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Abstract

Electrophysiology remains an important tool in the evaluation of patients presenting with signs 

and symptoms of motor neuron disease (MND). The electrodiagnostic study should include 

peripheral nerve conduction studies (NCS) and needle electromyography (EMG) to both exclude 

treatable disease and gather evidence toward a diagnosis of amyotrophic lateral sclerosis (ALS). 

The recent changes in the revised El Escorial criteria, recommended by the Awaji-shima 

consensus group, have increased the diagnostic significance of fasciculation potentials to equal 

that of fibrillation and positive sharp wave potentials in the needle EMG examination of the 

patient suspected of having ALS. In addition, electrophysiologic evidence is now considered 

equivalent to clinical signs and symptoms in reaching diagnostic certainty of ALS. These changes, 

strategies for the design and implementation of an effective electrodiagnostic evaluation, and 

additional electrophysiologic techniques and their relationship to the evaluation of a patient with 

ALS are reviewed and discussed.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive and inevitably fatal neurodegenerative 

disease belonging to a heterogeneous group of disorders known as motor neuron diseases. 

ALS is the most common adult MND worldwide and is considered the prototypical disorder 

of this class, as demonstrated by the often-interchangeable use of the terms ALS and MND.1 

However, while ALS is characterized by the rapid degeneration of motor neurons 

throughout the neuraxis and by definition requires both upper motor neuron (UMN) and 

lower motor neuron (LMN) signs to confirm the clinical diagnosis, other motor neuron 

diseases such as spinal muscular atrophy (SMA) or the atypical motor neuron variants, 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
PM R. Author manuscript; available in PMC 2015 October 01.

Published in final edited form as:
PM R. 2013 May ; 5(5 0): S89–S95. doi:10.1016/j.pmrj.2013.03.020.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



progressive muscular atrophy (PMA), primary lateral sclerosis(PLS), and progressive bulbar 

palsy (PBP), have more focal involvement or only UMN or LMN involvement, at least 

initially.2,3 Because prognosis and survival can be vastly different among the motor neuron 

disorders, differentiating among these disorders and making an accurate and timely 

diagnosis are paramount.

Individually, the motor neuron diseases are rare with the prevalence of ALS being 

approximately 5-7 per 100,000 people.4 Limited DNA analysis is available and can identify 

the etiology for some patients with familial ALS (10-15% of all ALS patients), as well as 

those with SMA and spinal bulbar muscular atrophy (SBMA); but for the majority of 

patients with symptoms of MND, diagnosis is complicated by the lack of disease 

biomarkers. Thus, a process of exclusion is used to determine the diagnosis. Laboratory 

testing, neuroimaging, and muscle biopsy are all potentially helpful in focusing the 

differential diagnosis and excluding processes that mimic ALS (Table 1). Electrodiagnostic 

evaluation is key to establishing the diagnostic certainty of ALS once other disease 

processes have been excluded.

General Approach to the Electrodiagnostic Evaluation of the Patient with 

ALS

Clinically, ALS causes muscle atrophy and weakness. Symptoms most typically begin at 

one anatomic site and spread, with the disease progressing until the patient loses volitional 

control of skeletal muscles, transitioning from independence to dependence. In the late 

stages, mechanical ventilation and nutritional support may be required. The spread of 

symptoms is so typical of ALS that it is required for diagnosis.2,3

Signs at presentation may be limited to UMN or LMN loss. Phenotypic presentation can be 

markedly varied in ALS, making early diagnosis more complicated. Chio and colleagues 

examined the phenotypes of over 1300 ALS patients and described eight common 

presentations: Classic, bulbar, flail arm, flail leg, pyramidal, pure LMN, pure UMN, and 

respiratory.5 While late stage disease is relatively easy to identify, early disease can be much 

more difficult to diagnose on clinical examination alone. It is in this situation, early in 

disease when LMN abnormalities may be hidden from clinical appreciation, that 

electrodiagnostic evaluation becomes most valuable.

