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Preface

Voice conveys much more than intellectual mes-
sages. Most people recognize vocal expression of
emotion. For example, when we answer a phone
call from a parent, we need to hear no more than the
word “hello” to know whether the call brings good
news or bad. Similarly, voice change may offer the
first indication of various systemic disorders. Laryn-
geal Manifestations of Systemic Disease summarizes the
vocal changes that occur with disorders throughout
the body. It is common for dysphonia to be the first
manifestation of systemic disease. So, familiarity with
laryngeal manifestation of systemic disease is impor-
tant not only for otolaryngologists and phoniatrists,
but also for family practitioners, internists, medical
students, physician assistants, nurse practitioners,
nurse clinicians, speech-language pathologists, sing-
ing voice specialists, acting voice specialists, voice
teachers, and others entrusted with the care, edu-
cation, and health of the human voice. This book is
intended for all such professionals, and for patients,
particularly professional voice users, who want to
know as much as possible about their instrument and
conditions that might affect it adversely.

Laryngeal Manifestations of Systemic Disease synthe-
sizes current knowledge about voice modifications
associated with various disorders.

After providing basic introductory information in
the initial chapters, the chapters in this book review
pathophysiology of systemic diseases and their
effects on phonation, with summaries of current lit-
erature; and we have attempted to assist clinicians
by including intriguing cases and images. Some of
the material in this book was derived from R.T. Sata-
loff Professional Voice: The Science and Art of Clinical
Care, Fourth Edition (2017), San Diego, California:
Plural Publishing, Inc., with the permission of Plural
Publishing, Inc. However, although that publication
is recent, much of the material in Laryngeal Manifes-
tations of Systemic Disease is new, reworked, and/or
expanded.

Chapter 1, Clinical Anatomy and Physiology of
the Voice, contains a great deal of information about
laryngeal anatomy, neuroanatomy, respiratory func-
tion and other topics that, to the best of our knowl-
edge, has not been synthesized in similar detail in a
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single source elsewhere, except in Sataloff’s Profes-
sional Voice: The Science and Art of Clinical Care, Fourth
Edition, from which this chapter has been republished.
Chapter 2 on Genetics of the Voice reviews what is
known about the genetics of voice from a clinical
perspective. Genetic considerations are increasingly
important to understanding and treating systemic
disease. In Chapter 3 on the Impact of Aging on the
Voice, we summarize vocal changes associated with
the aging process, a common and expected cause
of voice modification. Chapter 4, Common Medi-
cal Diagnoses and Treatments in Patients with Voice
Disorders: An Introduction and Overview, provides
insights on a great many maladies that may alter the
voice, some of which are covered in much greater
details in subsequent chapters. Chapter 5 on Sleep,
Body Fatigue, and Voice reviews the importance of
sleep and general well-being to vocal health, and
dysphonic changes that might be expected with defi-
ciencies in either. Laryngeal Manifestations of Neu-
rologic Disorders are discussed in Chapter 6. In this
chapter, various neurological conditions are sum-
marized including tremor, multiple sclerosis, myas-
thenia gravis, dystonia, and others. Understanding
the pathophysiology of their effects on voice should
be of value to anyone caring for the many patients
with such maladies. In addition to covering various
aspects of psychological assessment and treatment,
Chapter 7 on Psychological Aspects of Voice Disor-
ders integrates information on the role of psychologi-
cal professionals and others involved in management
of emotional and psychological challenges in voice
patients. Chapter 8, Impact of the Auditory System
on Voice, reviews dysphonia associated with hearing
function and dysfunction. Laryngeal Manifestations
of Respiratory Disorders, Chapter 9, reviews the
many effects of respiratory dysfunction upon pho-
nation. Since “support,” or the power source of the
voice, depends upon efficient pulmonary function
and aerobic conditioning, respiratory disorders com-
monly are associated with dysphonia. Allergies often
cause dysphonia, and basic, clinically practical infor-
mation on this topic is presented in Chapter 10. In
Chapter 11 on Laryngeal Manifestations of Gastroin-
testinal Disorders, the impact of gastroenterological

