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Preface

NEW TO THIS EDITION

The original edition of The Voice and Voice Therapy was published in 1971. The
preface to the first edition concluded with a statement that has as much relevance
today as it did some forty years ago:

The Voice and Voice Therapy is an attempt to take some of the magic
out of voice therapy. I hope there is something here not only for the stu-
dent of voice therapy, but also for the clinical speech pathologist and the
practicing laryngologist. I think there is.

In subsequent revisions, we have attempted to maintain the book’s relevance
to students and voice clinicians alike. Each edition has incorporated the most cur-
rent scientific knowledge from a variety of disciplines, as well as information about
the latest advances in technology. This current edition has some major updates to
both the fundamental content of the book and to the pedagogical elements support-
ing its use in the classroom and clinic. Some chapter-by-chapter highlights include:

e Chapter 1, “An Introduction to Voice Disorders and Their Management,” fea-
tures current data on the incidence and prevalence of voice disorders in the
general population and in specific populations. There are also expanded dis-
cussions of the classification of voice disorders and of the various approaches
to managing the person with dysphonia.

e Chapter 2, “Normal Voice: Anatomy and Physiology Through the Lifespan,”
has been expanded considerably. It features a more comprehensive description
of the anatomy and physiology of normal voice production. In addition, the
chapter has all new anatomy illustrations. This chapter can stand alone, thus
eliminating the need for students, instructors, or clinicians to refer to outside
source material.

® Chapter 3, “Functional Voice Disorders,” presents practical approaches to
identifying and managing behaviorally based voice disorders. The chapter
includes expanded discussions of excessive laryngeal muscle tension and the
benign laryngeal pathology that may develop as a result, as well as voice dis-
orders with a psycho-emotional basis or overlay. We also review evidence-
based practice (EBP) studies supporting the value of our Voice Facilitating
Approaches in treating persons with functional or psychogenic dysphonia.

e Chapter 4, “Organic Voice Disorders,” presents practical approaches to iden-
tifying and managing organic voice disorders. We present current literature on
the medical management of these disorders and on the role of the voice clini-
cian in evaluation and therapy.



xvi

Preface

e Chapter 5, “Neurogenic Voice Disorders,” presents the latest research in the
behavioral, pharmacological, and surgical management of neurogenic voice dis-
orders. We also review numerous evidence-based practice (EBP) studies support-
ing the value of our Voice Facilitating Approaches in treating the respiration,
phonation, and resonance subsystems in persons with dysarthria.

e Chapter 6, “Evaluation of the Voice,” has been expanded considerably. It
features the latest approaches to the auditory-perceptual evaluation of the voice
and to assessment of voice-related quality of life. Multiple case studies illustrate
both instrumental and noninstrumental assessment of the voice across medical
and educational settings. These case studies also provide a framework for report
writing and special considerations for voice populations across the lifespan. New
figures illustrate instrumental approaches to identifying and quantifying voice and
resonance disorders. Over a dozen new tables present the student and clinician
with normative data across the lifespan for a variety of acoustic, aerodynamic,
and related voice measures. This chapter can stand alone, thus eliminating the
need for students, instructors, or clinicians to refer to outside source material.

e Chapter 7, “Voice Facilitating Approaches,” remains the bedrock of this text-
book. We have retained our core set of 25 Voice Facilitating Approaches, and
present the latest evidence-based practice (EBP) studies supporting their value in
treating persons with dysphonia. Many of the cases illustrating the approaches
have been updated to reflect the types of patients seen in current clinical prac-
tice, including applications for audiovisual feedback in therapy. We also discuss
current literature on patient compliance and barriers to treatment.

e Chapter 8, “Therapy for Special Patient Populations,” features expanded
discussions of the identification and management of children, adolescents,
and older adults with dysphonia. In particular, we discuss in greater detail
the professional voice user and the management of dysphonia in this increas-
ing population of patients. We also discuss in more detail the management of
dysphonia in children and adults with hearing impairment, in those who are
transgendered, and in those with a variety of respiratory-based conditions.

e Chapter 9, “Management and Therapy Following Laryngeal Cancer,” is new
and features expanded discussion of the medical management of patients with
laryngeal cancer and the role of the voice clinician in evaluation and therapy.
We have added new illustrations and photographs throughout the chapter.

e Chapter 10, “Resonance Disorders,” features both the instrumental and nonin-
strumental assessment of persons with disorders of nasal or oral resonance. We
have expanded the chapter’s discussion of the team management of persons
with cleft palate speech. Application of our Voice Facilitating Approaches to
treatment of resonance disorders is illustrated.

Close to 1,000 references to other studies are included throughout the text.
Cardinal literature from the past 40 years of voice science and care is included, as
well as the most current literature from a variety of disciplines. Greater than half
the references are new in this edition, with the majority representing advances in our
field from the year 2000 to the present.

All new pedagogical elements supporting the use of the book for teaching
include the following;:

e The Learning Objectives at the beginning of each chapter have been expanded.
e Check Your Knowledge boxes within each chapter stimulate critical thinking.



e Clinical Sidebars reinforce clinical application of material.

* Clinical Concepts at the end of select chapters reflect many of the learning
objectives.

¢ Guided Reading exercises at the end of select chapters reference key clinical
articles.

e Multiple-choice questions (Preparing for the PRAXIS™) at the end of select
chapters help readers master the type of content covered in the Praxis [I™
examination in speech-language pathology.

* A companion website contains a wealth of supplemental materials.

Did you know this book is also available as an enhanced Pearson eText? The afford-
able, interactive version of this text includes 3-5 videos per chapter that exemplify,
model, or expand upon chapter concepts. Look for the play button in the margins to
see where video is available in the affordable enhanced eText version of this text. To
learn more about the enhanced Pearson eText, go to www.pearsonhighered.com/
etextbooks.

We are fascinated by the human voice and intrigued by the art and science of voice
therapy. As the great American poet Henry Wadsworth Longfellow wrote,

“Ob, there is something in that voice that reaches the innermost recesses of
my spirit!”
We invite you to join us as lifelong students of the human voice, and we hope that
while you read this edition, you will share the passion we had for writing it.
DaNIEeL R. BOONE
STEPHEN C. MCFARLANE
SHELLEY L. VON BERG
RicHARD I. ZrAICK

Preface

xvii


www.pearsonhighered.com/etextbooks
www.pearsonhighered.com/etextbooks

This page intentionally left blank



Acknowledgments

We would like to thank our reviewers: Stephanie Hughes, Governors State
University; Kathleen Fahey, University of Northern Colorado; Barbara R. Brindle,
Western Kentucky University; and Nandhu Radhakrishnan, University of Missouri;
we’d also like to thank Denise Stats-Caldwell, Arizona State University, for her
suggestions regarding the book’s features. This book contains material produced
with our valued colleagues, as follows: (i) The Laryngeal Pathology Photo Gallery
and Laryngeal Pathology Video Library are from the Voice and Swallowing Center
in the Department of Otolaryngology—Head and Neck Surgery at the University
of Arkansas for Medical Sciences (UAMS) (Little Rock, Arkansas). We are grate-
ful to Dr. Ozlem Tulunay-Ugur and Dr. James Suen for allowing their inclusion.
(ii) The Voice Facilitating Approaches videos would not have been possible without
the expertise of Mark Gandolfo and his team in Media Design and Production at
Teaching and Learning Technologies at the University of Nevada, Reno. The new
medical illustrations were generated by the gifted hand of Maury Aaseng. Chapters
9 and 10 contain contributions from Leah Skladany, Ph.D. Bonnie Slavych, M.S.,
assisted with manuscript preparation. Douglas Kucera provided eagle-eyed manu-
script scrutiny.

DaNIEL R. BOONE
STEPHEN C. MCFARLANE
SHELLEY L. VON BERG
RIcHARD I. ZRAICK

Xix



This page intentionally left blank



CHAPTER [

An Introduction to
Voice Disorders and
Their Management

= LEARNING OBJECTIVES =mm
u
After reading this chapter, one should be able to: -
o List and describe the biological, emotional, e Describe the incidence and prevalence
and linguistic functions of the larynx. of voice disorders in specific

o List and describe the kinds of voice populations.

disorders. e Describe the types of intervention for

o Describe the incidence and prevalence of voice disorders.

voice disorders in the general population. -

When we hear the long-awaited cry of the newborn infant, we are hearing the
infant’s first coordination of the outgoing use of the breath stream passing between
the vocal folds. More important, we are hearing the confirming evidence that a new
life has been born. From that moment on, the mother and those nearby listen closely
to the baby’s vocalizations. The mood states of anger, loving, and hunger can be
heard in the baby’s vocal shadings. Similarly, for a lifetime, the sound of the voice
often carries more meaning than the words that we say.

Speaking is a distinctive way of using the larynx. The act of singing is even
more so. Both speaking and singing demand a combination and interaction of respi-
ration, phonation, resonance, and speech articulation. The best speakers and singers
are often those persons who, by natural gift or training, or by a studied blend of
both, have mastered the art of optimally using these vocal mechanisms. For most of
the population, however, we count on our voices being there when we speak, sing,
cry, or laugh with very little conscious effort required.

The larynx sits at the top of the airway, and it appears that its primary func-
tion in mammals (including humans) is protecting the airway from any kind of
obstruction. Production of the human voice is a secondary function. While the
focus of this text is on voice habilitation and rehabilitation, whatever we do in
therapy must be consistent with the primary demands of the respiratory system.
We will also see that, beyond breathing problems, voicing difficulties can be the
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ke Asyou watch this
video, note how the
clinician takes time to
frame strategic ques-
tions to attempt to
approach the voice
disorder holistically.
He is interested in the

entire person, not just

the pathology. Grand
Rounds: What addi-

tional questions might

you ask this patient?

Explain why you would

ask these questions.

SIDEBAR 1.1 {| -

To appreciate this
movement, put your
right index finger on
your Adam’s apple and
swallow repeatedly. You
should feel the larynx
rising and gliding for-
ward, and then gliding
back and lowering to
its resting position.

result of anatomic deviation and disease, or of emotions overriding normal vocal
function, or of a change of vocal function resulting from misuse and overuse of
vocal mechanisms.

The voice evaluation by both the physician and the speech-language patholo-
gist (SLP) attempts to identify the causal factors of a particular voice disorder. This
dual evaluation of voice documents and quantifies the elements for possible vocal
change. If remediation of the voice problem is indicated, it will be by medical treat-
ment and/or voice therapy alone. The focus of this text is on voice therapy by the
SLP, regardless of the setting (school, clinic, hospital) in which he or she works with
the patient with a voice disorder.

THE BIOLOGICAL FUNCTION OF THE LARYNX

A description of the biological aspects of laryngeal function provides us an early
hint of how the biological demands of the airway and the larynx will always take
precedence over artistic or communicative vocal production. When the brain signals
the body’s need for renewal of oxygen in the breath cycle, we automatically take in
a breath. Oxygen-laden air flows through the passages of the upper airway into the
lungs, followed by the outgoing carbon dioxide-loaded air flowing out of the body
through the airway. This transportation of air into and out of the lungs is the pri-
mary function of the airway. Protecting the airway for an unobstructed passage of
the air supply is the larynx. The primary biological function of the larynx is to keep
fluids and foods from going into the airway (aspiration).

The larynx sits in a vital site at the front, bottom of the throat (pharynx), and
at the top of the windpipe (trachea). As fluids and chewed food (bolus) come down
the posterior throat, they are diverted from the lower throat (hypopharynx) into the
open esophagus, where they continue their journey through the esophagus down
into the stomach. As part of the swallowing act, the larynx raises high in the neck
(elevating the esophagus and trachea with it). As swallowing progresses, the tongue
comes back, and the epiglottis, which acts as a partial cover, closes over the open
glottis (see Sidebar 1.1).

Whenever the larynx plays this sphincteric role of closing off the airway to
permit the posterior passage of liquids or food, the entire laryngeal body rises. Also,
in fear situations, the larynx may reflexively elevate as part of its primary role in
protecting the airway. Some voice patients, sometimes those with excessive fears,
will attempt voice with the larynx in its elevated “protector” posture. Such excessive
laryngeal elevation is not a good posture for producing a normal voice. This may be
associated with the Polyvagal theory (see Porges, 2003).

Besides the elevating capability of the larynx, which helps prevent aspiration,
airway closure is aided by three laryngeal muscle valves, described in Chapter 2
as the aryepiglottic folds, the ventricular folds (false folds), and the thyroarytenoid
muscles (the true vocal folds). The most vertical of these valve pairs in the larynx are
the aryepiglottic folds, which are considered part of the supralarynx. Under vigor-
ous valving conditions, such as severe coughing, they begin to approximate (adduct).
Below them are the ventricular folds; only during vigorous adductory activities, like
the cough, do they approach each other. The lowest and more medial of the three
laryngeal valves are the thyroarytenoid muscles, the true vocal folds. During swal-
lowing, they always adduct to prevent possible aspiration. Also, the individual has
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fine control of the true vocal folds, with some capability of altering their shape,
length, and tension, to produce various voicing changes.

When one breathes naturally, all three valve sites are open. The vocal folds
separate further on inspiration, allowing a greater volume of air to pass through
quickly; on expiration, they move slightly toward (adduct) one another. As fur-
ther described in Chapter 2, voice is produced when the vocal folds adduct slightly
together, allowing expired air to pass between them, setting the folds into vibra-
tion. This vibration produces voice (phonation). This phonation is then resonated
through various sites of the vocal tract. The resonance of the voice begins with this
vibratory sound in the larynx, traveling up through the pharynx and the oral and
nasal cavities above. The voice we hear, then, is produced by a combination of respi-
ratory activation, phonation, and amplifying resonance. Although the primary role
of the larynx is to protect the airway, the larynx and voice in the human plays an
important role in emotional and linguistic expression.

THEEMOTIONAL FUNCTION OF THE LARYNX

The infant seems to express emotions by making laryngeal sounds. Certainly, the
caregiver can soon detect differences in the emotional state of the baby by changes
in the sound of the baby’s vocalizations: A cry from hunger may sound different
from a cry of discomfort or the vocalization of anger. Contentment (after a full
stomach or being held) can be heard in the relaxed cooing responses of the baby.
From early infancy throughout the lifespan, the sound of one’s vocalization often
mirrors one’s internal emotional state.

Our voice can sound happy or sad, contented or angry, secure or unsafe,
placid or passionate (see Sidebar 1.2). How one feels affectively may be heard in
the sound of the voice as well as in changes of the prosodic rhythm patterns of
vocalization. Our emotional status plays a primary role in the control of respira-
tion; for example, nervousness may be heard in one’s shortness of breath. Our
emotional state seems to dictate the vertical positioning of the larynx, the relative
relaxation of the vocal folds, and the posturing and relaxation of the muscles of
the pharynx and tongue.

One’s emotionality can be heard in the voice, a fact that can be threatening to
the professional singer, or harmful to sales for the nervous salesperson, or embar-
rassing to someone who sounds like he or she is crying when actually happy. Our
mood state can be harmful to voice. Many voice disorders are the result of various
affective excesses; for example, a young professional woman attempts to use normal
conversational voice when her larynx is postured in a high, sphincter-like position,
resulting in a tight, tense voice. Her problem may be more related to unchecked and
unrealistic fear than it is to faulty use of the vocal mechanisms per se.

Because emotionality and vocal function are so closely intertwined, effective
voice therapy often requires the treatment of the total person and not just reme-
diation of voice symptoms. Therefore, as we will see in later chapters, getting to
know the patient is an important prerequisite to taking a case history or making an
instrumental-perceptual voice evaluation. Voice clinicians have long recognized that
the patient in the office may not resemble the same person in play or stress settings;
the patient’s voice will change according to his or her mood state. To assess voice
realistically, we often have to observe and listen to the patient in various life settings.

SIDEBAR 1.2 /{ -

To appreciate this, try
to express various emo-
tional states using just
your voice. See if the
person who is listening
to you can detect which
emotional state you are
trying to convey.
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To experience this
restriction, whisper the
phrase Today is Tuesday
two different ways—
once as a statement

and once as a question.

Repeat these phrase
contrasts using a nor-
mal voice. Which is
more effective: whisper
or voice?
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THE LINGUISTIC FUNCTION OF THE VOICE

Voice seems to hold spoken language together. From the primitive emotional vocal-
ization that may color what we say to the skilled use of voice stress to emphasize
a particular utterance, the voicing component of spoken language plays a primary
role. It is not always what we say that carries the message, but how we say it.

New interest in infant vocalization is producing a fascinating literature. By
the time typical one-year-old babies utter their first word, they have already used
their voice in highly elaborate jargon communication. While human babies all seem
to babble about the same way from four to six months of age, babbling becomes
more language-differentiated beyond that age. That is, babies no longer sound alike
after six months; rather, they begin to sound like the primary language they have
been hearing. The melody of the parent language, or its prosody, begins to color
the vocalizations of the baby. The vocalizations of Chinese babies begins to sound
like the sweeping tonal patterns of the Chinese Mandarin language; the pharyngeal
sounds of an Arab language begin to be heard in the vocalizations of Arab babies.

These prosodic vocal patterns exist far beyond the individual word or seg-
ment. Such voicing is known as suprasegmental phonation. In young babies, supra-
segmental vocalization far exceeds the voicing of actual word segments. As infants
speak new words, they often place them in the proper place of their ongoing voicing
rhythm. If they want to say “milk,” they are far more likely to say the word at the
end of a jargon phrase, such as “gawa na ta milk,” rather than say the word in isola-
tion. The jargon leading up to the word is suprasegmental voicing. The jargon voice
carries a noncoded message with no specific meaning but seems to convey some
general meaning by the overall sound of it. The mood and need state of the baby
influence the sound of the vocalization.

Although jargon speech appears to diminish after the first 18 months of life,
we continue to use suprasegmental vocalization in all aspects of spoken communi-
cation. We may add vocal stress patterns to augment the meaning of what we say.
The actual words we say are only part of the communication. The “how we say it”
is conveyed by various vocal stress strategies, such as changing loudness, group-
ing words together on one breath, changing pitch level, changing vocal quality and
resonance to match our mood. These stress changes of the suprasegmentals can be
produced with or without intent. That is, if it serves our purpose, we can sound
angry by talking louder, or we may sound angry despite our best efforts to hide our
anger from our listener. Once again, the voice carries much of the message. The same
words spoken or written may convey different messages (as any lawyer taking depo-
sitions will tell you) depending on the stress patterns given the words by the speaker,
with or without intent.

Considering the role of the voice in both emotional and linguistic expression,
it is no wonder that people with voice disorders may find themselves handicapped
in their communication. A young girl with vocal nodules, for example, may have
developed them in part from excessive emotional vocalization (such as constantly
yelling). Once the nodules were developed, however, she may be unable to use the
vocal suprasegmentals and stress patterns she had previously used with ease in com-
munication. As anyone knows who has ever suffered a complete loss of voice from
severe laryngitis, the lack of voice prevents you from being you. Whisper and gesture
somehow do not carry the communication effectiveness that normal voice allows
you to add to the words you say (see Sidebar 1.3).



Prevalence of Voice Disorders in the General Population

While a primary role of the human larynx appears to be biological (guarding
the airway), laryngeal voicing plays a vital role in the expression of both emotional
and linguistic communication. When we add the voicing dimensions of acting and
singing as laryngeal functions, we can truly appreciate the amazing artistic capabili-
ties of the vocal tract (that a few people are fortunate to have and sometimes use).
The role of the human larynx is obviously more complex and more subtle than the
way the larynx functions as an airway protector in most other mammals.

CHECK YOUR KNOWLEDGE

1. What is the primary biological function of the larynx?

2. List and describe three emotional or linguistic functions of the larynx.

PREVALENCE OF VOICE DISORDERS
IN THE GENERAL POPULATION

It is difficult, for several reasons, to establish normative incidence and prevalence
data on voice disorders (see Sidebars 1.4 and 1.5). For example, voice can become
temporarily disordered from a common cold that changes laryngeal tissue vibration
and may fill resonating sinuses with infected mucus; almost everyone has experi-
enced some voice change (phonation or resonance) as a result of a cold. Or some
people experience voice changes from allergies. Therefore, if we were to take a large
segment of the population and determine the present and past incidence of a voice
disorder, our incidence reporting would be near 100%. Such incidence data would
be meaningless. Rather, if we took a segment of a population, such as airline pilots,
and looked back at the occurrences of hoarseness in a certain time period, we would
determine some prevalence data for that particular group. Even these data would
have far more meaning if there were a comparison between the pilots’ voices and the
voices of matched controls (matched, for example, by gender and age).

There have been only a handful of epidemiologic studies of the prevalence and
risk factors of voice disorders in the general population (see Cohen and colleagues,
2012a; Verdolini and Ramig, 2001; and Best and Fakhry, 2011, for reviews). There
has been substantial variability in reported prevalence estimates across the studies
(Roy and colleagues, 2005). Conflicting definitions of voice disorder and method-
ological differences in procedures, and patient populations and sizes, are some of the
causes of variations in the overall reported prevalence (Van Houtte and colleagues,
2010). The absence of acceptable epidemiologic data makes it difficult to precisely
identify specific populations at risk, delineate the causes and effects of voice disor-
ders, develop early screening procedures to identify those at risk, estimate societal
costs related to voice disorders, and plan healthcare services designed to prevent or
treat such problems (Roy and colleagues, 2005, p. 1988).

Roy and colleagues (2005) conducted a cross-sectional telephone interview
survey of over 1,300 adults chosen at random. They discovered that nearly 7% of
respondents had a voice disorder at the time of the interview and that nearly 30%
had experienced a voice disorder at least once in their lifetime. About 7% of adults
had missed work for more than one day because of their voice disorder. These find-
ings are remarkably similar to those reported by Cohen (2010), who surveyed over
850 adults seeking medical care by their primary care physician for a variety of

SIDEBAR 1.4 /{| -

Incidence is a frequently
used epidemiologi-

cal measure of rate

of occurrence of new
cases of a disease or
condition. Incidence
is calculated as the
number of new cases
of a disease or condi-
tion in a specified time
period (usually a year)
divided by the size of
the population under
consideration who are
initially disease-free (Le
and Boen, 1995).

SIDEBAR 1.5 -

Prevalence is a frequently
used epidemiological
measure of how com-
monly a disease or
condition occurs in a
population. Prevalence
measures how much of
some disease or condition
oceurs in a population at

a particular point in time.
The prevalence is cal-
culated by dividing the
number of persons with
the disease or condition
at a particular point in
time by the number of
individuals examined
(Le and Boen, 1995).
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reasons. Cohen discovered that the lifetime prevalence of dysphonia in this popula-
tion was 29%, and that the point prevalence (number of persons with dysphonia
at the time) was just over 7%. Four percent of patients had experienced dysphonia
for more than 4 weeks, and 73% had experienced dysphonia more than once. With
over 300 million people in the United States, a 7% point prevalence rate means that
approximately 20 million people have a voice disorder at any given time.

Cohen and colleagues (2012a) recently examined the prevalence and common
causes of dysphonia as diagnosed by primary care physicians (PCPs) and otolaryn-
gologists (ENTs) and evaluated differences in etiologies offered by these care provid-
ers. A retrospective analysis of data from a nationally representative administrative
U.S. claims database of 55 million individuals revealed that about 1% of patients
received a diagnosis of dysphonia. It was further discovered that females were almost
twice as likely as males to be diagnosed with dysphonia, and that adults over the age
of 70 years were two-and-a-half times more likely than those under age 70 years to
be diagnosed with a voice disorder. The most frequent diagnoses overall were acute
laryngitis, nonspecific dysphonia, benign vocal fold lesions, and chronic laryngitis.
Some trends noted by Cohen were that prevalence decreased slightly after age nine
years, and increased after the age of 30 years, peaking among those greater than
70 years old (p. 344). Also, within age categories, males had a higher prevalence
rate in zero- to nine-year-olds, and females had a higher prevalence beginning with
puberty and persisting until age 70 years or older (p. 345).

In a similar study using the same database, Cohen and colleagues (2012b)
reported that nearly three-fourths of patients who received a diagnosis of dysphonia
received medical treatment for 12 months or more. More women than men required
follow-up treatment. These clinical researchers estimated that the total annual
direct costs of caring for such persons ran into the hundreds of millions of dollars,
which is comparable to other chronic disease states. The mean cost per patient over
12 months was between approximately $500 and $1,000. In an effort to identify
how ENTs manage such patients, Cohen, Pittman, and colleagues (2012) surveyed
1,000 ENTs about their practice patterns. Approximately 300 physicians responded,
and they reported that prescribing medication to control laryngopharyngeal reflux
disease was their most common approach, followed closely by referral to speech-
language pathology for voice therapy. The most common laryngeal conditions leading
to voice therapy referral were vocal fold nodules and muscle tension dysphonia.

CHECK YOUR KNOWLEDGE

1. Define the terms incidence and prevalence.
2. What s the prevalence of voice disorders in the general population?

PREVALENCE OF VOICE DISORDERS IN SPECIAL
POPULATIONS

While the information already summarized in this chapter is helpful, a look at the
prevalence of voice disorders in particular segments of the population may be more
meaningful than looking at the population as a whole. Doing so may help clinicians
focus their prevention, screening, and intervention efforts. In the following sections,
we summarize the prevalence data on voice disorders in children and older adults,
and across occupations (see also Chapter 8).



Prevalence of Voice Disorders in Special Populations

Prevalence of Voice Disorders in Children

The actual prevalence of voice disorders in children is difficult to determine. As
summarized in McKinnon and colleagues (2007), a variety of different meth-
ods have been used to establish the presence of a communication disorder. The
methods depend on both the age of the individual and the setting. Both direct
(face-to-face assessment including screening and diagnostic techniques) and indi-
rect (parent or teacher report) methods have been used extensively. Parent report
measures are commonly used with preschool-age children while teacher report
measures are commonly used with school-age children. Lower prevalence rates are
typically derived from indirect methods in comparison to direct methods. Meth-
odological challenges notwithstanding, it is very important that children be identi-
fied because it has been shown that a communication disorder such as dysphonia
can negatively affect academic achievement and affect vocational choices later in
adulthood (Pack, 2008; Ruben, 2000).

A number of researchers have concluded conservatively that between 6 and
9% of school-age children may have a voice disorder (Andrews, 2002; Carding and
colleagues, 2006; Cornut and Troillet-Cornut, 1995). Some studies, such as the one
conducted by Duff and colleagues (2004), have reported a slightly lower prevalence
rate of 4%. Other studies have reported that the prevalence rate may actually be
as high as 20 to 30% (Angilillo and colleagues, 2008; Boyle, 2000; Faust, 2003;
Silverman and Zimmer, 1975). According to the U.S. Census Bureau (2010), there
are approximately 74 million persons between the ages of 0 and 18 years; this is
approximately 25% of the total U.S. population. Using a conservative prevalence
rate of 6 to 9% suggests that there are between 4.5 and 6.6 million children who
may have a voice disorder (for information about voice-disorder prevalence rates
for other countries, see Akif Kilic and colleagues, 2004; Milutinovic, 1994). Perhaps
even more alarming than this actual number is the fact that most of these children
are not receiving voice therapy (Andrews and Summers, 2002). This is consistent
with school SLPs who report a much higher incidence. Very little data are available
on the incidence or prevalence of voice disorders among students in middle school
(where among the students most normal voice changes occur) or in high school.

Prevalence of Voice Disorders in the Elderly

According to the U.S. Census Bureau (2010), there are approximately 40 million per-
sons age 65 years or older, comprising about 13% of the total U.S. population. In spite
of this large number (which is expected to grow), there are very few studies of the
prevalence, risk factors, and psychosocial impact of dysphonia in the elderly. Studies
of the incidence and prevalence of dysphonia in this population have been restricted
solely to investigations of those seeking treatment; thus, the true prevalence of voice
disorders in the general elderly population remains largely unknown. Three separate
studies examining the prevalence of voice disorders in a non-treatment-seeking popu-
lation over age 65 years (Cohen and Turley, 2009; Golub and colleagues, 2006; Roy
and colleagues, 2007) discovered that between 20 and 30% of persons completing a
survey about their voices reported having a current voice disorder, and that more than
half these persons experienced significant quality-of-life impairment resulting from
their dysphonia. The prevalence data reported by Roy and colleagues and Golub and
colleagues are supported by the finding reported by Cohen and colleagues (2012a)
that adults over the age of 70 years were two-and-a-half times more likely than those
under the age of 70 years to be diagnosed with a voice disorder; in fact, adult males
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over the age of 70 years were the most likely persons to experience a voice disorder.
The risk of an elderly person having a voice disorder is greater if the person also has
a hearing loss, and having either disorder is more likely to lead to depression (Cohen
and Turley, 2009).

Prevalence of Voice Disorders in Teachers and Student Teachers

It has been estimated that 5 to 10% of the U.S. workforce are “heavy occupational
voice users” (Titze and colleagues, 1997). Within this group are over 3 million pri-
mary and secondary school teachers—the largest group of professionals who use
their voice as a primary tool of their trade (U.S. Department of Labor, Bureau of
Labor Statistics, 2006; U.S. Census Bureau, 2010). As described in VanHoudt and
colleagues (2008, p. 371), these teachers are at risk for having a voice disorder due
to vocal load (hours of voice use, number of communication partners), physical
factors (physical condition, mucosal problems), psycho-emotional factors (stress,
emotions, work pressure), and environmental factors (acoustics, humidity, environ-
mental pollutants) (see also Da Costa and colleagues, 2012; Ferrand, 2012).

The prevalence of voice disorders in U.S. teachers has been studied quite
extensively, yielding prevalence rates ranging from 4 to 50% or higher (Munier and
Kinsella, 2008; Roy and colleagues, 2004a, 2004b), with most studies indicating a
prevalence rate higher than that for comparable persons from the general popula-
tion. For example, Roy and colleagues (2004a) surveyed about 1,200 teachers and
1,300 nonteachers and reported a prevalence rate for teachers of 11% compared to
6% for nonteachers; furthermore, 57% of these teachers had experienced a voice
disorder at some point in their lives, compared to 26 % for the nonteachers. Of those
teachers who had experienced a voice disorder at some point in their lives, only
14% sought help from physicians and/or SLPs. Roy and colleagues also examined
risk factors, and discovered that being a teacher, being a woman, being between
40 and 59 years of age, having 16 or more years of education, and having a family
history of voice disorders were each positively associated with having experienced
a voice disorder. In a related survey study of the same two groups, Roy and col-
leagues (2004b) discovered that teachers, compared with nonteachers, had missed
more workdays over the preceding year because of voice problems and were more
likely to consider changing occupations because of their voice (p. 542). To address
this issue, vocal training programs targeting vocal health in teachers have been
developed (see Roy and colleagues, 2001, for an example). The problem of voice
disorders in teachers is not limited to those working in the United States; similar
problems have been reported by teachers working in other developed countries (see
Medeiros and colleagues, 2011, for a review).

Student teachers are also at risk for developing a voice disorder. Thomas and
colleagues (2007) compared the incidence of voice complaints in student teach-
ers versus students from nonteaching disciplines, and reported an incidence rate
of 17% for student teachers compared to slightly less than 10% for their peers.
Timmermans and colleagues (2005) reported that student teachers experience sig-
nificantly more symptoms of dysphonia than their peers, including throat clearing,
coughing, hoarseness, pain in the throat, fatigue, and difficulty being heard. One
study reported that 90% of future teachers who experienced voice problems during
their education experienced voice problems later in their teaching career (deJong
and colleagues, 2006). To address this issue, individual and group training pro-
grams have been developed to address vocal health in student teachers (see Simberg
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and colleagues, 2006, and Timmermans and colleagues, 2011, for examples).
In Chapter 8, we discuss the issue of voice disorders in teachers and student teach-
ers in greater detail.

Prevalence of Voice Disorders in SLPs and Future SLPs

SLPs are professionals who also rely on healthy voices. SLPs and those in train-
ing to be SLPs have high vocal loads and often use their voices in emotional or
stressful contexts, such as therapy, counseling, conferencing, and public speaking.
They must also demonstrate and model appropriate voice use. Gottliebson and col-
leagues (2007) investigated the prevalence of voice disorder in 104 U.S. student SLPs
(94% female) and reported that 12% had perceptual features of dysphonia in their
habitual voice—a higher prevalence rate than that of the general population of stu-
dents, and one that is similar to that of student teachers (see Thomas and colleagues,
2007). Because of the risk to this population, intervention programs have been
developed to address vocal health and performance (see Van Lierde and colleagues,
2011, 2012, for examples).

CHECK YOUR KNOWLEDGE

1. Describe the direct and indirect methods for determining prevalence of a disorder.

kg The identification
of causes of vocal
fatigue is a journey
made by the patient
with guidance from
the clinician. In this
video, the clinician
actively listens to the
SLP patient and then
reiterates the patient’s

observations to ensure

that both are “on the
same page.” Grand

Rounds: Describe how

the Voice Facilitat-
ing Approaches of
focus, open mouth

2. Which specific populations are at higher risk for having a voice disorder? and yawn-sigh reduce

vocal hyperfunction
and increase use of the
resonating chambers.

KINDS OF VOICE DISORDERS

When we talk about “kinds of voice disorders,” we are usually talking about classi-
fying the cause of voice disorders. This kind of classification over time has led to the
historic causal simplification: the organic and functional dichotomy. In most clas-
sification systems, there is a mixture of etiologic causations and descriptive names of
conditions, such as cancer as a causative form of an organic disorder, and dysphonia
as the name of a condition that may have organic or functional origins.

Let us look at a few literature presentations of voice disorder classifica-
tions. The Classification Manual for Voice Disorders—I (Verdolini and colleagues,
2006) describes seven distinct causal classifications: laryngeal problems related to
structural (1) pathologies, (2) inflammatory conditions, and (3) trauma or injury;
(4) systemic conditions; (5) nonlaryngeal aero digestive disorders; (6) psychiatric-
psychological disorders; and (7) neurological disorders. The manual also offers two
other categories (“other disorders” and “undiagnosed”). Under each of the causative
categories is specific information about etiology, behavioral description of the voice
disorder, severity criteria, and so on, all of which can be most helpful to the SLP.
Such diversity of nomenclature generates many categories of voice patient groups,
however, complicating the task for generating evidence-based data.

Addressing the need to develop useful outcome data, an Australian diagnostic
system (Baker and colleagues, 2007) presents a modified classification system as
part of an inter-rater reliability study. Baker and colleagues basically modify the
historic two broad categories of voice disorders, organic and functional. The organic
classification of voice disorder causation combines structural changes of the vocal
folds or cartilages or by “interruption of neurological innervations of the laryngeal
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mechanism.” Such a combination of organic problems under one heading may pres-
ent a real hindrance in evaluating treatment outcome effectiveness. Study of clinical
effectiveness would probably be simpler if the organic causations and neurogenic
categories were separated. Similarly, the functional voice disorder categories might
be separated into two separate classifications: psychogenic voice disorders (PVD)
and muscle tension voice disorder (MTVD, otherwise known as muscle tension
dysphonia). While both PVD and MTVD are both functional voice disorders, they
have distinctly different origins.