Electrodiagnostic testing is considered an extension of the physical examination and should 

be performed on all patients suspected of having a MND. The MND differential is divided 

between those with predominant UMN and/or LMN findings (Table 2). Assessing muscle 

atrophy and tone and testing for abnormal muscle stretch reflexes in all four anatomic 

regions - bulbar, cervical, thoracic, and lumbar - should necessarily be included in the 

physical examination and will inform the electrodiagnostic study.1-3,6 For example, a purely 

UMN disorder such as PLS with clinical signs of spasticity and hyperreflexia should result 

in a normal electrodiagnostic study. The various purely LMN disorders, with signs of 

muscle atrophy and hyporeflexia on examination, will share among them several 

electrodiagnostic abnormalities, detailed below.
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The electrodiagnostic evaluation in a suspected MND case requires peripheral NCS and 

needle EMG. Additional techniques such as repetitive stimulation, single fiber EMG, and 

motor unit number estimation (MUNE) have been used in ALS evaluation, and may be 

helpful in more challenging cases.

Peripheral Nerve Conduction Studies in ALS

The MND electrodiagnostic evaluation includes peripheral NCS examining at least one 

upper and one lower limb, and should begin by evaluating the most severely affected 

sites.1,6,7 A complete evaluation includes motor, sensory, and F-wave nerve conduction 

studies.

Motor conduction studies are an essential part of the electrodiagnostic evaluation of a patient 

suspected of having a MND. These studies allow the exclusion of treatable neuropathies, 

such as multifocal motor neuropathy with conduction block, from the differential diagnosis 

and should include proximal stimulation sites (above the elbow and Erb's point) to rule out 

conduction block and temporal dispersion, which are not typical findings in ALS.1,6-8 Motor 

NCS of the median, ulnar, and peroneal muscles should be evaluated.

Common findings observed from motor NCS in patients with MND include asymmetric 

side-to-side CMAP differences, normal CMAPs, or CMAPs with decreased amplitude, 

prolonged distal motor latency, and slowed conduction velocity consistent with axon loss.6-8 

In a study comparing ulnar conduction in ALS to matched control subjects, a strong 

correlation was observed between CMAP amplitude and MRC grade strength (r=0.81): as 

strength decreased, CMAP amplitude decreased.9 CMAP amplitude was normal in all 

muscles with MRC 5 strength, even when the patient's contralateral limb was weak and had 

documented CMAP abnormalities.6-9 In addition, distal motor latencies and slowing of 

conduction velocity worsened as the severity of muscle weakness increased (P<0.001).9 

These findings have been attributed to slowly conducting distal regenerating motor axons 

and loss of the fastest conducting lower motor neurons.8,10,11

Sensory conduction studies should include the ulnar and sural nerves; it is generally 

accepted that sensory nerves are normal in ALS.1,6,7,9 Consistent with this, no abnormalities 

were observed in the antidromic ulnar sensory conduction studies recorded from all 137 

ulnar nerves of the ALS subjects in the above study.9 However, there are multiple reports in 

the literature documenting sensory abnormalities in patients with ALS.12-14 In a prospective 

study of 88 ALS patients, 20 subjects (22.7%) had evidence of sensory nerve conduction 

abnormalities.15 The authors noted that this greatly surpassed the prevalence of 

polyneuropathy both in the background population as well as in the general population older 

than 55 years of age. They hypothesized that these results point to the existence of a subset 

of ALS patients who, in addition to their motor neuron pathology, have dorsal root ganglion 

degeneration.15 Findings of dorsal root ganglion abnormalities in SOD1 ALS mice supports 

this hypothesis.16 A multicenter prospective follow-up study demonstrated similar findings, 

with 17% of 35 patients showing abnormalities on sural sensory nerve conductions.17 The 

discovery of sensory abnormalities, while suggestive of a different disease process, do not 

completely exclude ALS. Other MNDs commonly associated with sensory nerve conduction 