vii
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viii LARYNGEAL MANIFESTATIONS OF SYSTEMIC DISEASES

dysfunction upon phonation is reviewed in detail,
with special attention to laryngopharyngeal reflux.
This chapter includes approximately 600 references in
a comprehensive update of this important topic and
it is republished from the fourth edition of Sataloft’s
book on Professional Voice. Laryngeal Manifesta-
tions of Autoimmune Disorders, Chapter 12, reviews
many of the autoimmune diseases that may affect the
voice including rheumatoid arthritis, systemic lupus
erythematosus, and others. Chapter 13, Laryngeal
Manifestations of Endocrine Disorders, provides an
overview of endocrinologic dysfunction. The voice is
extremely sensitive to even slight changes in the hor-
monal environment, and good laryngologists com-
monly diagnose endocrinologic disorders based on
a presenting complaint of dysphonia. Chapter 14 on

‘ ‘ Plural_Hamdan_FM.indd 8

Bodily Injuries and Their Effects on the Voice, pres-
ents the consequences of trauma upon phonation.
Any injury that causes pain (back, neck, extremity,
shoulder, or elsewhere) that alters posture or muscle
function and balance may affect the voice. Chapter
15 on Medications and the Voice reviews the voice
effects associated with many medications commonly
prescribed for disorders throughout the body. Not
only systemic disease but also its treatment may be
responsible for a voice complaint.

We hope that this book will prove useful for our
readers and will help make all of us better holistic
diagnosticians. When a patient presents with a voice
complaint and we diagnose a previously unrecog-
nized systemic disease, we may not only improve the
voice, but we also may save a life.

—Abdul-Latif Hamdan, MD, EMBA, MPH, FACS,
American University of Beirut Medical Center

—Robert T. Sataloff, MD, DMA, FACS,
Drexel University College of Medicine

—Mary J. Hawkshaw, RN, BSN, CORLN,
Drexel University College of Medicine
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Clinical Anatomy and
Physiology of the Voice

Robert Thayer Sataloff

Anatomy

The anatomy of the voice is not limited to the region
between the suprasternal notch and the hyoid bone.
Practically all body systems affect the voice. The
larynx receives the greatest attention because it is
the most sensitive and expressive component of the
vocal mechanism, but anatomic interactions through-
out the patient’s body must be considered in treating
voice disorders. It is helpful to think of the larynx
as composed of 4 anatomic units—skeleton, mucosa,
intrinsic muscles, and extrinsic muscles—as well as
vascular, neurological, and other related structures.
The glottis is the space between the vocal folds.
The term vocal cords was abandoned in favor of the
term vocal folds more than 3 decades ago. Vocal folds
is a more accurate description of the structure, as
described below (although not quite so accurate as
the German term “vocal lips”). Moreover, the word
“cord” often makes people think of a string-like
structure, and vocal fold motion is not similar to a
vibrating string.

Laryngeal Skeleton: Cartilages,
Ligaments, and Membranes

The most important parts of the laryngeal skeleton
are the thyroid cartilage, the cricoid cartilage, and the
2 arytenoid cartilages (Figure 1-1). The laryngeal car-
tilages are connected by soft attachments that allow
changes in their relative angles and distances, thereby
permitting alterations in the shape and tension of the
tissues extended between them. The intrinsic mus-
cles of the larynx are connected to these cartilages.

For example, one of the intrinsic muscles, the thyro-
arytenoid (TA), extends on each side from the aryte-
noid cartilage to the inside of the thyroid cartilage
just below and behind the thyroid prominence. The
medial belly of the TA is also known as the vocalis
muscle, and it forms the body of the vocal fold.