A different etiologic classification for causes of voice disorders was introduced
by Stemple (2007) who presented these four pathology classifications: congenital
laryngeal pathologies, pathologies of the vocal fold cover, neurogenic laryngeal
pathologies, and pathologies of muscular dysfunction. The first category, congenital,
includes only five relatively rare congenital conditions, such as congenital web or
congenital cyst. The vocal cover category lists 15 various laryngeal conditions, from
nodules to papilloma to sulcus vocalis. The neurogenic category does not include
degenerative diseases and their possible influence on vocal fold function.

In this text, we have made an effort to use a classification system that allows
easy identification of a voice disorder population—one that will promote valid
and reliable clinical research. There appear to be three distinct categories of voice
problems, one of them functional in causation and two of them organic in origin.
Under the first category, functional voice disorders, there appears to be two subcat-
egories: muscle tension voice disorders, which can develop from excessive muscle
tension and use, and psychogenic voice disorders, which are caused by psychosocial
factors. The second category, organic voice disorders, includes any organic struc-
tural deviation that affects vocal fold function. The third category, neurogenic voice
disorders, relates to neurological conditions that cause faulty vocal fold closure
from either paralysis (or weakness) or from neurological disease. In summary, these
three categories—functional voice disorders, organic voice disorders, and neuro-
genic voice disorders—appear clear and distinct.

Functional Voice Disorders

There are basically two types of functional voice disorders: muscle tension dyspho-
nia and psychogenic voice disorders. Each has a different etiology requiring different
management and therapy approaches.

Muscle Tension Dysphonia. Muscle tension dysphonia (MTD) is the most common
voice disorder seen in both children and adults. MTD is the most common mani-
festation of vocal hypertension—using too much muscular effort to phonate. This
overuse of the respiratory, laryngeal, and supralaryngeal systems when voicing usu-
ally begins gradually. After talking awhile, the individual may begin to experience
some pain and discomfort in the throat area. Before any dysphonia can be heard in
the voice, the patient may experience fatigue and effort that increases with voice use.
Children’s loud voices and yelling over time seems to produce some hoarseness of
voice. Also, adults may experience more hoarseness after prolonged voice use. Physi-
cal examination of the larynx shows no organic pathologies, and the voice problem
is considered functional in origin. Baker and colleagues (2007) classify the patient’s
discomfort coupled with hoarseness (and normal laryngeal structures) as represent-
ing primary muscle tension dysphonia. With continued misuse of the voice over
time, however, children and adults may develop secondary tissue changes related to
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this vocal hyperfunction, such as vocal fold changes (swelling, thickening, nodules,
polyps, etc.). Both primary and secondary forms of MTD can usually be minimized
with voice therapy that is designed to reduce excessive tension by restoring the nor-
mal balance among the respiratory, phonatory, and resonance systems.

Psychogenic Voice Disorders. Some children and adults experience severe emotional
trauma or conflict that shows itself in some kind of physical alteration. Reaction
to the trauma may manifest itself in a complete loss of voice, often labeled as a
conversion aphonia. More commonly, the emotional reaction may show itself in a
functional dysphonia—a hoarseness that has no physical cause. Or excessive emo-
tionality may cause an alteration of voice pitch or speaking style that has no physical
cause. In aphonia, the patient usually continues to whisper and attempts to speak.
The complete lack of voice prevents the patient from having normal conversational
interactions and may have devastating effects vocationally. Clinically, we have seen
aphonic teachers unable to teach, an airline pilot unable to fly, a politician unable to
continue a political campaign. Similarly, patients with a psychogenic dysphonia may
suffer severe social and vocational limitations. Conversion-type voice problems vary
dramatically, perhaps showing only in particular emotional or physical situations.
For example, a Jesuit priest could interact with a normal voice with his Jesuit teach-
ing peers, but he may lose his voice completely when he enters the classroom. In
psychogenic aphonia or dysphonia, the patients are not willfully experiencing voice
limitation. Rather, their vocal symptoms are often the result of long-term or recent
psychologically damaging circumstances, such as a loss of a loved one or from con-
tinued sexual abuse. Although the patient with a psychogenic voice disorder may
experience some voice improvement from direct voice therapy, in most cases, the
voice disorder will not resolve unless there is some concomitant counseling or psy-
chotherapy to address the underlying emotional problem.

Organic Voice Disorders

Organic voice disorders are related to structural deviations of the vocal tract (lungs,
muscles of respiration, larynx, pharynx, and oral cavity) or to diseases of specific
structures of the vocal tract. An example of a structural deviation is cleft palate,
where there is abnormal coupling of the oral and nasal cavities, producing hyper-
nasality during voicing attempts. An example of a vocal tract disease is viral papil-
loma of the larynx, where the child or adult experiences additive growths in the
larynx, which might compromise the airway and interfere with vocal fold vibration.
In Chapters 3 to 5 and Chapters 8 to 10, we will consider various organic diseases
that may affect voice. Although the SLP may play an active role in the identification
and evaluation of the patient with an organic voice disorder, the primary treatment
of the disorder is often medical, dental, or surgical. Treatment by the SLP may have
several goals, such as helping to improve the physiologic function of a damaged lar-
ynx. When the structural problem is controlled or stabilized, the SLP works with the
patient to develop the best voice possible using various therapy methods.

Neurogenic Voice Disorders

The muscle control and innervation of the muscles of respiration, phonation, reso-
nance, and articulation may be impaired from birth or from injury or disease of the
peripheral or central nervous systems occurring at any age. For example, the SLP
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Stimulability probes,
also known as diag-
nostic probes, play

a major role in voice
assessment and voice
therapy. Watch this
video to see how the
thoughtful clinician
introduces Voice Facil-
itating Approaches in
the diagnostic session
to alter the anatomy
and physiology of the
vocal mechanism to
activate vocal improve-
ments. Note how

the clinician teaches
patients how to listen
for and to replicate
these improvements
using the open mouth
approach. Grand
Rounds: Describe
elements of the close
working relationship
among the speech lan-
guage pathologist and
the otolaryngologist.

may work closely with a young child with cerebral palsy, perhaps working on both
respiratory—voice control and helping the child to develop language. Or the SLP may
work with the adult patient with a motor speech disorder acquired after a stroke,
not only to improve respiration, voice, and articulation, but also to address concom-
itant swallowing problems. The tight, spasmodic voices of patients diagnosed with
adductor spasmodic dysphonia appear to have unspecified neurogenic origins. Most
of the neurological diseases presented in Chapter 4 alter normal voice in some way.
The SLP plays a vital role in the assessment and management of the patient with
a neurological voice disorder, such as assessing the patient’s respiratory volumes
and expiratory control, or visualizing through endoscopy a paralyzed vocal fold,
or applying diagnostic probes to the Parkinson’s disease patient to determine which
therapy approaches produce a better voice.

While the majority of neurological impairments and diseases that impair swal-
lowing, breathing, voice, and resonance cannot be cured or eradicated, the SLP
frequently plays a vital role in maximizing function to as near normal levels as
possible. For many neurologically impaired patients, there is a functional margin
of disability that can be minimized by improved patient management and direct
therapy intervention.

CHECK YOUR KNOWLEDGE

1. Describe the three categories of voice disorders presented in this text.

2. Why is it important to use a classification system?

MANAGEMENT AND THERAPY
FOR VOICE DISORDERS

Probably no client/patient groups seen by the SLP are more responsive to manage-
ment and therapy than children and adults with voice disorders. Successful interven-
tion for a voice disorder first requires the identification of the cause of the disorder.
We have grouped causal factors of voice disorders into three etiologic categories:
functional, organic, and neurogenic. The typical history shows the patient experienc-
ing some problem in respiration, voice, and/or resonance. Breathing and resonance
problems are often long-standing, perhaps experienced by the patient over time.
Voice or phonation problems, such as hoarseness, are more likely to develop more
recently. The SLP often counsels patients that, unless they are experiencing hoarse-
ness (dysphonia) as part of an allergy or upper respiratory infection (URI), they
should wait no more than seven days to have a medical evaluation of the hoarse-
ness. The SLP and otolaryngologist (ear-nose-throat physician, or ENT) have a close
working relationship (Thibeault, 2007), and the SLP would refer the hoarse patient
to the ENT for identification of the problem and possible medical treatment.

The ENT often refers the patient to the SLP who, by training is able to evaluate
and diagnose the voice problem. The SLP takes a detailed history, observes the patient
closely, and uses instrumental and noninstrumental assessment approaches. The SLP
collects measurement values related to respiratory volumes and performance; performs
acoustic measurement of vocal function; visualizes the larynx; and determines reso-
nance function, particularly as related to velopharyngeal closure. Added to these obser-
vations and measurements of structure and function, the SLP determines how the
patient feels about his or her voice problem, its effect on personality and interaction
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with others, and the influence of the voice problem on vocational performance. For
many voice problems at the time of the evaluation, the SLP tests voice stimulability by
introducing a few voice therapy approaches, often called diagnostic probes, with the
patient. The SLP determines the outcome from using a particular technique, such as
opening one’s mouth more or speaking in a louder voice. If such an approach facilitates
the production of a target voice, it might well be among the first used in therapy.

Many forms of voice therapy are available for the SLP to use with different
kinds of voice problems. The client’s response to the diagnostic probe may indicate
the general direction of the therapy to be provided. For example, changing the loud-
ness of the patient’s voice may be an option. Perhaps with two young boys with
vocal nodules, the SLP would recommend using a softer voice, such as “the voice to
use when not wanting to awaken a sleeping person, a quiet voice” (Boone and col-
leagues, 2009, p. 190). Such a quiet voice is also presented by Casper (2000) as the
“confidential voice.” Or increasing loudness with an aging patient with Parkinson’s
disease may improve both articulation and voice, achieved by using a voice loud
enough to be heard “20 or 30 feet away” (Boone and Wiley, 2000). Working on
loudness changes—developing a softer voice or a louder voice—may go either way.

We have a professional need to develop scientific evidence to support what
we do in therapy, but group data are difficult to gather because voice therapy is so
individualized. Two patients with the same causative voice problem may require a
distinctively different combination of therapy procedures. It is possible, however, to
look at therapy effectiveness using different levels of evidence, as suggested by Butler
and Darrah (2001) in their determination of treatment outcomes with patients with
cerebral palsy. Their five levels of evidence range from Type I (clinic versus control
group study) to Type V (descriptive case series/case reports.) The construct valid-
ity of each level of typing may have to be questioned. The effectiveness of “Voice
Facilitating Approaches” presented in Chapter 7 can probably best be determined
by comparing pre-therapy evaluation measurement with post-therapy evaluation by
the same measurements. As we shall see when we discuss evaluating the outcome of
therapy techniques in Chapter 7, validity of outcome data are often compromised by
limitations in the number of voice patients available, SLP fiscal requirements, patient
fee difficulties, and the demand for rapid progress.

For organic voice problems, the SLP may work closely with other specialists,
such as in physical medicine or respiratory therapy, depending on the particular
problem. For example, a preschool youngster with a growth in the airway called
papilloma (caused by a virus) may require the clinical services of a surgeon; a respi-
ratory therapist; extra nursing care; and the close watching by the SLP, who may
need to work with the child to address breath support and voice. The voice therapy
goal with such a child may be solely to develop the best voice possible with a vocal
mechanism heavily laden with multiple papilloma growths. When such papillomas
become large enough to impinge on the airway, the surgeon excises or reduces them,
as needed, to improve breathing function.

Neurogenic voice problems come in many different forms, as we will see in
Chapter 5. The SLP may be the first healthcare professional to see a patient who
is just beginning to experience voice symptoms. For example, a recent patient was
seen in our clinics because he felt he was experiencing a new problem pronouncing
occasional words. A subsequent evaluation by the SLP found evidence of tongue
tremor (fasciculations) and a problem in tongue diadochokinesis (he could not move
his tongue rapidly when making alternating movements, such as saying “ta-ka” in
a rapid series). A subsequent referral by the SLP to a neurologist confirmed that the
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patient was showing beginning signs of amyotrophic lateral sclerosis. Or the neu-
rologist may be the first professional to see the patient with a neurogenic disorder
and then refer the patient to the SLP for detailed assessment of breathing, phona-
tion, and speech. The SLP sends his or her evaluation back to the neurologist, and
together they may develop a management plan for the patient. Such a plan frequently
includes medications for improving the patient’s motor functions, with specific goals
for the patient to achieve with the SLP in voice resonance and articulation therapy.

The SLP often works with actors, singers, and teachers who want to improve
their speaking voices. The role of the SLP in improving the speaking voice of the
professional user of voice was defined in a joint statement published by ASHA, the
National Association of Teachers of Singing (NATS), and the Voice and Speech Train-
ers Association (VASTA) (ASHA/NATS/ASTA, 2005). This joint statement defines
how the SLP would work collaboratively with members of NATS and VASTA. Since
the establishment of roles for each voice specialist, there has been an increase in
cross-referrals among the three voice specialties. For the actor and singer, the SLP
can often offer vocal hygiene and voice therapy techniques that the professional can
use in a normal day of voice usage when not acting or singing.

The SLP often works closely with the counselor, psychologist, or psychiatrist
with patients with psychogenic voice problems. Working on voice symptoms alone
often needs to be supplemented with psychological therapy to deal with underly-
ing emotional problems that may be driving the voice problem. While loss of voice
(aphonia) can often be treated successfully by symptomatic voice therapy, the vocal
gains may only be temporary or they may recur in particular environmental situ-
ations. Similarly, long-term dysphonias without identifiable physical causes often
resist successful resolution because the voice symptoms serve the patient in some
way. Mutational falsetto, or continuing to use a higher-sounding voice after puberty
(puberphonia), is often thought to be a psychogenic voice disorder among our psy-
chology colleagues. The experience of most SLPs, however, is that the higher voice
in the postpubertal male is usually changed in one or two voice therapy visits. Most
young men seem to be trapped by habit in using the higher voice and are dramati-
cally relieved with the discovery of the adult male voice. On occasion, the SLP may
still refer these adolescents for some counseling or psychological therapy.

Most functional voice disorders result from the patient using excessive effort
and are classified as muscle tension dysphonia (MTD). Both children and adults
with MTD often abuse, overuse, or misuse their voices. The primary focus of the
SLP with these patients is to identify their vocal excesses; once identified, vocal mis-
use can be reduced and often eliminated by voice therapy alone (Cohen and Garret,
2007). In Chapters 7 and 8, we will cite numerous other successful voice therapy
outcome studies, similar to the seminal study of Benninger and Jacobson (1995).
These clinical researchers followed 115 MTD patients who eventually developed
vocal nodules or polyps from continued vocal excesses. After receiving appropriate
voice therapy to reduce their vocal excesses, 94% of the patients experienced resolu-
tion of their problem. The authors concluded that, with appropriate voice modifica-
tion and therapy provided by the SLP, “nodules will generally resolve with return of
normal vocal function” (p. 326). Voice therapy for patients with MTD is usually a
collection of Voice Facilitating Approaches that result in the proper balance of respi-
ratory, voice, and resonance behaviors.

Progress in voice therapy can be determined from pre- and post-treatment
measures of respiratory function, acoustic comparisons, and voice quality and reso-
nance changes. The voice patient’s self-perception (Bogaardt and colleagues, 2007)
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of any change in voice and its impact on quality of life adds needed outcome data.
Useful outcome data also come from follow-up contacts and measures by the SLP
over a specified period of time.

SUMMARY

In this chapter, we looked at voice and the larynx in the biologic viability of the
individual as a tool in emotional expression, and in its complicated and extensive
role in spoken human communication. We reviewed the prevalence of voice disor-
ders in the general population and in specific subpopulations. We saw that there
appear to be three causal factors in the development and maintenance of voice dis-
orders: functional, organic, and neurogenic. The child or adult with a voice problem
is evaluated by the SLP who uses instrumental and noninstrumental approaches
for various respiratory and acoustic measures in the attempt to identify causal fac-
tors and define aspects of voice production. Diagnostic probes, the application of
trial therapy approaches, are then used to determine the efficacy of a particular
therapy technique for improving the patient’s voice productions. The patient’s self-
perception of the handicaps presented by the voice disorder in his or her life is then
recorded. If evaluation measures indicate that the patient can profit from therapy,
the SLP then provides needed voice therapy. At the conclusion of voice therapy,
therapy success is determined by comparing pre- and post-therapy measures, provid-
ing needed outcome data.

CLINICAL CONCEPTS

The following clinical concepts correspond with many of the objectives at the begin-
ning of this chapter:

1. Some voice-disordered patients will come to you because they have a larynx
that cannot adequately protect their upper airway from aspiration of food or
liquids, or the larynx cannot adequately regulate the flow of air through the
glottis in order to produce normal voice. Some examples include a speaker
with a paralyzed vocal fold (see Chapter 5), a patient with dysarthria (see
Chapter 5), a speaker with adductor spasmodic dysphonia (see Chapter 5),
a speaker who has a mass on his or her vocal fold (see Chapters 4 and 9), a
speaker with paradoxical vocal fold movement (see Chapter 8), and a patient
who has undergone a partial laryngectomy (see Chapter 9).

2. Some voice-disordered patients will come to you because they cannot use
their voice to express emotion or linguistic subtlety. Some examples include
a speaker with muscle tension dysphonia (see Chapter 3), a speaker with psy-
chogenic dysphonia (see Chapter 3), a speaker with a paralyzed vocal fold (see
Chapter 5), a patient with dysarthria (see Chapter 5), a speaker with vocal fold
nodules (see Chapter 3); a speaker with adductor spasmodic dysphonia (see
Chapter 5), and a speaker with hearing loss (see Chapter 8).

3. Obtaining valid data about the incidence and prevalence of voice disorders
entails theoretical considerations and practical challenges. It is probable that
many persons with voice disorders are underserved because they are either not
identified or not referred for voice therapy.

15
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4. There is no universally accepted classification of voice disorders. Regardless of
whether or not one adopts the classification system put forth in this text, the
voice clinician must have a thorough understanding, not only of the cause of
an individual’s voice disorder, but also of the personal and environmental fac-
tors that may perpetuate the voice disorder. This requisite knowledge is needed
in order to plan and deliver effective treatment.

GUIDED READING

Read the following article:

Baker, J., Ben-Tovim, D. 1., Butcher, A., Esterman, A., & McLaughlin, K.
(2007). Development of a modified diagnostic classification system for
voice disorders with inter-rater reliability study. Logopedics Phoniatrics
Vocology, 32, 99-112.

What are the pros and cons of using Baker’s classification system compared to the
one proposed in this text?

Read the following article:

Cohen, S. M., Kim, J., Roy, N., Asche, C., & Courey, M. (2012a). Preva-
lence and causes of dysphonia in a large treatment-seeking population.
Laryngoscope, 122, 343-348.

What voice disorder incidence and prevalence data are still lacking? Explain.

PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

Michelle is a 32-year-old kindergarten teacher. Her chief voice complaints
are a hoarse voice, vocal fatigue, and pain when using her voice. She has
not yet been seen by an otolaryngologist.

1. This patient asks you how common it is for teachers to have voice problems. You
tell her that the prevalence of voice disorders in this population is:
A. Less than 5%
B. 5t010%
C.11t015%
D. 16 t0 20%
E. More than 20%

2. This patient then asks you how common it is for people in the general population
to have voice problems. You tell her that the prevalence of voice disorders in the
general population is:

A. Less than 5%
B. 5t010%
C.11t015%

D. 16 t0 20%

E. More than 20%
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3. This patient then asks you how common it is for her kindergarten students to
have voice problems. You tell her that the prevalence of voice disorders in this
population is:

A. Less than 5%
B. 5t010%
C.11t015%

D. 16 t0 20%

E. More than 20%

4. This patient has a student teacher this semester, so she asks you how common it
is for student teachers to have voice problems. You tell her that the prevalence of
voice disorders in this population is:

A. Less than 5%
B. 5t010%
C.11t015%

D. 16 t0 20%

E. More than 20%

5. This patient is concerned about her grandfather’s voice, so she asks you how
common it is for senior citizens to have voice problems. You tell her that the
prevalence of voice disorders in this population is:

A. Less than 5%
B. 5t010%
C.11t015%

D. 16 t0 20%

E. More than 20%



CHAPTER 4

Normal Voice

Anatomy and Physiology
Throughout the Lifespan

= LEARNING OBJECTIVES mam
L]
After reading this chapter, one should be able to: -
e List and define the five aspects of the e Describe the effects of aging on the
normal voice. respiratory system and speech breathing.
e List and describe the three processes of o ldentify the structures of phonation.

normal voice production. o Describe the effects of aging on the

o Identify the structures of respiration. laryngeal system.

o Describe the mechanics of respiration. o Understand the myoelastic aerodynamic

o List and describe the lung volumes theory of vocal fold vibration.

and capacities in reference to resting e Describe the factors involved in changing
expiratory level. vocal pitch, loudness, and quality.

e Understand the differences between o ldentify the structures of resonance.
breathing for life and breathing for o Describe the mechanics of resonance.
speech. -

L]
L " Enm

This chapter describes the normal voice and how it is produced. It is important to
understand the normal voice in order to be able to diagnose and treat the abnormal
voice. Few things are so difficult to define or understand as “What is normal and
what constitutes normal limits?” Because of maladaptive vocal behaviors and/or
disease, many patients present to the clinician with overworked voice production
systems. To help the patient to abandon the abnormal functions, the clinician must
know how normal voice is produced, and be able to communicate this information
appropriately to the patient. Modern-day voice evaluation often involves consul-
tation with medical professionals who are well-grounded in human anatomy and
physiology. For these reasons and more, voice clinicians must have a good working
knowledge of the structures and functions serving normal and abnormal voice pro-
duction throughout the lifespan.
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NORMAL ASPECTS OF VOICE

Normal voice may be characterized by five aspects, each related to function. First,
the voice must be loud enough to be heard. We may refer to this as adequate
carrying power. This means that the voice can be heard and speech can be under-
stood over the noise of most everyday environmental sounds such as the television,
air conditioning, keyboard typing, transportation noises, and so on. Second, the
voice must be produced in a manner that is hygienic and safe, that is, without
vocal trauma and resulting laryngeal lesions. Third, the voice should have a pleas-
ant quality, one that is not distracting and thus interferes with verbal communi-
cation. Fourth, the normal voice should be flexible enough to accurately express
emotion. The human voice can be thought of as a “window into the soul” in that
we sometimes judge how a loved one or close friend feels based on the sound of
his or her voice. We often think we know if the person is happy, sad, sick, excited,
or nervous. Likewise, we sometimes find it hard to mask our own emotional state
with our voice. We can also change the meaning of a verbal message by changing
the emotional tone of our voice. The sentence, “I am so happy for you,” can be
said in such a manner as to be sincere or sarcastic just by the tone of voice, even
while the words remain the same. The expression, “Oh wonderful,” can be said
with excitement or with scorn. Last, the voice should represent the speaker well in
terms of age and gender. We should not be surprised to meet someone for the first
time after speaking to him or her on the phone. Our voice should not portray us as
either older, younger, or as less mature than we are. Nor will we likely be pleased
if we are mistaken for the opposite gender. The normal voice should represent the
speaker faithfully.

Keep the five aspects of loudness, hygiene, pleasantness, flexibility, and
representation in mind as we explain in the next section how the normal voice is
produced. That the voice can serve us so well through our lifespan is a true testa-
ment to the uniquely human aspects of voice we just described.

CHECK YOUR KNOWLEDGE

1. What are the five key aspects of the normal voice?

2. Give an example of how each of these aspects can be abnormal.

NORMAL PROCESSES OF VOICE PRODUCTION

Separating the normal speaking voice into three individual processes (respira-
tion, phonation, and resonance) for purposes of study is helpful, but we must
remember that these three components of voice production are highly interde-
pendent. For example, without the expiratory phase of respiration, there would
be no phonation or resonance. Without adequate functioning of the velopharyn-
geal mechanism, there would be an imbalance of oral-nasal resonance. Also, these
three processes are constantly changing simultaneously. Let us first consider the
structures and function of respiration, particularly as they relate to production of
voice.



20

Chapter 2 Normal Voice

THE RESPIRATORY SYSTEM

For speech to be possible, humans have learned to use respiration for the purpose of
phonation. Both speaking and singing require an exhalation (outgoing air stream)
capable of activating vocal fold vibration. When training their voice, speakers or sing-
ers frequently focus on developing conscious control of the breathing mechanism.
This conscious control must not conflict, however, with the physiological air require-
ments of the individual. When a problem occurs with respiration, it is often the con-
flict between the physiological needs and the speaking-singing demands for air that
causes faulty usage of the vocal mechanism. Our dependence on the constant renewal
of oxygen supply imposes certain limitations on how many words we can say, how
many phrases we can sing, or how much loud emphasis we can use on one expiration.

STRUCTURES OF RESPIRATION

Respiration is a vital life-sustaining and voice-enabling process that results from
the movement of support structures within the musculoskeletal system. While a
complete review of the musculoskeletal components for speech and voice is beyond
the scope of this text, an overview is presented here that will provide the student or
clinician with core information that can be applied to the diagnosis and manage-
ment of persons with respiratory-based voice disorders.

The Bony Thorax

The bony thorax includes the vertebrae and vertebral column, the thoracic cage (ribs
and sternum, and associated muscles), the pectoral girdle, and the pelvic girdle. The
thorax is suspended from the vertebral (spinal) column, a strong but flexible struc-
ture that serves many purposes. The vertebral column consists of 33 individual ver-
tebrae stacked loosely on top of each other, forming a strong pillar for the support
of the head and trunk. The vertebrae can be grouped into five regions. The 31 pairs
of spinal nerves emerge and enter the spinal cord through spaces between each pair
of vertebrae, beginning at the thoracic level.

The seven cervical vertebrae are smaller and more delicate than the remaining
vertebrae, and within these vertebrae the left and right vertebral arteries course supe-
riorly on their way to joining the basilar artery at the base of the brain. Two of the
cervical vertebrae (C1—Atlas, C2—Axis) are unique because they connect the skull
to the spinal column and also allow for diverse head movement (e.g., rotate side to
side, bend forward and backward). The C7 vertebra—the cervical prominence—can
be felt if you pass your fingers down the back of your neck, in between the base of
your skull and the top of your spine. In terms of adult landmarks, the base of the
nose and the hard palate corresponds to C1, the teeth (when mouth remains closed)
correspond to C2, the mandible and hyoid bone corresponds to C3, the thyroid car-
tilage spans from C4 to C35, and the cricoid cartilage spans from C6 to C7. In infants
and children, the laryngeal landmarks are situated higher, at the level of C1 to C3.

The 12 thoracic vertebrae are intermediate in size between those of the
cervical and lumbar regions; they increase in size as one proceeds down the spine,
the upper vertebrae being much smaller than those in the lower part of the region.
The first 12 pairs of spinal nerves emerge from between the thoracic vertebrae.
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The thoracic vertebrae provide the basis for the respiratory framework because
they form the posterior point of attachment for the ribs (Seikel and colleagues,
2010). The thoracic spine’s range of motion is limited due to the many rib/vertebrae
connections

The five lumbar vertebrae graduate in size from L1 through L5. These verte-
brae bear much of the body’s weight and related biomechanical stress. They provide
direct or indirect attachment for a number of back and abdominal muscles, as well
as for the posterior fibers of the diaphragm (Seikel and colleagues, 2010). The lum-
bar vertebrae allow significant forward and backward bending at the waist, moder-
ate side bending, and a small degree of rotation.

The sacrum is a large, triangular bone at the base of the spine and at the upper
and back part of the pelvic cavity, where it is inserted like a wedge between the two
hip bones. Its upper part connects with the last lumbar vertebra, and the bottom
part connects with the coccyx (tailbone). It consists of usually five initially non-fused
vertebrae that begin to fuse between the ages of 16 and 18 years and are usually
completely fused into a single bone by age 34.

The coccyx, commonly referred to as the tailbone, is the final segment of the
vertebral column. Comprising three to five separate or fused vertebrae (the coccy-
geal vertebrae) below the sacrum, it is attached to the sacrum by a joint that permits
limited movement between the sacrum and the coccyx.

The thoracic (rib) cage is formed by the thoracic vertebral column, 12 pairs
of ribs and their costal cartilages, the sternum, and the internal and external inter-
costal muscles. Each of the ribs is made up of bone and cartilage, allowing for both
strength and mobility. The 12 pairs of ribs can be subdivided into three general
classes: true ribs (the first seven pairs), false ribs (the next three pairs) and float-
ing ribs (the last two pairs). The true and false attach to the vertebral column and
the sternum, while the floating ribs attach only to the vertebral column. The ribs
connected to the thoracic vertebral column and their connecting muscles play an
important role in respiration, as we shall see when we discuss respiratory function.

The pectoral girdle is formed by the clavicle and scapula. It supports the upper
limbs. It is suspended from the head and neck by the support fibers of the trapezius
muscles, which descend from the cervical vertebrae and the skull and are attached to
both the clavicle and the scapula (shoulder blade).

The pelvic girdle is formed by the ilium, sacrum, pubic bone, and ischium.
The pelvic girdle provides a strong structure for attaching the legs to the vertebral
column. By means of this structure, forces generated through movement of the legs
are distributed across a mass of bone which, in turn, is attached to the vertebral
column (Seikel and colleagues, 2010).

CHECK YOUR KNOWLEDGE

1. List the structures of the bony thorax.
2. List the five vertebral regions and the number of vertebrae in each.

The Muscles of Respiration

We now need to consider the muscles of respiration (see Figures 2.1 and 2.2). When
discussing these muscles, it is helpful to think of three major categories: (1) the
muscles of the rib cage, (2) the diaphragm, and (3) the muscles of the abdominal
wall. Thinking of the muscles of respiration in this way makes it easier to discuss



22

Chapter 2 Normal Voice

FIGURE 2.1 A List of Muscles of Respiration

Muscles of the Rib Cage Wall
Sternocleidomastoid

Scalenus group (anterior, medial, posterior)
Pectoralis major

Pectoralis minor

Subclavius

Serratus anterior

External intercostals

Internal intercostals
Transversus thoracis
Lattisimus dorsi

Serratus posterior superior
Serratus posterior inferior
Lateral iliocostals

Levatores costarum
Quadratus lumborum
Subcostals

Muscles of the Diaphragm
Diaphragm

Muscles of the Abdominal Wall
Rectus abdominus

External oblique

Internal oblique

Transversus abdominis

the movements that occur due to the passive and active forces to be discussed later
in this chapter, and the adjustment capabilities of the respiratory system for speech.
Keep in mind now that the action of the respiratory muscles changes the dimensions
of the thoracic cavity, which in turn changes the pressure within the thoracic cav-
ity. The resulting changes in pressure result in the inspiratory-expiratory cycle with
which we are all familiar.

The Inspiratory Muscles

The inspiratory muscles can be found within the thorax, back, neck, and upper
limbs. The primary inspiratory muscles of the thorax are the diaphragm and exter-
nal intercostal muscles. These muscles are assisted by accessory muscles in the neck,
back, and upper limbs.

The Diaphragm. The diaphragm is a large (about 250 cm? in surface area) dome-
shaped muscle that separates the thorax from the abdominal cavity, with openings
for the esophagus and assorted arteries (see Figure 2.3 on page 24). The muscle
fibers of the diaphragm insert into the sternum and the six lower ribs and their
cartilages and into the first three of four lumbar vertebrae. The other ends of these
muscle fibers converge to attach to the fibrous central tendon, which is also attached
to the pericardium on its upper surface. At rest, the diaphragm is shaped like an
inverted bowl. When you are standing and in the mid-phase of respiration, the
dome of the diaphragm is at about the same level as the sixth rib. As described in
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FIGURE 2.2 Muscles of Respiration

MUSCLES OF INSPIRATION MUSCLES OF EXPIRATION

Accessory Quiet Breathing

Sternocleidomastoid

W . ;
(elevates sternum) \ 2 Passive Recoil of
Anterior Scalenes \\

Middle Scalenes

Posterior Scalenes
(elevate and fix

upper ribs) Internal Intercostals,
Except Interchondral
Principal Part
External Intercostals
(elevate ribs, thus Abdominals

increasing width of
thoracic cavity)

Interchondral Part of
Internal Intercostals
(also elevates ribs)

up diaphragm)

i Ve

=<

Nl -

Rectus Abdominis
External Oblique
Internal Oblique

Diaphragm

(domes descend, thus
increasing vertical
dimension of thoracic
cavity; also elevates
lower ribs)

Levitzy (2007), during normal quiet breathing, contraction of the diaphragm causes
its dome to descend 1 to 2 cm into the abdominal cavity, with little change in its
shape. This elongates the thorax in the cephalacaudal (top to bottom) dimension
and increases its volume. These small downward movements of the diaphragm are
possible because the abdominal viscera can push out against the relatively compli-
ant abdominal wall. During a deep inspiration, the diaphragm can descend as much
as 10 cm. With such a deep inspiration, the limit of the compliance of the abdomi-
nal wall is reached, abdominal pressure increases, and the central tendon becomes
fixed against the abdominal contents. After this point, contraction of the diaphragm
against the fixed central tendon elevates the lower ribs. When a person is in the
supine position, the diaphragm is responsible for about two-thirds of the air that
enters the lungs during normal quiet breathing. When a person is standing or seated
in an upright posture, the diaphragm is responsible for only about one-third to one-
half of the tidal volume. Motor and sensory innervation for the diaphragm comes
primarily from the two phrenic nerves. These nerves originate in the cervical plexus
(grouping) of spinal nerves C3 through C5 of both sides of the spinal cord (Seikel
and colleagues, 2010). Thus, innervation to the diaphragm is bilateral, an indica-
tion of its biological importance. The diaphragm is under primary control of the
autonomic nervous system, although one can place the diaphragm under voluntary
control, albeit only temporarily (such as when holding one’s breath).

Expiration Results from

Lungs and Rib Cage.

Active Breathing

(depress lower ribs,
compress abdominal
contents, thus pushing

Transversus Abdominis

23



24 Chapter 2 Normal Voice

SIDEBAR 2.1 A.WM»

These muscles are
sometimes referred to
as the front pocket mus-
cles because the fibers
mimic the direction

a hand would enter a
front pocket.