Joyce and Carter Page 3

PM R. Author manuscript; available in PMC 2015 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



abnormalities are spinobulbar muscular atrophy (sensory neuropathy) and hereditary spastic 

paraplegia (sensorimotor neuropathy).18,19

F-Wave Studies

Several studies have reported abnormalities in F waves of patients with ALS.8,20,21 F-wave 

persistence when compared with controls was abnormal in 23 patients with MND and 

decreased as MRC graded strength decreased. F-wave latencies and chronodispersion, 

defined as the difference between the maximal and minimal F-wave latencies, were 

increased in the ALS patients as compared to the controls in this study by Argyriou and 

colleagues.8

Needle Electromyography in ALS

Needle electromyography is the most important component of the electrodiagnostic 

evaluation in MND. It allows identification of LMN involvement often before it becomes 

clinically evident, extending the physical examination and enabling earlier diagnosis.1-3,6,7 

For the evaluation of LMN findings in ALS, the clinical and electrophysiological 

abnormalities have equal diagnostic significance in any given body region.3 However, two 

EMG features are required for confirmation of neurogenic change consistent with a 

diagnosis of ALS:

• Evidence of chronic neurogenic change.

• Evidence of acute denervation.3

To support a diagnosis of ALS, the needle electrode examination should reveal decreased 

motor unit recruitment with rapid firing of a reduced number of motor units, and/or large 

amplitude, long duration MUP with or without evidence of remodeling (increased number of 

phases) in combination with abnormal spontaneous activity including positive sharp waves 

(PSWs), fibrillations, and/or fasciculation potentials (FP).3 The most recent consensus 

update of the El Escorial Criteria (discussed below) assigned equivalent clinical significance 

to FP, PSWs, and fibrillation potentials.3

Fasciculation potentials

Fasciculation potentials have long been associated with ALS, and although it is recognized 

that some patients do not experience FP, the vast majority do.7 FP are irregularly firing 

spontaneous potentials with morphology similar to a MUP. Although FP are common in 

ALS, they are not specific for the disease and can be found in patients without MND.26-28 

Their clinical significance is of greater concern in the presence of unexplained muscle 

weakness and evidence of chronic neurogenic changes on EMG.22

In the evaluation of the patient suspected of having a MND, the EMG evaluation requires 

that the electromyographer assess for the presence of FP, particularly in muscles that lack 

PSW and fibrillation potentials.3 Intramuscular placement of the needle should be confirmed 

by volitional muscle activation and then the patient should be instructed to relax the muscle 

while the needle is left unsupported by the electromyographer.26 Needle movement can 

trigger FP but these potentials have not yet been recognized to have pathologic significance. 
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The firing rate or interfasciculation interval of FP vary, requiring observation times of up to 

90 seconds to confirm their absence.26 There is some evidence to suggest that FP are more 

frequently observed in proximal muscles as opposed to fibrillation potentials and PSW, 

which in one study were more frequently identified in distal muscles of patients 

subsequently diagnosed with ALS.27

Due to the shift in clinical importance of FP in the diagnosis of ALS, recent research has 

focused on defining their characteristics. The origin of fasciculation potentials is unclear; 

however, there is evidence that they arise both distally in the peripheral axon and from the 

cell body.28-30 de Carvalho and colleagues, in their 1998 paper examining FP in ALS 

patients and a group of patients with fasciculations from other causes, including three 

patients with benign fasciculation syndrome, concluded that variations in fasciculation 

morphology had clinical significance.31 They defined both complex (having increased 

phases) and simple fasciculation potentials and assigned greater clinical significance to 

complex FP morphology. However, recent studies comparing the EMG characteristics of 

