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Abnormalities have been described in several neurologic disorders
with clinical or subclinical involvement of central motor pathways,
including MS and motor neuron disease. In addition to a possible
role in diagnosis or evaluating the extent of pathologic involvement,
the technique provides information of prognostic relevance (e.g., in
suggesting the likelihood of recovery of motor function after stroke)
and provides a means of monitoring intraoperatively the functional
integrity of central motor tracts. Nevertheless, it is not used widely for
clinical purposes.

Neurologic Disorders

ELECTROPHYSIOLOGIC STUDIES OF MUSCLE AND NERVE
The motor unit is the basic element subserving motor function. It is
defined as an anterior horn cell, its axon and neuromuscular junctions,
and all the muscle fibers innervated by the axon. The number of motor
units in a muscle ranges from approximately 10 in the extraocular
muscles to several thousand in the large muscles of the legs. There is
considerable variation in the average number of muscle fibers within
the motor units of an individual muscle, i.e., in the innervation ratio
of different muscles. Thus the innervation ratio is <25 in the human
external rectus or platysma muscle and between 1600 and 1700 in
the medial head of the gastrocnemius muscle. The muscle fibers of
individual motor units are divided into two general types by distinctive contractile properties, histochemical stains, and characteristic
responses to fatigue. Within each motor unit, all of the muscle fibers
are of the same type.
ELECTROMYOGRAPHY
The pattern of electrical activity in muscle, i.e., the electromyogram
(EMG), may be recorded both at rest and during activity from a needle
electrode inserted into the muscle. The nature and pattern of abnormalities relate to disorders at different levels of the motor unit.
Relaxed muscle normally is electrically silent except in the end-plate
region, but abnormal spontaneous activity (Fig. 442e-3) occurs in various neuromuscular disorders, especially those associated with denervation or inflammatory changes in affected muscle. Fibrillation potentials
and positive sharp waves (which reflect muscle fiber irritability) and
complex repetitive discharges are most often—but not always—found
in denervated muscle and may also occur after muscle injury and in
certain myopathic disorders, especially inflammatory disorders such
as polymyositis. After an acute neuropathic lesion, they occur earlier
in proximal than distal muscles and sometimes do not develop distally in the extremities for 4–6 weeks; once present, they may persist
indefinitely unless reinnervation occurs or the muscle degenerates
so completely that no viable tissue remains. Fasciculation potentials
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Figure 442e-3 Activity recorded during electromyography
(EMG). A. Spontaneous fibrillation potentials and positive sharp
waves. B. Complex repetitive discharges recorded in partially denervated muscle at rest. C. Normal triphasic motor unit action potential.
D. Small, short-duration, polyphasic motor unit action potential
such as is commonly encountered in myopathic disorders. E. Longduration polyphasic motor unit action potential such as may be seen
in chronic neuropathic disorders.

(which reflect the spontaneous activity of individual motor units) are
characteristic of slowly progressive neuropathic disorders, especially
those with degeneration of anterior horn cells (such as amyotrophic
lateral sclerosis). Myotonic discharges—high-frequency discharges of
potentials derived from single muscle fibers that wax and wane in
amplitude and frequency—are the signature of myotonic disorders
such as myotonic dystrophy or myotonia congenita but occur occasionally in polymyositis or other, rarer, disorders.
Slight voluntary contraction of a muscle leads to activation of a
small number of motor units. The potentials generated by muscle
fibers of these units that are within the pickup range of the needle electrode will be recorded (Fig. 442e-3). The parameters of normal motor
unit action potentials depend on the muscle under study and age of
the patient, but their duration is normally between 5 and 15 ms, amplitude is between 200 μV and 2 mV, and most are bi- or triphasic. The
number of units activated depends on the degree of voluntary activity.
An increase in muscle contraction is associated with an increase in
the number of motor units that are activated (recruited) and in the
frequency of discharge. With a full contraction, so many motor units
are normally activated that individual motor unit action potentials can
no longer be distinguished, and a complete interference pattern is said
to have been produced.
The incidence of small, short-duration, polyphasic motor unit
action potentials (i.e., having more than four phases) is usually
increased in myopathic muscle, and an excessive number of units
is activated for a specified degree of voluntary activity. By contrast,
the loss of motor units that occurs in neuropathic disorders leads to
a reduction in number of units activated during a maximal contraction and an increase in their firing rate, i.e., there is an incomplete or
reduced interference pattern. The configuration and dimensions of
the potentials may also be abnormal, depending on the duration of the
neuropathic process. The surviving motor units are initially normal in
configuration but, as reinnervation occurs, they increase in amplitude
and duration and become polyphasic (Fig. 442e-3).
Action potentials from the same motor unit sometimes fire with a
consistent temporal relationship to each other, so that double, triple,
or multiple discharges are recorded, especially in tetany, hemifacial
spasm, or myokymia.
Electrical silence characterizes the involuntary, sustained muscle
contraction that occurs in phosphorylase deficiency, which is designated a contracture.
EMG enables disorders of the motor units to be detected and characterized as either neurogenic or myopathic. In neurogenic disorders,
the pattern of affected muscles may localize the lesion to the anterior
horn cells or to a specific site as the axons traverse a nerve root, limb
plexus, and peripheral nerve to their terminal arborizations. The findings do not enable a specific etiologic diagnosis to be made, however,
except in conjunction with the clinical findings and results of other
laboratory studies.
The findings may provide a guide to the severity of an acute disorder of a peripheral or cranial nerve (by indicating whether denervation
has occurred and the completeness of the lesion) and whether the
pathologic process is active or progressive in chronic or degenerative
disorders such as amyotrophic lateral sclerosis. Such information is
important for prognostic purposes.
Various quantitative EMG approaches have been developed. The
most common is to determine the mean duration and amplitude of
20 motor unit action potentials using a standardized technique. The
technique of macro-EMG provides information about the number and
size of muscle fibers in a larger volume of the motor unit territory and
has also been used to estimate the number of motor units in a muscle.
Scanning EMG is a computer-based technique that has been used to
study the topography of motor unit action potentials and, in particular,
the spatial and temporal distribution of activity in individual units.
The technique of single-fiber EMG is discussed separately below.
NERVE CONDUCTION STUDIES
Recording of the electrical response of a muscle to stimulation of its
motor nerve at two or more points along its course (Fig. 442e-4)