FIGURE 2.3 Lungs and Tracheal Bifurcation

Respiratory Tract

Right Bronchus
Trachea
(opened)

Left Bronchus

Right Lung

Left Lung

Diaphragm Contour

Trachea

Right Bronchus Left Bronchus

Tracheal Bifurcation (Carina)

The External Intercostal Muscles. The eleven external intercostal muscles run down-
ward and forward from the lower border of the rib cage above to the upper border
of the rib cage below (see Sidebar 2.1). Together, these muscles form a large sheet of
muscle that attaches the ribs to one another (Hixon and colleagues, 2008). The exter-
nal intercostal muscles are positioned so that, when they contract, the entire rib cage
elevates and expands (Seikel and colleagues, 2010). As can be seen in Figure 2.4, the
true/upper ribs move with a pump-handle motion about the vertebrae. This motion
increases the anterior-posterior dimension of the thoracic cavity. That is, it increases the
distance between the sternum and the vertebral column (see Sidebar 2.2 on page 26).
The distance front to back is increased, leading to an overall increase in volume. The
false/middle ribs move with a bucket-handle motion about the vertebrae. This motion
increases the horizontal dimension of the thoracic cavity; that is, it makes the chest
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FIGURE 2.4 Movements of the Thoracic Cavity

Expiratory Muscles
Contract (e.g. external
intercostal muscles)

Vertebral

—  Vertebrae

Exhalation

Expiratory Muscles

Relax (abdominal
muscles contract)
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SIDEBAR 2.2 -

To appreciate these
movement dynamics,
do the following: (1)
Place the palm of your
right hand on your
sternum/chest and the
back of your left hand
on your spine at the
level of your shoulder
blades. Look down at
your right hand as you
take a breath, and you
will notice that the
distance between your
hands increases. That
is, your thorax expands
from front to back.

(2) Place the thumb of
your right hand on the
top of the uppermost
rib on your right. Then,
put the middle finger of
your left hand on the
bottom-most rib on
your right. Look down
at your right hand as
you take a breath, and
you will notice that the
distance between your
hands increases. That
is, your thorax expands
from top to bottom.

SIDEBAR 2.3 |-

These muscles are
sometimes referred to
as the back pocket muscles
because the fibers
mimic the direction

a hand would enter a
back pocket.

slightly wider, increasing the volume within, enabling breathing (see Sidebar 2.2).
The floating ribs move with a caliper motion.

The Accessory Muscles of Inspiration. The accessory muscles of respiration are muscles
in the trunk and lower neck that can be called into action to assist with breathing.
These muscles usually have other primary functions and assist with respiration only
under certain circumstances—usually when more deep or rapid breathing is needed.
The accessory muscles include the scalenes and the sternocleidomastoid muscles in
the neck, the serratus anterior and the pectoral muscles in the upper trunk, the upper
trapezius and latissimus dorsi muscles of the trunk, and the erector spinae muscles
of the back. There are also some smaller, deeper muscles that lie against the rib cage
that can also be recruited to assist with respiration.

CHECK YOUR KNOWLEDGE

1. List the primary inspiratory muscles.

2. Describe the position of the diaphragm during normal versus deep inhalation.

The Expiratory Muscles

The expiratory muscles can be found within the thorax, back, upper limbs, and
abdomen. The expiratory muscles include the internal intercostal muscles and
the abdominal muscles. During active expiration, the most important muscles are
those of the abdominal wall (including the rectus abdominus, internal and exter-
nal obliques, and transversus abdominus). Contraction of these muscles forces the
abdominal organs up against the diaphragm and further decreases the volume of the
thorax. This results in increased intra-abdominal pressure, which in turn drives air
out. The internal intercostal muscles lie deep between the ribs and are oriented at a
right angle to the external intercostal muscles, continuous with the internal oblique
muscles (see Sidebar 2.3). Contraction of the internal intercostal muscles assists with
active expiration by depressing the rib cage, thus decreasing thoracic volume.

The Tracheobronchial Tree

For quiet breathing, inspired air enters through the nostrils and passes into the nasal
cavities and into the nasopharynx through the open velopharyngeal port into the
oropharynx. For mouth breathers and for speaking purposes, the air enters through
the open mouth and passes through the oral cavity into the oropharynx. The air
then flows through the hypopharynx. From the hypopharynx, the air flows into the
larynx and passes down between the ventricular (false) vocal folds and further down
between the true vocal folds into the trachea (windpipe).

The trachea is a hollow and flexible cylindrical-shaped tube formed by a series
of 16 to 20 C-shaped hyaline cartilage rings that are closed anteriorly and open
posteriorly. The tracheal rings are 2 to 3 cm in diameter and are connected by a con-
tinuous mucous membrane lining. The gap between the rings is spanned by smooth
muscle. The trachea runs from the inferior border of the larynx for about 11 to 12
cm, and then it bifurcates (divides) into two main-stem or primary bronchi at a
point known as the carina, which is near the level of the fifth thoracic vertebra (see
Figure 2.3). Each main-stem bronchus divides into smaller divisions known as the
secondary (lobar) and tertiary (segmental) bronchi. The tertiary bronchi continue
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to branch and divide into smaller and smaller tubes and eventually branch into ter-
minal (end) respiratory bronchioles. The respiratory bronchioles open into alveolar
ducts. These ducts lead to outpouchings called alveolar sacs, which lead to micro-
scopic alveoli (air sacs) inside capillary networks. In the alveolar sacs, gas exchange
between oxygen and carbon dioxide occurs. Some of the bronchioli are visible in the
upper picture of Figure 2.3, but most of the bronchioli and all the alveoli are cov-
ered by the pleural membrane that covers the lungs.

CONTROL OF BREATHING

As described in Moini (2012, p. 2535), respiratory control has both involuntary and
voluntary components. The involuntary centers of the brain regulate respiratory
muscles, and control the depth and frequency of pulmonary ventilation. This occurs
in response to sensory information that arrives from the lungs, the respiratory tract,
and other sites. The voluntary control of respiration reflects activity in the cerebral
cortex that affects either the output of the respiratory center in parts of the brain-
stem or the output of motor neurons in the spinal cord that control respiratory
muscles (see Sidebar 2.4). Control of breathing for vocalization and speech has been
associated with the primary motor and sensory cortex, supplemental motor area,
cerebellum, thalamus, and limbic system.

Jiand

THE RESPIRATORY CYCLE (INHALATION
AND EXHALATION)

The respiratory tract functions much like a bellows. When we move the handles
on the bellows apart, the bellows becomes larger and the air within it becomes less
dense than the air outside it. The outside air rushes in due to the lower pressure of
the less-dense air in the bellows and the greater pressure in the more-dense out-
side air. The inspiration of air into the bellows is achieved by active enlargement of
the bellows’ body. Similarly, in human respiration, the inspiration of air is achieved
by active movement of muscles that enlarge the thoracic cavity. When the thorax
enlarges, the lungs within the thorax enlarge. The air within the lungs becomes
less dense than atmospheric air, and inspiration begins. The air is expired from the
lungs by decreasing the size of the chest, thus compressing the air and forcing it to
rush out. In human respiration, however, much of expiration is achieved by passive
collapse of the thorax and not by active muscle contraction. This is an extremely
important fact and can be valuable information for voice clinicians. Much of expira-
tion is passive. Hixon and Hoit (2005) have described human respiration as having
two types of forces that are always present: passive, nonvolitional forces and active,
volitional forces.

Passive Forces

Much of the power required for normal speech can be supplied by the passive forces
of respiration (passive exhalation). These forces include the natural recoil of mus-
cles, cartilages, ligaments and lung tissue, the surface tension of a special film that

SIDEBAR 2.4 /{ -

Try holding your breath
or slowing down your
breathing rhythm. You
are able to do this for
only a limited time or
to a limited degree
because autonomic
brainstem control takes
over when blood oxy-
gen decreases and car-
bon dioxide increases.
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SIDEBAR 2.5

To demonstrate this,
simply take about a
half-breath and pro-
duce the vowel /i/ for
5 seconds at a medium
loudness level. Then
listen to the vocal
quality. Now take a
very deep breath and
produce the same /i/
vowel for 5 seconds at
medium loudness. The
vocal quality will gener-
ally be poorer because
of the increased effort
required to control

the greater air volume
and higher air pres-
sure. Finally, produce
the same /i/ vowel for
5 seconds at medium
loudness immediately
after releasing three-
fourths of your air
supply. Again, the vocal
quality will suffer as
you try to compensate,
often by hyperadduct-
ing the vocal folds, for
the low air pressure
and low lung volume.

lines the alveoli, and the pull of gravity. These forces reduce the size of the thorax
during expiration (in a manner analogous to the recoil of a stretched spring) and
thus contribute to outward airflow from the lungs, which may be used in speech.
The mechanism of passive force can be understood by examining the concept of
relaxation pressure.

Relaxation Pressure. Vocal quality is affected by extremely high or low air pressure
at high or low lung volume (see Figure 2.5). The most efficient and most pleasing voice is
produced at mid-air-pressure levels and mid-lung-volume levels of air (see Sidebar 2.5).
Knowledge of this translates into an excellent clinical stimulation technique. We
can often change the vocal quality of our dysphonic patients by instructing them to
use the midrange of air pressure and lung volume. Teaching a shortened phrasing
pattern may be important to teaching breath-stream management. Except in singers
or actors, this generally is all the respiration training that needs to be given by the
speech-language pathologist (SLP). All the emphasis placed on breathing exercises
and respiration training in the past seems unproductive and unnecessary for nearly
all of our patients with dysphonia. The clinical facilitation technique of glottal fry
(discussed in Chapter 7) makes use of this information because glottal fry is pro-
duced with little air pressure and little airflow.

FIGURE 2.5 The Relaxation Pressure Curve
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The passive forces of exhalation tend to generate force during inhalation that works to restore
the lung and rib cage system to the normal resting state or equilibrium. After active inhalation,
these passive forces of exhalation rebound to provide some of the expiratory force needed

for speech. There is a nearly linear relationship between relaxation pressure and lung volume
in the range between 20% and 70% of the vital capacity. This curve represents the pressure
generated by the passive factors of the respiratory system.
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Active Forces

Additional power required for normal speech can be supplied by the active forces
of respiration (active exhalation). These forces include the strength of the muscles
within the chest wall, their patterns of movement, and the amount of air contained
in the lungs. As described by Hixon and Hoit (2005, p. 18), the more air the lungs
contain, the greater the force that can be produced to decrease the size of the thorax
(i.e., the greater the expiratory force that can be generated). By contrast, the less air
the lungs contain, the greater the force that can be produced to increase the size of
the thorax (i.e., the greater the inspiratory force that can be generated).

A key problem for many voice-disordered patients is the tendency to squeeze
the glottis closed in order to produce the needed power, rather than to increase air
pressure and airflow by contracting the abdominal muscles. We can better under-
stand this poor technique by a simple analogy. If we are watering flowers in a gar-
den and we want to reach the far row of plants, we can either place a thumb over
the end of the hose and squirt the water further (increase the power), or we can
increase the water power by turning the faucet on further. When we squeeze the
glottis closed, we are “putting a thumb over the end of the hose.” When we contract
the abdominal muscles, we are “turning the faucet further on” and increasing the
airflow. Even though squeezing the glottis tends to increase the vocal power, vocal
quality is diminished because the voice sounds strained. If this method is habitual,
the excessive effort becomes the basis of a hyperfunctional voice disorder. Such
effort may lead to laryngeal changes that can result in abnormal voice. When we
need increased power to speak louder, to stress words, or to extend a phrase when
singing or speaking, we should use the larger muscles of the abdomen and “turn on
the faucet” controlling the source of air. Thus, the pressure at the valve (the larynx)
is not excessive, and vocal quality is improved with delicate laryngeal tissue not
subjected to stress and strain, which produces laryngeal edema and laryngitis. Vocal
quality is not diminished, and adverse tissue change is avoided. Voice clinicians can
use this water analogy to teach patients how to monitor breath control by properly
using expiratory reserve volume (see definition of terms in Table 2.1) via the abdom-
inal muscles, rather than using excessive glottal valving in the larynx.

Figure 2.6, the simple tracings of a pneumotachometer, shows the relative time
for inspiration-expiration for a passive, tidal breath, for saying the numbers “1, 2, 3,
4,5,” and for singing the musical passage, “I don’t want to walk without you, baby,”
from the old song by that title. Note that the inspiratory time during normal tidal
breathing is much longer than the quick inspiration for speech and singing. This is
indicated by the rapid rise of the tracing from a resting baseline in an almost verti-
cal move. In the tidal breath, the rise from the baseline is gradual and sloped rather
than vertical.

CHECK YOUR KNOWLEDGE

1. List the passive and active forces of exhalation.

2. Describe in your own words how increasing expiratory pressure at the larynx can lead to muscle
tension dysphonia and laryngeal tissue changes.

We will now define the terms we will use in following discussions to describe
aspects of respiration. Methods for evaluating respiratory volumes and capacities
will be discussed in Chapter 6.

g [n this video, the
clinician encour-
ages the patient with
Parkinson’s disease
to increase breath
support, think about
breath-phrase coordi-
nation, and to speak
with intent to increase
her comprehensibil-
ity. Grand Rounds:
Describe the water
analogy so that it
would be clear to a
patient unfamiliar with
the four subsystems of
speech.
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FIGURE 2.6 Pneumotachometer Tracings

i

Note the relative time for inspiration as opposed to expiration for three conditions: tracing A (three tidal

breaths) produces an inspiration-expiration time ratio of about 1:2; tracing B (counting from one to five
on eight trials) produces a ratio of about 1:3; tracing C (singing twice, “| don’t want to walk without you,
baby”) yielded an inspiration-expiration ratio of approximately 1:10.
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RESPIRATORY VOLUMES AND CAPACITIES

Only a small amount of the air in the lungs is exchanged during a single quiet respi-
ratory cycle. The total volume of the lungs can be divided into volumes and capaci-
ties (see Table 2.1). Respiratory volumes refer to the amount of air in the lungs at a
given time and how much of that air is used for various purposes, including speech
(Solomon and Charron, 1998). Respiratory volumes include tidal volume, inspira-
tory reserve volume, expiratory reserve volume and residual volume. Lung capacities
combine two or more of the respiratory volumes and include inspiratory capac-
ity, vital capacity, functional residual capacity and total lung capacity. These vol-
umes and capacities are useful for diagnosing problems with pulmonary ventilation
(Moini, 2012). Respiratory volumes and capacities vary depending on the patient’s
age, gender, level of physical exertion, and vocal training. Data reported by Hoit
and Hixon (1987) and Hoit and colleagues (1989, 1990) indicate that, in general,
lung volumes and capacities increase from infancy through puberty and then remain
stable until advancing age, when they decrease slightly (see Table 2.2).

CHECK YOUR KNOWLEDGE

1. List and describe the respiratory volumes.

2. List and describe the respiratory capacities.

TABLE 2.1 Respiratory Volumes and Capacities

Type Description Calculation Volume

Tidal volume (TV) The amount of air inspired and expired during a single Measured 500 mL
respiratory cycle.

Inspiratory reserve volume The maximum volume of air that can be inspired beyond the Measured, or VC 3,000 mL

(IRV) end of a tidal inspiration. —(TV+ERV)

Expiratory reserve volume The maximum volume of air that can be expired beyond the Measured 1,100 mL

(ERV) end of a tidal expiration.

Residual volume (RV) The volume of air that remains in the lungs after a maximum Measured 1,200 mL
expiration.

Inspiratory capacity (1C) The maximum volume of air that can be inspired. TV+ IRV 3,500 mL

Functional residual capacity The volume of air remaining in the lungs and airways at the ERV + RV. 2,300 mL

(FRC) end of a resting tidal exhalation.

Vital capacity (VC) The maximum volume of air that can be expired TV+IRV+ ERV 4,600 mL
following a maximum inspiration.

Total lung capacity (TLC) The total volume of air contained in the lungs and airways TV+ IRV + ERV 5,800 mL

after a maximum inspiration

+ RV
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TABLE 2.2 Group Means of Seven Age Groups of Subjects for Some Lung Volumes and
Capacities (in Cubic Centimeters)

Age Group 7 10 13 16 25 50 75
Males

TLC 2120 3140 4330 6200 6740 7050 6630
VC 1670 2510 3550 5080 5350 5090 4470
FRC 980 1400 1970 2940 3120 3460 3440
ERV 530 770 1180 1810 1730 1500 1280
Females

TLC 2070 2980 3740 4980 5030 5310 4860
VC 1580 2340 2999 3780 3930 3600 2940
FRC 970 1430 1690 2560 2420 2930 2590
ERV 480 780 940 1350 1320 1220 670

Source: Adapted from Hoit and Hixon (1987); Hoit, Hixon, Altman, and Morgan (1989); and Hoit, Hixon,
Watson, and Morgan (1990).

THE EFFECTS OF AGING ON THE
RESPIRATORY SYSTEM

It has been reported that changes in general pulmonary functioning with aging
become measurable at around age 40 years (Rochet, 1991). As reported by Weis-
mer and Liss (1991), there is increased stiffness of respiratory structures, resulting
in increased relaxation pressure at corresponding lung volumes. Muscle weakness,
muscle atrophy, and increased fibrotic content of muscle result in diminished pres-
sure-generating capability at a given lung volume. Degeneration of nerve fibers and
sensory receptors result in a loss of appreciation of absolute lung volumes, lung
volume changes, and precision of motor commands for breathing. Less efficient gas
exchange results in higher breathing frequency.

The first comprehensive studies reporting age-related changes in speech
breathing were conducted in the late 1980s by Hoit and colleagues (1987, 1989,
1990). The major findings of the 1987 study were that elderly males demonstrated
larger rib cage volume initiations, larger lung volume excursions, and larger lung
volume expenditures per syllable than younger men, particularly during extem-
poraneous speaking. The major findings of the 1989 study were that, compared
to younger women, elderly females demonstrated larger rib cage excursions dur-
ing reading out loud, increased frequency of inhalation during reading out loud,
increased air expenditure during non-phonated intervals during reading out loud,
and larger lung volume initiations during extemporaneous speaking. (For a com-
plete review of the speech and voice changes of geriatric speakers, see Zraick and
colleagues, 2006).
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CHECK YOUR KNOWLEDGE

1. Describe the effects of aging on the respiratory system.

2. How does aging affect voice?

BREATHING FOR LIFE VERSUS
BREATHING FOR SPEECH

In breathing for life (that is, quiet breathing), the ratio
of time for inhalation versus exhalation is nearly equal,
with exhalation time just slightly longer than inhala-
tion time. During breathing for speech, we have a bias
toward longer exhalations, which is quite compat-
ible with the need to extend expiration for purposes of
speech (see Sidebar 2.6). Influences on speech breath-
ing include the speaker’s body position, body type, and
age, as well as the type of utterance being produced,
interactions between the speaker and the listener, the
background noise in the setting, and so forth. As sum-
marized by Hixon and Hoit (2005, pp. 105-106):
(1) speech breathing while upright is different than
speech breathing while lying down due to the effect of
gravity on relaxation pressure and chest wall movements
(see Sidebar 2.7); (2) body type influences speech breath-
ing because of the effect of body fat on the movements
of the abdominal wall and rib cage wall; (3) advanced
age (seventh or eighth decade of life) brings changes in
valving of the larynx, which result in larger lung vol-
umes and rib cage wall excursions and greater average
expenditures of air per syllable; (4) speech breathing pat-
terns are highly variable until age 3 years and undergo
refinement throughout childhood and adolescence; and
(5) cognitive-linguistic factors affect when an inspiration
occurs and how long it will be, how long the following
expiration will be, how often silent pauses will occur,
and how much speech is produced per breath group (see
Sidebar 2.8). In addition to a change in the ratio times of
inhalation/exhalation, there are changes in the volume
of air inhaled/exhaled. During quiet breathing, the vol-
ume of air is approximately 10% of vital capacity, while
during speech breathing it can be as high as 25% of vital
capacity, depending on the length and loudness of the
utterance. As described earlier in this chapter, muscle
activity for exhalation is passive during quiet breathing,
while it is active during speech breathing. Last, the abdo-
men is displaced outward relative to the rib cage during
quiet breathing, while during speech breathing, it is dis-
placed inward relative to the rib cage (see Sidebar 2.9).

SIDEBAR 2.6 /4~

To appreciate these timing differences, do the following:
(1) Place the tip of your right index finger just in front of,
but not touching, your lips and breathe quietly through
your mouth. Close your eyes and pay attention to how
long it takes you to inhale and how long you feel the
exhaled air on your fingertip. (2) Keeping your fingertip
in place, close your eyes and talk out loud for about 30
seconds. Pay attention to how short the inhalation time
is and how you feel the exhaled air on your fingertip
throughout your utterance.

SIDEBAR 2.7 /i~

To appreciate the effect of gravity, do the following: Say
the Pledge of Allegiance out loud while sitting in a chair
versus lying flat on your back. What are the differences
you note?

SIDEBAR 2.8 /i~

To appreciate these influences, do the following:

(1) Determine the number of quiet breaths you take per
minute, then (2) silently read a passage for one minute
and note the number of breaths you take. (3) Repeat
the reading, this time aloud, and note the number

of breaths you take. Was there a difference across
conditions?

SIDEBAR 2.9 /|~

To appreciate these movement dynamics, do the follow-
ing: (1) Put the palm of your right hand on your sternum/
chest and the palm of your left hand on your belly. Look
down at your hands as you take a quiet breath, and you
will notice that your belly expands front to back to a
greater degree than your chest. (2) Keeping your hands in
the same locations, look down as you are talking out loud
for about 30 seconds. Notice that each time you take a
breath during speaking, your belly moves inward relative
to your chest.
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The SLP must take the aforementioned factors into consideration when
conducting a speech breathing evaluation (more on this topic in Chapter 6). For
example, when breath support or perhaps breath control is a problem in a voice-
disordered patient, it is often related to failure to take breaths at appropriate places.
At other times, the tendency to push too hard in extending the expiratory reserve
volume results in a strained vocal quality. Understanding lung volumes and capaci-
ties, and the difference between breathing for life versus breathing for speech, is the
foundation for identifying voice-disordered patients whose dysphonia is due in part
to abnormal respiratory function.

CHECK YOUR KNOWLEDGE

1. Describe the difference between breathing for life versus breathing for speech.

2. Describe one sign or symptom of abnormal breathing for speech.

THE PHONATORY SYSTEM

The phonatory system is the source of voiced sound. Normal phonation (voice pro-
duction) results from normal expiratory airflow, normal vocal fold structure and
function, normal supraglottic structure and function, and normal nervous system
control. One’s voice can be heard while one is talking, singing, laughing, crying, or
screaming. To quote Lord Byron in his poetic masterpiece Don Juan (1824), “The

devil hath not, in all his quiver’s choice, an arrow for the heart like a sweet voice”
(Canto XV, Stanza 13).

ANATOMY OF PHONATION

The larynx, positioned atop the trachea, is a gateway to the respiratory tract. The
larynx serves important biological functions, which include allowing air into and
out of the lungs for life-sustaining breathing, protecting the airway from infiltra-
tion of food or liquid during swallowing, protecting the airway from infiltration of
foreign bodies, and fixing the thorax during activities demanding highly elevated
abdominal pressures (such as forced bowel and bladder evacuation, childbirth, and
heavy lifting). Central to these functions is the ability of the vocal folds to abduct
(move away from each other, starting together at midline) or adduct (move toward
each other, ending together at midline), essentially serving as a valve between the
speech tract and the respiratory tract. Using this valve to generate voice (to pho-
nate) has required the development of intricate neural controls that permit humans
to set the vocal folds into precise vibration for speaking and singing. Vocal fold
vibration is possible because (1) the vocal folds are located within a fixed laryn-
geal framework; (2) muscles within the larynx (intrinsic laryngeal muscles) facilitate
vocal fold abduction and adduction; (3) some of these intrinsic laryngeal muscles
cause changes in the elastic properties of the vocal folds, thus affecting their rate of
vibration; and (4) an outgoing airstream also affects vocal fold vibration. The myo-
elastic aerodynamic theory of phonation takes these factors into account and will be
described later in this chapter. First, however, we turn our attention to providing an
overview of laryngeal anatomy, including changes affecting voice across the lifespan.
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The Laryngeal Framework

The larynx is a constricted tube with a smooth surface. It is located deep within the
strap muscles of the neck and is situated vertically at the level of vertebrae C4-Cé6
in adults, but is higher in children, at the level of vertebrae C1-C3. The larynx is
approximately 44 mm long (1.7 inches) in adult males and approximately 36 mm
long (1.5 inches) in adult females. The circumference of the larynx in adults is approx-
imately 120 mm (5 inches). A framework of cartilage, ligaments, membranes, and
folds gives the larynx form. Connected to this framework are extrinsic and intrinsic
laryngeal muscles that facilitate movement of either the laryngeal frame (in the case
of the extrinsic muscles) or the vocal folds within (in the case of the intrinsic muscles).

Ligaments and membranes connect the larynx superiorly to the hyoid bone,
inferiorly to the cricoid cartilage, and anteriorly to the epiglottis. These attachments
of the larynx loosely position it at midline in the neck. Because the larynx is not
rigidly fixed in the neck, it is capable of limited up-down and side-to-side movements
(see Sidebar 2.10). The vertical and horizontal movements of the larynx are consid-
ered normal, and lack of such movements during a head and neck examination can
be indicative of neurological damage, degenerative changes, blunt force trauma, the
presence of a tumor or other mass, or possibly muscle tension dysphonia.

The Extrinsic Laryngeal Muscles

The extrinsic laryngeal muscles have one attachment to the larynx and another
attachment to some structure external to the larynx. Along with the hyoid bone,
they are located in an area of the neck called the anterior triangle, which is bounded
by the mandible, the sternocleidomastoid muscles, and the midline platysma muscle.
The extrinsic laryngeal muscles have a role in supporting and stabilizing the larynx
and in changing its position within the neck. Muscles within this group include the
sternothyroid, thyrohyoid, and inferior constrictors.

The Supplementary Laryngeal Muscles

In addition to the extrinsic laryngeal muscles, two major groups of muscles attach to
the hyoid bone and originate from either above or below the hyoid bone. The suprahy-
oid muscle group includes the digastric, stylohyoid, mylohyoid, geniohyoid, hyoglossus,
and genioglossus. The infrahyoid muscle group includes the sternohyoid and omohyoid.

It is clinically useful to understand how each extrinsic and supplementary
laryngeal muscle contributes to raising or lowering the larynx and moving it forward
and backward, as listed below:

Raise Lower Forward Backward
Digastrics Omohyoid Sternothyroid Omohyoid
Geniohyoid Sternohyoid Digastric Digastric
Mylohyoid Sternothyroid Mylohyoid Stylohyoid
Stylohyoid Geniohyoid

Genioglossus Genioglossus
Hyoglossus

Thyrohyoid

SIDEBAR 2.10 /J{jjjp~

To illustrate, put the
first three fingers of
your right hand on
your larynx and swal-
low. You should feel
the larynx elevate and
move forward slightly
and then glide back to
its resting position. If
you apply a little firmer
grip, you can move the
larynx from side to side.
Also, if you raise your
tongue within the oral
cavity, or protrude your
tongue, you will feel the
larynx elevate slightly;
this is partially because
the base of the tongue
inserts into the hyoid
bone. As the tongue
contracts, it lifts the
hyoid bone slightly.
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SIDEBAR 2.11 |~

To illustrate, take your index finger and place it on your
Adam’s apple. Swallow and you will feel the larynx rise
and then return to its resting position.

SIDEBAR 2.12 /{|jjp~

To illustrate, again place your index finger on your
Adam’s apple and count from 1 to 10 at your normal
pitch and loudness. You should not feel any appreciable
raising or lowering of the larynx. Repeat this exercise, but
when you get to the numbers 6 to 10, raise your pitch
dramatically. You should feel the larynx rise.

e An understanding of

The raising and lowering of the larynx is observ-
able and noted mainly during the pharyngeal stage of
swallowing. These movements serve primarily to help
protect the airway from aspiration of food or liquid (see
Sidebar 2.11). The extrinsic laryngeal muscles also come
into play slightly during production of higher and lower
pitches (especially in untrained singers) (see Sidebar
2.12). Conversely, if you lower your pitch dramatically,
your larynx will lower. A good speaking voice does not
apparently require much active muscle involvement of
the extrinsic laryngeal muscles. Trained singers keep
the height of the larynx nearly constant while singing a
range of high and low notes (Sataloff, 1981).

CHECK YOUR KNOWLEDGE

the laryngeal frame-
work and muscles is
critical when engaging
in digital manipula-
tion. In the first brief
video segment, the
clinician uses digital
manipulation to assess
the vertical position of
the larynx in a case of
functional aphonia. In
the second segment,
he gently pushes one
aspect of the thyroid
lamina to attempt to
medialize the vocal
folds in a case of sus-
pected unilateral vocal
fold paralysis. Grand
Rounds: Cite three
reasons why digital
manipulation would
be selected as a diag-
nostic probe.

1. What is the difference between the extrinsic laryngeal muscles and the supplementary laryngeal
muscles?
2. What role do the extrinsic and supplementary laryngeal muscles play in voice production?

Laryngeal Cartilages

Five major laryngeal cartilages are important for voice production and airway pro-
tection: the cricoid, the thyroid, the paired arytenoids, and the epiglottis. These are
shown in Figures 2.7 through 2.9. Two other small paired cartilages, the cornicu-
lates (cone-shaped, elastic cartilages on the apex of the arytenoids extending into the
aryepiglottic folds) and the cuneiforms (cone-shaped, elastic nodules located in the
aryepiglottic folds), apparently play only a minimal role in the phonatory functions
of the larynx. The larynx develops in utero from paired branchial arches, so slight
asymmetries in structure are often observed, particularly as one ages (Lindestadt
and colleagues, 2004). Such asymmetries typically do not affect voice, though.

The cricoid, thyroid, and arytenoid cartilages are intricately connected to one
another by joints, ligaments, membranes, and muscles (we will describe these con-
necting structures in later sections of this chapter). The cricoid is the second largest
of the three cartilages and is a signet-shaped ring connected to the first tracheal ring.
The two pyramid-shaped arytenoid cartilages sit atop its high posterior wall. The
base of each arytenoid cartilage has two concave and smooth surfaces, called pro-
cesses, to which muscles attach. One of these surfaces, the muscular process, is later-
ally directed and is the attachment for those intrinsic laryngeal muscles that cause
the arytenoid cartilage to rock, rotate, and slide on the cricoid cartilage. The other
process, the vocal process, is anteriorly directed and is the posterior attachment for
the vocal ligament and vocalis muscle. The remaining major cartilage, the thyroid
cartilage, is the largest of the three listed. It has several parts: two laminae, a supe-
rior thyroid notch, two superior horns, two inferior horns, and two oblique lines.
The two laminae fuse anteriorly in the midline and form the laryngeal prominence
(commonly called the Adam’s apple). In postpubertal males, the angle of the laryn-
geal prominence is approximately 90°, and in females, the angle is approximately
120°. If you feel your Adam’s apple with your middle finger oriented horizontally
and then place your index finger right next to it, you should feel a v-shaped notch
between the laminae; this is the superior thyroid notch, present because the laminae
are incompletely fused. The superior horns are posterior points of attachment for
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FIGURE 2.7 Anterior View of the Laryngeal FIGURE 2.8 Posterior View of the Laryngeal Cartilages,
Cartilages, Hyoid Bone, and Epiglottis Hyoid Bone, and Epigolottis
Epiglottis
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ligaments connecting the thyroid cartilage to the hyoid bone above. The inferior
horns are also posterior points of attachment and connect the thyroid cartilage to
the cricoid cartilage below via a joint. Each laminae also contains an oblique line,
a ridge that descends diagonally from superior to inferior; this ridge is a line of
attachment for some of the extrinsic laryngeal muscles and the inferior pharyngeal
constrictor muscle. Similar to cartilage throughout the skeletal system, all the laryn-
geal cartilages are coated with a tough leathery covering (the perichondrium), which
gives the larynx a waxy look. This perichondrium is thicker on the outside than the
inside of the larynx.

under four conditions: breathy, normal, harsh, and hoarse.
The relative spacing of the formants stays the same as the
signal source changes.

CHECK YOUR KNOWLEDGE

1. List and describe the location of the five major laryngeal cartilages.
2. List the anterior, superior, and inferior borders of the larynx.
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FIGURE 2.9 Lateral View of the Laryngeal Cartilages, Hyoid Bone, and Epiglottis
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Extrinsic Laryngeal Ligaments and Membranes

Ligaments and membranes also connect parts of the larynx to adjacent support
structures. Some of these ligaments and membranes connect laryngeal cartilages to
the epiglottis, some connect laryngeal cartilages to the hyoid bone, some connect
the epiglottis to the hyoid bone or tongue, and some connect laryngeal cartilages
to the trachea. It is helpful in gaining an understanding of some of these ligaments

SIDEBAR 2.13 ¢/

To illustrate, place your thumb on your neck, just above
the thyroid notch and just below your chin, and gen-

tly press inward. What you are feeling are underlying
muscles, medial ligaments, and membranes; that is, you
should appreciate that the thyroid cartilage is not fused
with the hyoid bone above it. If you keep your thumb

in place and swallow, you will feel a tightening of the
muscles and ligaments and a narrowing of the space as
the larynx elevates. You will also feel this tightening if you
go from producing a voice at your normal pitch to one at
a much higher pitch.

and membranes if one refers again to Figures 2.7, 2.8,
and 2.9 and notes that there are spaces between some
of the major laryngeal cartilages and their adjacent
external structures. For example, the medial and lat-
eral thyrohyoid ligaments, along with the thyrohyoid
membrane, connect the thyroid cartilage to the hyoid
bone (see Figure 2.10). The cricotracheal ligament and
cricotracheal membrane connect the cricoid cartilage
to the uppermost tracheal ring. The cricothyroid mem-
brane connects the cricoid and thyroid cartilages (see
Figure 2.10). One can appreciate the thyrohyoid space,
for example, with palpation (touch) (see Sidebar 2.13).
Keep in mind too that we have previously described the
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FIGURE 2.10 Extrinsic Laryngeal Membranes and Ligaments
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larynx as a closed tube. Therefore, there must be membranes spanning the space
between cartilages. The interested reader is referred to Zemlin (1998) for a complete
listing and description of all the extrinsic laryngeal ligaments and membranes.