ALS patients to those with benign fasciculation syndrome have questioned the validity of 

this classification system.27,32 According to EMG results of a combined 35 ALS patients 

and 18 diagnosed with benign fasciculation syndrome, no significant differences were seen 

between the characteristics of the morphology of the FP; both demonstrated simple and 

complex FP.27,32 However, as atrophy and weakness progressed in the ALS subjects, the 

interfasciculation interval, FP duration, and FP area decreased.27

Other Needle EMG Considerations

To diagnose definite ALS, LMN abnormalities must be documented in at least three of the 

four anatomic regions2,3 and thus the electrodiagnostic study often requires needle 

examination in each region. Electromyographers routinely study the muscles of the cervical 

and lumbar regions but may not feel comfortable designing a study that includes muscles 

innervated by the cranial nerves and nerves of the thoracic region. Muscles innervated by the 

cranial nerves, such as facial, genioglossus, and sternocleidomastoid, may be needed to 

identify bulbar dysfunction and confirm presence of disease above the level of the cervical 

spine (Figure 1).33 The trapezius is another muscle often recommended for sampling; 

however, in addition to supply from the accessory nerve, both the trapezius and 

sternocleidomastoid receive innervation from the upper cervical roots, which may confound 

results in the patient with high cervical degenerative changes.34 In addition, relaxation may 

be hard to achieve in these muscles, making interpretation difficult.

The needle evaluation should also include thoracic level muscles, for example by studying 

the thoracic paraspinal muscles.35 Sampling muscles between the T6 –T10 root levels helps 

to avoid confounding results due to multilevel root innervation from the lower cervical or 

upper lumbar segments (Figure 2). Other thoracic muscles that could be studied include the 

rectus abdominus and external oblique (Figure 2).36 Involvement of muscles of the thoracic 

region or muscles of the neck in ALS increases the likelihood of impaired respiratory 

function and should be reported as such in the consultation report. 34-36

Evidence of involvement in additional body regions is used to meet the El Escorial criteria 

for the diagnosis of ALS. To reduce patient discomfort and anxiety, the number of muscles 
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examined should be minimized, but sufficient to reach the correct diagnosis. The needle 

examination should begin with the most severely involved limb, looking for abnormalities in 

at least two muscles with different innervations.1,6 The examination then progresses to 

another anatomic region with sampling of distal and proximal muscles, preferably in a limb 

with strength abnormalities. Thoracic and bulbar muscles should then be sampled. When 

neurogenic changes have been identified in three anatomic regions, the needle EMG 

examination can be concluded. If abnormalities are not identified in any one region but 

suspicion for a MND remains high, the needle evaluation must expand and may ultimately 

include examination of muscles in all four regions.

Repetitive Stimulation, Single Fiber, and Other Specialized Studies in ALS

Repetitive stimulation and single fiber EMG are also often abnormal in patients with ALS. It 

is well documented that instability of neuromuscular transmission in ALS results from 

collateral nerve terminal sprouting. Abnormalities on repetitive stimulation in ALS patients 

were first reported by Mulder and colleagues in 1959 and subsequently have been 

confirmed.37-39 Similar to abnormalities seen in myasthenia gravis, decrements with slow 

repetitive stimulation, maximal decrement after 3-5 stimuli, and repair after brief exercise 

have been observed in ALS.6 In a recent study 34.4% of 32 median nerves of ALS patients 

revealed a drop of greater than 10% in CMAP amplitude.40 In addition, results from single 

fiber EMG parallel those seen on repetitive stimulation. Abnormalities of jitter, blocking, 

and fiber density correlate positively with increased muscle atrophy and weakness, likely 

reflecting both the presence of immature sprouting of nerve terminals and the extent of 

reinnervation.41 Whether these electrodiagnostic strategies will ultimately provide 

meaningful diagnostic information in cases of ALS remains to be determined, but should not 

deter diagnosis if all other clinical and electrodiagnostic evidence is consistent.