The pyramidal, paired arytenoid cartilages sit atop
the superior edge of the cricoid cartilage. They each
include a muscular process, a vocal process and an
apex, a body, and a complex, concave articular sur-
face. They are hyaline cartilages, except for the vocal
process, and the apices in some cases, which are com-
posed of fibroelastic cartilage. The hyaline portions
generally begin to ossify at around 30 years of age.?
Clinically, arytenoid asymmetry is common. Ham-
dan et al. studied 110 singers (male-to-female ratio
of 2:1) and found no correlation between arytenoid
asymmetry and vocal symptoms.? In a later study,
they also found no correlation between arytenoid
asymmetry and posture, neck tension, or glottal
attack.? Bonilha et al also found that arytenoid asym-
metry was common, but there were no statistically
significant differences in prevalence of arytenoid
asymmetries comparing subjects with normal voices
and those with dysphonia.’

Ossification of the thyroid cartilage begins earlier,
usually at around 20 years of age, and usually begins
posteriorly and inferiorly.? The 2 thyroid laminae join
in the midline, forming an angle of approximately
120° in women and approximately 90° in men. The
thyroid prominence is also more noticeable in men
and is commonly known as the “Adam’s apple.”
Just above the thyroid prominence, the thyroid lami-
nae form a “V,” the thyroid notch. Posteriorly, the

1/10/2019 1:45:49AM‘ ‘
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Figure 1-1. A. Cartilages of the larynx. (continues)
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Figure 1-1. (continued) B. Schematic representation of position changes of laryngeal cartilages illustrating the most
extreme positions achieved by each. (Reproduced with permission from Pernkopf.")
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4 LARYNGEAL MANIFESTATIONS OF SYSTEMIC DISEASES

laminae extend to form superior and inferior cornua
(horns). The superior cornu connects to the hyoid
bone via the thyrohyoid ligament. The inferior cornu
is connected to the cricoid cartilage by a synovial cri-
cothyroid joint. The joint is encased in a capsular liga-
ment, which is strengthened posteriorly by a fibrous
band. Movement of the paired cricothyroid joints is
diarthrodial. The primary movement is rotary, with
the cricoid rotating around a transverse axis passing
through both joints. Gliding in various directions
also occurs to a limited extent. This joint tends to
move anteromedially during vocal fold adduction
and posterolaterally during vocal fold abduction and
permits the anterior aspects of the cricoid and thy-
roid cartilages to be brought more closely together
to increase vocal fold length (and frequency of pho-
nation, or pitch) in response to cricothyroid (CT)
muscle contraction.

The perichondrium of the thyroid cartilage is thin-
ner internally than externally. Externally, in the mid-
line, there is a tiny landmark that can be helpful in
identifying the position of the anterior commissure.®
This small, diamond-shaped surface depression is
associated with a slightly lighter color compared
to the adjacent thyroid cartilage. It is found in the
anterior midline, approximately halfway between
the thyroid notch and the inferior border of the thy-
roid cartilage, and a small, unnamed artery travels
through this tiny depression, as described by Adams
etal.® The landmark is referred to sometimes as Mont-
gomery’s aperture. At a corresponding location on the
inner surface, there is a small protrusion that is devoid
of perichondrium. This is the point of attachment of
Broyles ligament and the anterior commissure ten-
don. The rest of the thyroid cartilage is covered with
fairly thick perichondrium, and the smooth, concave
inner surface is covered by a mucosal membrane. Bro-
yles ligament is formed by the vocal ligament (which
is also the upper border of the conus elasticus), the
internal perichondrium of the thyroid cartilage, and
the thyroepiglottic ligament.

The oblique line is another important external land-
mark of the thyroid cartilage. It runs anteroinferiorly
from a superior thyroid tubercle located just inferior
to the superior cornu, and it extends to the inferior
thyroid tubercle located at the lower border of the
thyroid lamina. The oblique line is actually a ridge
to which the thyrohyoid, sternothyroid, and inferior
pharyngeal constrictor muscles attach. Fibers from
the palatopharyngeus and stylopharyngeus muscles
attach to the posterior border of the thyroid cartilage.