The Laryngeal Cavity

The laryngeal inlet (aditus laryngis) is the entrance into the larynx (see Figure 2.11).
It is a triangular opening, wider in front than in back, that slopes obliquely down
and back. Its boundaries are the epiglottis in the front, the aryepiglottic folds on
each side, and the arytenoid cartilages behind. Its shape is variable, depending on
the position of the arytenoid cartilages and the epiglottis. The laryngeal vestibule is
immediately beneath the inlet and contains two protruding sets of mucosal folds—
the ventricular folds (more commonly referred to as the false vocal folds) and the
true vocal folds (more commonly referred to simply as the vocal folds). (We will
describe these folds later in this chapter.) The area between the false vocal folds and
the true vocal folds is the ventricular space; within this pocketlike space are sacs
that secrete mucus to coat the surface of the vocal folds below. The area between the
vocal folds is the rima glottidis; the glottis refers to the vocal folds and the space in
between them. The laryngeal cavity can thus be divided into the supraglottic (above
glottis) space and subglottic (below glottis) space. The subglottis is narrower than

39
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FIGURE 2.11 Cross Section of the Laryngeal Cavity
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the supraglottis but eventually widens as it joins the tubular trachea. The laryngeal
cavity is lined with a wet mucosa that is continuous with the mucosa of the tongue,
pharynx, and trachea. This mucosa covers the laryngeal cartilages, membranes, liga-
ments, and muscles and is rich with sensory receptors and mucus-secreting glands.
Irritation or drying of this lining can often contribute to a hoarse voice quality. In a
more serious condition, the epithelial cells constituting this lining can become malig-
nant, necessitating possible removal of all or part of the larynx.

Laryngeal Joints

The two laryngeal joints are the cricothyroid joint and the cricoarytenoid joint (see
Figure 2.12). Both are synovial joints (filled with a lubricating fluid) that achieve
movement at the point of contact of the articulating cartilages. Without these two
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FIGURE 2.12 The Laryngeal Joints
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joints, the vocal folds would not be able to approximate (make contact) nor change
their length. The cricothyroid joint is formed between the inferior horns of the thy-
roid cartilage and the posterior cricoid arch. Rotation at this joint results in the thy-
roid cartilage tilting downward and also gliding forward and back relative to the
cricoid. This provides the major adjustment for change in pitch. The cricoarytenoid
joints are formed between the superior borders of the cricoid cartilage and the aryte-
noid cartilages. The movement at the joint is described primarily as a rocking-gliding
motion. The rocking motion at this joint primarily results in the vocal processes of
the arytenoid cartilages swinging downward and inward (for adduction), or upward
and outward (for abduction). The gliding motion primarily results in changes in
vocal fold length. Arthritis or trauma can result in limited or absent motion of the
arytenoid cartilages, resulting in vocal fold immobility (Speyer and colleagues, 2008).

Intrinsic Laryngeal Ligaments and Membranes

Ligaments and membranes connect the laryngeal cartilages to each other. Beneath
the mucous membrane on each side of the larynx is a broad sheet of fibrous tis-
sue containing many elastic fibers—it is sometimes referred to as the fibroelastic
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FIGURE 2.13 Conus Elasticus and Quadrangular Membrane
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membrane of the larynx. This membrane (see Figure 2.13) has an upper portion,
called the quadrangular membrane and a lower portion, called the conus elasticus
(also known as the triangular membrane). The dividing line between these upper
and lower membranes is the ventricular space. The paired quadrangular membrane
originates in the lateral margins of the epiglottis and adjacent thyroid cartilage (at
a midpoint between its upper and lower borders) and attaches to the corniculate
cartilage and the lateral surface of the arytenoid. The free superior margins of the
quadrangular membranes form the aryepiglottic folds, which drape an underlying
aryepiglottic muscle. The free inferior borders of the quadrangular membranes form
the ventricular ligaments, also known as the false vocal folds. The conus elasticus
connects the cricoid cartilage with the thyroid and arytenoid cartilages via the medial
and lateral cricothyroid ligaments. The free superior borders of the conus elasticus
form the vocal ligaments.

The Intrinsic Laryngeal Muscles

The intrinsic laryngeal muscles connect the laryngeal cartilages to each other. Col-
lectively, the contraction or relaxation of these muscles results in either the adduc-
tion, abduction, tensing, or relaxing of the vocal folds. These muscles are innervated
by various branches of the Vagus nerve (CN X). The following brief descriptions
identify each muscle in Figure 2.14; these muscles are named according to their
attachments.
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FIGURE 2.14 Superior View of the Intrinsic Laryngeal Muscles
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Posterior Cricoarytenoid (PCA). This paired muscle is the lone abductor muscle. Its
fibers originate from the quadrate lamina of the cricoid and insert into the postero-
medial surface of the muscular process of the arytenoid on that side (right-sided
fibers go to the right muscular process, and so on). Contraction of this muscle draws
the muscular process posteriorly, which pivots the arytenoid cartilage laterally. This
results in abduction of the vocal folds and opening of the glottis. This muscle is par-
ticularly active during more active abduction, such as when needed for a quick or
deep inhalation.

Lateral Cricoarytenoid (LCA). This paired muscle functions as a direct antagonist to
the posterior cricoarytenoid muscle as it plays its adductor role. Its fibers originate
from the arch of the cricoid and insert into the anterolateral surface of the muscular
process of the arytenoid on that side. Contraction of this muscle draws the muscu-
lar process anteriorly, which pivots the arytenoid cartilage medially. This results in
adduction of the vocal folds and closing of the membranous glottis. It also results in
stiffening of all layers of the vocal folds (Sataloff, 2005).
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Interarytenoid (IA). The only unpaired instrinsic laryngeal muscle, the interarytenoid
is composed of two muscle bundles, the transverse arytenoid (unpaired) and the
oblique arytenoid (paired). Both assist in adduction and medial compression. Trans-
verse arytenoid fibers originate from the lateral posterior surface of the arytenoid
cartilage on one side and insert into the corresponding surface of the opposite aryte-
noid cartilage. Contraction of this muscle bundle draws the body of each arytenoid
cartilage together. Oblique arytenoid fibers originate at the base of one arytenoid
cartilage and attach to the apex of the arytenoid cartilage on the opposite side. Con-
traction of this muscle bundle draws the apex of each arytenoid cartilage together,
adducting the vocal folds to close the posterior glottis. The aryepiglottic muscle is
composed of oblique IA fibers that have continued laterally around the apex of the
arytenoid and inserted into the epiglottis. Contraction of the aryepiglottic muscle
results in the epiglottis being pulled downward and backward, which results in the
entrance of the larynx being covered.

Thyroarytenoid (TA). This paired muscle forms the bulk of the muscular portion of
the vocal folds. Both anatomically and functionally, this muscle has two compo-
nents: a medial muscle called the thyrovocalis (or simply, vocalis) and a bulkier lat-
eral portion called the thyromuscularis (or simply, muscularis). Fibers of the vocalis
originate on the inner surface of the thyroid cartilage near the thyroid notch and
insert on the lateral surface of the vocal process of the arytenoid. Fibers of the
muscularis originate on the thyroid cartilage just lateral to those of the vocalis and
insert on the muscular process of the arytenoid. Contraction of the vocalis draws
the cricoid and thyroid cartilages further apart, tensing the vocal folds when bal-
anced by the antagonistic contraction of the cricothyroid muscle. Contraction of
the muscularis draws the arytenoid cartilages forward, relaxing and adducting the
vocal folds.

Cricothyroid (CT). This muscle is made up of two components: the pars recta and
the pars oblique (pars = part). Both are vocal fold tensors. The fibers for each com-
ponent originate from the arch of the cricoid cartilage and end in two distinctly
different insertions. The lower fibers (pars oblique) insert near the thyroid lamina
and the inferior horn of the thyroid cartilage. The upper fibers (pars recta) insert
into the lower surface of the thyroid lamina. When the pars recta contracts, the thy-
roid cartilage is tilted downward, and when the pars oblique contracts, the thyroid
cartilage is drawn forward. As a result, the distance between the anterior thyroid
cartilage and the arytenoid cartilages is increased—Dbecause the vocal folds are pas-
sively strung between the thyroid and arytenoid cartilages, their length increases,
their tension increases, and their mass per unit of length decreases. This results in
faster vibration, which is perceived by the listener as an increase in pitch. The CT is
the only intrinsic laryngeal muscle to receive innervation from the superior laryn-
geal nerve (SLN), thus the partial or total inability to change pitch when the SLN is
compromised.

CHECK YOUR KNOWLEDGE

1. List the intrinsic laryngeal muscles and describe their points of origination and insertion.
2. For each intrinsic laryngeal muscle, describe whether it is an abductor, adductor, tensor, or
relaxer.
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The Ventricular (False) Vocal Folds

The ventricular folds (also known as false vocal folds) are two thick, membranous
folds, each enclosing a narrow band of fibrous tissue, the ventricular ligament (see
Figure 2.11). The ventricular folds contain numerous mucous glands that help to
moisten and lubricate the true vocal folds beneath them, which is important for
laryngeal health and normal voice (Sataloff, 2005). The ventricular ligament is
attached to the thyroid cartilage (immediately below the attachment of the epi-
glottis) and to the arytenoid cartilage (a short distance above the vocal process).
The lower border of the ventricular folds is the upper boundary of the laryngeal
ventricle. The space between the ventricular folds is called the rima vestibuli. The
ventricular folds should not adduct during normal phonation; in rare and clinically
significant cases, they adduct during phonation, resulting in what is called ventricu-
lar phonation.

The True Vocal Folds

The vocal folds (also known as true vocal folds) are also two membranous folds,
each enclosing a narrow band of elastic tissue, the vocal ligament. The vocal liga-
ment (see Figures 2.11, 2.14, and 2.15) is attached anteriorly to the thyroid cartilage
(midway between its upper and lower borders) at the anterior commissure, and pos-
teriorly to the vocal process of the arytenoid cartilage. The upper border of the true
vocal folds is the lower boundary of the laryngeal ventricle. The space between the
vocal folds is called the rima glottides (or glottis). Laterally, the vocalis muscle lies
parallel with it. The vocalis is covered by a mucous membrane, which is extremely
thin and closely adherent to its surface. In adult males, the vocal folds are 17 to 20 mm

FIGURE 2.15 The Vocal Ligaments and Thyroarytenoid Muscles
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long; in adult females, they are 11 to 15 mm long; and in infants, they are around 3
mm long. The anterior three-fifths of the vocal fold is generally described as being
more membranous, while the posterior two-fifths is described as being more carti-
laginous, although the ratio of the membranous to cartilaginous portions differs by
age and gender. The midpoint of the membranous part vibrates with the greatest
amplitude during phonation; the cartilaginous part is where the vocal fold attaches
to the vocal process of the arytenoid cartilage, and this part does not participate
much in phonation (except at very low pitches). During quiet breathing, the glottis
is somewhat open, with the vocal folds in a paramedian position (that is, halfway
between abduction and adduction). During deep inhalation (forced abduction), the
width may double. During phonation of voiced sounds, the glottis is closed, with the
vocal folds in a median position (adducted). During whispering, the glottis is closed
along most of its length, but with a small posterior opening (chink).

The true vocal fold is comprised of mucosa and muscle; interwoven through-
out are blood vessels. From top to bottom, the vocal fold has five layers (see Figure
2.16), each with a different cellular makeup and biomechanical properties. The layers
are the (1) epithelium; (2) superficial lamina propria (also known as Reinke’s space);

FIGURE 2.16 The Vocal Fold in Cross Section
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(3) intermediate lamina propria; (4) deep lamina propria; and (5) vocalis muscle, which
is the medial portion of the thyroarytenoid muscle. The epithelium and superior and
intermediate lamina propria are composed of elastin fibers, which allow for stretching
and recoil, thus permitting movement during vocal fold vibration. The deep layer of the
lamina propria is composed of collagen fibers, which prohibits stretching. The vocalis
fibers make up the bulk of the vocal fold. Alternative descriptions, such as the cover-
body model (Hirano and colleagues, 1983) places these five layers under three head-
ings based on their biomechanical properties: (1) the compliant cover (epithelium and
superficial lamina propria), (2) a stiffer transitional zone (intermediate and deep layers
of the lamina propria), and (3) the least compliant body (vocalis muscle). Regardless
of which description one uses, it is clear that the vocal fold is not comprised of the
same tissue from top to bottom; that is, there is a loosely adherent cover, an underlying
vocal ligament providing some stiffness and support, and a further underlying bulky
muscle. The cover gives the vocal fold a glistening, white appearance and vibrates most
markedly during phonation. During a laryngostroboscopic examination, the cover can
be seen moving during vocal fold vibration, a phenomenon known as the mucosal
wave (Hirano and Bless, 1993). Even when the vocalis muscle is weak or paralyzed,
the cover may still vibrate passively (and to a more limited degree) because of exhaled
air flowing over it. However, if the vocal fold is stiff and edematous (swollen), there
may be an absent or markedly decreased mucosal wave.

CHECK YOUR KNOWLEDGE

1. From top to bottom, list the five layers of the vocal fold cover and body.

2. What effect does an abnormal vocal fold cover have on the voice?

Laryngeal Blood Supply and Lymphatic Drainage

There is a dual blood supply to and from each side of the larynx (see Figure 2.17).
The two major arteries supplying the larynx are the inferior and superior laryngeal
arteries, branches of the thyroid artery. The two veins draining the larynx are the
inferior and superior laryngeal veins. The inferior arteries and veins serve the upper
larynx, that is, the arytenoid cartilages, the false vocal folds and the laryngeal ven-
tricle. The superior arteries and veins serve the lower larynx, that is, the piriform
sinus and the quadrangular membrane. The laryngeal lymphatic vessels drain into
the cervical lymph nodes. Abnormalities in laryngeal blood flow can be observed
clinically, most dramatically in the case of a vocal fold hemorrhage, resulting in
immediate and severe dysphonia.

Nervous System Control of the Larynx

Speech production is one of the most complex and rapid motor behaviors, and it
involves a precise coordination of more than 100 laryngeal, velar, orofacial, and
respiratory muscles. The paired vagus nerve (CN X), also known as the wanderer, is
a complex and extensive nerve that plays a crucial role in speech and swallow pro-
duction. This nerve serves both sensory and motor functions, sending motor signals
to the soft palate, pharynx, and larynx, and picking up sensation from the entire
vocal tract viscera. The sensory branches of the vagus are responsible for informing
the speaker with muscle tension dysphonia that she has the sensation of fullness
at the level of the larynx (globus) after speaking at the bottom of her pitch range.
The vagus sends motor impulses to innervate the muscles of the velum, pharyngeal
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FIGURE 2.17 Laryngeal Arterial Circulation
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constrictors, and the larynx that are so finely tuned that the average speaker is able
to produce 14 sounds per second.

Central control of voice production is conducted by two parallel pathways:
(1) the limbic vocal control pathway, which is responsible for the control of innate
nonverbal and emotional vocalizations, and (2) the laryngeal motor cortical path-
way, which regulates the fine motor control of voluntary voice production, such as
speech and song, as well as voluntary production of innate vocalizations (Simonyan
& Horowitz, 2011). The ability to control various laryngeal behaviors voluntarily
is most prominent in humans, whereas other species, including nonhuman primates,
have limited ability to produce their vocalizations voluntarily. The laryngeal motor
cortex, located within the motor homunculus in the primary motor cortex, executes
voluntary laryngeal control through the multiple pathways both directly and indi-
rectly descending to the brain stem laryngeal motor neurons in the medulla.

The vagus nerve originates in the nucleus ambiguous of the medulla (see
Figure 2.18). As it descends, it splits into the pharyngeal branch, which innervates
the soft palate and upper pharyngeal constrictors. It then courses inferiorly and
splits off into the superior laryngeal and recurrent laryngeal branches, the latter of
which is so named because it doubles back on itself before ascending to innervate
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FIGURE 2.18 The Vagus Nerve
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the larynx. Both the right and left recurrent laryngeal nerves innervate all of the
intrinsic muscles of the larynx except for the cricothyroid. This is innervated by
the superior laryngeal nerve (SLN). The extrinsic muscles are primarily innervated
from the ansa cervicalis. Innervation of the soft palate, pharynx, and larynx will be
explored further in Chapter 5.
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Lifespan Changes in the Larynx

There are changes in the larynx from birth through adolescence and adulthood, and
into the geriatric years. These changes can be observed during examination of both
the external and internal larynx. Many of the changes heard in the voice over the
lifespan can be attributed to fundamental changes in laryngeal anatomy and physi-
ology. An understanding of such changes helps the SLP work most effectively with
voice-disordered patients of all ages.

The pediatric larynx is not just a smaller version of the adult larynx. There
are marked differences between the two, primarily in regard to the position of the
larynx, size and configuration of the laryngeal cartilages, and size and fine struc-
ture of the vocal folds. (The interested reader is referred to Sapienza, Ruddy, and
Baker [2004] for a complete description of the developing pediatric larynx.) The
pediatric larynx is situated higher in the neck than that of an adult, descending to
the adult position after puberty. With this descent comes a lengthening and wid-
ening of the pharynx, contributing to changes in the resonance of the voice. The
whole laryngeal framework in children is much softer than in adults, which makes
it less susceptible to blunt trauma; by the same token, however, the larynx is more
susceptible to collapse and compromise of the airway. The pediatric hyoid bone
assumes a much lower vertical position and may overlap the thyroid cartilage.
There is no Adam’s apple; this thyroid prominence does not appear until puberty.
The angle of the thyroid laminae in newborns is approximately 120°, close to that
of an adult female but wider than that of an adult male. Also, the cricothyroid
space in the developing larynx is a narrow slit and difficult to appreciate with pal-
pation (touch). Last, the length and fine composition of the pediatric vocal folds
are also quite different. The length of the vocal fold in newborns is 2.5 to 3.0 mm
(0.10 to 0.12 inches), growing rapidly with puberty and reaching an adult length
of approximately 17 to 21 mm (0.7 to 0.8 inches) in adult males and 11 to 15
mm (0.4 to 0.6 inches) in adult females (Hirano and colleagues, 1983). The mem-
branous part of the newborn vocal fold is approximately the same length as the
cartilaginous part. There is no vocal ligament in newborns, with an immature one
developing between the ages of 1 and 4 years. The vocal fold mucosa is thinner
in newborns and young children. The lamina propria is a single layer; two layers
appear between the ages of 6 and 12 years, and a fully differentiated covering is
only apparent at the conclusion of puberty.

As one reaches his or her sixties and beyond, there are structural changes
across physiological systems, and these changes affect the accuracy, speed, range,
endurance, coordination, stability, and strength of muscular movements (the inter-
ested reader is referred to Chodzko-Zajko [1997] for a review of normal aging and
human physiology). Changes in laryngeal anatomy and physiology, coupled with
changes in the nervous, respiratory, and supralaryngeal systems, can account for
many of the changes heard in the senescent (older) voice. (The interested reader is
referred to Zraick and colleagues [2006] for an extensive review of speech and voice
changes in geriatric speakers.) Some of the age-related changes in the larynx include
hardening of the laryngeal cartilages, atrophy and degeneration of the intrinsic
laryngeal muscles, deterioration of the cricoarytenoid joint, degeneration of glands
in the laryngeal mucosa, degenerative changes in the lamina propria, degenerative
changes in the conus elasticus, and decreased laryngeal blood flow (Kendall, 2007;
Linville, 2001; Orlikoff, 1990; Thomas and colleagues, 2007). These changes can
lead to what is commonly referred to as presbyphonia—an age-related voice dis-
order characterized by recognizable perceptual changes in the pitch, pitch range,
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loudness, and quality of the older speaker’s voice (Roy and colleagues, 2007). Pres-
byphonia is described in Chapter 8.

CHECK YOUR KNOWLEDGE

1. List and describe five differences among the pediatric, adult, and geriatric larynx.
2. How can changes in the larynx brought about with advanced age potentially affect the voice?

PRINCIPLES OF PHONATION

In this section, we go into further detail about laryngeal functioning for voice pro-
duction. We first summarize the myoelastic-aerodynamic theory of phonation (van
den Berg, 1958). This is followed by brief descriptions of the major laryngeal adjust-
ments needed to accomplish phonation. An overview of voice registers is then pre-
sented. We conclude with discussions of the mechanisms for changing vocal pitch,
loudness, and quality. It is our hope that the reader will use the material presented
in this chapter thus far (and that which follows) as a basis for understanding both
normal and abnormal voice production.

The Myoelastic-Aerodynamic Theory of Phonation

According to van den Berg (1958), the myoelastic-aerodynamic theory of phonation
“. .. deals with the control of the larynx by the higher centers of phonation” (p. 227).
This theory is generally regarded as the most accurate model to explain the mechan-
ics of vocal fold vibration. The major elements of this theory are embedded in its title:
Myo refers to involvement of muscles, elastic refers to the ability of those muscles to
return to their original state, aero refers to airflow and pressure, and dynamic refers
to movement and change. The major principles of this theory can be summarized
as follows: (1) the vocal folds adduct (come to midline) by contraction of certain
intrinsic laryngeal muscles; (2) when fully approximated, there is an increase in sub-
glottal air pressure relative to supraglottal air pressure; (3) the increased subglottal
air pressure causes the vocal folds to separate first on their inferior border and then
their superior border, eventually abducting completely (but not necessarily widely);
(4) when abducted, the velocity of airflow between the vocal folds increases and the
pressure between the vocal folds decreases (the Bernoulli principle); (5) the decreased
air pressure, coupled with the elastic recoil of the vocal folds, causes them to move
back toward midline; and (6) the vocal folds approximate first on their inferior bor-
der and then their superior border, eventually adducting (but not necessarily tightly
or forcefully). Thus, the vocal folds have completed one cycle of vibration (closed-
open-closed) due to both myoelastic and aerodynamic forces, not simply repetitive
muscle contraction. This cycle of vibration will repeat as long as sufficient subglot-
tal air pressure (on the order of 3 to 5 cm H20 at minimum) can build up to blow
the vocal folds apart again (see Sidebar 2.14). This cycle is repeated approximately
125 times per second (Hz) in the habitual phonation of an adult male, approximately
225 Hz in an adult female, and approximately 265 Hz for a prepubertal child.

CHECK YOUR KNOWLEDGE

1. Describe the five major elements of the myoelastic-aerodynamic theory of voice production.
2. What is the minimum subglottic air pressure needed to set the vocal folds into vibration?

SIDEBAR 2.14 |~

To appreciate the role
of air pressure, do the
following: Hum an /i/
and while holding the
tone, occlude the nose
with your thumb and
forefinger. Note that
the sound stops. Why?
Because the cross glot-
tal pressure drop is
eliminated. You cannot
have phonation with-
out the airflow, which
is created by the trans-
glottal pressure drop.
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SIDEBAR 2.15 i~

To illustrate each of these, look again at the two phrases
and do this: Place your right index finger on your Adam’s
apple and your left index finger just in front of (but not
touching) your lips. Now, say the first word of each
phrase (he versus /), paying close attention to the sensa-
tions on each finger during each utterance. When saying
he, you should feel exhaled air on your left finger prior to
feeling vibration of the vocal folds on your right finger.
This is an example of breathy vocal attack; that is, air
begins to flow before the vocal folds adduct. When saying
I'you should feel the opposite sensation; that is, exhaled
air on your left finger is felt after vibration of the vocal
folds is felt on your right finger. This is an example of glot-
tal attack; that is, air begins to flow after the vocal folds
are firmly adducted (much like in a cough). A third type
of attack, called simultaneous vocal attack, can be appre-
ciated by examining the word zoos in the first sentence.
During production of the /z/ phoneme in the initial word
position, you should feel exhaled airflow and vocal fold
vibration at the same time.

Laryngeal Adjustments for Speech

The larynx is capable of making remarkably fast and
accurate phonatory adjustments during speech. To illus-
trate, examine the following two written phrases: “He
went to seven zoos” and “I wore seven shoes.” When
saying these phrases aloud, one can appreciate that each
phrase consists of a combination of voiced and voice-
less phonemes (sounds), in different sequences. For these
phrases to “sound right” when spoken aloud, the larynx
must adjust to the phonetic demands placed upon it. That
is, the laryngeal musculature must adjust so that the voice
turns on when it should, stays on when it should, and
turns off when it should. On top of that, the voice that is
produced must be acceptable in terms of pitch, loudness,
and quality.

Moore and von Leden (1958) have described three
types of vocal onset (or attack) (see Sidebar 2.15): breathy
(also known as aspirate), glottal, and simultaneous (also
known as easy, gentle). These three types of attack are all

normal. Problems arise, however, when a particular type
of attack (typically, glottal or breathy) is misused. For example, hard glottal attack is
a misuse of normal glottal attack. This abnormal laryngeal adjustment is often associ-
ated with the “drill sergeant” voice—a voice where the onset of each word is greatly
punctuated in terms of attack and loudness. In another example, breathy phonation
is often associated with the “Marilyn Monroe” voice—a voice that is light and airy
throughout an utterance, regardless of linguistic content. Simultaneous attack is con-
sidered the most optimal means of initiating phonation because it places less stress
and strain on the vocal folds. In Chapter 7, we present Voice Facilitating Approaches
to reduce hard glottal attack.

Looking again at the word zoos in the first sentence, one can also appreci-
ate two additional laryngeal adjustments: sustained phonation and termination of
phonation. Once simultaneous attack begins, the vocal folds must be actively held
in a position within the airstream that allows their continued vibration. Placing your
two index fingers in position again, you should feel ongoing airflow and vocal fold
vibration throughout the utterance. Compare this to production of the word vice,
where vocal fold vibration ceases just prior to production of the final /s/ phoneme.

Voice Registers

Consider for a moment whether your voice quality changes as you speak or sing at
various pitch levels within your overall pitch range. Chances are it does. The voice
quality near the bottom of your pitch range is likely very different from that near
your habitual speaking pitch, and both are likely very different from the voice qual-
ity near the top of your pitch range. You probably also perceived a consistent voice
quality within each of these three broad areas of your range, but not across them.
That is, there may have been an abrupt change in voice quality as you moved through
your range (particularly if you are an untrained singer). The concept of vocal register
addresses the vocal phenomena we just considered. A vocal register is defined as a
series of consecutive pitch values of approximately equivalent vocal quality (Hollien,



Principles of Phonation

1974). There is a rich history of considerable debate about how to label, define, and
differentiate among registers. (See Laver [1980]; Titze [1994]; Cleveland [1994] for
recent discussions, and Luchsinger and Arnold [1965] for historical reference.) There
is a general consensus that at least three recognizable registers exist: falsetto, modal,
and glottal fry (or pulse). Each of these registers is characterized physiologically by
different modes (or patterns) of vocal fold vibration (Laver, 1980). Thus, any change
to the pattern of vocal fold vibration may result in a perceived change in voice quality.

The patterns of vocal fold vibration largely result from the degree of longitudi-
nal tension on the vocal folds, the degree of medial compression of the vocal folds,
and the degree of adductive force. Active longitudinal tension is achieved through the
contraction of the vocalis muscle, whereas passive longitudinal tension is achieved
through contraction of the cricothyroid muscle. Medial compression is obtained by
contraction of the lateral thyroarytenoid muscles. The adductive force is caused by
contraction of the interarytenoid muscles and the lateral cricoarytenoid muscles.
Each register differs in terms of these physiological parameters (Laver, 1994).

Modal phonation is the register we use for most of conversational speech. The
span of frequencies in this register for adult women is approximately 150 to 500
Hz; for adult men, it is approximately 80 to 450 Hz, with habitual speaking pitch
falling in the low-to-mid part of the range. There is moderate longitudinal tension,
moderate medial compression, and moderate adductive force. Vocal fold vibration
is periodic, with very little audible frication (breathiness). The minimum subglottal
pressure needed to maintain this pattern of vibration is approximately 3 to 5 cm
H,O. Average airflow rate is between 100 and 350 cc/s. According to Cleveland
(1994), singers may divide the modal register into a lower and heavier chest voice
and a higher and lighter head voice.

The glottal fry (or pulse) voice usually occupies the frequencies below the
modal register, although there may be some overlap between the two registers in
adult males. The span of frequencies in this register for both women and men is
approximately 35 to 90 Hz (Sorenson, 1984). There is minimal longitudinal ten-
sion on the vocal folds, which are short and thicker, with a lax cover. There is mod-
erate medial compression of the vocal folds, and mild adductive force. Vocal fold
vibration is characterized by a double (or sometimes triple) closure pattern for each
cycle (Chen and colleagues, 2002). The vocal folds close, bounce open, and then
rapidly close again before finally opening to complete the cycle (Behrman, 2007).
This generates a syncopated, secondary beat that is perceived as a crackling sound,
much like bacon frying in a pan of oil or the sound of a stick being dragged along
a picket fence. The minimum subglottal pressure needed to maintain this pattern of
vibration is approximately 2 cm H,O, a value often seen at the end of long phrases.
Average airflow rate is between 12 and 20 cc/s. Excessive use of pulse phonation can
be harmful to the vocal fold mucosa. The Voice Facilitating Approaches of respira-
tion training, and pitch change, discussed in Chapter 7, are often effective in helping
patients eliminate chronic use of glottal fry phonation. We also describe the use of
glottal fry as a Voice Facilitating Approach to eliminate muscle tension dysphonia.

The falsetto voice usually occupies the frequencies above the modal register,
though there may be some overlap. Falsetto is most easily recognized in the adult
male voice at a speaking pitch of 300 to 600 Hz. There is moderately high lon-
gitudinal tension on the vocal folds; they are long and stiff, thin along the edges,
and often bow-shaped. There is moderately high medial compression of the vocal
folds, and high adductive force. The posterior cartilaginous portion of the glottis
is so tightly adducted that little or no posterior vibration occurs while the anterior
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g In this video, we

observe a patient who
presents with strained,
strangled vocal quality

and monopitch and

monoloudness associ-
ated with spastic dys-
arthria due to a series

of small ischemic
strokes. Note how

the Voice Facilitating

Approach of pitch
inflection increases

the inflection of target
words. Grand Rounds:
What is happening at
the laryngeal level to

produce words that

are longer, louder and

elevated in pitch?

portion vibrates rapidly. The vocal folds make contact only briefly as compared to
modal phonation, which gives falsetto its characteristic “breathy” quality. At times
there may also be a posterior chink during the production of falsetto that contributes
to the breathy quality. The amplitude of vocal fold excursion (lateral movement) is
reduced. As a result of the limited lateral movement, the mucosal wave is confined
to the medial edge of the vocal folds. The minimum subglottal pressure needed to
maintain this pattern of vibration is less than that for modal phonation. This voice
is perceived as not only being high-pitched, but thin and airy, with very little attack.

Teachers of voice strive to blend the various registers so that the difference
in quality of the voice becomes almost imperceptible as the singer transitions from
one register to the next. Some singers seem to have only one register; no matter how
they change their pitch, their voice always seems to have the same quality, with no
discernible break toward the upper part of the pitch range. This is no small accom-
plishment and requires considerable voice training. It is a highly regarded attribute
in the professional singing voice.

How We Change Vocal Pitch

Vocal pitch is a perceptual attribute that is correlated with the frequency (rate) of
vocal fold vibration. As fundamental frequency changes, the listener perceives a
change in pitch. The primary biomechanical determinants of the rate of vocal fold
vibration are: (1) the length of the vocal folds, (2) the tension of the vocal folds, and
(3) the mass of the vocal folds per unit of length. Changes in subglottal pressure
also occur as one changes frequency. All these factors interact with one another to
achieve a target frequency of vibration.

As the vocal folds lengthen, their tension increases and their mass per unit of
length is decreased (think of a rubber band that becomes thinner as it is stretched).
As a result, the vocal folds vibrate faster. Which muscles contribute to this change,
and how? The primary intrinsic laryngeal muscle involved in pitch change is the
cricothyroid muscle. When this muscle contracts, there is an increase in the distance
between the anterior thyroid cartilage and the arytenoid cartilage. The thyrovocalis
also contributes to pitch change. When it contracts, the cricoid and thyroid cartilages
are drawn further apart, tensing the vocal folds (when balanced by the antagonistic
contraction of the cricothyroid muscle). As the vocal folds become shorter, less tense,
and thicker, they vibrate slower. This change in frequency of vibration is perceived as
a lowering of pitch. The thyromuscularis is the primary muscle responsible for this
change. When it contracts, the arytenoid cartilages are drawn forward, relaxing and
adducting the vocal folds.

Near the upper end of the natural pitch range, increased elasticity of the vocal
folds results in increased glottal resistance, requiring increased subglottal air pres-
sure to produce higher frequency phonations. Increased tension of the vocal folds
requires greater air pressure to set the folds into vibration. According to van den
Berg (1958), the average person must slightly increase subglottal air pressure in
order to increase voice pitch; however, because increasing subglottal pressure has an
abducting effect on the vocal folds, the folds must continue to increase in tension
(longitudinal tension) to maintain their approximated position. Although the pri-
mary determinants of vocal frequency are the length, mass, and tension adjustments
of the vocal folds, increases in frequency are usually characterized by increasing
subglottal pressures, increased medial compression of the vocal folds, and increased
glottal airflow rates.
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CHECK YOUR KNOWLEDGE

1. Describe mass, length, and tension of the vocal folds during low- versus high-pitched

phonation.
2. Which intrinsic laryngeal muscles are primarily responsible for changing the frequency of vocal
fold vibration?

How We Change Vocal Loudness

Vocal loudness is a perceptual attribute that is correlated SIDEBAR 2.16 MM‘
with the intensity of the sound wave generated during  Place your fingertips on your rib cage and feel what hap-
phonation. As intensity changes, the listener perceives a ~ P€"®asyoucount Ltk GBI T
change in loudness. The primary biomechanical determi-
nants of intensity are (1) subglottal pressure; (2) medial
compression of the vocal folds; and (3) the duration,
speed, and degree of vocal fold closure. Supraglottal
adjustments also contribute to changes in vocal loudness. ~~ SIDEBAR 2.17 i

Hixon and Abbs (1980) have written: “Sound Think of the sound of a hairdryer and how much louder
pressure level, the primary factor contributing to our  theairis coming out of the nozzle when the dryer is set to
perception of the loudness of the voice, is governed  a higher fan speed compared to a lower fan speed.
mainly by the pressure supplied to the larynx by the
respiratory pump” (p. 68) (see Sidebar 2.16). More air in the lungs results in a
greater buildup of subglottal air pressure when the vocal folds adduct, particularly
the longer they remain adducted. As vocal intensity increases, the vocal folds tend to
remain closed for longer periods of time during each vibratory cycle. When the vocal
folds are eventually blown open, they abduct more widely. This allows more and
more air molecules to escape—air that is explosively turbulent and that generates
more acoustic power (see Sidebar 2.17).

constant loudness level. Repeat this exercise, steadily
increasing loudness as you say the numbers 6 to 10. What
you likely felt was an expansion of your rib cage.

CHECK YOUR KNOWLEDGE

1. Describe the subglottal pressure, medial compression, and degree of vocal fold closure during
soft versus loud phonation.
2. Which intrinsic laryngeal muscles are primarily responsible for changes in vocal loudness?