Motor unit number estimation (MUNE) provides the means to estimate the number of motor 

units and thus the number of LMNs innervating a muscle.42 MUNE is determined by 

measuring the size of the maximum CMAP amplitude and dividing it by the size of the 

average surface-detected MUP, providing an estimate of the number of motor units in a 

muscle.43 This number can be followed over time, documenting motor neuron loss and 

subsequent sprouting of remaining neurons leading to enlarged motor units. There are 

multiple methods to estimate motor unit number. MUNE has demonstrated that 

reinnervation by collateral sprouting can prevent reduction in strength and CMAP amplitude 

despite loss of up to half the motor units in MND.44 MUNE has been validated as an 

outcome measure for ALS clinical trials given its strength in quantifying changes from 

motor unit loss earlier in the disease, prior to changes in CMAP or muscle strength.

El Escorial and Awaji-shima Criteria

Revised El Escorial Criteria

The El Escorial Criteria were initially developed in 1990 by the World Federation of 

Neurology to standardize the diagnosis of ALS and ensure inclusion of homogeneous patient 

populations in clinical trials. The criteria were revised in 1998 (Airlie House) and more 

recently in 2008 (Awaji-shima).2,3 These criteria divide the motor system into 4 anatomic 
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regions: bulbar, cervical, thoracic, and lumbosacral. Clinical evidence of UMN and LMN 

pathology is sought within each region; the certainty of diagnosis depends on how many 

regions reveal UMN and/or LMN pathology. Five categories of certainty for the diagnosis 

were defined including: clinically definite, clinically probable, clinically probable with 

laboratory support, clinically possible, and clinically suspected ALS.2 For a diagnosis of 

clinically definite ALS, clinical evidence alone by the presence of both UMN and LMN 

signs was required in three of the four anatomic regions.2 However, the revised El Escorial 

criteria have been criticized for being too restrictive. In a population-based study, Traynor et 

al. found that 10% of 254 patients who died from ALS did not fulfill criteria beyond 

possible ALS, never reaching eligibility for clinical trial participation.45

Awaji-shima update

To address the restrictive nature of the El Escorial criteria, an international symposium was 

held in Awaji-shima Japan in December of 2006 with the intent of improving the speed and 

certainty of diagnosis.3 The recommendations from the symposium were published in 2008. 

These criteria classify the certainty level of the diagnosis of ALS into one of three 

categories: clinically definite, probable, and possible (Figure 3). The category of 

“Laboratory Supported Probable ALS” became unnecessary based on the consensus panel's 

decision that clinical features of neurogenic change and neurogenic EMG findings should 

have the same diagnostic significance in an individual muscle, and can be considered 

together in a single limb to meet the required abnormalities for diagnosis of ALS. In 

addition, FP were recognized as evidence of acute denervation and given equal significance 

to fibrillation and PSW potentials. The dialogue continues in the literature regarding the 

effect these changes have had on the timeliness of reaching diagnostic certainty; reports 

have been conflicting.46,47

Other Considerations

Will Genetic Testing or Magnetic Resonance Imaging ever Replace Electrodiagnostic 

Testing (EDx) in the Workup of Amyotrophic Lateral Sclerosis or other Motor Neuron 

Diseases?

The past decade has brought remarkable advances in our understanding of the genetic 

defects underlying many forms of motor neuron diseases, not only spinal muscular atrophy 

and familial forms of ALS (FALS) but even sporadic ALS. Certainly in SMA and FALS, the 

causative genes responsible for these diseases have been localized to specific regions of 

various chromosomes. However, what molecular testing or magnetic resonance imaging 

(MRI) does not reveal is the physiological functioning of the nerves and muscles; only 

electrodiagnostic testing identifies how the neuromuscular system is working. Thus the 

electrodiagnostic evaluation is not only useful in diagnosis, but is also helpful in monitoring 

progression of the disease, response to interventions, and in determining prognosis.48

Clinical Pearls

• In patients suspected to have a motor neuron disease, clinicians should perform a 

thorough electrodiagnostic evaluation, including peripheral nerve conduction 
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studies (NCS) and needle electromyography (EMG) to both exclude treatable 

disease and gather evidence toward a diagnosis of amyotrophic lateral sclerosis 

(ALS). Because prognosis and survival can be vastly different among the motor 

neuron disorders, differentiating among these disorders and making an accurate and 

timely diagnosis are paramount. With early motor neuron disease, LMN 

abnormalities may be hidden from clinical appreciation and electrodiagnostic 

evaluation becomes extremely valuable.

