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Preface
Since the mid-1970s, extraordinary advances in basic science,
laryngology, and technology have resulted in dramatic improvements in our understanding of the human voice and our ability
to diagnose and treat voice disorders. Laryngeal electromyography (LEMG) is among the most important of the many new
developments.
Although LEMG has been recognized since 1944, and important research regarding its application has been performed from
the 1950s through the present day, its practical clinical importance has been appreciated by more than a few researchers only
for the past couple of decades. Even now, many laryngologists
do not have access to LEMG, even though there are skilled electromyographers in their communities. Most electromygraphers
(neurologists, physiatrists, and others) have had no training
in the study of laryngeal muscles and are reluctant initially to
insert needles into laryngeal musculature. This book is written
as an easy guide for laryngologists, neurologists, physiatrists,
and other potential electrophysiologists who are anxious to add
LEMG to their clinical armamentarium. LEMG can be performed
by trained specialists in any of these fields, and expert laryngeal
electromyography is essential to accurate laryngologic diagnosis.
LEMG should be available to any voice care team.
The first and second editions of this book covered most of
the practical aspects of laryngeal electromyography, as well as
essential scientific information required to understand the procedure and its interpretation. The third edition has updated and
expanded these topics, adding new information including evidence-based research. Extensive new literature on intraoperative
monitoring has been summarized. The book includes neurophysiologic information that should be helpful to laryngologists who
want to begin performing LEMG, as well as discussions of laryngeal anatomy, needle placement technique, and selected voice
vii
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disorders that should help experienced electromyographers who
are not laryngologists become comfortable with LEMG.
Chapter 1 provides an overview of laryngeal electromyography and its clinical applications. Chapter 2 discusses anatomy
and physiology of the voice, providing a distillation of essential
information for neurologists and physiatrists interested in adding
LEMG to their practices. Chapter 3 discusses vocal fold hypomobility and its various causes, not all of which are neurogenic. In
Chapter 4, the fundamentals of electrodiagnostic evaluation are
summarized. This chapter is intended to provide a clinically practical introduction for laryngologists. Chapter 5 reviews the evolution of laryngeal electromyography from 1944 through 2016,
summarizing the most important and most recent literature on
the topic. Chapter 6 includes case studies to demonstrate the
practical application of LEMG in clinical care. Chapter 7 has
been rewritten extensively to provide the latest information of
intraoperative vocal fold monitoring. Appendix I is a convenient
outline summary of LEMG, and Appendix II is a republication of
an evidencebased practice parameter on the topic.
We hope that this book provides practical help for physicians in various specialties and that it facilitates wider utilization
of this invaluable procedure.
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1
Laryngeal Electromyography:
Introduction and Overview

Laryngeal electromyography (LEMG) is a procedure that evaluates the integrity of the muscles and nerves of the larynx. The
movements of the vocal folds are coordinated by the activities
of the muscles of the larynx, the cartilages of the larynx, and the
brain and nerves that supply the muscles of the larynx. Anatomy
and physiology of the voice are discussed in Chapter 2. Details of
the procedure and its clinical applications are introduced in this
chapter and expanded upon in subsequent chapters; important
points are summarized in Appendix I. Diagnostic LEMG is indicated in patients who have evidence of a movement disorder of
the vocal folds. The purpose of diagnostic LEMG is to help elucidate the cause of these movement disorders and serve as a guide
to diagnosis. Laryngeal motion abnormalities can be caused by
joint dysfunction, muscular abnormalities, or central or peripheral neural disorders involving the larynx. Understanding the
etiology of the motion abnormality is important in developing
an effective treatment algorithm. LEMG has proven extremely
helpful clinically, although evidence-based data confirming the
1
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usefulness of LEMG remain scarce (Appendix II). Movements of
the vocal folds are coordinated by the activities of the muscles of
the larynx, the cartilages of the larynx, and the brain and laryngeal nerves that supply the muscles of the larynx. Anatomy and
physiology of the voice are discussed in Chapter 2.