How We Change Vocal Quality

Voice quality is a perceptual attribute related to the sound of the voice beyond its
pitch and loudness (Behrman, 2007). The “quality” of one’s voice is what distin-
guishes it from other voices of similar pitch and loudness. Changes in voice quality
appear to result from changes at two levels of the speech production system: (1) the
glottal source, and (2) the resonant characteristics of the vocal tract (Pershall and
Boone, 1987). The principles of voice quality change are not as well understood
as those of pitch change and loudness change. Further complicating matters is the
subjective nature of voice quality judgments: What sounds acceptable to one listener
may not be acceptable to another. On a related note, even when two listeners agree
about the quality of a particular voice, they each may use a different term to describe
that voice. Last, there is considerable debate about which objective measures of voice
quality correlate with subjective measures.

Abnormal voice quality may be a hallmark feature of dysphonia, regardless
of etiology. In our clinical practice, we see patients who present with a voice that
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is breathy, rough, strained, harsh (strained + rough), or hoarse (strained + rough +
breathy). Each of these vocal qualities can result from either functional, organic, or
neurological causes, or some combination of causes. Most of the Voice Facilitating
Approaches described in Chapter 7 can be used to improve voice quality, particu-
larly the abnormal voice qualities that result from vocal hyperfunction.

Breathy voice quality is often associated with incomplete glottal closure. When
the vocal folds are loosely or incompletely approximated, turbulent airflow contrib-
utes noise to the vocal signal. Intensity is diminished. Rough voice quality is often
associated with aperiodic vocal fold vibration. The irregular mucosal wave move-
ment adds spectral noise. Intensity may be increased. Strained voice quality is often
associated with considerable medial compression of the true (and perhaps false)
vocal folds. Strained voice quality is also often associated with aperiodic vocal fold
vibration, which adds spectral noise. Intensity may be increased. The four spectro-
grams in Figure 2.19 contrast the breathy voice, the harsh voice, the hoarse voice,

FIGURE 2.19 Spectrograms
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Structures of Resonance

and the normal voice. Each of the spectrograms was produced by the same normal
speaker prolonging an /i/.

Perkins (1983) has added constriction and vertical as well as horizontal focus
to the concept of voice quality production. He describes the Voice-Facilitating
Approach of yawn-sigh, discussed in Chapter 7, which demonstrates the clinical
value of these physiological configurations of the supraglottal vocal tract. Imag-
ery or feeling is used to determine the vertical focus of the voice, “the perception
associated with the placement of the focal point of the tone in the head” (Perkins,
1983, p. 113). At the low end of the vertical focus, speakers or singers feel their
voice is being squeezed out of the throat, whereas at the high end, the focus seems
to be high in the head. The sensation is described as if the tone were “floating in the
head.” Vocal efficiency seems to occur best at the higher end of the vertical place-
ment. The Voice-Facilitating Approach of focus discussed in Chapter 7, makes use of
these observations. It has been our experience that subjects given these instructions
relative to the imagery of constriction and verticality produce voices with greater
aperiodicity (hoarseness) at the low end of the vertical scale and greater vocal clarity
at the high end. In time, Perkins’s construct of constriction and horizontal as well as
vertical focus may well have greater measurement potential and utilization.

RESONANCE

The acoustic signal produced by the vocal folds would be a weak-sounding reedy
voice without the additional component of resonance. Years ago, one of the authors
of this text observed a patient who had been cut from ear to ear with a massive
wound that opened immediately superior to his thyroid cartilage. Before the wound
was sutured, we heard the patient’s feeble attempts at phonation. Much of his airflow
and sound waves escaped through the wound. The result was a voice that was truly
unique. Someone even likened it to the thin bleat of a baby lamb. Apparently, what is
perceived as the quality, timbre, richness, fullness, and loudness of the voice is largely
produced by the supraglottal resonators. Even though the structures of the chest and
trachea may play some role in resonance, this role is not as clearly defined as that of
the supraglottal resonators of the pharynx, oral cavity, and nasal cavity. Figure 2.20
shows a line drawing and cadaver head that demonstrate the F-shaped vocal tract.

STRUCTURES OF RESONANCE

The vocal tract begins, for all practical purposes, at the level of the glottis. The air-
flow and sound waves probably have some beginning passage in the ventricular
space (in Figure 2.20B) between the true folds (A) and the ventricular folds (C). In
Figure 2.20 the cavities of the vocal tract have been shaded darker. The epiglottis (D),
by its concavity, probably serves as a deflector or sounding-board resonator as sound
waves travel between the aryepiglottic folds (E) into the hypopharynx (F). The hypo-
pharynx is the cavity directly above the esophagus (G). Its anterior border comprises
the structures and opening of the larynx; its sides and back wall are composed of the
inferior pharyngeal constrictors. Superior to the inferior pharyngeal constrictors are
the middle pharyngeal constrictors (H). The oropharynx (J) begins at the tip of the
epiglottis and extends to the level of the velum and hard palate. The small angular
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FIGURE 2.20A The F-Shaped Vocal Tract

The F-shaped vocal tract is shown in both the photograph of a cadaver head in part A of this
figure and the line drawing in part B. Letters A through Q identify various structures of the vocal
tract: (A) True folds; (B) ventricular space; (C) ventricular folds; (D) epiglottis; (E) aryepiglottic
folds; (F) hypopharynx; (G) inferior pharyngeal constrictors and upper esophageal sphincter;
(H) middle pharyngeal constrictors; (1) valleculae; (J) oropharynx; (K) mandible; (L) tongue; (M)
Passavant’s pad; (N) soft palate (velum); (O) hard palate; (P) nasopharynx; (Q) nasal cavity.
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FIGURE 2.20B

spaces between the front of the epiglottis and the back of the tongue (L) are called
the valleculae (I). Cutting away the mandible (K) in a lateral view is the great body of
the tongue, which occupies most of the oral cavity and forms the constantly changing
floor of that cavity. The hard palate is designated (O), with the soft palate or velum
(N) forming the roof of the oral cavity. The lips, teeth, and cheeks play obvious
front and lateral roles in shaping the oral cavity. The middle and superior pharyngeal
constrictors form the lateral and posterior muscular wall of the oropharynx (J). The
site of the velopharyngeal closure, necessary for the separation of the oral and nasal
cavities required for oral resonance, is the Passavant’s pad (M) area of the superior
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pharyngeal constrictor; most people do not have much Passavant area enlargement.
As shown in Figure 2.20, superior to the velopharyngeal contact point, the posterior
pharyngeal wall makes a sharp angulation forward, forming the superior wall of the
nasopharynx (P) and continuing as the superior wall of the nasal cavity. We make no
further structural breakdown of the nasal cavities (Q) as a prelude to our discussion
of resonance. Note that Figure 2.20 also shows the lateral walls, pillars of fauces,
and muscles of the palate, pharynx, and tongue. If we look again at the overall lat-
eral view of the vocal tract, we see that the total darkened areas look something
like a large letter F. The vocal tract in the photograph resembles an F because the
velopharyngeal port is open, connecting the oral and nasal cavities. If the port were
closed at the velopharyngeal contact point (M), the vocal tract opening available for
voice resonance would resemble the letter 7, formed only by the pharynx and the oral
cavity opening above the surface of the tongue.

MECHANISM OF RESONANCE

In humans, the larynx is situated at approximately the fifth cervical vertebra, thus
creating a resonating chamber to filter and amplify the acoustic signal. Some areas
of the vocal tract, depending on their configuration, are compatible with the peri-
odic vibration coming from the vocal folds and amplify the fundamental frequency
and its harmonics. For example, a fundamental frequency of 125 Hz will resonate
harmonic frequencies at 250 Hz, 375 Hz, 500 Hz (each subsequent harmonic fre-
quency is a whole number multiple of the fundamental), and so on. For a more
detailed description of vocal tract acoustics, the reader is referred to sources such as
Daniloff (1985), Baken (1996), Borden and colleagues (1994), Minifie (1994), and
Kent and Read (2002). The continuous vocal tract tube is constantly interrupted
at various sites from the intrusion and movement of various structures. Some of
the interruptions or constrictions may be severe, such as carrying the tongue high
and forward in the oral cavity. Any movement of mandible, tongue, or velum, for
example, will greatly alter the opening of the oral cavity. Some of the movements
have no effect on the fundamental or sound source; some of them filter or inhibit the
fundamental. What finally comes out of the mouth or the nasal cavity perceived as
voice has become a complex periodic signal with the same fundamental frequency as
the vocal fold source, but highly modified in its overall sound characteristics. We can
hear several familiar voices all saying the same few words at the same fundamen-
tal frequency, and we are still able to differentiate each voice and assign it to each
familiar person. Even if we do not know the speaker, we can fairly accurately tell
the approximate age and the gender of the speaker. Perhaps even more important,
by filtering the glottal tone, we can tell if the person has a cold or is upset or angry,
tired, or frightened. Or the meaning could even be changed by the change in quality
or emphasis while saying the same words. The vocal characteristics related to the
individualization of each person’s vocal tract has given each voice its own unique
characteristics (vocal quality) as the result of the amplification and filtering unique
to each vocal tract.

The F configuration of the supraglottal vocal tract is constantly changing. What
happens in any one portion of the tract influences both the total flow of air and
sound waves through the total tract and the sound that eventually issues out from
the mouth (or nose). By action of the pharyngeal constrictors and other supraglottal



Mechanism of Resonance

muscles, the overall dimensions of the pharynx are always changing. The membranes
of the pharynx and the degree of relaxation or tautness of the pharyngeal constric-
tors have noticeable acoustic filtering effects. Higher frequency vocalizations seem
to receive their best resonating effects under a fairly high degree of pharyngeal wall
tension. Lower frequencies appear to be better amplified by a pharynx that is some-
what larger and more relaxed. This appears to be related to the short wavelength of
high-frequency sounds and the long wavelength of the low-frequency components.

The oral cavity, or mouth, is as essential for resonance as the pharynx. Of all our
resonators, the mouth is capable of the most variation in size and shape. It is the con-
stant size-shape adjustment of the mouth that permits us to speak or, more accurately,
allows us to be understood. Our vowels and diphthongs, for example, are originated
by a laryngeal vibration, but shaped and restricted by the size and shape adjustment of
the oral cavity. The mouth has fixed structures (teeth, alveolar processes, dental arch,
and hard palate) and moving structures (tongue, velum, cheeks, mandible, and lips).
We are most concerned with the moving structures, primarily the tongue, velum, and
mandible, in our study of voice resonance. The mouth and other supraglottal resona-
tors give us the perception of a regional dialect to help identify the speaker and, more
important, allow for the formation of distinguishable vowels.

The tongue is the most mobile articulator, and it possesses both extrinsic and
intrinsic muscles to move it. Each of the extrinsic muscles can, on contraction, ele-
vate or lower the tongue at its anterior, middle, or posterior points and extend it
forward or backward. The intrinsic muscles control the shape of the tongue by nar-
rowing, flattening, lengthening, or shortening the overall tongue body and elevat-
ing or lowering the tongue tip. The various combinations of intrinsic and extrinsic
muscle contractions can produce an unlimited number of tongue positions with
resulting size-shape variations of the oral cavity. In addition to the tongue move-
ments, the lowering and closing of the mandible contributes to the formation of
specific vowels. The relationships of these cavities to vowel formants have been well
described in several references, such as Peterson and Barney (1952) and Kent and
Read (2002).

The structural adequacy and normal functioning of the velum are also impor-
tant for the development of normal voice resonance. The elevation and tensing of
the velum, as well as some pharyngeal wall movement, are vital for achieving velo-
pharyngeal closure. A lack of adequate palatal movement, despite adequacy of velar
length, can cause serious problems of excessive nasality. Although the velum prob-
ably serves as a sounding-board structure in resonance, it plays an obviously impor-
tant role in separating the oral cavity from the nasal cavity (Abdel-Aziz, 2008). The
movement and positioning of the velum changes the size and shape of three impor-
tant resonating cavities: the pharynx, the oral cavity, and the nasal cavity. Therefore,
any alteration of the velum (such as a soft-palate cleft or velar weakness) may have
a profound influence on resonance. Velar movement is only one component contrib-
uting to velopharyngeal closure (Dworkin and colleagues, 2004). Closure patterns
that separate the oral and nasal cavities from one another may include velar action
coupled with posterior pharyngeal wall movement, or velar action coupled with
active lateral and posterior pharyngeal wall movement. Watterson and McFarlane
(1990) describe five classes of velopharyngeal closure and their various effects on
speech and voice. Regardless of the type of closure pattern (velar-posterior-lateral
pharyngeal wall), the site of closure is generally in the Passavant’s area (designated
as M in Figure 2.20). More will be said of nasal resonance and of the treatment of
hypernasality and hyponasality in Chapters 7 and 10.
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CHECK YOUR KNOWLEDGE

1. What structures are responsible for coupling and decoupling the oral and nasal cavities?

2. What would you hear with abnormal coupling of the oral and nasal cavities?

SUMMARY

In this chapter, we have reviewed the respiratory, phonatory, and resonance aspects
of voice, and we also discussed the five aspects of voice (loudness, hygiene, pleasant-
ness, flexibility, and representation). We found that the outgoing airstream is the pri-
mary driving force of voice. A description of the physiology of respiration reviewed
the structures and mechanisms of normal breathing for speech. The efficient user
of voice develops good expiratory control. The value and magnitude of respiratory
volumes were discussed. A description of the physiology of phonation reviewed the
structures and mechanisms of normal phonation, including frequency, intensity,
and quality-shaping mechanisms. Supraglottal structures and functions specific to
quality and resonance were also reviewed. The entire vocal tract contributes to the
amplification and filtering of the fundamental frequency into the final unique voice
of any speaker. The understanding of these processes provides the underpinning for
effective voice therapy for patients with dysphonia.

CLINICAL CONCEPTS

The following clinical concepts correspond with many of the objectives at the begin-
ning of this chapter:

1. Many voice-disordered patients will come to you because one or more of the
five aspects of voice are abnormal. Some examples include: a speaker with
Parkinson’s disease (PD) who has a soft voice (see Chapter 5); a speaker who
is a Marine drill sergeant and has a voice that gives out before lunch each day
(see Chapter 3); a speaker with a 20-year history of smoking who has Reinke’s
edema, resulting in a rough/harsh voice quality (see Chapter 4); a speaker with
a traumatic brain injury whose affect is (emotions are) perceived as flat because
he or she cannot use the voice to express emotion effectively (see Chapter 5) ;
and a transgender client who is mistaken for the wrong gender in person and
over the telephone (see Chapter 8).

2. Some voice-disordered patients will come to you because they have inadequate
respiratory function for speech/voice. Some examples include: a speaker with
a high spinal cord injury who cannot time inhalation/exhalation with voice
onset, resulting in unusual breath group phrasing (see Chapter 5); a speaker
with lung disease, such as chronic obstructive pulmonary disease, who cannot
produce a loud enough voice (see Chapter 4); a geriatric speaker with weak
respiratory muscles who has to take more frequent breaths during talking (see
Chapter 8); and a speaker with spastic dysarthria who cannot control the flow
of air through the glottis, resulting in loudness bursts and harsh voice quality
(see Chapter 5).
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3. Some voice-disordered patients will come to you because they simply have for-
gotten how to “take a breath before and/or during speaking.” These patients
talk too long on a single breath, which results in strained voice quality and
decreased loudness (see Chapter 3).

4. Some voice-disordered patients will come to you because they cannot con-
trol or change the pitch of their voice. Some examples include: speakers who
have a paralyzed vocal folds (see Chapter 5); speakers who have nodules, a
polyp, or other mass on their vocal folds (see Chapters 4 and 9); a patient
who is using excessive laryngeal muscle tension (see Chapter 3); and a male
speaker who has gone through puberty but still maintains his juvenile voice
(see Chapter 8).

5. Some voice-disordered patients will come to you because they cannot control
or change the loudness of their voice. Some examples include: speakers with
Parkinson’s disease (PD) (see Chapter 5); speakers with flaccid dysarthria (see
Chapter 5); speakers who have a paralyzed vocal fold (see Chapter 5); speak-
ers who have nodules, a polyp, or other mass on their vocal folds (see Chapters
3 and 9); speakers with a high spinal cord injury (see Chapter 5); speakers with
hearing loss (see Chapter 8); and geriatric speakers (see Chapter 8).

6. Some voice-disordered patients will come to you because they have an imbal-
ance of oral and nasal resonance. Some examples include: speakers with dysar-
thria (see Chapter 5), speakers with cleft palate (see Chapter 10), and speakers
with muscle tension dysphonia (see Chapter 3).

GUIDED READING

Read the following articles:

Sapienza, C. M., Ruddy, B. H., & Baker, S. (2004). Laryngeal structure
and function in the pediatric larynx. Language, Speech, and Hearing
Services in Schools, 35, 299-307.

Zraick, R. L., Gregg, B. A., & Whitehouse, E. L. (2006). Speech and voice
characteristics of geriatric speakers: A review of the literature and a call
for research and training. Journal of Medical Speech-Language Pathology,
14, 133-142.

Describe four ways in which the information reported in the articles might influence
your clinical practice.

PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

Harriet is a 75-year-old woman with a history of smoking one pack of
cigarettes per day for more than 50 years. Her chief voice complaints are
rough voice quality, low speaking pitch, weak voice, and running out of
air when she speaks. She saw an otolaryngologist (ENT), who diagnosed
her with emphysema and Reinke’s edema.
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. The ENT’s report of his stroboscopic laryngeal exam noted “Reinke’s edema,

bilaterally.” Based on this information, which of the following laryngeal struc-
tures were affected?

A. Superficial layer of the lamina propria

B. Intermediate layer of the lamina propria

C. Deep layer of the lamina propria

D. The vocalis muscle

E. The vocal fold epithelium

. Which of the following laryngeal findings would also likely be noted by the ENT?

A. Vocal fold paralysis
B. Vocal fold nodules

C. Vocal fold atrophy

D. Subglottic stenosis

E. All of these

. Which of the patient’s following pulmonary function test values are abnormal?

A. Tidal volume of 300 ml

B. Vital capacity of 2,500 ml

C. Expiratory reserve volume of 600 ml
D. Total lung capacity of 5,000 ml

E. Both A and B

. Which of the following mechanisms primarily accounts for the patient’s low speak-

ing pitch?

A. Decreased mass of the vocal folds
B. Increased mass of the vocal folds
C. Incomplete glottic closure

D. Decreased subglottic air pressure
E. None of these

. Which of the following mechanisms primarily accounts for the patient running out

of air when she speaks?

A. Poor respiratory support for speech
B. Talking too fast

C. Incomplete glottic closure

D. Psychological stress

E. Reinke’s edema
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Functional Voice
Disorders

= LEARNING OBJECTIVES mum

After reading this chapter, one should be able to:

o Define the term functional voice disorders. o Describe the voice symptoms of muscle

o Define the term psychogenic voice disorders. tension dysphonia (MTD).

« Describe the benign pathologies that may o Describe the treatment options for MTD.

result from excessive laryngeal tension.

This chapter describes functional voice disorders. Most voice problems seen by the
speech-language pathologist (SLP) have no organic or neurological cause. Although
the mechanisms of respiration, phonation, and resonance appear physically capable
of normal voicing function, they lack the proper functional balance. This results in a
voice disorder classified by many as a functional voice disorder. Sometimes an adult
elects to habitually use a voice with hard glottal attack (such as the “drill sergeant”
voice). Many times a child plays with his or her voice by making odd sounds (such
as truck noises, animal noises, etc.). Or the actor may elect to speak with excessive
loudness, or pitch that is excessively high or low, or speak with hoarseness or exces-
sive nasality. When not playing a role, however, the actor’s voice is immediately
normal. In other instances, an adult “puts too much effort” into his or her voice as a
result of physical or emotional stress, or as a compensation for laryngitis.

To promote the study of therapy outcome, we find two different causes under
the “functional voice disorder” label: (1) excessive muscle tension or (2) psycho-
genic origin. In cases of excessive muscle tension, benign vocal fold masses such as
nodules, polyps, and Reinke’s edema may result. To evaluate the effectiveness of a
particular Voice Facilitating Approach, a single technique could produce different
outcomes, depending on which of these two causes exist. For example, the Voice
Facilitating Approach of change of loudness (see Chapter 7) in the patient with
psychogenic voice disorder might result in the rejection of the approach because the
change might be in direct conflict with the patient’s emotional needs. Conversely, for
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the patient with muscle tension dysphonia, this same Voice Facilitating Approach
may be excellent for reducing excessive muscular tension.

EXCESSIVE MUSCLE TENSION DISORDERS

Muscle Tension Dysphonia (MTD)

Muscle tension dysphonia (MTD) is a persistent dysphonia that results from exces-
sive laryngeal and related musculoskeletal tension and associated hyperfunctional
true and/or false vocal fold vibratory patterns (Dworkin and colleagues, 2000).
Morrison and colleagues (1983) first described MTD as the occurrence of vocal dys-
function in the absence of laryngeal structural abnormalities. In patients with MTD,
the larynx is often noted to be elevated in the neck due to increased extrinsic laryn-
geal muscle tension (Van Houtte and colleagues, 2011), and pain is often reported in
the neck, jaw, and shoulders (Stemple and colleagues, 2000).

Muscle tension dysphonia can be categorized as primary or secondary based
on whether organic pathologic conditions contribute to trigger the muscle ten-
sion behavior (Rosen and Murray, 2000a). Primary MTD occurs in the absence
of current organic pathology, without obvious psychogenic or neurologic etiology.
Patients with primary MTD represent up to 40% of the dysphonias seen in voice
clinics (Altman and colleagues, 2005; Dromey and colleagues, 2008). Secondary
muscle tension dysphonia occurs in the presence of current or recent organic pathol-
ogy, or psychogenic or neurologic etiology. Secondary MTD is believed to originate
as a compensatory response to the primary etiology. Muscle tension dysphonia may
be seen in both children and adults (Lee and Son, 20035).

Auditory-perceptual features of MTD can include strained or effortful voice
quality, aberrant pitch, breathiness, and vocal fatigue (Roy and colleagues, 2008).
Physiologic features considered core traits of MTD are generally based on subjective
measures and include laryngeal elevation, decreased space between the hyoid bone
and larynx, increased extrinsic laryngeal muscle tone, and the presence of one or
more patterns of excessive laryngeal or supralaryngeal constriction (Lowell and col-
leagues, 2012). Constriction patterns include anterior-posterior compression, medial
compression, and a sphincter-like combination of these two (Koufman and Blalock,
1991). Excessive vocal fold tension resulting in an underapproximation of the vocal
folds may also be observed (Hillman and Verdolini, 1999). In some patients, medial
compression may be a normal configuration, however, and must be interpreted in
light of other laryngoscopic findings (Behrman and colleagues, 2003).

Numerous factors may contribute to the development of MTD, including
deviant body posture and misuse of neck and shoulder muscles, high stress levels,
excessive voice use, persistently loud voice use, and laryngopharyngeal reflux dis-
ease (Altman and colleagues, 2005; Van Houtte and colleagues, 2011). Patients fre-
quently demonstrate significant emotional stress or conflict (Deary and Miller, 2011)
suggesting an interaction between personality and psycho-emotional status and the
voice (Seifert and Kollbrunner, 2005; Dietrich and colleagues, 2008; Mersbergen,
2011). Understandably, voice-related quality of life is diminished in persons with
MTD (Kooijman and colleagues, 2005).

For the inexperienced and experienced voice clinician alike, MTD can some-
times be difficult to differentiate from other forms of dysphonia, such as adductor
spasmodic dysphonia and vocal tremor. This is because some patients with adductor
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spasmodic dysphonia, vocal tremor, or MTD present with symptoms that overlap
to such a degree that a correct diagnosis is not easy. Findings from a number of
recent studies examining diagnostic elements such as patient interview, visualization
of the larynx, acoustic and aerodynamic evaluation, and perceptual judgments may
help the clinician arrive at the correct diagnosis in a timely manner (see Barkmeier
and Case [2000], Dworkin and colleagues [2000], and Roy [2010] for reviews).
For example, comparison of laryngeal behaviors during quiet breathing, counting
from 1 to 10 in usual voice compared with falsetto and whispered speech, com-
parison of all-voiced versus all-voiceless utterances, variation of pitch and loudness
during sustained phonation versus connected speech, and singing or crying may
elicit differing patterns between adductor spasmodic dysphonia and MTD. The
key difference between laryngeal behaviors in individuals with adductor spasmodic
dysphonia versus MTD is the consistency of laryngeal postures across and within
each of the examination tasks. Patients with MTD maintain hyperadduction of the
involved laryngeal structures across all tasks, whereas those with adductor spas-
modic dysphonia tend to demonstrate more intermittent hyperadduction (Leonard
and Kendall, 1999). In patients with adductor spasmodic dysphonia, voice severity
is perceived to be worse for connected speech than sustained vowels; this is not
the case in patients with MTD, where no difference is usually heard (Roy and col-
leagues, 2005). In patients with MTD, voice severity is generally perceived to be
the same on connected speech regardless of whether the sentences are all voiced or
all voiceless; this is not the case for patients with adductor spasmodic dysphonia
(Roy and colleagues, 2007). In Chapter 4, comparisons are made between MTD and
problems such as essential tremor and adductor spasmodic dysphonia.

Treatment for MTD typically focuses on relaxation of the head and neck mus-
cles. In Chapter 7, we present the Voice Facilitating Approaches of chant talk, chew-
ing, digital manipulation, focus, laryngeal massage, relaxation, and yawn-sigh, all
of which can be effective in minimizing or eliminating MTD. Studies investigating
the effects of laryngeal massage have been appearing in the literature since the early
1990s, but the evidence base remains extremely small. A recent review by Mathie-
son (2011) indicates that there is evidence that laryngeal manual therapy, in various
forms, can be a useful primary intervention in cases of MTD (see also Van Houtte
and colleagues, 2011).

CHECK YOUR KNOWLEDGE

1. What is the difference between primary and secondary MTD?

2. What are the perceptual voice characteristics in MTD?

Ventricular Dysphonia

Ventricular dysphonia, sometimes known as dysphonia plicae ventricularis, refers
to the pathological interference of the false vocal folds during phonation. Sataloff
(2005) defines ventricular dysphonia as “. .. phonation using false vocal fold vibra-
tion rather than true vocal fold vibration, most commonly associated with severe
muscular tension and occasionally may be an appropriate compensation for pro-
found true vocal fold dysfunction.”

Maryn and colleagues (2003) describe four types of ventricular phonation
under two broad headings: compensatory and noncompensatory. The first type,
compensatory, is a reaction to true vocal fold disease (paralysis, true vocal cord
surgery etc.). In the three noncompensatory types, the vocal folds are capable of
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normal vibration. Of these, the first type, habitual, is caused by excessive vocal use;
the second type, psycho-emotional, is provoked by physical and psychogenic tension
and distress; and the third type has no known origin and is classified as idiopathic.

Although the first anatomic illustrations of the ventricular (also known as
false) vocal folds (see Figure 2.11) were done in 1775 by Santorini, their role in
phonation was not completely understood (Arnold and Pinto, 1960). In 1860, Czer-
mak was the first to recognize that involvement of the false folds in phonation is a
pathological phenomenon (Saunders, 1956). Although the ventricular folds physi-
ologically move with the arytenoid cartilages and are brought together to assist in
glottic airway closure, they do not approximate the median line (covering the true
vocal folds) during normal voice production and they normally do not participate
in vocal vibration (Nasri and colleagues, 1996). While ventricular dysphonia is most
commonly produced by the vibration of the approximating ventricular folds, it is
often heard when the true vocal folds vibrate in an abnormal fashion due to the false
folds riding or loading them.

Sometimes the ventricular voice becomes the substitute voice of patients who
have had resection due to severe disease of the true folds (such as cancer, severe recur-
rent respiratory papilloma, or large polyps). The ventricular voice is usually low-pitched
because of the large mass of vibrating tissue of the ventricular bands (as compared
to the smaller mass of vibrating tissue of the true folds) or from the combined mass
of the true and false vocal folds. In addition, the voice has little pitch variability and is
therefore monotonous. Finally, because the ventricular folds have difficulty in making
a good, firm approximation for their entire length, the voice is usually quite hoarse and
may also be breathy. This combination of low pitch, monopitch, and hoarseness makes
most ventricular voices sound very unpleasant. If no persistent true cord pathology
continues to force patients to use their ventricular voices, this disorder usually responds
well to voice therapy. Sometimes, however, hypertrophy (enlargement) of the ventricu-
lar folds is present, which makes their normal full retraction somewhat difficult. Ven-
tricular phonation is impossible to diagnose by the sound of the voice alone (Maryn
and colleagues, 2003). Laryngoscopic examination during phonation shows the ven-
tricular folds moving laterally toward one another, covering (partially or completely)
from view the true folds that lie below (Nemetz and colleagues, 2005).

Some ventricular dysphonias display a special form of diplophonia (double
voice), which results when the true and false vocal folds vibrate because the false
vocal folds are sitting atop the true folds (loading the true folds with the ventricular
folds). That is, the ventricular folds often do not vibrate as a sole source of sound,
but load the true vocal folds and alter the sound they produce. Identification and
confirmation of which vibrating structures the patient is using for phonation can be
made by flexible or rigid laryngostroboscopy (McFarlane and colleagues, 1990). In
ventricular phonation, the true vocal folds are slightly abducted, with the ventricular
folds in relative approximation and very possibly resting on the true vocal folds. In
normal phonation, the opposite relationship between the true and ventricular vocal
folds occurs; that is, the true vocal folds are adducted and the ventricular folds
are abducted. Once ventricular phonation is confirmed by laryngoscopy, any physi-
cal problem of the true vocal folds that might make normal phonation impossible
should be eliminated. For example when one true fold is paralyzed or is too stiff
(due to postsurgical scarring) to vibrate, the false fold is brought into the phonatory
act. Figures 3.1 and 3.2 show ventricular fold vibration would be possible from a
prolapsed right ventricle. Note how the Voice Facilitating Approach of inhalation
phonation (see Chapter 7) decreases the impingement.
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FIGURE 3.1 Ventricular Fold Phonation FIGURE 3.2 Intervention Using Inhalation

...... Phonation

Prolapsed right ventricle in a 75- year-old trumpet

player. Voice is low in pitch, hoarse, and breathy With the Voice Facilitating Approach of inhalation
due to the ventricular (false) vocal fold impinging phonation, the ventricular (false) vocal fold
on the true vocal fold. impinges less on the true vocal fold.

We have known ventricular phonation to become habituated after a bout of flu
when the true vocal folds were too swollen to vibrate. Ventricular fold phonation in
such cases is a compensation used by the patient. It is usually not the best compensa-
tion for the problem and is generally responsive to voice therapy, such as inhalation
phonation, pitch elevation, or breathy voice onset (see Chapter 7). In those rare
cases where voice therapy alone is not effective in eliminating ventricular phona-
tion, treatment options include pharmacological therapy (injection of anesthetics
or botulinum toxin) (Kendall and Leonard, 1997; Theodoros and colleagues, 2007)
and surgery (Friedrich and colleagues, 2010).

BENIGN PATHOLOGIES RESULTING FROM
EXCESSIVE MUSCLE TENSION DISORDERS

Vocal Fold Nodules

Vocal fold nodules are the most common benign lesions of the vocal folds in both
children and adults (Rosen and colleagues, 2012). They are caused by continuous
abuse of the larynx and misuse of the voice. Nodules are generally bilateral, whitish
protuberances on the glottal margin of each vocal fold, located at the anterior-
middle third junction. However, McFarlane and Watterson (1990) demonstrate in
their study of 44 cases of vocal nodules that there can be considerable variation
in the size, number, and location of vocal nodules in both children and adults. Of
the variations that can be observed and documented in vocal nodules, perhaps the
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This video shows

a comprehensive
approach to vocal
nodules in a young
male patient. The
clinician supplements
intervention by using
visual examples of’
different loudness
levels; demonstrates
good vocal production
and then directs the
patient to imitate; and
finally, asks the patient
to reflect on the level
of vocal loudness that
would be appropriate
for various scenarios in
his life. Again, appreci-
ate how the patient
becomes a full part-
ner in his own voice
intervention. Grand
Rounds: How do vocal
nodules develop?

most striking is that nodules can range from singular to two, three, and even four
(quad nodules) in number. While these variations are interesting, two important
facts remain. First, nodules are responsive to voice therapy, and second, the clas-
sic description of number and location (juncture of anterior and middle third) is
generally accurate. Vocal nodules are typically characterized as bilateral, mid-mem-
branous vocal fold lesions of the basement membrane zone and the superficial layer
of the lamina propria (McFarlane and Von Berg, 1998; Rosen and Murry, 2000a;
Martins and colleagues, 2010). In the early stages of development, the nodule is soft
and pliable. With continuous phonotrauma, the nodule becomes more fibrotic and
may be slightly larger, or it may become more focused, smaller, and harder.

As the bilateral nodules approximate one another on phonation, there is usu-
ally an open glottal chink anterior and posterior to the nodule contact point, which
results in a glottal hourglass figure. This open glottal chink (produced by the nod-
ules coming together in exact opposition to one another) results in a lack of com-
plete vocal fold adduction. This faulty approximation leads to breathiness in the
voice and air wastage, the perception of which increases as nodule size increases
(Shah and colleagues, 2005, p. 93). Also, the increased mass of the vocal folds as
a result of the nodules contributes to the perception of a lower habitual speaking
pitch and hoarseness, which again is positively correlated with nodule size (Shah
and colleagues, 2008, p. 723). This leads to a breathy, flat kind of voice that often
seems to lack appropriate resonance. Patients complain that they need to clear
their throat continually and often perceive that they have excessive mucus or some-
thing on the vocal folds (Bonilha and colleagues, 2012). Excessive throat clearing
often becomes an identified vocal abuse, which may lead to further enlargement
or further organization and consolidation of the nodules (Leydon and colleagues,
2009). Typical patients with vocal nodules complain that their voices seem to dete-
riorate with continuous voicing; they may start the day with fairly good voices
that become increasingly dysphonic with continuous vocal usage. With prolonged
speaking and singing, perhaps coupled with vocal abuse and misuse, phonation
rapidly deteriorates.