• MND studies allow the exclusion of treatable neuropathies, such as multifocal 

motor neuropathy, from the differential diagnosis and should include proximal 

stimulation sites to rule out conduction block and temporal dispersion, which are 

not typical findings in ALS.

• The discovery of sensory abnormalities, while suggestive of a different disease 

process, do not completely exclude ALS.

• Neuromuscular junction abnormalities are often identified in patients with ALS and 

should not dissuade the diagnosis if other clinical and electrodiagnostic features 

point to MND. It is well documented that instability of neuromuscular transmission 

in ALS results from collateral nerve terminal sprouting.

• The needle EMG is the most important study in determining diagnostic certainty of 

ALS. Acute (denervation evidence via presence of PSW, fibrillations, and FPs) and 

chronic neurogenic changes (as evidenced by decreased MUP recruitment with 

rapidly firing and reduced numbers of MUPs, as well as large amplitude, long 

duration MUP) is required for diagnosis of ALS. #

• Although FP are common in ALS, they are not specific for the disease and can be 

found in patients without MND. The presence of fasciculation potentials is more 

ominous of motor neuron disease if it is accompanied by unexplained muscle 

weakness, evidence of chronic neurogenic changes on EMG, and seen in proximal 

muscles. The recent changes in the revised El Escorial criteria, recommended by 

the Awaji-shima consensus group, have increased the diagnostic significance of 

fasciculation potentials to equal that of fibrillation and positive sharp wave 

potentials in the needle EMG examination of the patient suspected of having ALS.#

• Needle electromyography of a proximal muscle, such as the genioglossus, may be 

needed to identify bulbar dysfunction. Both the trapezius and sternocleidomastoid, 

which receive dual innervation from cranial nerves and upper cervical roots, may 

be confounded in patients with cervical degenerative changes.
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Figure 1. 
Needle location for EMG of cranial nerve innervated muscles commonly examined in 

patients suspected of having amyotrophic lateral sclerosis. A. EMG of the genioglossus 

muscle. B. EMG of the sternocleidomastoid muscle.
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Figure 2. 
Needle location for EMG of thoracic innervated muscles. A. EMG study of the rectus 

abdominis muscle. B. EMG of the external oblique. C. EMG of the thoracic paraspinal 

muscles at the level of T8, avoiding potential confounding from multi-level innervations of 

the lower cervical and upper lumbar roots.
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Table 1
Disorders presenting with signs and symptoms that mimic motor neuron disease

Adrenoleukodystrophy

Central nervous system tumors

Cervical and lumbar myelopathy

Chronic inflammatory demyelinating polyradiculoneuropathy

Human Immunodeficiency Virus (HIV)

Inflammatory myopathies

Lambert-Eaton Syndrome

Lyme disease

Multifocal motor neuropathy with conduction block

Multiple Sclerosis

Myasthenia gravis

Polyradiculopathy

Syringomyelia
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Table 2
Differential diagnosis of adult motor neuron disease by clinical signs and symptoms

UMN and LMN LMN only UMN only

Sporadic ALS Progressive muscular atrophy Primary lateral Sclerosis

Familial ALS Spinal muscular atrophy Hereditary spastic paraplegia

Progressive bulbar palsy

Monomelic amyotrophy

Bulbar spinal muscular atrophy

Poliomyelitis

Abbreviations: UMN, upper motor neuron; LMN, lower motor neuron; ALS, amyotrophic lateral sclerosis.
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