spondylosis, or other focal
disorders.
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Multisystem Disorders with Prominent Lower Motor
Neuron Involvement. Hexosaminidase A deficiency
is an autosomal recessive, adult-onset disorder with
widespread basal ganglia, cerebellar, and cortical
cell loss in addition to AHC loss. Significant AHC
loss also is common in Machado–Joseph, polygluco-
san body, and Parkinson-dementia complex disor-
ders. All show needle EMG changes of a chronic,
slowly progressing motor system disease.

Poliomyelitis. Needle EMG in acute poliomyelitis is
characterized by poor MUP recruitment at the onset
of weakness, followed by the development of fibril-
lation potentials in widespread muscle groups after 2
to 4 weeks. The fibrillation potentials subside as re-
innervation by surviving motor units proceeds dur-
ing recovery. In muscles with too few motor units to
effect adequate reinnervation, fibrillation potentials
can persist indefinitely. These fibrillation potentials
become extremely small as the muscle fibers atrophy
and may be easily overlooked. The reinnervated mo-
tor units result in MUPs that are among the largest
seen in any disorder, up to 20 mV in amplitude and
30 ms in duration. The muscles that remain weak
and atrophic after recovery have very few or only one
motor unit under voluntary control. However, virtu-
ally all muscles including the clinically normal
muscles show abnormal recruitment, large MUPs,
and increased fiber density.22,62,87 Scattered fibrilla-
tion potentials with evidence of ongoing reinnerva-
tion are seen in weak muscles in the absence of clini-
cal evidence of either progression or “post-polio
syndrome.”128 The reduced number of motor units
predisposes patients with poliomyelitis to increasing
impairment with either minor axonal damage or
with the loss of motor units with aging.

The pathophysiology of late progression of old
poliomyelitis is unknown. Most patients do not show
distinct needle EMG findings.106,140,141 The normal
loss of MUPs with aging in muscles with only a lim-
ited number of motor units left by the disease may
contribute.103 Needle EMG in late progression of
poliomyelitis is generally similar to old poliomyelitis
without progression. There are scattered fibrillation
potentials, reduced recruitment, and large MUPs.
Needle EMG and NCSs therefore are not of help in
specifically identifying late progression of poliomy-
elitis. The EDX testing is most helpful in demonstrat-
ing other superimposed diseases such as an ulnar
neuropathy. Because large MUPs are present in all
atrophic muscles, with fibrillation potentials in some
of them, it is difficult to reliably identify a new neu-
rogenic disorder in a patient with needle EMG re-
siduals of poliomyelitis.

Motor unit number estimates have also demon-
strated that muscles with normal strength and CMAP
amplitude after poliomyelitis often have moderate to
marked loss of motor units. In comparison with nor-
mal subjects, the rate of loss of motor units appears
to be higher in patients with the residuals of polio-
myelitis.92

Except for a reduction in CMAP in proportion to
muscle atrophy, motor and sensory NCSs remain
normal in poliomyelitis. Some apparent slowing may
be seen in an atrophic extremity, if the limb tem-
perature is low, as is frequently the case.
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