Vocal nodules in children before puberty are more common in boys. In their
review of 254 cases of children with vocal nodules, Shah and colleagues (2005)
reported that nodules were most commonly observed in males between the ages of
3 and 10 years. Laryngopharyngeal reflux disease was present in one-fourth of the
cases reviewed by Shah and colleagues, and in three-fourths of the cases there was
evidence of vocal hyperfunction (p. 903). As boys get older, there is less evidence of
nodules, with adolescent and adult females showing the highest prevalence of nod-
ules (Herrington-Hall and colleagues, 1988; Nagata and colleagues, 1983). How-
ever, in discussing the fact that vocal fold lesions are more common in women than
men, Koufman and Belafsky (2001) suggest that differences in incidence may be
multifactorial and related to hormonal, anatomic, inflammatory, and aerodynamic
factors. Shah and colleagues (2007) and Nuss and colleagues (2012) have developed
reliable scales for grading the size of vocal nodules in children, which should facili-
tate objective analysis of outcomes when studying and following pediatric patients
with vocal nodules.

Small nodules and recently acquired ones can be successfully treated with
voice therapy (Ruotsalainen and colleagues, 2007; Leonard, 2009), which is usually
the first choice of treatment by SLPs (Signorelli and colleagues, 2011). Holmberg
and colleagues (2001), reporting on voice therapy success with 11 adult females
with vocal nodules, found a significant decrease in severity of dysphonia following



Benign Pathologies Resulting from Excessive Muscle Tension Disorders

behavioral voice therapy. In addition, videolaryngostroboscopy at the end of ther-
apy showed that the nodules had decreased in size and that edema was reduced
for nearly all clients. McFarlane and Watterson (1990) reported success in 44 cases
presenting both large and small nodules in children and adults, and in both sing-
ers and nonsingers. They also document with pictures the before-and-after therapy
conditions of the larynx of a child and an adult singer. The nodules were completely
resolved via voice therapy. Boone (1982) developed a four-point program for adults
with vocal nodules that focuses on identifying abuse-misuse; reducing the occur-
rence of such abuse-misuse; searching with the patient for various Voice Facilitating
Approaches that seem to produce an easy, optimal vocal production (see Chapter
7); and using the Voice Facilitating Approach that works best as a practice method.
Although we strongly recommend voice therapy as the primary treatment for nod-
ules, we also acknowledge that larger nodules and long-established ones may be
treated by surgery, followed by a brief period of complete voice rest and then voice
therapy (Pedersen and McGlashan, 2001). However, a trial period of voice therapy
is an appropriate conservative course of treatment prior to surgery for nodules in
nearly all cases (Pedersen and colleagues, 2004). Because voice therapy must follow
if surgery is the treatment, then one might ask, “Why not begin with a period of
voice therapy?” It is not unusual for new nodules to reappear after surgical removal
of nodules or injection of steroids into the nodules (Lee and colleagues, 2011). Unless
the underlying hyperfunctional vocal behavior is identified and reduced, vocal nod-
ules have a stubborn way of reappearing (Ferrand, 2012).

It is generally accepted that nodules result from continuous and prolonged
MTD and are therefore often observed in individuals who exhibit hyperfunctional
vocal behaviors. Some could be referred to as vocal overachievers. Green (1989)
found that children with vocal nodules demonstrated more aggressive behaviors,
acting out, and disturbed relationships with peers compared to children with normal
voices. This finding was not supported, though, in a study by Roy and colleagues
(2007), who reported no evidence of amplified aggressiveness or immature behavior
in children with vocal nodules compared to children with normal voices. Roy and
colleagues did report, however, that children with nodules use their voice for social-
izing more so than those children with normal voices.

Although symptomatic voice therapy has been effective in reducing or elimi-
nating vocal nodules, young patients with vocal nodules often require strong psy-
chological support by the voice clinician (Andrews and Summers, 2002). Merati and
colleagues (2008) studied voice-related quality of life of children with voice disor-
ders and reported that it is significantly impaired in those with vocal nodules, partic-
ularly in the social-emotional and physical-functional domains. The effect of vocal
nodules on children may depend on the age of the child. Connor and colleagues
(2008) assessed the attitudes of children with dysphonia across four age groups
(toddler: ages 2 to 4; preschool: ages 5 to 7; school age: ages 8 to 12; and adolescent:
ages 13 to 18) and found that as the children got older, social and emotional handi-
cap became greater as a result of having vocal nodules and other forms of dyspho-
nia. Providing therapy to children with vocal nodules is important because children
do not simply “outgrow” the problem. De Bodt and colleagues (2007) questioned
91 adolescents who were diagnosed with nodules in childhood and found that 21%
had voice complaints persisting into postpubescence, with a statistically significant
difference between boys and girls. Nodules were still present in 47% of the girls
and 7% of the boys, with significant higher long-term risks for dysphonic girls with
allergy.
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CHECK YOUR KNOWLEDGE

1. Nodules are most likely to be seen where on the vocal fold?

2. Why should children with nodules participate in voice therapy sooner rather than later?

Vocal Fold Polyps

A vocal fold polyp is a focal abnormality of the superficial lamina propria, usually at
the same site where vocal fold nodules occur. This lesion, however, is thought to be
slightly deeper within the superficial lamina propria. Vocal fold polyps are usually
unilateral, but a reactive lesion is often found on the vocal fold immediately across
from the polyp. Unlike vocal nodules, which result from continuous or chronic vocal
fold irritation, polyps are often precipitated by a single vocal event. For example, a
patient may have indulged in excessive vocalization, such as screaming for much of
an evening, which produced some hemorrhaging on the membrane at the point of
maximum glottal contact. Such hemorrhagic irritation eventually results in forma-
tion of either a translucent, fibrotic, hyaline, hemorrhagic, or mixed polyp that adds
mass to the vocal fold. Once a small polyp begins, any continued phonotrauma
will irritate the area, contributing to its continued growth (Petrovic and colleagues,
2009; Nakagawa and colleagues, 2012).

Kleinsasser (1982) reviewed 900 cases of polyps and developed an excellent
description of vocal fold polyps, their formation, and their treatment. Three-fourths
of patients were male and one-fourth female, with the mean age of both being around
40 years. In 90% of the cases, polyps were unilateral; in 5%, they were bilateral; and
in 5%, they were both multiple and unilateral. Over 80% of patients smoked; other
contributing factors included inhaled allergens and irritants. As described by Rubin
and Yanigisawa (2003, p. 74), the gross appearance of vocal fold polyps varies: they
may be reddish or white, large or small, and sessile (broad-based) or pedunculated
(narrow-necked on a stem). Most are small and sessile, however. As polyps become
more advanced, they become increasingly more pedunculated. Polyps are associated
with other vocal fold pathologies in 15% of cases (Bouchayer and Cornut, 1991).

Kleinsasser (1982) further described vocal fold polyps as being responsive to
surgery. Surgery can sometimes be performed in the office as opposed to the hospi-
tal (Woo, 2006). The goal of vocal fold surgery is to preserve as much superficial
lamina propria as possible and to disrupt the glottal margin as little as possible.
Thus, microflap surgery designed to raise a flap of mucosa, remove a benign lesion
via suction, and then lay the flap back down on the vocal fold is common (Courey
and colleagues, 1997; Hirano and colleagues, 2008). Another technique, epithelial
cordotomy, involves microdissection between the polyp and the residual normal
superior lamina propria while disturbing as little of the epithelium as possible (Ben-
ninger, 2000; Hochman and Zeitels, 2000). Cohen and Garrett (2007) examined
the utility of voice therapy alone for patients with vocal fold polyps and cysts. In
their study of 57 patients, almost half experienced an improved voice. Factors such
as length of dysphonia, smoking status, allergy, and gastroesophageal reflux treat-
ment were not associated with treatment outcome. They also found that the type
of polyp was associated with voice improvement. Specifically, patients with trans-
lucent polyps were more likely to experience an improved voice than were those
with fibrotic, hyaline, or hemorrhagic polyps. Klein and colleagues (2009) followed
13 patients with polyps of varying sizes who underwent voice therapy only while
waiting for an optimal time for surgical polyp removal. They reported that slightly
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more than half the patients experienced spontaneous resolution of their polyps, in
all cases within 4 to 7 months. Patients who were more likely to experience resolu-
tion of the polyp were women with small polyps. Nakagawa and colleagues (2012)
compared the outcomes of voice therapy only versus surgery for polyp removal. Of
the 13, 2 patients treated with voice therapy only, nearly half experienced complete
polyp disappearance at a 5-month follow-up visit, and nearly one-fourth showed
polyp shrinkage at a 4-month follow-up visit; all were satisfied with the outcome
in terms of their voice. Patients who were more likely to experience resolution of
the polyp were women with small polyps and a shorter duration of voice symp-
toms (3 weeks versus 14 weeks for those who did not experience polyp resolution
or shrinkage). Taken together, the findings reported by Klein and colleagues and
Nakagawa and colleagues suggest that conservative treatment (that is, voice therapy
only) is warranted as a first course of treatment for those patients who are willing
to “wait it out” in hopes of avoiding surgery. This opinion is additionally supported
by research by Zeitels and colleagues (2002) and Lavorato and McFarlane (1983),
who suggest that successful management of vocal fold lesions depends on prudent
patient selection and counseling, ultraprecise surgical technique, and vigorous vocal
rehabilitation using various Voice Facilitating Approaches (see Chapter 7).

CHECK YOUR KNOWLEDGE

1. What characteristics differentiate a polyp from a nodule?
2. Should one undergo immediate surgery to remove polyps?

Reinke’s Edema

Chronic diffuse swelling of the superficial lamina propria of the vocal fold is known
as Reinke’s edema (Thibeault, 2005). This edema is also referred to as polypoid
degeneration of the vocal fold (Martins and colleagues, 2009). Within the lamina
propria (see Figure 2.16), the collagen architecture is disrupted, and a thick, gelati-
nous, fluid-like material develops in Reinke’s space (Sakae and colleagues, 2008).
There may also be an altered number and size of microvessels within the subepi-
thelial space (Sugumaran and colleagues, 2011). Reinke’s edema is usually bilateral
but can be more pronounced on one side. It is associated strongly with smoking,
frequently with chronic vocal hyperfunction, and occasionally with laryngopharyn-
geal reflux (Kamargiannis and colleagues, 2011; Marcotullio and colleagues, 2002).
Branski and colleagues (2006) suggest that Reinke’s edema may result from pro-
longed exposure to inflammatory stimuli, accompanied by abnormal healing.

Reinke’s edema and related forms of vocal fold thickening are conditions often
affecting the anterior two-thirds of the glottal margin (the vibrating portion of the
vocal folds) or the membrane covering the muscular portion of the vocal fold. This
is in contrast to vocal nodules and polyps, which usually affect a localized area of
the vocal fold. The more extensive the condition, the more likely it is that the voice
will be affected.

Dysphonia resulting from Reinke’s edema and related conditions is often
responsive to voice therapy. Success from voice therapy is highly dependent on
eliminating the cause of the problem, such as smoking. A behavioral program that
promotes easy and proper use of the vocal mechanism (vocal reeducation), along
with reducing the source of the irritation (such as eliminating an allergy, eliminating
smoking, reducing laryngopharyngeal reflux, or curbing vocal abuse) is probably the
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best management of the problem. Many of the voice therapy facilitating approaches
presented in Chapter 7 have been effective in reducing Reinke’s edema and related
conditions. Surgical treatment of vocal fold thickening, without removing the cause
of the problem, will not usually be a permanent solution to the dysphonia. Our
strong preference is to have a serious course of voice therapy first. This will generally
eliminate the need for phonosurgery (surgery to improve the voice).

If Reinke’s edema is extensive and a first course of voice therapy (as described
above) is not effective, then medical-surgical intervention may be warranted (sup-
plemented still by voice therapy). In a study by Dursun and colleagues (2007), 15
patients with Reinke’s edema who underwent microlaryngoscopic surgery were
reported to experience significant positive changes in voice quality and laryngeal
status. These researchers further reported no recurrence of Reinke’s edema one year
following surgery, speculating that the removal of redundant mucosa of the vocal
fold reduced the risk of the recurrence of Reinke’s edema and resulted in better voice
quality (p. 1027). Voice rest after surgery is often prescribed to promote vocal fold
healing. Voice therapy is also prescribed to promote positive vocal use behavior.

CHECK YOUR KNOWLEDGE

1. Reinke’s edema is most likely to be seen where on the vocal fold?

2. What would you expect to hear in the voice of the person with Reinke’s edema?

Laryngitis

In a retrospective U.S. database review of the charts of over a half-million patients
with a diagnosis of dysphonia (Cohen and colleagues, 2012), it was discovered that
the most frequent diagnosis overall was acute laryngitis, comprising nearly half of
the cases. Chronic laryngitis occurred in about 10% of the cases. Primary care phy-
sicians were reportedly more likely to diagnose acute laryngitis than were otolar-
yngologists, the latter being more likely to diagnose chronic laryngitis. Common
comorbid conditions included upper airway inflammatory conditions such as acute
pharyngitis, acute bronchitis, pneumonia, and upper respiratory illness. There were
no age or gender differences in regard to the diagnosis of laryngitis.

In traumatic laryngitis, patients experience swelling of the vocal folds as a
result of excessive and strained vocalization. Phonotrauma, such as yelling, scream-
ing, abrupt and strained voice usage, chronic coughing, habitual throat clearing,
and forceful singing are common causes of traumatic laryngitis. Typical traumatic
laryngitis is heard in the voices of excited spectators after a sporting event or rock
music concert. In the excitement of the event, with their own voices masked by the
noise of the crowd, fans scream at pitch levels and intensities they normally do not
use. Under these speaking conditions, the surface tissues of the true (and possibly
the false) vocal folds experience intense friction, thermal agitation, and molecular
breakdown (Dworkin, 2008). Irritation (erythema) accompanies the fold edema.

The acute stage of laryngitis is at its peak during the actual yelling or trau-
matic vocal behavior, with the vocal folds much increased in size and mass. In gen-
eral, the greater the irregularity, size, and consistency of the gap between the vocal
fold free edges during the closed phases of vibration, the more severe the dyspho-
nia. Variably hoarse, breathy, harsh, strained, and low-pitched voice abnormalities
result from the underlying glottal incompetence. In the case of laryngitis secondary
to yelling or a similar form of vocal abuse, eliminating the abuse usually permits the
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vocal mechanism to return to its natural state. The temporary laryngitis experienced
toward the end of a sporting event or concert is usually relieved by a return to nor-
mal vocal activity, and most of the edema and irritation vanish after a good night’s
sleep or two.

Chronic laryngitis may produce serious vocal problems if the speaker attempts
to speak above the laryngitis. The temporary edema of the vocal folds alters the
quality and loudness of the phonation, forcing the speaker to increase vocal efforts.
This increase in effort only increases the irritation of the folds, thereby compounding
the problem. If such hyperfunctional behavior continues over time, what was once a
temporary edema may become a more permanent polypoid thickening, which some-
times develops into vocal fold polyps, vocal fold nodules, hyperkeratosis, or a vocal
fold scar. For this reason, functional laryngitis should be promptly treated by elimi-
nating the causative abuse and, if possible, by enforcing a short period (less than one
week) of complete voice rest. Voice rest in itself is not a cure for most voice disor-
ders. This is not true, however, for acute laryngitis. Complete or absolute voice rest,
which means no phonation or whispering for several days, is usually enough for
irritated vocal fold margins to lose their swelling and return to their normal shape.
It is important that voice rest designed to promote healing of irritated vocal fold sur-
faces not include whispering; whispering (as most people do it) still causes too much
vocal fold vibration, and irritation from the rubbing together of the approximating
surfaces of each vocal fold is still possible. Studies have shown that, during forced
whisper, there are increases in expiratory muscle activity and airflow, and the ven-
tricular folds often may be brought into function (Pearl and McCall, 1986). Again,
one must identify and curb the events that cause acute laryngitis.

CHECK YOUR KNOWLEDGE

1. What kinds of phonotrauma may result in acute and/or traumatic laryngitis?
2. What should be the first course of treatment for acute laryngitis?

VOICE CHARACTERISTICS WITH EXCESSIVE
MUSCLE TENSION DISORDERS

Diplophonia

The term diplophonia means “double voice.” A diplophonic voice is produced with
two distinct frequencies occurring simultaneously. Diplophonia is the consequence
of irregular vocal fold vibration. It may be produced by some normal speakers vol-
untarily, but is more likely to be heard in patients with mass lesions, vocal fold
paralysis, vocal fold scarring, laryngitis and other inflammatory conditions, muscle
tension dysphonia, puberphonia, or paradoxical vocal fold movement (Ishi and col-
leagues, 2006; Vertigan and colleagues, 2007). As mentioned in our previous look
at ventricular phonation, the ventricular voice is often a false fold/true vocal fold
double-pitch vibration. The two pitch levels heard simultaneously are labeled dip-
lophonia. Auditory-perceptual and acoustic analyses usually form the basis for a
diagnosis of diplophonia. Laryngostroboscopy is of limited diagnostic value because
the tracking of the frequency of vocal fold vibration depends on a single frequency
(Kendall and colleagues, 2005).
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The treatment of diplophonia is geared toward eliminating the source of the
second voice. Sometimes, surgical removal of a mass lesion or surgical reposition-
ing and tensing of a paralyzed vocal fold eliminates diplophonia (Tsukahara and
colleagues, 2005). More often, though, diplophonia is corrected by voice therapy
(which we discuss in Chapter 7). This is accomplished by reducing any laryngeal
hypertension that may be contributing to production of a second sound source. Vid-
eoendoscopy is helpful in identifying the source of the undesired vibration and in
guiding voice therapy in reestablishment of normal voice production.

Phonation Breaks

A phonation break is a temporary loss of voice that may occur for only part of
a word, a whole word, a phrase, or a sentence. The individual is phonating with
no apparent difficulty when suddenly a complete cessation of voice occurs. Such
a fleeting voice loss is usually situational, and it usually happens after prolonged
hyperfunction. Typical patients with this problem work too hard to talk, often
speaking with great effort, and suddenly experience a complete voice break. Such
patients usually struggle to find their voice by coughing, clearing their throat, or
taking a drink of water. In most cases, phonation is restored and remains adequate
until the next phonation break, which may occur in only a few moments or not for
days. Other than continued vocal hyperfunction, no physical condition seems to
cause these phonatory interruptions. They may result from a variety of physiologi-
cal sources: reduced subglottal air pressure near the end of a phrase, loading of the
true vocal fold or by the ventricular fold, or mucus on the true vocal fold. Most of
the time, breaks result from excessive laryngeal muscle tension and inappropriate
adjustments of the otherwise normal mechanism. Phonation breaks can be experi-
enced by children as well as adults (Lee and Son, 2005).

Voice patients who experience phonation breaks rarely show them during voice
evaluation sessions. In their histories, however, such patients report the occurrence
of phonation breaks, often with much embarrassment when they occur. Occasion-
ally patients have been told by their employers that they must learn to use their
voices correctly (without voice breaks) or they will lose their jobs. Fortunately, the
treatment of phonation breaks secondary to MTD is relatively simple: taking the
work out of phonation and eliminating inappropriate vocal behaviors such as exces-
sive coughing and violent throat clearing. The Voice Facilitating Approaches of chant
talk, nasal/glide stimulation, and pitch inflections (see Chapter 7), designed to reduce
vocal hyperfunction, are most effective in eliminating the phonation breaks. Phona-
tion breaks due to abductor spasms, such as those seen in persons with spasmodic
dysphonia, are discussed in Chapter 3.

Pitch Breaks

There are two kinds of pitch breaks. One is a developmental phenomenon seen
primarily in boys experiencing marked pubertal growth of the larynx, and the other
is caused by prolonged vocal hyperfunction, particularly while speaking at an inap-
propriate (usually too low) pitch level. The rapid changes in the size of the vocal
folds and other laryngeal structures produce varying vocal effects during the puber-
tal years. Boys experience a lowering of their fundamental frequency of about one
octave; girls, a lowering of only about two or three semitones (Ferrand, 2012). This
change does not happen in a day or two. For several years, as this laryngeal growth
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is taking place, boys experience temporary hoarseness and occasional pitch breaks.
Wise parents or seasoned voice clinicians witness these vocal changes with little
comment or concern. These mass-size increases of puberty tend to thwart any seri-
ous attempts at singing or other vocal arts. Luchsinger and Arnold (1965) point out
that much of the European literature on singing makes a valid plea that the formal
study of singing be deferred until well after puberty. Until a male child experiences
some stability of laryngeal growth, the demands of singing might be inappropriate
for his rapidly changing mechanism. Laryngeal strain is a real concern when serious
singing is attempted during this period. One of the authors was told by Beverly Sills,
the most famous of recent sopranos, that she stopped singing altogether for three
years during puberty. Interestingly, Beverly Sills, unlike any other opera singer we
know, had only a single voice teacher for her entire child and adult career.

The age and rate of pubertal development varies markedly. From the pediatric
literature we find that the main thrust of puberty for any one child seems to take
place in a total time period of about four years, six months (Hacki and Heitmuller,
1999). The most rapid and dramatic changes occur toward the last six months of
puberty, when pitch breaks, if they occur, may be observed in some boys (Pribusiene
and colleagues, 2011). Most pubertal changes begin at age 12 in boys, a little earlier
in girls, and are completed by age 16 (Meurer and colleagues, 2009).

Younger children and adults might experience a different kind of pitch break,
one in which the voice breaks an octave (sometimes two octaves) up or an octave
down when speaking at an inappropriate pitch level (Lee and Son, 2005). When
individuals speak at an inappropriately low frequency, their voice tends to break one
octave higher; if they speak too high in the frequency range, their voice may break
one octave down.

Pitch breaks can also result from overall vocal fatigue. Heavy users of voice,
such as actors after long rehearsals or during long-running performances, may begin
to experience pitch breaks after hours of prolonged voicing. Such continued vocal
hyperfunction, speaking with too much effort, sometimes results in either pitch or
phonation breaks. Such pitch breaks are usually warnings that the vocal mecha-
nisms are being overworked and being held at an inappropriate pitch level for a pro-
longed period of time. We refer to such pitch or phonation breaks as vocal limping,
just as one limps when walking with an injured foot. With a little temporary voice
rest (two or three days) and initiation of Voice Facilitating Approaches targeting
easy phonation, such as glottal fry or yawn-sigh (see Chapter 7), fatigue-induced
pitch and phonation breaks usually disappear.

CHECK YOUR KNOWLEDGE

1. With which laryngeal conditions is one likely to hear diplophonia?
2. What vocal use behaviors likely result in pitch and phonation breaks?

PSYCHOGENIC VOICE DISORDERS

The emotional and psychological state of the individual can affect voice production.
Each person’s voice is highly individual and unique in terms of pitch, loudness, and
quality. As introduced in Chapter 1, voice can reflect an individual’s emotions, mood,
and self-image, while listeners draw inferences about a person from the way he or
she sounds. Laryngeal musculature works in balance to express emotion in the voice,
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providing a psychological impact that conveys meaning to the listener. Psychologi-
cal upset can interfere with normal voice production. Voice disorders can result from
emotional stresses, while voice disorder itself can produce its own emotional stresses
with consequent psychological impact (Butcher, 1995). Individuals can feel their per-
sonality change when they are unable to access their voice, experiencing a “loss of
self,” which returns only when their own voice is restored (House and Andrews, 1987).

In the classic definition of psychogenic voice disorders, the voice problem is
typically resistant to change from various symptomatic voice therapy approaches.
The patient’s psychological trauma or conflicts may be strong enough to cause and
maintain the vocal symptoms (Seifert and Kollbrunner, 2006). Psychological coun-
seling or therapy may have to play a primary role in the total voice rehabilitation
process. However, psychological factors sometimes are reactive to the emergence of
a voice problem and are not the cause of the disorder; for these cases, voice therapy
can play a primary and successful role.

To simplify for the reader the role of the SLP in working with children or
adults with psychogenic voice disorders, we have identified four different types of
clinical voice problems: puberphonia, functional aphonia, functional dysphonia, and
somatization dysphonia. The SLP trained in counseling or clinical psychology may
well combine needed psychological support with voice therapy for most of these
psychogenic patients. Or appropriate psychological or psychiatric referral may be
indicated. The first three disorders listed may well have psychogenic causation but
still have successful voice therapy outcomes. Somatization dysphonia is primarily a
psychiatric conversion problem and requires psychiatric management.

Puberphonia

Puberphonia is inappropriate use of high-pitched voice beyond pubertal age in
males. It is usually seen in the immediate postpubescent period when the male laryn-
geal mechanism has undergone significant changes in size and function caused by
hormonal changes. Other names for puberphonia are falsetto, mutational falsetto,
juvenile voice, and incomplete voice mutation. From a singing point of view, some
men and women can extend the singing voice well beyond the chest register, pro-
ducing the falsetto or loft register. Some classical singing includes the counter-tenor
voice where the singing voice extends well above middle-C (260 Hz). The high lyric
soprano sings several octaves higher. Our concern with the falsetto voice is not in
singing but in the speaking voice. Falsetto may also occur in females; Verdolini and
colleagues (2006) cite a form of puberphonia referred to as juvenile resonance disor-
der in postpubescent females.

Occasionally, young men with falsetto voices have found the transition from
boy to manhood to be difficult. Increased adultlike feelings and responsibilities may
be complicated by the rapid physical changes they have experienced. As an overall
coping mechanism, these young men may continue to use their prepubescent voices.
For this occasional puberphonic patient, some psychological counseling or therapy
is a required part of overall voice management. Most young men with mutational
falsetto (we use the interchange of the words falsetto, puberphonia, and mutational
falsetto deliberately as synonyms) are very accepting of voice therapy that helps
them find and establish an appropriate lower voice pitch. The vast majority of young
men with puberphonia achieve normal pitch levels and vocal quality after only brief
exposure to voice therapy (Desai and Mishra, 2012).
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Voice therapy for puberphonia (Dagli and colleagues, 2008) first requires a
thorough review of the medical chart and perhaps medical evaluation confirming
that the client has reached postpuberty status. When asked to cough, the cough
usually sounds like that of an adult; both male and female patients will present a
much lower pitch level than that of children when asked to cough. The SLP gener-
ally begins therapy for the puberphonic patient by demonstrating a cough and then
extending phonation beyond the cough to a hum for a few seconds. Following the
SLP cough demonstration, the patient is asked to do the same thing: cough and then
extend the phonation after the cough on the same outgoing breath. In most cases,
it is best to record the patient’s cough response and then provide the patient with
an auditory feedback model. The SLP then explains that the vocal folds are able to
produce the lower phonation, and a brief, all-voiced word list can then be presented,
with each word said on the extended phonation following the cough.

If the cough is not successful in uncovering the patient’s natural pitch, light
digital pressure against the thyroid cartilage often “uncovers” the lower pitch. The
patient is asked to say and prolong an “ah” for more than five or six seconds. Dur-
ing this extended phonation, the SLP applies light finger pressure on the patient’s
anterior thyroid cartilage, usually producing an immediate lowering of voice pitch.
After several finger pressure productions, the patient is then asked to see if he or
she can match the lower voice pitch. The therapy session should be recorded for
immediate playback and discussion. The Voice Facilitating Approaches of masking
and glottal fry (see Chapter 7) are useful in eliminating the falsetto speaking voice.

Counseling should supplement the positive commentary about the appro-
priateness of using the newly found lower pitch (Aronson, 1990). The majority of
patients with puberphonia have an excellent therapy outcome in one or two clinical
sessions and seemingly rejoice in finding a voice that sounds like that of their peers.
Only a few anecdotal reports exist about an occasional patient with puberphonia
who requires counseling or psychotherapy before releasing the need for continu-
ing with the falsetto voice. Following the successful elimination of the high-pitched
voice, the SLP should schedule all patients with puberphonia for a three- or four-
week follow-up to determine how they are doing, both from a voice and emotional
perspective. In the exceedingly rare instances where voice and other therapies are
not successful, surgery to shorten and relax the true vocal fold (Isshiki and col-
leagues, 1983) or injection of Botox into the cricothyroid muscle may be considered;
both are successful (Remacle and colleagues, 2010; Woodson and Murry, 1994).

Functional Aphonia

The unique aspect of functional aphonia is that the patient speaks in a whisper but
continues speaking with the same rhythm and prosody of normal speech. Only voice
is lacking. To rule out some form of organic involvement of the vocal folds, such
as vocal fold paralysis (described in Chapter 5), these patients need a laryngoen-
doscopic examination to visualize vocal fold movement. When the aphonic patient
says “ah,” the normal vocal folds remain too far apart to permit phonation and
often develop the open position used for a whisper production (Case, 2002). The
visual examination usually confirms normal function for both the cough and the
throat clearing. When swallowing, the aphonic patient exhibits both normal laryn-
geal elevation and vocal fold closure, both required to prevent aspiration into the
airway below the larynx. When these patients are asked to speak, the larynx often
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appears to elevate excessively near the hyoid bone and is difficult to move manually
in any direction.

Aronson, in his classic text, Clinical Voice Disorders (Aronson, 1990),
describes a persistent functional aphonia as a possible “conversion aphonia.” Aron-
son goes on to write that a conversion disorder is the “somatization” of an emo-
tional disorder and can be “created by anxiety, stress, depression, or interpersonal
conflict” (Aronson, 1990, p. 142). In somatization, it is believed that an unresolved
psychological conflict results in a dysfunction of some bodily system. We will con-
sider the somatization of laryngeal function in greater detail later in this chapter.
It appears clinically, however, that the majority of patients with aphonia do not
seem to have a conversion causation; they respond favorably to symptomatic voice
therapy in one or very few therapy sessions. While normal phonation is usually
restored with minimal voice therapy with the SLP, emotional conflicts may require
psychological or psychiatric therapy over a longer period of time (Gerritsma, 1991).

The onset of functional aphonia varies. Many aphonic patients say that their
“loss of voice” came on gradually or occurs only sporadically. Under tight emotional
situations, they might “lose” their voices in that particular situation but recover
normal voice after subsequent stress reduction. Sometimes aphonia occurs after
patients have experienced some kind of laryngeal pathology or severe systemic dis-
ease; perhaps laryngeal edema during an acute infection may render voice impos-
sible. Days or weeks later, after the initial infection that caused the voice loss is gone,
the aphonia continues. Two aphonic patients who developed aphonia originally
from an acute infectious disease seemed subsequently to incorporate the lack of
voice into their lives (Boone, 1966b). Months after the onset of their aphonia, both
patients participated in voice therapy and had complete voice recoveries. For some
patients, communication without voicing seems to help them meet their emotional
needs temporarily.

A young boy age 7 years, found to have bilateral vocal nodules by his ENT
physician, was told by this doctor to stop using his voice for a few weeks. The
parents enforced voice rest for four weeks, and the boy was never heard to use his
voice during that time. When the parents brought him back for another checkup, the
nodules were gone but his voice was totally absent. Despite the physician’s urgings
and parental requests, the aphonia persisted for an additional month. Presented at a
voice team conference, the child was presented as the “boy who had forgotten how
to talk.” He was subsequently scheduled for voice therapy and happily “found” his
voice during the first therapy session. Over a four-year follow-up period, he contin-
ued to have a normal prepubescent voice in all situations.

Patients with functional aphonia communicate well by gesture and whisper
or by a high-pitched, shrill-sounding weak voice. Typical aphonic patients whis-
per with clarity and sharpness. Aphonic patients rarely avoid communication situ-
ations; conversely, they communicate effectively by using facial expressions, hands,
and highly intelligible whispered speech. What they lack in communication is voice.
Embarrassed and frustrated by lack of voice, aphonic patients generally self-refer
to a physician or SLP. Despite Greene’s (1980) warning that many patients with
functional aphonia may require psychological counseling, most aphonic patients,
in our experience, completely recover their normal voice, with voice therapy alone
(often in the first session of therapy). Aphonic patients as a group, in fact, have an
excellent prognosis (Kollbrunner and colleagues, 2010). It is almost as if, for what-
ever reason, the patient has lost the set for phonation. The voice clinician’s task is to
help the patient find his or her voice primarily by helping the patient use nonspeech
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phonations, such as coughing and throat clearing, humming, or inhalation phona-
tion or sometimes using masking noise (Chapter 7).

In Chapters 7 and 8, we consider in more detail some of the Voice Facilitating
Approaches that are commonly used by the SLP in reestablishing voice in the func-
tional aphonic patient. Therapy approaches include extending the cough and throat
clearing, redirecting phonation achieved while singing or humming on a kazoo, and
reading aloud with auditory masking. The patient’s various responses to selected
voicing tasks should be audio-recorded, affording immediate playback of any pho-
nations the patient is able to produce.

The voice therapy provided for a nine-year-old girl who had lost her voice
following severe influenza provides a good example of successful therapy for func-
tional aphonia. For six weeks following a severe flulike infection, she communicated
entirely by whisper with good facial animation and normal interactive communica-
tion with her listeners. In the therapy session, we had her read aloud. Using the old
Lombard effect (Newby, 1972), which is used to detect a hearing loss of the malin-
gering type, the patient is asked to read aloud in a whisper and continue reading
aloud as about 75 dB of speech-range masking is introduced. The whispered reading
changes immediately to voicing when the patient hears the masking noise. When
masking was introduced as this girl read aloud in her whisper, she started reading
in a light voice. This voice was recorded and played back as the SLP commented,
“Now your vocal folds seem to be coming together well.” The girl was overjoyed
with the discovery of her lost voice. Once voice is established, the SLP moves slowly
to increase loudness as a drill activity and then works “gently” to produce voice
interactively. After voice is reestablished, psychological support should be offered to
the aphonic patient, with strong SLP assurance that the voice is “back for good.” It
usually is.

Functional Dysphonia

Some of the most abnormal or strangest voices we may hear have no organic or
structural causes. The voice patient may be using one’s normal respiration system
in an incorrect balance between initiating the airstream with the beginning of pho-
nation, such as beginning voice after much expiratory air has been expelled. The
patient may take in too small a breath or too large a breath for producing a normal
voice. Or the patient with functional dysphonia may bring the vocal folds together
in a lax manner, producing breathiness, or in a tight manner, producing symptoms
of harshness or tightness. Or patients may be speaking at inappropriate pitch levels,
voices too low or too high, for their age and sex. Excesses of mouth opening, head
position, or jaw positioning may alter the quality of the voice. Or the sound of the
voice can be easily altered by tongue positioning within the mouth, with the tongue
positioned too far back or too far forward. Excessive nasality can be added to one’s
voice production by a slight alteration in velopharyngeal closure. In our use of the
label “functional dysphonia,” we are suggesting that these components for produc-
ing voice are in a physiologic imbalance that may be produced in part by the psycho-
logical needs of the patient.

The diagnosis of functional dysphonia implies that the patient has no physi-
cal or organic cause of the voice problem. In our evaluation and testing, this means
that normal structure and capability for normal function should be demonstrated.
The SLP should search with the patient to see if he or she can produce normal voice
in some situations. One way to do this is to include a number of diagnostic probes
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(see Chapters 6 and 7) to determine if the patient can imitate the SLP’s modeling
of pitch, loudness, or quality change, demonstrating capability for producing some
normal voice behaviors. If the patient can demonstrate a normal voicing function by
performing some particular therapy approach, this is often a good place for the SLP
to begin voice therapy intervention.