Principles of and Indications
for Diagnostic LEMG
Diagnostic LEMG is performed to evaluate the integrity of the laryngeal neuromuscular system. LEMG takes advantage of the fact that
nerves have an electrical signal that is transformed into a chemical signal at the neuromuscular junction. Electrodes are placed
transcutaneously in the muscles of the larynx. The electrodes sense
the electrical impulses within the muscle and convert them to
visual and auditory signals that can be interpreted by the physician performing the procedure or an electrophysiologist.
LEMG Procedure
LEMG is performed often as a diagnostic procedure, but it can
also be used therapeutically to help guide the identification of
the position of the laryngeal muscles for therapeutic injections
and to monitor the activity of the laryngeal nerves during operative procedures. The procedure for LEMG for therapeutic and
diagnostic indications involves the use of needle or hookedwire electrodes via a percutaneous insertion technique. Intraoperative monitoring of the laryngeal nerves most commonly
involves the use of surface electrodes, although needle and/
or hooked-wire electrodes can also be used for this indication.
Some otolaryngologists perform LEMG themselves. Neurologists,
physiatrists, or electrophysiologists can also perform LEMG. The
otolaryngologist’s decision to perform LEMG with the help of
other professionals depends on his or her level of comfort and
expertise in interpreting electromyographic findings. Because
neurologists, physiatrists, and electrophysiologists perform electromyography (EMG) on other neuromuscular systems on a daily
basis, and because their professional training equips them with
expertise in interpretation of complex neuromuscular electrical
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signals, many otolaryngologists prefer to have them assist in the
interpretation of diagnostic LEMGs. Because the use of LEMG for
botulinum toxin injections into laryngeal muscles requires a less
sophisticated level of expertise in LEMG interpretation, often this
procedure is performed solely by the otolaryngologist.
To perform LEMG, the patient is usually asked to lie down
with the neck extended, a position that brings the larynx closer
to the skin and aids the palpation of laryngeal landmarks for
accurate insertion of the electrodes into the laryngeal muscles.
As with all other sites of injections, the neck is cleansed first
with alcohol. The insertion of the needles through the skin feels
like a pinprick; the insertion into the muscles of the larynx may
be almost free of sensation or may produce a mild stabbing
sensation, similar to the sensation experienced when receiving an intramuscular injection. Local anesthetic can be given to
prevent the pinprick sensation on the skin; however, injection
of the anesthetic itself results in a pinprick sensation as well as
a burning sensation and thus is not used routinely. Local anesthetic should not generally be given to reduce the sensations
experienced during insertion of the electrodes into the muscles,
as anesthesia may alter the electrical signals of the nerves and
the muscles and confound the results, and it should not be given
so a patient’s ability to swallow and cough remains intact.
A surface or ground electrode is placed on the forehead,
chest, or another part of the body away from the neck to help
filter background electrical activity. The electrode used in diagnostic LEMG is usually a needle electrode or a hooked-wire electrode that is inserted with the use of a needle. Because surface
electrodes record electrical activity over a large surface area,
they are not sensitive enough to provide accurate information
about the small individual muscles in the larynx. Needle and
hooked-wire electrodes sample electrical activity over a smaller
surrounding area and thus are better suited for recording the
activity of the small intrinsic laryngeal muscles.