The signet ring—shaped cricoid cartilage is the only
circumferential cartilaginous structure in the airway.
Its posterior lamina may rise to a height of approxi-
mately 30 millimeters (mm), and its anterior arch

‘ ‘ Plural_Hamdan_ChO1.indd 4

may be only a few millimeters in height. Not only is
the anterior aspect of the arch thin, but it also ossi-
fies later than the posterior aspect of the cricoid car-
tilage, which begins to ossify in the early to mid-20s.
Because the anterior portion of the arch is both thin
and tends to ossify later, it is particularly prone to
fracture during surgical manipulation. This should
be remembered in procedures such as cricothyroid
approximation; traction should always be centered
laterally on the cricoid arch, rather than near the
midline. The cricoid and thyroid cartilages are joined
through the cricothyroid joints. These synovial joints
vary among individuals. They have been divided
into 3 groups.” In group 1, the rotation axis of the
cricothyroid joint is located in the lower third of the
joint (13 of 24 specimens studied); in group 2, it is
located in the middle third of the joint (5/23); and
in group 3 the effective axis of rotation is located in
the lower third of the cricoid cartilage. Elongations
of the vocal fold were 12% in group 1, 8% in group 2,
and 3% in group 3. These differences may be impor-
tant for patients undergoing cricothyroid approxima-
tion surgery, but more research is needed to confirm
these findings and investigate their clinical implica-
tions. The cricoid is connected to the thyroid carti-
lage not only through the cricothyroid joints, but also
through the cricothyroid membrane and its midline
thickening known as the cricothyroid ligament.

Internal dimensions of the cricoid cartilage and tra-
chea vary substantially. Such information is impor-
tant with regard to tracheal intubation, dilatation,
stenting, endoscopy, anastomosis, and transplanta-
tion. The luminal cross sections vary between and
among men and women. The smallest dimension
occurs in the frontal plane.® In women, this mea-
sures approximately 11.6 mm, with a range of 8.9 to
17 mm. In men, it is about 15 mm, with a range of 11
to 21.5 mm. The distance between the cricoarytenoid
joint facets varies from person to person, as well, as
does the angle between longitudinal axes of the cri-
coarytenoid joint facets (42°-74° in women, 37°-75°
in men).8 Morphometric characteristics of the larynx
have also been studied by Jotz et al.” They examined
larynges of 50 male and 50 female fresh cadavers of
humans older than 40 years. All laryngeal measure-
ments were greater in men than in women except for
the thyroid angle that was greater in women. There
was no significant difference in morphological com-
parison between men and women among various
age groups.

The cross section of the trachea is also highly vari-
able, with a frontal diameter reported as narrow as
9.9 mm in women and 12 mm in men.® The marked
variation in size and shape highlights the difficulty
in creating a standardized rigid stent. It should also
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be noted that the diameter of the cricoid ring in some
women is too narrow to permit the atraumatic pas-
sage of an endotracheal tube with a 7-mm internal
diameter. Anatomic variation also must be taken into
consideration during laryngotracheal replacement or
transplantation.

In addition to the cricoid, thyroid, and paired
arytenoid cartilages, there are numerous other com-
ponents of the laryngeal skeleton and the related
structures. The superior aspect of the laryngeal skel-
eton is the hyoid bone, which is usually ossified by
age 2. The hyoid bone attaches to the mylohyoid,
geniohyoid, and hyoglossus muscles superiorly
and inferiorly connects to the thyroid cartilage via
the thyrohyoid membrane. This U-shaped bone has
an inferiorly located lesser cornu and a superiorly
located greater cornu on each side.