The patient often reports other somatic problems associated with functional
dysphonia, such as weight loss, difficulty swallowing, throat and neck pain, exces-
sive coughing, or other somatic abnormalities (Verdolini and colleagues, 2006). The
SLP may uncover psychological complaints of worry, avoiding responsibility, shy-
ness, excessive fears, and so on. Aronson (1990) states:

A psychogenic voice disorder is broadly synonymous with a functional
one but has the advantage of stating positively, based on exploration of
its causes, that the voice disorder is a manifestation of one or more types
of psychologic disequilibrium—such as anxiety, depression, conversion, or
personality disorder—which interferes with normal volitional control over
phonation (p. 131).

Even though the patient may be capable of producing a normal voice when requested
to do so in the voice evaluation, the SLP must consider the relative weight of emo-
tional factors possibly preventing the use of a normal voice in everyday living.

In functional dysphonia, there is often a mixture of emotional problems and
faulty voice usage. The patient may demonstrate a weak soft voice, or symptoms of
vocal hyperfunction, such as a loud, harsh voice. While the patient may demonstrate
some emotional issues deserving of some counseling or therapy, he or she may also
have the capability of using a normal voice after some voice therapy intervention.
In Chapter 7, we will consider a few Voice Facilitating Approaches—such as coun-
seling, hierarchy analysis, relaxation, respiration training, and vocal hygiene—that
are particularly effective with this functional dysphonia group of patients. Stemple’s
Vocal Function Exercises were designed to strengthen and “balance the laryngeal
musculature” and have been found to have a positive “holistic” effect for general
voice improvement (Stemple, 2005). Faulty voice physiology may not necessarily
have a strong emotional origin.

Emotionality may play a minimal role in some children and adults with faulty
voices who live with their voicing difference (mild hoarseness, inappropriate voice
pitch, etc.). They do not think of this difference as being a voice disorder. Listeners
perceive their voices as different and perhaps unique but not as disordered (Zraick

and colleagues, 2007).
In their classic look at efficacy of voice therapy, Ramig and Verdolini (1998)
describe most voice disorders as caused by “. . . habits of vocal misuse and hyper-

function,” medical/physical conditions, and/or psychological factors. We include
voice misuse and vocal hyperfunction or MTD in the next major section of this
chapter as representing most of what the SLP sees in patients with functional voice
problems. The myriad of published studies that have considered the outcome of
voice therapy for voice disorders have targeted the misuse-hyperfunctional type of
disorders. The range of voice therapy methods for vocal hyperfunction include the
accent method (Kotby and colleagues, 1991), resonant therapy (Verdolini, 2000),
symptomatic therapy (Boone and colleagues, 2009), manual circumlaryngeal ther-
apy (Roy and colleagues, 2001), and physiologic therapy (Colton and colleagues,
2011; Stemple, 2005). Vocal hyperfunctional behaviors often lead to tissue changes
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over time (Lee and Son, 2005) within the larynx, creating glottal margin disorders
such as vocal fold thickening, nodules, and polyps (as we will see in our discussion
of muscle tension dysphonia).

When functional dysphonia is classified as a psychogenic voice disorder, pri-
ority is given both to the emotional support of the patient and the concomitant
voice differences. Sometimes the voice client does not have a voice disorder but
only a voice difference, such as poor breathing, influencing a soft voice, or using a
pitch level that is not appropriate. While vocal differences can be treated by the SLP
using Voice Facilitating Approaches, there are other discipline-specific approaches
(National Association of Teachers of Singing, 2010; Voice and Speech Trainers
Association, 2012) that can be helpful in learning to optimize vocal function. The
client with a “different” voice might be better served on occasion by a National
Association of Teachers of Singing (NATS) or Voice and Speech Trainers Associa-
tion (VASTA) member, rather than by an SLP. The singing teacher and members
of NATS have long recognized the connection between emotions and the optimal
usage of both speech and singing. Similarly, voice-speech teachers and members
of VASTA have developed voice improvement methods that help the actor and
speaker minimize speech differences that might negate performance. In the treat-
ment of psychogenic dysphonia, there needs to be greater future interaction among
the psychologist or psychiatrist, the SLP, and the teachers/coaches of the singing
and speaking voice.

Somatization Dysphonia

In reviewing the clinical files of hospital and university voice clinics, we find rare
clinical occurrences of voice patients who may be classified as having somatiza-
tion dysphonia or who show symptoms of Briquet’s dysphonia. In somatization dys-
phonia, the voice patient shows beyond dysphonia an array of possible conversion
symptoms, such as laryngeal pain, neck and shoulder pain with stiffness, shortness of
breath, depression, and extreme vocal fatigue (Verdolini and colleagues, 2006). His-
torically, these patients might have carried the diagnosis of Briquet’s syndrome, but
in recent years would be classified in the ICD-10 as a “Dissociative Motor Disorder”
(F44.4), and in the DSM-IV under “Somatoform Disorders” as a “Conversion Dis-
order” (300.11) (Kollbrunner and colleagues, 2010). The SLP may be overwhelmed
by the severity of patient symptoms, soon realizing that the presenting dysphonia is
but a small part of the patient’s overall problem. Such a patient should be referred
for an extensive medical workup and psychiatric evaluation/treatment.

The voice evaluation of such patients may typically reveal an elevated voice
pitch, or increased hoarseness with a reduced signal-to-noise ratio. Vegetative laryn-
geal functions (coughing, prevention of aspiration, etc.) may remain normal. The
voice symptoms often begin in late adolescence extending into young adulthood,
and from the beginning are surrounded by many other symptoms. The severity of
these associated symptoms may present greater problems to the patient than the
presenting dysphonia. The prevalence of somatization dysphonia is much greater in
women than in men by a ratio estimated to be as high as 10 to 1 (Verdolini and col-
leagues, 2006). Critical to the diagnosis is the absence of any physical evidence that
can support the cause of the dysphonia and the other related symptoms (Deary and
Miller, 2011). Somatization dysphonia is a true conversion disorder, and manage-
ment appears possible only with successful identification and reduction of emotional
and psychological factors.
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CHECK YOUR KNOWLEDGE

1. What are the major categories of psychogenic voice disorders?

2. What s the first course of treatment for puberphonia?

SUMMARY

This chapter reviewed functional voice disorders—those that have no organic or neu-
rological cause. We described voice disorders due to excessive muscle tension, and
the benign laryngeal pathology that may develop as a result. We also described voice
disorders with a psycho-emotional basis or overlay. We presented some evidence-
based practice (EBF) studies supporting the value of Voice Facilitating Approaches
in treating most functional and psychogenic voice disorders.

CLINICAL CONCEPTS

The following clinical concepts correspond with many of the objectives at the begin-
ning of this chapter:

1. The majority of voice-disordered patients you see will be those with a func-
tional basis to their disorder. Most of these patients will exhibit excessive
laryngeal muscle tension, resulting in a voice that does not meet their daily
communication needs. Examples include a child who demonstrates repeated
phonotrauma and develops vocal fold nodules (see Chapter 8), a speaker who
is an auctioneer and has a voice that gives out before lunch each day, a speaker
who has a weak or paralyzed vocal fold and compensates by “pushing the
voice out” (see Chapter 5), and a speaker with glottic cancer who uses the false
vocal folds to phonate (see Chapter 9).

2. Some voice-disordered patients will come to you because they have a strong
psycho-emotional basis for their voice disorder, or a strong psycho-emotional
reaction to their voice disorder. Examples include a postpubescent male who
sounds like a little boy or little girl (see Chapter 8), a patient who was put on
short voice rest after laryngeal surgery and whose voice did not “turn back
on” easily after the period of voice rest (see Chapter 4), an adult female in a
verbally abusive marriage who “loses her voice” in order to avoid angering her
spouse and bringing on additional verbal abuse (see Chapter 8), a patient who
perceives himself as being stuck in a high-stress job and who sees having a voice
disorder as a way out of his job, and a patient who is deprived of emotional
attention and who experiences emotional gain by having a voice disorder.

GUIDED READING

Read the following article:

Van Houtte, E., Van Lierde, K., & Claeys, S. (2011). Pathophysiology
and treatment of muscle tension dysphonia: A review of the current
knowledge. Journal of Voice, 25, 202-207.
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Describe two ways in which the information reported in the article might influence
your clinical practice.

Read the following article:

Deary, V., & Miller, T. (2011). Reconsidering the role of psychosocial
factors in functional dysphonia. Current Opinion in Otolaryngology and
Head and Neck Surgery, 19, 150-154.

Using the information reported in the article, identify the factors one should con-
sider before making a diagnosis of psychogenic voice disorder.

PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

Miranda is a 34-year-old woman with a 3-month history of dysphonia,
which began after an upper respiratory infection. Her chief voice com-
plaints are harsh and strained voice quality, high speaking pitch, and
vocal fatigue by the end of the day. She saw an otolaryngologist (ENT),
who diagnosed her with muscle tension dysphonia and laryngopharyn-
geal reflux disease (LPRD). Miranda also complains of being depressed
because of the changes in her social life due to her dysphonia.

1. The ENT’s report of his stroboscopic laryngeal exam noted “moderate laryngeal
constriction.” Based on this information, which of the following constriction pat-
terns were likely observed?

A. Anterior-posterior compression of the true vocal folds

B. Medial compression of the true vocal folds

C. Both anterior-posterior and medial compression of the true vocal folds
D. Medial compression of the ventricular folds

E. All of these

2. Which of the following laryngeal findings would also likely be noted by the ENT?
A. Swelling and redness of the vocal folds and arytenoid mucosa
B. Vocal fold atrophy
C. Vocal fold nodules
D. Paresis

3. Which of the following acoustic voice parameters would likely be abnormal?
A. Speaking intensity
B. Speaking fundamental frequency
C. Harmonic-to-noise ratio
D. Maximum phonational frequency range
E. All of these

4. Which of the following treatment options would serve this patient well?
A. Use of medication to control her acid reflux disease
B. Vocal hygiene education
C. Voice rest
D. Both A and B
E. All of these
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5. Which of the following observations would be made about this patient’s perfor-
mance on a standardized voice protocol?
A. Her voice changed considerably across the speaking tasks.
B. Her voice remained consistent across speaking tasks.
C. Her voice was normal for certain speaking tasks.
D. She presented with complete aphonia.
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This chapter describes organic voice disorders. Tolerance by the public or an indif-
ference to voice problems makes the early identification of voice pathologies dif-
ficult. Hoarseness that persists longer than several days is often identified by the
otolaryngologist (ENT physician) as a possible symptom of serious laryngeal dis-
ease, and it may be. Hoarseness is certainly the acoustic correlate of improper vocal
fold functioning, with or without true laryngeal disease. The distinction between
organic disease of the larynx and functional misuse has been a prominent dichotomy
in the classification of voice disorders (as described in Chapter 1). It is important for
ENT physicians, in their need to rule out or identify true organic disease, to view the
laryngeal mechanism by laryngoscopy in order to make a judgment about functional
versus organic versus neurological involvement. In the absence of observable struc-
tural deviation or neurological involvement, the ENT physician generally describes
the voice disorder as functional. In addition to the examination by the ENT physi-
cian, it is important for the speech-language pathologist (SLP) to view the larynx as
part of the voice evaluation and in designing the voice therapy. Indeed, the American
Speech-Language-Hearing Association (ASHA) (American Speech-Language-Hearing
Association, 2004b) affirms the practice of visualization of the larynx by both ENT
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physicians and SLPs. It is an important milestone for SLPs to be able to count laryn-
geal visualization and imaging as within their scope of practice.

CONGENITAL ABNORMALITIES

Laryngomalacia

Laryngomalacia is the term most commonly used to describe . . . inward collapse
of the supraglottic structures of the larynx during inspiration” (Holinger, 1997).
Laryngomalacia accounts for 75% of all congenital anomalies of the larynx and is
the most prevalent cause of stridor in the neonate (Elluru, 2006). In most children
with the condition, symptoms are evident at birth or within the first few hours or
days of life (Andrews and Summers, 2002). Laryngomalacia is diagnosed and man-
aged by an ENT physician, who normally confirms the condition using direct laryn-
goscopy under general anesthesia (without muscle relaxant) (Peggy, 2005) or via
flexible nasopharyngolaryngoscopy (under topical anesthesia) (Whymark and col-
leagues, 2006). Children with laryngomalacia rarely present with acute airway com-
promise, and Tunkel and colleagues (2008) report that it is common for children to
outgrow laryngomalacia by 18 to 24 months. However, for those 5% of patients
who require surgical intervention for severe laryngomalacia, this occurs within one
to two weeks of presentation (Elluru, 2006). Severe laryngomalacia is associated
with the primary symptoms of inspiratory stridor, suprasternal retraction, subster-
nal retraction, feeding difficulty, choking, postfeeding vomit, failure to thrive, and
cyanosis (Lee and colleagues, 2007). The presence of concomitant gastroesophageal
reflux disease (GERD) or laryngopharyngeal reflux disease (LPRD) contributes to
the feeding- and swallowing-related symptoms (Thomson, 2010). Supraglottoplasty
is currently the preferred surgical intervention, replacing tracheostomy (Fattaha and
colleagues, 2011). Supraglottoplasty eliminates inspiratory obstruction by widening
the supraglottis. It is a successful approach to correcting all anatomic abnormalities
associated with laryngomalacia (Bedwell and Zalza, 2011).

Subglottic Stenosis

Subglottic stenosis is the narrowing of the space below the glottis and above the first
tracheal ring. Although rare, it is one of the most common causes of chronic upper
airway obstruction in infants and children. It can be congenital or acquired. Con-
genital subglottic stenosis is the second most common cause of stridor in neonates,
infants, and children. Acquired subglottic stenosis is the most common acquired
anomaly of the larynx in the pediatric age group, and is the most common abnor-
mality necessitating tracheotomy in children below one year of age. This is because
of the advent of endotracheal intubation in neonatal medicine and the need for long-
term ventilation in premature babies (Choo and colleagues, 2010). The prognosis
of acquired subglottic stenosis in infants and children is significantly poorer than
that of the congenital type (Wei and Bond, 2011). Walner and Cotton (1999) intro-
duced levels of stenosis grading that help determine levels of intervention by the
ENT physician and SLP. For children with Grades I or II subglottal stenosis—that is,
stenosis corresponding to 0 to 50% and 51% to 70%, respectively—careful obser-
vation rather than intervention may be appropriate. Stenosis of Grades III or IV, on
the other hand—which correspond to 71% to 99%, and 100%, respectively—often
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present with either tracheal dependency or stridor and exercise intolerance. Children
in these latter categories may require endoscopic or surgical intervention, usually
with voice intervention to follow (Kelchner and colleagues, 2012).

Esophageal Atresia and Tracheoesophageal Fistula

Congenital esophageal atresia (EA) represents a failure of the esophagus to develop
as a continuous passage. Instead, it ends as a blind pouch. Tracheoesophageal fistula
(TEF) represents an abnormal opening between the trachea and esophagus. EA and
TEF can occur separately or together. EA and TEF are diagnosed in the intensive
care unit (ICU) at birth and are treated immediately. The standard intervention is
surgery. However, surgery is not without risks, such as severe respiratory distress,
recurrent aspiration pneumonia, failure to thrive, and dysphagia. Any attempt at
feeding could cause aspiration pneumonia because the milk or other liquid collects
in the blind pouch and overflows into the trachea and lungs. A fistula between the
lower esophagus and trachea may allow stomach acid to flow into the lungs and
cause damage. Because of these dangers, patients should be treated as soon as pos-
sible after birth. Treatment by the SLP focuses primarily on feeding (Khan and col-
leagues, 2009), and secondarily on voice (Oestreicher-Kedem and colleagues, 2008).
The clinician may suspect dysphagia and dysphonia because unilateral vocal fold
paralysis has been associated in a small percentage of patients treated surgically for
EA or TEF (Morini and colleagues, 2011).

ACID REFLUX DISEASE

Over the past 25 years, there has been a growing acknowledgment that gastroesoph-
ageal reflux disease (GERD) and laryngopharyngeal reflux disease (LPRD) are etio-
logic factors in a high percentage of patients with laryngeal complaints (Altman and
colleagues, 2011; Gupta and Sataloff, 2009). In adults, an estimated 4% to 10%
of chronic nonspecific laryngeal disease seen in ENT and voice clinics is associated
with GERD or LPRD (Gilger, 2003). This may be just the tip of the iceberg. In a
review of clinical practice guidelines for reflux, Altman and colleagues (2011) found
that gastroenterologists (GI physicians) and ENT physicians see only about one in
five patients who might potentially experience GERD. Physicians in internal medi-
cine and family practice see the remaining symptomatic patients.

GERD is the passage of gastric juices from the stomach into the esophagus
(see Figure 4.1). Among other pathologies, GERD can lead to esophagitis; ulcer-
ation; dysphagia; and Barrett’s metaplasia, which is a precancerous condition. If
these contents move superiorly and through the upper esophageal sphincter, the
disorder is identified as LPRD, as the contents spill into the pharynx. LPRD is syn-
onymous with extraesophageal reflux disease (EERD), another accepted but older
term for reflux upstream from the stomach (Sasaki and Toolhill, 2000). LPRD has
been implicated in the occurrence of vocal fold erythema and edema, contact ulcers
and granulomas, laryngitis, chronic rhinitis, sinusitis, globus pharyngeus, respiratory
compromise, otitis media, laryngomalacia, and subglottic stenosis, to name a few
(Arvedson, 2002; Belafsky and colleagues, 2002; Molyneux, 2011). Additional stud-
ies have suggested an association of LPRD and paradoxical vocal fold movement
(Murry and colleagues, 2010).

g Rather than simply

describe the general
symptoms of reflux,
the clinician in this
video uses time effec-
tively by asking the
patient to reflect on
her own signs and
symptoms of laryn-
gopharyngeal reflux.
See Voice Facilitating
Approaches 13 and 19
for hierarchy analysis
and pitch inflections.
Not mentioned in the
interview is that the
patient has begun a
regimen of proton
pump inhibitors.
Grand Rounds: Iden-
tify two additional
behavioral precautions
that this patient might
initiate to reduce reflux
and abusive voice
behaviors.
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FIGURE 4.1 Acid Reflux Disease
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The symptoms of acid reflux vary considerably among voice patients, rang-
ing from no symptoms to mild heartburn, to extreme burning or choking in the
larynx, sometimes awakening the patient from a deep sleep. Typical symptoms of
LPRD may include morning hoarseness, sour taste in mouth with bad breath, fre-
quent throat clearing and coughing, and severe symptoms occurring when the head
is lower than the abdominal area (such as in shoe tying, bungee jumping, or occu-
pational tasks requiring bending over). Among the physical findings on laryngeal
examination are posterior glottal redness, contact ulcers, pharyngeal irritation,
and arytenoid hyperplasia with possible granuloma. The patient, on questioning,
may be unaware of any symptoms related to LPRD; we have found that this is
especially true among children. Altman and colleagues (2011) have also developed
a clinical protocol for the identification and management of reflux disease.

With respect to children, GERD and LPRD are believed to be strongly asso-
ciated with pediatric voice disorders (Theis, 2011) and, in some cases, middle ear
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infections (Tasker and colleagues, 2002). Several upper airway conditions have been
attributed to GERD and LPRD, including stridor (Heatley and Swift, 1996), para-
doxical vocal fold movement (PVFM) (Wilson and colleagues, 2009), chronic nasal
irritation, and chronic cough and dysphonia. With respect to older adults, Greg-
ory and colleagues (2012) reported that about 90% of the dysphonic patients they
examined over age 65 years had evidence of LPRD.

Diagnostic reflux batteries include barium esophagram, bronchoalveolar
lavage, radionuclide reflux scans, scintigraphy, multichannel intraluminal imped-
ance monitoring, color Doppler sonography, and laryngeal biopsy (Stavroulaki,
2006). At present, 24-hour dual-probe esophageal pH monitoring is the most defini-
tive study of LPRD, even for children (Chiou and colleagues, 2011). Esophageal
pH monitoring involves passing a thin catheter transnasally into the esophagus. A
special sensor records each reflux incidence over a 24-hour period. After the cath-
eter is removed, the recorder is attached to a computer so that data it has gathered
can be interpreted. Koufman (1991) reported on 225 patients with suspected reflux.
Eighty-eight percent of the patients underwent 24-hour pH probe testing, with 62%
of those demonstrating abnormal studies. Of these, 30% demonstrated LPRD. A
more recent advance in pH monitoring involves the placement of an acid-sensing
capsule introduced into the esophagus via a removable catheter (Javors and Buck-
man, 2011). The capsule transmits reflux events for two days to a recorder, and then
detaches from the esophagus and passes in the stool.

Based on the knowledge that a negative pH probe test does not rule out reflux,
some authorities advocate esophageal biopsy to rule in the disease. This can be per-
formed on infants as young as two weeks of age (Coletti and colleagues, 1995;
Stroh and colleagues, 1998). Upper gastrointestinal endoscopy is another diagnostic
procedure. In addition to these instrumental assessments, questionnaires for deter-
mining the presence of reflux and the type of reflux present have been developed
and refined for routine use in ENT practice (Habermann and colleagues, 2012). The
Reflux Symptom Index (RSI) (Belafsky and colleagues, 2002b) raises the clinical
suspicion of LPRD in patients presenting with ENT symptoms. The Reflux Finding
Score (RFS) (Belafsky and colleagues, 2001b) characterizes morphologic lesions pre-
sumably associated with LPRD.

Reflux treatment can be divided into three categories: behavioral, pharma-
cological, and surgical, or a combination of these treatments. Behavioral therapy
involves following a vocal hygiene program that includes elevating the head of the
bed; remaining upright for at least 60 minutes after meals; avoiding spicy foods;
not exercising after eating; and cutting down on caffeine, carbonated drinks, and
alcohol, especially in the afternoons and evenings. We even recommend that patients
avoid drinking excessive quantities of water right before bed because this can raise
the level of acid in the stomach. Other treatment recommendations for controlling
reflux are avoiding activities that compress the abdomen, weight loss, wearing looser
clothing around the waist, and eliminating smoking. Following these management
suggestions for reflux can often produce a dramatic lessening of symptoms, both in
voice and pharyngeal-laryngeal mucosal irritation.

For those patients who do not readily respond to behavioral therapy, a com-
bination of anti-reflux therapy with a proton-pump inhibitor (PPI) and a prokinetic
agent has been shown to result in rapid symptomatic and endoscopic improvements
in the majority of patients (Vaezi and colleagues, 2003; Arvedson, 2002; Hamdan
and colleagues, 2001). A study by Park and colleagues (2005) found that PPIs taken
twice a day (bid) appear to be more effective than once a day (qd) in achieving
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clinical symptom response. Greater acid suppression was achieved at four months
compared with two months. In addition to LPRD, PPIs have been used in the treat-
ment of postnasal drip (PND). Pawar and colleagues (2007) studied the effects of
PPI on patients having postnasal drainage with no objective evidence to support
a sinonasal or infectious etiology. Findings supported the potential benefits of PPI
therapy to reduced PND frequency, hoarseness, and chronic cough.

Surgical laparoscopic fundoplication is effective in treatment of LPRD for
patients who show poor response to PPI (up to 120 mg/day). Five years after lapa-
roscopic surgery, a corpus of 445 patients with previous poorly controlled GERD
revealed reduced acid reflux, lower esophageal sphincter pressure, and symptom
control. The authors report that the patients also revealed a significant improvement
in both the physical and mental health component of a quality of life assessment
(Anvari and Allen, 2003).

The SLP usually encounters the dysphonic patient with LPRD initially at
the time of the voice evaluation. If the signs of laryngeal irritation are present, the
patient is referred to the ENT physician. The SLP, ENT physician, and patient work
as a team to plan a successful reflux management regimen and a voice therapy pro-
gram that can produce optimal vocal function. It is helpful to have access to a num-
ber of voice-related quality of life and reflux-related scales to document pre- and
post-treatment scores (see Chapter 6). In a prospective study by Park and colleagues
(2012), 100 patients diagnosed with LPRD with voice symptoms were divided into
two groups: a control group of 50 patients were treated with medication alone, and
an experimental group of 50 were treated with medication plus voice therapy. The
following data were recorded before treatment and at one, two, and three months
post-treatment: RSI, RFS, Voice Handicap Index (VHI), auditory-perceptual anal-
ysis, and acoustic analysis. Park and colleagues reported that “significantly more
patients in the experimental group showed a clinically significant change in RSI,
VHI, and perceptual scores at the 1-, 2-, and 3-month follow-up evaluations. Fur-
ther, no clinically significant change in RFS was achieved in either group at 1 or 2
months, but a significantly greater change was achieved in the experimental group
at 3 months” (p. 93). This study suggests that voice therapy may help to restore
reversible mucosal change secondary to acidic reflux, inducing rapid resolution of
symptoms and shortening of the treatment period.

Helping the patient reduce throat clearing and nonproductive coughing (more
often habit than an effort to clear mucus), developing easy glottal attack, changing
throat focus to facial mask focus, and sometimes elevating voice pitch one or two
half notes are among the Voice Facilitating Approaches that help the reflux patient
maintain a functional voice.

CHECK YOUR KNOWLEDGE

1. Why is it so important to investigate GERD and LPRD, even if patients deny symptoms on
clinical interview?
2. What are the perceptual voice characteristics in LPRD?

CONTACT ULCERS (GRANULOMAS)

As we explained in Chapter 2, the total length of the glottis can be divided into
thirds: The anterior two-thirds is muscular (vocalis portion of the thyroarytenoids)
and covered by a membrane, and the posterior third is cartilaginous (arytenoids)
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and covered by a membrane. Contact ulcers are small ulcerations that develop on
the medial aspect of the vocal processes of the arytenoid cartilages due to irritation.
When granulated tissue forms over these ulcers as a protective mechanism, they are
called contact ulcer granulomas.

The typical symptoms of contact ulcers are deterioration of voice after pro-
longed vocalization (vocal fatigue), accompanied by pain in the laryngeal area or
sometimes pain that lateralizes out to one ear. Watterson and colleagues (1990) also
found hoarseness or roughness reported 75% of the time and throat clearing in 65%
of the 57 cases of contact ulcers they studied. Laryngoscopy usually reveals bilat-
eral ulcerations with heavy buildup of granulation tissue along the approximating
margins of the posterior glottis. Greene (1980) labeled the toughened membranous
tissue changes on the posterior glottis as pachydermia, citing the work of Kleinsasser
(1979), and wrote that “contact ulcers are not actually ulcers or granulomas but
consist of ‘craters’ with highly thickened squamous epithelium over connective tis-
sue with some inflammation (edema)” (p. 147).

Contact ulcers are multifactorial in nature and are a chronic inflammatory
disease of the larynx. They seem to result from one of three causes or a combina-
tion of these: hard glottal attack along with throat clearing and coughing, LPRD,
and endotracheal intubation. The first cause is excessive slamming together of
the arytenoid cartilages during production of low-pitched phonation coupled
with excessively hard glottal attack and perhaps increased loudness with frequent
throat clearing and coughing. The speaker is usually a hard-driving person who
speaks in a loud, controlling low pitch, often with words punctuated by sud-
den onset. However, Watterson and colleagues (1990) found that hard glottal
attack was reported only 26% of the time by diagnosing clinicians, while pain
was reported in 56% of the cases. Indeed, we now feel that those patients who
develop contact ulcers and granuloma due to faulty vocal functioning alone are in
the minority. These individuals may experience co-occurring organic factors such
as LPRD.

Maier and colleagues (1994) and Emami and colleagues (1999) found that
the majority of their patients with contact ulcers who received an anti-reflux regi-
men and voice therapy experienced a complete remission of the contact ulcers. In
another group of patients, when the ulcers and granulomas were removed surgically,
more than 90% of these patients experienced recurrence unless voice therapy was
performed. This was also found by Hirano and colleagues (2002), who reported that
for 23 surgeries performed to remove contact granulomas, 10 of the 23 recurred.
After surgical removal of the offending lesion, Hirano suggests that voice therapy is
needed to help the patient regain a normal voice.

Endotracheal intubation is a third cause of contact ulcers in a small number of
cases, especially where large, protective granulomas are the presenting picture fol-
lowing the removal of the endotracheal tube. Any patient who is intubated during
surgery or for airway preservation risks having a traumatized laryngeal membrane
with the subsequent development of granuloma. The risk is particularly greater in
children and women, who have smaller airways and are thus more often trauma-
tized by large tubes. The physician places a tube down the pharynx into the air-
way, between the open (it is hoped) vocal folds, and into the trachea. If the tube is
larger than the glottal opening, the patient runs the risk of trauma. Ellis and Bennett
(1977) have recommended that, in order to prevent intubation granuloma or hem-
angioma, patients should be intubated with tubes one size smaller than what would
be needed for a snug fit.
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Any change in postsurgical voice should be investigated for intubation trauma
with resulting irritation and granuloma. These complications from intubation may
not appear immediately but rather develop over time (McFerran and colleagues,
1994). No voice therapy should be initiated until a laryngeal examination is com-
pleted. If postsurgical granulomas are identified along the posterior glottis, medical-
surgical treatment will promote healing and preserve the airway.

The focus of voice therapy for patients with contact ulcers and/or granuloma
is to take the effort out of phonation. The patients must learn to use a voice that
can be produced with relatively little strain (which usually means a slight eleva-
tion in pitch), to speak with greater mouth and jaw relaxation, to speak at lower
levels of volume, and to eliminate all traces of excessively hard glottal attack.
Contact ulcers are rare today; according to Watterson and colleagues (1990), these
cases comprise about 1% of total voice cases. Those patients who do have con-
tact ulcers, however, seem to respond fairly well to voice therapy. Leonard and
Kendall (2005) reported the effects of a unique behavioral voice therapy program
in patients who had failed other treatments for vocal process granulomas related
to LPRD. The researchers introduced a “phonoscopic” approach, whereby the
patient observed his or her larynx endoscopically while voicing, and altered vocal
fold vibration so that a small gap remained between the vocal processes. Of the 10
patients who received intervention, eight experienced full or a marked reduction
in the granuloma.

CHECK YOUR KNOWLEDGE

1. ldentify the three most common causes of contact granuloma.

2. Identify the various intervention approaches to contact granuloma.

CYSTS

Cysts in the larynx are usually unilateral, occurring on the vocal folds (inner margin,
superior or inferior surface) or anywhere on the ventricular folds. They are often
caused by an abnormal blockage of the ductal system of laryngeal mucous glands
(Case, 2002), but there are other causes. Cysts may be congenital or acquired. The
cyst often appears soft and pliable, in contrast to the hard, fibrotic structure of a
vocal nodule. The SLP who identifies any kind of laryngeal lesion should refer the
patient to an ENT physician. This is especially true for cysts because their man-
agement requires surgical excision rather than voice therapy per se. Courey and
colleagues (1996) studied 41 benign laryngeal lesions (nodules, polyps, cysts, and
corditis) and identified seven squamous cysts and seven mucous cysts. All 14 cyst
lesions were found on histological examination to be benign. Depending on the site
of the lesion, the patient may or may not experience dysphonia. Young and Smith
(2012), in a retrospective review, reported that all of a large cohort of patients with
saccular cysts reported dysphonia. Because cysts rarely resolve spontaneously, they
should be removed surgically using a small superficial incision along the superior
edge of the vocal fold, without disrupting the glottal margin. Voice therapy postsur-
gically is usually confined to helping the patient eliminate any voice compensations
(such as increased glottal attack) that may have been used to minimize the negative
voice consequences of the cyst.



Endocrine Changes 95

CHECK YOUR KNOWLEDGE

1. Describe the approaches recommended for vocal fold cysts.

2. Are these approaches similar to those taken for lesions stemming from vocal hyperfunction,
as discussed in Chapter 3?

ENDOCRINE CHANGES

Occasionally patients’ voice problems are related to some kind of endocrine dys-
function. Endocrine disorders often have a major impact on developing larynges and
cause excesses in fundamental frequency, so that an individual’s voice is either too
low or too high in pitch. For example, in hypofunction of the pituitary gland, laryn-
geal growth is retarded. A pubescent child with such a problem experiences a con-
tinued high voice pitch. Such a pituitary problem can prevent normal development
of progesterone by the ovaries (in girls) and testosterone by the testes (in adolescent
males). The resulting lack of secondary sexual characteristics (including a change in
voice) is treated by endocrine therapy designed to stimulate normal pituitary func-
tion. The opposite problem, caused by some tumors of the pituitary gland, results in
a “precocious puberty as well as acromegaly” (Strome, 1982, p. 18). Hypofunction-
ing of the adrenal glands (Addison’s disease) can also contribute to lack of second-
ary sex characteristics, including a prepubescent voice in males. Sometimes tumors
in the adrenal system cause adrenal hormone excesses, causing virilization and a
deepening of the voice.

Hypothyroidism (insufficient secretion of thyroxin by the thyroid gland) can
produce many physical changes over time, including increased mass of the vocal
folds, which in turn lowers pitch. Aronson (1990) describes the dysphonia of hypo-
thyroidism as “characteristically hoarse, sometimes described as coarse or gravelly
and of excessively low pitch” (p. 60). Such symptoms can usually be well controlled
by thyroid hormone therapy. In hyperthyroidism (excessive thyroid function), vocal
symptoms are less severe, and the patients experience jumpiness and irritability,
which result in a breathy voice that may lack sufficient loudness.

Premenstrual vocal syndrome, as described by Greene (1980) and Abitbol and
colleagues (1999), is characterized by vocal fatigue, reduced pitch range, hypopho-
nia, and loss of certain harmonics. The syndrome usually begins four to five days
before menstruation in 33% of women. Videostroboscopic examination reveals
congestion, microvarices, vocal fold thickening, and reduced vibratory amplitude.
Some female opera singers avoid heavy singing obligations several days before and
after menstruation. Two studies (Amir and colleagues, 2006; La and colleagues,
2007) suggest that oral contraceptive pills may reduce the irregularity of vocal fold
vibration in professional and nonprofessional singers during menstruation. Another
study by Hamdan and colleagues (2011) suggests that women undergoing in vitro
fertilization (IVF) demonstrate increased throat clearing. Pregnancy has also been
reported to be associated with vocal changes as a response to sex steroid hormonal
variations (La and Sundberg, 2012).