There are four pairs of muscle groups in the larynx: the thyroarytenoid (TA), the lateral cricoarytenoid (LCA), the posterior
cricoarytenoid (PCA), and the cricothyroid (CT). There is also
an unpaired interarytenoid muscle that is tested only rarely. The
TA, PCA, and CT muscles are tested on each side routinely. Usually, testing of these three groups of muscles provides sufficient
information about the integrity of the superior and recurrent
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laryngeal nerves and the muscles that they innervate for most
clinical purposes. When equivocal results are obtained or when
additional information is needed, the lateral cricoarytenoid and
interarytenoid muscles may be tested as well. The needles are
inserted through the skin and into the laryngeal muscles. The
positions of the thyroid and cricoid cartilages are identified and
the needle is passed through the cricothyroid membrane and
in the direction of the muscle of interest. When the needle is
positioned correctly, the patient is asked to perform laryngeal
maneuvers (phonatory, respiratory, or swallowing) that require
contraction of the muscle of interest and relative relaxation of the
other muscles of the larynx. Testing of the cricothyroid muscle,
for example, involves sliding from a low-pitched sound to a
high-pitched sound. Testing the posterior cricoarytenoid muscle involves performing a forceful sniff. For the thyroarytenoid,
lateral cricoarytenoid, and interarytenoid muscles, saying /i/
produces the desired muscle activity. The anatomic distinction
among these three muscles is that the thyroarytenoid muscle sits
higher and more toward the middle of the larynx than does the
lateral cricoarytenoid muscle, the lateral cricoarytenoid muscle
sits laterally and posteriorly in the larynx, and the interarytenoid
muscle lies between the arytenoid cartilages and more posteriorly in the larynx than do the lateral cricoarytenoid and thyroarytenoid muscles. Differences of electrical activity in these
muscles and in positioning of the needle for accurate insertion
into each laryngeal muscle are discussed in Chapter 5. When the
needle is in the correct position, the electrical signal seen on the
oscilloscope and the auditory signal heard through the speakers
will be increased with the appropriate phonatory, respiratory, or
swallowing maneuver. If botulinum toxin is to be injected, it is
injected through the EMG needle once the intended muscle is
isolated. If LEMG is being performed for diagnostic purposes, the
specific facets of the electrical signal are assessed as described
briefly here and in detail in Chapters 4 and 5.
Interpreting LEMG Results
Diagnostic LEMG involves the assessment of four main characteristics of the EMG signal: insertional activity, spontaneous
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activity, recruitment, and waveform morphology. The results of
LEMG alone are not sufficient to establish a specific diagnosis.
LEMG gives general information about the integrity of the motor
units (the nerve fibers and their respective muscle fibers), the
muscle, the nerve, and the neuromuscular junction and must
be interpreted within the context of the clinical setting. A multitude of disease processes can produce damage to any of these
structures. LEMG quantifies neuromuscular function and, sometimes, can give an indication of the chronicity of abnormal function. The etiology of the voice dysfunction is established on
the basis of the history of the patient’s voice dysfunction, the
physical examination, imaging studies, laboratory studies, and
results of LEMG and biopsies, as indicated by the suspected
disease process.
Each of the factors investigated with LEMG provides an indication of the chronicity, the site of pathology, and the prognosis
for recovery. Serial LEMGs can be performed to follow changes
in nerve recovery or degeneration over time, allowing a better
indication of the prognosis for recovery. In patients with paresis
(weakness, hypomobility) or paralysis (complete nerve dysfunction, essentially immobility), the results of the LEMG may also
help to guide subsequent voice therapy. If mild paresis is found,
the patient should receive voice therapy aimed specifically at
increasing the strength of the paretic muscle. In patients with
moderate paresis and/or paralysis who may benefit from surgical procedures to enhance voice production, LEMG may aid in
determining the nature and timing of the surgical procedure. If
there is evidence of an ongoing neural degenerative process, surgery may be delayed until degeneration is complete or tailored
to accommodate additional surgery as the disorder progresses.
Similarly, if there is evidence of reinnervation, surgery may be
delayed until maximal recovery has been achieved.
Summary
LEMG is a procedure that evaluates the integrity of laryngeal
nerves and muscles. It is particularly useful in differentiating disorders affecting the superior and recurrent laryngeal nerves from
those affecting the laryngeal joints, neuromuscular junctions, or
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the muscles of the larynx. LEMG should be considered as an
extension of the physical examination, not as an isolated laboratory procedure. LEMG abnormalities are interpreted within the
broader clinical context and are used to assist in the diagnosis
and treatment of vocal fold motion abnormalities.