The epiglottis is a fibroelastic cartilage that is
shaped like a leaf and narrows inferiorly where it
becomes the petiole. The petiole attaches to the inner
surface of the thyroid cartilage immediately below
the thyroid notch by the thyroepiglottic ligament.
The superior aspect of the epiglottis faces the base of
the tongue anteriorly and the laryngeal inlet posteri-
orly. The hyoepiglottic ligament connects the poste-
rior surface of the hyoid bone to the lingual surface
of the epiglottis. On its laryngeal surface, the epiglot-
tis contains a protuberance that sometimes obscures
view of the anterior commissure. This is the epiglot-
tic tubercle. Perichondrium is less densely adherent
to the epiglottic cartilage on the lingual surface than
on the laryngeal surface, explaining why epiglottic
edema tends to be more prominent in the vallecula
than in the laryngeal inlet. However, edema on the
lingual surface can push the epiglottis posteriorly,
resulting in airway obstruction. The preepiglot-
tic space is formed by the mucosa of the vallecula
superiorly, the thyroid cartilage and thyrohyoid
membrane anteriorly, and the epiglottis posteriorly
and inferiorly. Blood vessels and lymphatic channels
course through this space.

There are several cartilages of less functional
importance located above the thyroid cartilage. The
cartilages of Santorini, or corniculate cartilages, are
fibroelastic and are found above the arytenoid car-
tilages. They help improve the rigidity of the ary-
epiglottic folds. Like the epiglottis and many other
elastic cartilages, they do not ossify. The cuneiform
cartilages (cartilages of Wrisberg) also do not ossify,
even though they consist of hyaline cartilage. They
are located in the aryepiglottic folds and also improve
rigidity, helping to direct swallowing toward the
piriform sinuses. The triticeal cartilages are located
laterally within the thyrohyoid ligaments. These
structures are hyaline cartilages and often do ossify

(as may the lateral thyrohyoid ligaments themselves).
They may easily be mistaken on x-rays for foreign
bodies. The lateral thyrohyoid ligaments are actually
thickenings of the thyrohyoid membrane. There is
also more central thickening called the medial thyro-
hyoid ligament. The laryngeal vessels and the inter-
nal branches of the superior laryngeal nerves enter
the thyrohyoid membrane posterior to the lateral
thyrohyoid ligaments. The thyrohyoid ligaments and
membranes are among the structures that suspend
the larynx directly or indirectly from the skull base.
The other structures that do so include the stylohyoid
ligaments, the thyrohyoid ligaments and membrane,
the thyroepiglottic ligaments, the cricothyroid liga-
ments and membrane, the cricoarytenoid ligaments,
and the cricotracheal ligament and membrane.

The arytenoid cartilages are capable of complex mo-
tion. Previously, it was believed that the arytenoids
rock, glide, and rotate. More accurately, the cartilages
are brought together in the midline and revolve over
the cricoid. It appears as if individuals use differ-
ent strategies for approximating the arytenoids, and
these strategies may influence a person’s susceptibil-
ity to laryngeal trauma that can cause vocal process
ulcers and laryngeal granulomas.

The larynx contains 2 important, large, paired
“membranes,” the triangular membranes and the
quadrangular membranes (Figure 1-2). The paired
triangular membranes form the conus elasticus. Each
triangular membrane is attached to the cricoid and
thyroid cartilages anteriorly (the base of the triangu-
lar membrane), to the cricoid cartilage inferiorly, and
to the vocal process of the arytenoid cartilage pos-
teriorly (the apex of the triangular membrane). The
superior edge of each fibroelastic triangular mem-
brane is the vocal ligament, forming the intermediate
and deep layers of lamina propria of the vocal folds,
as discussed below. These structures extend anteri-
orly to form a portion of Broyles ligament. More ante-
riorly, a portion of the conus elasticus constitutes the
cricothyroid ligament.

Like the upper border of the triangular membrane,
the upper and lower borders of the quadrangular
membrane are free edges. The upper border of each
quadrangular membrane is the aryepiglottic fold,
bilaterally. The lower border extends from the infe-
rior aspect of the epiglottis to the vocal process of the
arytenoid cartilages and forms part of the vestibular
(or ventricular) fold, or false vocal fold. Superior and
inferior thickenings in the quadrangular membrane
form the aryepiglottic ligament and the vestibular lig-
ament, respectively. The quadrangular membrane is
shorter in vertical height posteriorly than anteriorly.
Lateral to these structures is a region called the para-
glottic space. It is bounded laterally by the thyroid
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