The climacteric (menopause) is a time when some women may experience vocal
changes, particularly a lowering of fundamental frequency. Because of the secretion
of excessive androgenic hormones after menopause, the glottal membrane becomes
thicker, increasing the size-mass of the folds, which in turn produces a lowering of
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voice pitch (Raj and colleagues, 2010) and sometimes vocal roughness. It would
appear that, in any case in which the larynx is under- or overdeveloped for the age
and sex of the patient, some endocrine imbalance might be suspected. If some kind
of hormonal imbalance is discovered, the primary treatment, if possible, would be
hormonal therapy. Voice therapy can be of help to the patient in developing the
best vocal performance possible with the changing (because of hormone therapy)
mechanism. Most of the Voice Facilitating Approaches presented in Chapter 7 are
appropriate when applied to these patients.

HEMANGIOMA

Laryngeal hemangiomas are similar to contact ulcers and granulomas, differing only
in type of lesion. Whereas a granuloma is usually a firm granulated sac, a hemangioma
is a soft, pliable, blood-filled sac. Laryngeal hemangiomas are relatively rare and occur
in two main forms: infantile and adult. While infantile hemangiomas are usually found
in the subglottis, adult hemangiomas occur usually in the supraglottis (Prasad and col-
leagues, 2008). Like granulomas, hemangiomas often occur on the posterior glottis.
They are frequently associated with vocal hyperfunction, LPRD, or intubation trauma.
This blood-filled lesion, when identified, should be removed surgically (Yan and col-
leagues, 2010). As soon as glottal healing permits, a vocal hygiene program and voice
therapy should be initiated (Erkan and colleagues, 2007).

HYPERKERATOSIS

Patients often come to their dentist or ENT physician because they are concerned
about some oral or pharyngeal lesions they have observed. Once professionally
identified, these lesions are often biopsied and found to be either malignant (can-
cerous) or nonmalignant (benign). Laryngeal examination may also locate and
subsequently identify, by biopsy, additive lesions in the pharynx or larynx. Hyper-
keratosis, a pinkish, rough lesion, is often the identified lesion, a nonmalignant
growth that may be the precursor of malignant tissue change (Isenberg and col-
leagues, 2008). Hyperkeratotic growths are reactive lesions to continued tissue irri-
tation. Therefore, hyperkeratotic lesions must be watched closely over time for any
change in appearance. Favorite sites of hyperkeratosis include under the tongue, on
the vocal folds at the anterior commissure, and posteriorly on the arytenoid promi-
nences. Their effect on voice may be negligible or severe, depending on the site and
the extent of the lesion. We once had an eight-year-old female voice patient with
hyperkeratosis of the vocal folds who had experienced the secondhand smoke of
both parents for those eight years.

It is generally believed that chronic irritants to the oral and laryngeal mem-
branes over time are the primary etiologies of hyperkeratosis. Consequently, the
most effective treatments are eliminating the sources of tissue irritation, that is,
ceasing smoking and, in cases of LPRD, prescribing a PPI and encouraging lifestyle
modifications. Sataloff and colleagues (1996) report on a case of severe hyperkera-
tosis mimicking cancer. The 50-year-old patient had smoked for 30 years and pre-
sented with complaints of persistent cough, throat clearings, and other symptoms of
LPRD. Surprising to the authors, pathology revealed hyperkeratosis, inflammation,
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and viral changes suggestive of papilloma, but there was no carcinoma. The patient’s
voice improved after surgery, vocal hygiene, anti-reflux therapy, and smoking ces-
sation. Garcia and colleagues (2006) described a case of tenacious hyperkeratosis
that persisted in spite of aggressive anti-reflux therapy. After two months on a reg-
imen, the patient still presented with surface irregularities and keratosis of both
vocal folds. Biopsy was negative for malignancy, but the pathologist reported several
areas of mild to moderate dysplasia (tissue changes). The dose of pantoprazole was
increased to 40 mg twice a day, and ranitidine and GERD behavior modifications
continued. Four months later, strobovideolaryngoscopy revealed an absence of kera-
tosis and vocal fold inflammation.

INFECTIOUS LARYNGITIS

Some of the same people who experience traumatic laryngitis after only minor
abuse and/or misuse of the voice also experience infectious laryngitis when they
have an upper respiratory infection (URI). The case histories of such people often
contain multiple entries of loss of voice, dysphonia, or laryngitis. In other indi-
viduals, infectious laryngitis is a very rare event that occurs as one of the symp-
toms of a severe head and chest cold. Infectious laryngitis often develops in a
patient who has had a fever, headache, runny nose (rhinorrhea), sore throat, and
coughing. Infectious laryngitis can also include complaints of odynophagia (sore
swallowing), hyperemia (increased blood flow to area), and dysphonia (Dworkin,
2008). Although most problems of infectious laryngitis are viral in origin, the
more severe problems (often accompanied by high fever and a very sore throat)
may be caused by bacterial infections. Bacteria-caused laryngitis can often be
dramatically treated, with relatively quick resolution, through antibiotic therapy.
Unfortunately, most laryngitis experienced during a URI that is viral in origin
does not respond to antibiotics. Amantadine appears to be useful against influ-
enza (Wingfield and colleagues, 1969); however, it may not be effective against
all types of viruses, and side effects include xerostomia and xerophonia, among
others (Sataloff, 1997). Increased resistance among Americans to amantadine and
other influenza-specific antiviral drugs underscores the need for novel prevention
and treatment strategies (Rothberg and colleagues, 2008). Strome (1982) rec-
ommends voice rest, humidification, increased fluid intake (hydration), reduced
physical activity, and analgesics.

From a voice conservation point of view, absolute voice rest—no attempts
at spoken communication, including voice or whisper—should be initiated by the
patient with such a laryngeal infection. Whispering should be discouraged because
most people produce a glottal whisper by placing the vocal folds in close approxi-
mation to one another, which in effect produces a light voice. The irritated, swollen
tissues continue to touch and to vibrate. What infectious laryngitis patients need is
total voice rest for a period of two or three days, with the vocal folds in the open,
inverted-V position, and increased fluids (hydration).

CHECK YOUR KNOWLEDGE

1. Why is whispering discouraged in cases of infectious laryngitis and other organic changes to the

larynx?
2. Describe why infectious laryngitis might be accompanied by odynophagia.
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Excessive loudness

of voice is most often
not the primary rea-
son driving a voice
problem, rather a
secondary symptom.
Although the child in
this video does not
present with a history
of RRP, he is still a
candidate for change
of loudness interven-
tion because of a his-
tory of screaming and

yelling. Grand Rounds:

Describe the changes
that might occur to

a child’s larynx with
surgical intervention
to remove papil-
loma. How might the
changes lead to the
child’s perceived need
to speak more loudly?

LEUKOPLAKIA

Leukoplakias are whitish-colored patches that are additive lesions to the surface
membrane of mucosal tissue and that often extend beneath the surface into the
subepithelial space. Although the lesions are classified as benign tumors, similar
to hyperkeratosis, they are considered precancerous lesions and must be followed
closely. Within the vocal tract, common sites for leukoplakia are under the tongue
and on the vocal folds. It is important to note that it is difficult or impossible to
distinguish between leukoplakia and cancer of the larynx by visual inspection
alone. The primary etiology of these white patches is continuous irritation of mem-
branes. The most common cause is heavy smoking; a heroic effort must be initi-
ated to prevent continued irritation, such as absolute insistence that the patient quit
smoking and emotional support for the patient. More recently, LPRD has been a
suggested cause (Beaver and colleagues, 2003), as has human papilloma virus (HPV)
(Makowska and colleagues, 2001). Continued irritation and subsequent growth of
leukoplakia often lead to squamous cell carcinoma.

Although leukoplakias on or under the tongue have only minimal effects on
voice, leukoplakia on the vocal folds may dramatically alter voice. The added lesion
mass to the vocal folds lowers voice pitch and frequently causes hoarseness and
sometimes hypophonia. Because leukoplakias are also random in size and location,
they often cause the vocal folds to be asymmetrical. The vocal fold asymmetry may
result in diplophonia when each fold vibrates at a different frequency because of its
different size or mass. Leukoplakias that occupy space on the glottal margin may
prevent optimal approximation of the folds, contributing to breathiness, reduced
loudness, and overall dysphonia. The treatment of leukoplakia is medical-surgical
(Sieron and colleagues, 2001), and voice therapy only contributes to developing the
best voice possible. In spite of lesion effects, a functional aspect of the dysphonia
can often be lessened with therapy. These functional aspects may be the only vocal
symptoms; thus, voice therapy is important to restore normal voice.

RECURRENT RESPIRATORY PAPILLOMATOSIS

Juvenile onset recurrent respiratory papillomatosis (JORRP) is the most common
benign laryngeal neoplasm in children and the most common cause of pediatric
hoarseness (Derkay, 2001). It is estimated to have an incidence of 1.7 to 2.6 chil-
dren per 100,000 in the United States (Andrus and Shapshay, 2006). Papillomas are
wartlike growths, viral in origin, that occur in the dark, moist caverns of the airway,
frequently in the larynges of young children. The vast majority of JORRP lesions are
due to human papilloma virus (HPV) types 6 and 11 (Goon and colleagues, 2008).
Other extralaryngeal sites are the oral cavity, trachea, and the bronchi. JORRP can
represent a serious threat to the airway, limiting the needed flow of air through the
glottal opening. The majority of papillomas occur in children under the age of six;
for this reason, hoarseness and shortness of breath in preschool children should be
evaluated promptly. Harris and colleagues (2012) write that in their clinical experi-
ence, patients with JORRP are usually asymptomatic for the first six months of life.
As the RRP develops, symptoms begin to develop. These range from hoarseness to
inspiratory stridor.
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Although the majority of papillomas stop recurring about the time of puberty,
approximately 20% persist beyond puberty (Andrus and Shapshay, 2006). We have
seen adults who developed RRP in adulthood without ever having it in childhood.
When RRP occurs in the larynx, the additive mass often contributes to dysphonia.
For this reason, the voice clinician should be particularly alert to any child who
demonstrates dysphonia. Any child with continued hoarseness for more than 10
days, independent of a cold or allergy, should have the benefit of a laryngeal exami-
nation to identify the cause of the hoarseness.

Treatment of RRP is usually surgical, with the addition of adjuvant therapy
following surgical removal. Treatment is considered palliative, not curative, because
of the resiliency of the HPV genome in the tissue. Treatment focuses on eliminating
the space-occupying lesions, ensuring a safe airway, and subsequently introducing
key Voice Facilitating Approaches that offer the best voice possible. Surgical removal
techniques include excision by a microdebrider, laser surgery, and conventional exci-
sion surgery (Burns and colleagues, 2007; Goon and colleagues, 2008; Roy and
Vivero, 2008). Adjuvant therapies include interferon therapy, indole-3-carbinole,
cidofovir, ribavarin, mumps vaccine, and photodynamic therapy (El Hakim and col-
leagues, 2002; Rosen and colleagues, 1998). A task force on RRP (Derkay, 1995)
reported that 33% of children needed more than 20 operations, with 7% requiring
more than 100 operations in their lifetime. A recent study of 30 cases of JORRP by
Gandhi and Jacobs (2012) revealed that half the patients experienced remission,
which was more likely in those whose RRP onset was earlier in childhood rather
than later.

The SLP is sometimes asked to see a toddler or young child with obstructive
RRP who has had to have a tracheostomy to permit adequate respiration. Devel-
oping functional communication with such a child and fostering normal language
growth are the primary concerns of the clinician. Teaching the child to occlude the
trach tube with a finger, or fitting the child with a one-way valve that covers the
valve (to permit vocalization without finger occlusion), usually permits some voic-
ing. In older children or adults who are being treated surgically for RRP, helping
them to develop the best voice possible with the compromised laryngeal mechanisms
is a realistic goal in voice therapy. Some work on respiration control (such as voic-
ing with larger lung volumes of air); some work on loudness and pitch, which may
improve vocal function.

CHECK YOUR KNOWLEDGE

1. What is the voice therapist’s role in voice rehabilitation for patients after RRP removal?
2. List the various interventions for RRP.

PUBERTAL CHANGES

At about age nine, before the onset of puberty, the larynges of boys and girls are
anatomically about the same size, and they produce about the same voice pitch (265
Hz). Pubertal growth changes in girls begin around nine, with the onset of puberty,
and gradual pubescent changes occur over a four- to five-year period. In boys,
puberty begins around 11 to 12, and dramatic growth changes occur over the four- to
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five-year pubertal period. However, noticeable laryngeal growth and the dramatic
change in vocal fundamental frequency occur in the last year of puberty: The “aver-
age time from onset to completion of adolescent voice change is three to six months,
one year at most” (Aronson, 1990, p. 45). By age 17, adolescents of both sexes have
usually reached their full adult development (Offer, 1980). As we discuss elsewhere
in this text (see Chapters 2 and 8), the voice pitch levels of males and females drop
dramatically after puberty (the male voice drops at least a full octave; the female voice
drops almost half an octave). Laryngeal and airway growth does not happen over-
night. Although the changes are gradual, over a four-year period, marked laryngeal
growth (particularly in boys) occurs in the last six months of change. During this time
of rapid laryngeal growth, boys may experience temporary dysphonia and occasional
pitch breaks that are not cause for parental or clinical concern. Because these mass
changes in puberty tend to thwart any serious attempts at singing or other vocal arts,
middle school is often a poor environment for choral music. A boy who is a soprano
in September may well be the choir baritone by June. Until children experience some
stability in laryngeal and airway growth, the demands of singing might well be inap-
propriate for their rapidly changing mechanisms. Even though it has become common
to involve young singers in more sophisticated musical tasks, the fact still remains
that adolescents are particularly susceptible to vocal fatigue while singing. Many ado-
lescents are not trained in the proper technique of singing and are not cognizant
of the physical limits of their voice (Jamison, 1996). Because of the rapid changes,
attempting to develop optimum pitch or modal-pitch levels in adolescents should be
avoided. We present pubertal voice changes in more detail in Chapter 8, and outline
Voice Facilitating Approaches in Chapter 7.

SULCUS VOCALIS

Sulcus vocalis may be either congenital or acquired and is of unknown etiology,
although vocal abuse and laryngopharyngeal reflux may play a role in the acquired
form (Belafsky and colleagues, 2002). A study by Xu and colleagues (2007) suggested
5% sulcus vocalis among children referred for voice disorders. Although Ford and col-
leagues (1996) cite the earliest mention of sulcus vocalis in the literature (Giacomini in
1892), there has been a lot of clinical confusion over the years about both the etiology
and description of the disorder. Sulcus is a generic term that means “furrow” or “inden-
tation.” In sulcus vocalis, on endoscopy or stroboscopy, we see a furrowed medial edge
of the vocal fold, usually bilaterally symmetrical. The spindle configuration may involve
all or any segment of the edge of the fold. The furrow may be confined to the superfi-
cial layer of the mucosa or penetrate into the vocal ligament and muscle (Giovanni and
colleagues, 2007). The patient presents clinically with some degree of dysphonia, often
referred with a confusing array of previous diagnoses such as bowing, presbylaryngis,
paralysis, or thyroarytenoid atrophy (Hirano and colleagues, 1990).

The SLP today sees more patients with sulcus vocalis than in former years.
With mirror examination, many of these abnormalities were missed. However, vid-
eostroboscopy permits close examination of vocal fold cover abnormalities. With
sulcus vocalis, when the folds are abducted, we can often identify the fold furrow;
on adduction with phonation, we can see the compromised mucosal wave produced
by the stiff, compromised lamina propria and glottal incompetence, with air leakage
through the midline of the anterior two-thirds of the folds. Vocal quality reveals a
strained quality with little pitch change and low intensity with difficulty speaking



loudly without fatigue. Individuals may experience periods of aphonia and increased
tension in the laryngeal muscles (Giovanni and colleagues, 2007).

Treatment for sulcus vocalis is determined by a number of factors, including
the anatomic and physiological severity of the sulcus and the patient’s response to
behavioral probing by the clinician. Often, when we introduce techniques that seek
to adjust the balance among proper glottal closure, pitch, and loudness, vocal qual-
ity improves and the need for medical intervention is obviated. When the sulcus is
severe, however, treatment for the sulcus vocalis will often be a combination of medi-
cal and behavioral approaches. One surgical approach is described by Hirano and
Bless (1993) as a sulcusectomy, in which an incision is made on each fold above the
sulcus, usually for the length of each fold; the upper and lower borders of the sulcus
are then sutured together, securing a mechanical coupling of the two parts as heal-
ing progresses. A second surgical approach for correcting sulcus vocalis is a mucosal
slicing technique, making many microvertical slices across the sulcus, as described by
Pontes and Behlau (1993). Others have attempted to reduce the sulcus by injecting
collagen, fat, or fascia into the sulcus, usually in the middle of the offended vocal
fold (Sulica, 2009; Dursun and colleagues, 2008). Collagen is one of the components
of Reinke’s space and it can be injected in the deep layers of the lamina propria.
Kishimoto and colleagues (2009) suggested that the replacement of scar tissue with
an implant might lead to regeneration of the vocal fold mucosa and its tissue proper-
ties. Six patients were implanted with atelocollagen sheets into the lamina propria.
The authors reported that postoperative changes in aerodynamic and acoustic prop-
erties were variable among patients; however, gradual improvements in those mea-
sures were seen in most cases within a year. Medialization thyroplasties (Isshiki and
colleagues, 1996) and strap muscle transposition (Su and colleagues, 2004) have also
been suggested to reduce glottal incompetence.

After medical intervention, glottal function needs reassessment by the SLP.
Improved function may still require that old habits of the patient need to be iden-
tified and corrected, particularly in reducing vocal hyperfunction. Although voice
therapy after surgery for sulcus vocalis is highly individualized, Voice Facilitating
Approaches (VFAs) that have been productive include pitch shifts, loudness changes,
lateral digital pressure, and experimentation with firmer glottal closure. Auditory
feedback with real-time amplification has been found useful in establishing easy-
onset phonation after surgery with this patient group.

WEBBING

A laryngeal web growing across the glottis between the two vocal folds inhibits nor-
mal fold vibration, often producing a high-pitched, rough sound during vibration
and seriously compromising the open glottis. Webs may be congenital or acquired.
A congenital web, which is detected at the time of birth, is the result of the glottal
membrane failing to separate in embryonic development. Depending on the size of
the web, the baby will produce stridor (inhalation noises), shortness of breath, and
often a different high-pitched (squeal) cry. Approximately three-fourths of all laryn-
geal webs cross the glottis (Strome, 1982). Testing for chromosome 22q deletion is
suggested because this may be associated with velocardiofacial syndrome (Miya-
moto and colleagues, 2004). The presence of a congenital web requires immediate
surgery, often followed by a temporary tracheostomy; usually, an infant larynx will
recover over a period of four to six weeks.

Webbing
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Acquired webs result from some kind of bilateral trauma of the medial edges of
the vocal folds. Anything that might serve as an irritant to the mucosal surface of the
folds may be the initial cause of the webbing. Because the two vocal folds are so close
together at the anterior commissure, any surface irritation due to prolonged infection
or trauma may cause the inner margins of the two fold surfaces to grow together. To
explain further, one principle of plastic surgery is that, when approximated together,
offended tissue surfaces tend to grow and fuse together. This same principle explains
why webbing occurs. The offended surface of the two approximated folds tends to
grow together, in this case forming a thin membrane across the glottis. Webbing grows
across the glottis in an anterior to posterior fashion, usually ceasing about one-third of
the distance from the anterior commissure, where the distance between the two folds
becomes too great. Severe laryngeal infections sometimes cause enough glottal irrita-
tion to precipitate web formation. Bilateral surgery of the folds, perhaps for papilloma
or nodules, can also be followed by a web (Wetmore and colleagues, 1985). External
trauma to the folds, such as a direct hit on the thyroid cartilage that causes it to frac-
ture, may damage the folds behind it, thus creating enough glottal irritation for a web
to develop. Laryngeal or tracheal surgery is the most frequent event producing the
postsurgical acquired web. As an abnormal healing process, both folds grow together
anteriorly, forming a glottal web sometimes called a synechia.

A laryngeal web may cause severe dysphonia as well as shortness of breath
depending on how extensively the webbing crosses the glottis. The treatment for
the formation of a web is surgery. The webbing is cut, freeing the two folds. To
prevent the surgically removed web from growing again, a vertical keel is placed
between the two folds and kept there until complete healing has been achieved. The
laryngologist fixates the keel, which is shaped very much like a boat rudder and
is about the size of a fingernail, between the folds, preventing them from approxi-
mating. The patient is then on voice rest as long as the keel is in place because its
presence inhibits normal fold vibration. When the keel is removed, often in six to
eight weeks, the patient generally requires some voice therapy to restore normal
phonation. If there was extensive damage to the larynx from the trauma, it may
well be impossible after healing and voice therapy to develop the same kind of
normal voice the patient had before the accident. The prognosis for voice recovery
after webbing and its surgical treatment is highly individualized and depends on the
extent of the trauma and the size of the resulting web. We have had patients who
were able to speak and sing with a normal voice following surgical reduction of the
web and a course of voice therapy.

LARYNGEAL CANCER

Cancer or carcinoma in the vocal tract is a life-threatening disease that requires
comprehensive medical-surgical management. Lip and intraoral cancers rarely con-
tribute to changes in voice, but they may have obvious negative effects on articula-
tion. Extensive oral lesions involving the tongue, perhaps even requiring partial or
total surgical removal of the tongue (glossectomy), or palatal and velar cancer can
seriously affect articulation, vocal resonance, and, of course, swallowing. The Amer-
ican Cancer Society estimated 52,000 new cases of head and neck cancer in 2011
(American Cancer Society, 2011). Head and neck cancers are among the fifteen most
common cancers and account for nearly 3% of all new cancers each year, accord-
ing to the National Cancer Institute (Siegel and colleagues, 2011). In terms of costs,
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head and neck cancers are responsible for $3.2 billion in healthcare expenditures
and approximately 4.4% of all cancer treatment expenditures each year (Jemal and
colleagues, 2010).

Some of the identified causes of oral cancer include smoking (particularly pipe
smoking), use of smokeless tobacco, chronic infections, herpes, repeated trauma to the
irritated site, and leukoplakia (whitish plaque). Often patients first experience chronic
lesions in the mouth or on the tongue that do not seem to heal. Usually continuous
pain near the lesion site brings the patient to the physician. The majority of these
oral lesions are treated successfully with microsurgery (removal of small lesions) and
radiation therapy. The primary goal of surgery-radiation therapy is to eradicate the
primary lesion so that it does not spread (metastasize) to another adjacent or remote
body site. Sometimes carcinoma is detected in the nasal sinuses and at sites within the
pharynx, although such lesions are relatively rare. The most serious vocal tract malig-
nancies, however, are those that involve the larynx. Malignancies involving the larynx,
by their position in the airway, present a serious potential threat to airway adequacy.
Laryngeal cancer comprises approximately 6% of all malignancies diagnosed annu-
ally in the United States (American Cancer Society, 2011).

In general, laryngeal cancers can be classified into three groups, depending on
the site of the lesion: (1) supraglottal, involving structures such as the ventricular
and aryepiglottic folds, the epiglottis, the arytenoid cartilages, and the walls of the
hypopharynx; (2) glottal, from the anterior commissure to the vocal process ends of
the arytenoids; and (3) subglottal, involving the cricoid cartilage and trachea. The
treatment combines radiation therapy and surgery for small to moderate lesions;
extensive cancer requires perhaps a hemilaryngectomy, a supraglottal laryngectomy,
or total laryngectomy. We consider laryngeal cancer, rehabilitation after laryngec-
tomy, and the role of the SLP in detail in Chapter 9.

the G

SUMMARY

Organic voice disorders may result from various laryngeal conditions, such as papil-
loma, granuloma, webbing, and reflux. For each of the various organic voice disor-
ders, we discussed medical management and the role of the SLP in evaluation and
therapy. It is the responsibility of the SLP to be familiar with each voice disorder, its
sequelae (e.g., signs and symptoms), and management. By being familiar with the
pathology of the voice disorder, we can better counsel our clients and provide effica-
cious behavioral intervention. In many cases, we are the first professional to detect
an organic-related voice disorder and the first professional to make the critical refer-
ral to the ENT physician.

CLINICAL CONCEPTS

The following clinical concepts correspond with many of the objectives at the begin-
ning of this chapter:

1. Long ago Van Riper and Irwin (1958) said that speech is defective if it interferes
with communication, draws undue attention to itself, or causes the speaker to
be somehow maladjusted. The same may be said for voice (see Chapter 1).
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2. Hoarseness that persists longer than several days is often identified by the

laryngologist as a possible symptom of serious laryngeal disease, and it may
be. Reflux, laryngeal cancer, and recurrent respiratory papillomatosis are
examples of organic disease processes that require immediate attention and
referral.

. Contact granulomas (ulcers) are multifactorial in nature and are considered a

chronic inflammatory disease of the larynx. They seem to result from one of
three causes or a combination of these: hard glottal attack along with throat
clearing and coughing, laryngopharyngeal reflux, and endotracheal intubation.
Behavioral voice therapy in combination with medical intervention is a power-
ful approach (see Chapter 7).

. Cysts may masquerade as space-occupying lesions of a functional nature,

such as vocal nodules or polyps, because they are associated with hoarseness
and breathiness. Due to their etiology, however, they normally require surgi-
cal intervention followed by voice therapy to eliminate any maladaptive vocal
behaviors the speaker may have adopted (see Chapter 7).

. Acid reflux can contribute to respiratory compromise, sinusitis, contact

ulcers, and other pathologies of the upper aerodigestive tract and airway.
The symptoms of acid reflux vary considerably among voice patients, rang-
ing from no symptoms to mild heartburn, to extreme burning or choking in
the larynx, awakening the patient from a deep sleep. It is imperative that the
SLP be aware of the symptoms of GERD and LPRD, and make appropriate
referrals.

GUIDED READING

Read the following articles.

Gupta, R., & Sataloff, R. T. (2009). Laryngopharyngeal reflux: Current
concepts and questions. Current Opinion in Otolaryngology ¢& Head
and Neck Surgery, 17(3), 143-148.

Karkos, P. D., Leong, S. C., Apostolidou, M. T., & Apostolidis, T. (2006).
Laryngeal manifestations and pediatric laryngopharyngeal reflux. Ameri-
can Journal of Otolaryngology—Head and Neck Medicine and Surgery,
27(Suppl. 1), 200-203.

Discuss the authors’ findings with respect to upper airway changes related to GERD
and LPRD.

Read the following article.

Harris, A. T., Atkinson, H., Vaughan, C., & Knight, L. C. (2012). Presen-
tation of laryngeal papilloma in childhood: The Leeds experience. The
International Journal of Clinical Practice, 66(2), 183-184.

Discuss the authors’ take-home message with respect to children who present with
hoarse voice quality and shortness of breath.
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PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

A 38-year-old music salesman presented to the clinic with pain in the
laryngeal area following a bout of bronchitis and extensive coughing and
throat clearing. He reported occasionally coughing up small amounts
of blood. He said be lifts weights but reported the healthy strategy of
exhaling while flexing. He does not smoke and he reports minimal water
intake. Vocal quality was normal in pitch and quality. He coughed and
throat-cleared throughout the assessment. The salesman was overbeard
chastising an employee on bis cell phone using hard glottal attack. He
said he was recently prescribed anti-reflux medication by bis physician.
The patient’s FO for a sustained /a/ revealed 161Hz with a RAP of .236%
and shimmer of 1.56%. Transglottal airflow was 138 ml/s.

1. This client most likely presents with:
A. Adult-onset papilloma
B. Contact granuloma
C. Laryngomalacia
D. A laryngeal cyst

2. The near normal acoustic measures are likely due to the fact that the lesions are:
A. Located on the nonvibrational portion of the glottis
B. Soft and pliable
C. Located lateral to the glottal margin
D. Pedunculated

3. Laryngostroboscopic examination will most likely reveal:
A. An anterior web
B. Vocal nodules
C. Granulated tissue at the posterior aspect of the glottis
D. Bowed vocal folds

4. This hyperplastic laryngeal abnormality is most likely secondary to:
A. Laryngopharyngeal reflux
B. Chronic laryngeal collisional forces of coughing and throat clearing
C. Hard glottal attack
D. All of these

5. The most comprehensive approach to this vocal fold pathology is:
A. Surgical removal of the abnormality
B. Continued anti-reflux regimen and intervention for reduced hard glottal
attack
C. Vocal hygiene only
D. Voice rest
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Neurogenic Voice
Disorders

R LEARNING OBJECTIVES =aa

After reviewing this chapter, one should be able to:

o Describe the roles of the central and o Identify the latest in surgical,
peripheral nervous systems in the pharmacologic, and behavioral
innervation of the vocal mechanism. management of each of the disorders.

o ldentify the major role of each cranial e Describe the various Voice Facilitating
nerve involved with voice production. Approaches (VFAs) that might be

instrumental in modifying voice disorders

e Recognize the origin in the nervous
of a neurogenic nature.

system(s) and typical course of those
neurogenic disorders introduced in this
chapter.

In Chapter 2, we reviewed the normal anatomy and physiology required for voice.
We considered the causes and treatment of a number of non-neurogenic voice dis-
orders in Chapters 3 and 4. In this chapter, we review the neurological structures
and processes that must function in coordinated balance to produce normal voice.
By gaining an appreciation of the neurophysiological bases of voice, we can then
begin to recognize and pinpoint the causes of neurogenic dysphonia, the focus of
this chapter. As Duffy (2005) suggests, speech changes can be the first or only a
manifestation of neurogenic disease. Recognition of speech changes can have a sig-
nificant impact on medical diagnosis and care. Indeed, on numerous occasions, the
speech-language pathologist (SLP) has been the first to identify the salient features
of myasthenia gravis (MG), Parkinson’s disease (PD), amyotrophic lateral sclerosis
(ALS), and even progressive supranuclear palsy (PSP). Only through early detection
and differential diagnosis are the SLP and others on the patient’s healthcare team
able to generate an intervention program that directly addresses the patient’s deficits
and long-term communication options.

To understand the complexities of neurogenic dysphonia, it is necessary to
have an understanding of the innervation of the larynx and resonators from the

106



The Central Nervous System, the Cortex, and Its Projections

central and peripheral nervous system. Note that a comprehensive discussion of the
neuroanatomical and neurophysiological bases of phonation is beyond the scope
of this text. Readers are directed to textbooks by Brookshire (2007), Duffy (2005),
Yorkston and colleagues (2010), and the classic textbook by Darley and colleagues
(1975). In this chapter, however, we do offer a working view of the central nervous
system, the peripheral nervous system, and innervation of the muscles necessary for
voice.

A WORKING VIEW OF THE NERVOUS SYSTEM

The central nervous system (CNS) and the peripheral nervous system (PNS) coor-
dinate all laryngeal operations, from the elevation of the larynx for swallowing, to
the tri-level valve closure required for a cough, to the nuanced vocal fold vibrations
of the operatic lyric soprano. We know far less about the neural controls required
for human singing and talking than we do about the neural governing of laryngeal
vegetative functions such as breathing, coughing, or swallowing. The human not
only has all the sensory-motor structures and functions of most mammals, but also
has added abilities to subdue or augment response (for example, suppress crying
when the situation is not appropriate), or to use the voice for emotional or artis-
tic expression. The expanded cerebral cortex unique to humans enables one to use
voicing cues (for example, pitch and loudness inflections) for speaking, singing, and
other forms of verbal communication.

THE CENTRAL NERVOUS SYSTEM, THE CORTEX,
AND ITS PROJECTIONS

The CNS is composed of the brain and spinal cord, and is located within the bony,
protective structures of the cranium and vertebral column. Sensory and motor areas
within the cerebral cortex, cerebellum, and basal ganglia contribute to production of
voice (Loucks and colleagues, 2007; Simonyan and Horwitz, 2011). Researchers sug-
gest that both the frontal and left temporal lobes are primarily, though not exclusively,
involved with the motor aspects of voice production, while the bilateral parietal lobes
provide important sensory feedback about voice production (Dronkers, 1996; Baldo
and colleagues, 2010). Initiation of voice begins in the inferior and lateral aspects of
the primary motor cortex (Brown and colleagues, 2008; Parkinson and colleagues,
2012). Nerve impulses are sent then primarily via the corticobulbar tract to brainstem
nuclei, in particular, the nucleus ambiguus. Other cortical areas, such as the premo-
tor cortex, the supplemental motor cortex, and Broca’s area, contribute to planning
and programming phonation, relying on input from the cerebellum and basal ganglia
(Ferrand, 2012).

Normal voice also depends on one’s ability to hear and process ongoing voice
production. The temporal lobes provide cortical input for audition. Heschl’s gyrus,
the primary auditory cortex, bilaterally receives tonotopic frequency input from the
medial geniculate bodies of the thalamus. Other auditory areas, such as the auditory
association area and Wernicke’s area, may also play a role in processing one’s own
voice production (Friederici, 2011).
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Pyramidal and Extrapyramidal Tracts

The pyramidal and extrapyramidal tracts are part of the CNS. The pyramidal tract is
composed of long axons that extend from the cortical neurons located in the primary
motor strip and travel uninterrupted until they reach their corresponding cranial nerve
nuclei in the brainstem. As illustrated in Figure 5.1, the pyramidal tract is composed
of white-matter nerve fibers (corticobulbar and corticospinal) that pass in a bundle
between the basal ganglia and the thalamus, which is called the internal capsule.

One way to think of the pyramidal tract is that it functions like a neural turn-
pike, permitting the transmission of impulses from the cortex to the cranial nerve
nuclei without interruption of local neural traffic. Conversely, the extrapyramidal
tract (Figure 5.2) is similar to a country road, with fibers stopping in many loca-
tions, bringing neural transmissions to synapses with the basal ganglia, across to
the thalamus and the subthalamus, and to the cerebellum, among other structures.
The extrapyramidal tract enables extensive checking and balancing of sensory and
motor information with its many interconnections among the cortex, thalamus, and
the basal ganglia. The many checks and balances afforded by the extrapyramidal
system are crucial for maintaining posture, tone, and associated activities that pro-
vide a foundation for skilled movements executed by the pyramidal tract.

FIGURE 5.1 Schematic View of the Pyramidal Tract
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The pyramidal tract is like a neural turnpike with fibers descending uninterrupted via the internal
capsule from their cortical origins to their terminations at cranial nerve nuclei in the brain stem.
This line drawing shows basal ganglia (including CN, caudate nucleus; LN, lenticular nucleus;

GP, globus pallidus), and TH, thalamus. Pyramidal fibers are depicted as
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FIGURE 5.2 Schematic View of the Extrapyramidal Tract

W,

e

W,
’//‘ %
o Ui

The line drawing of the extrapyramidal tract depicts its neural fibers like a neural country
road, starting and stopping at various cortical, basal ganglia, and thalamic sites and ending

. This
line drawing shows the basal ganglia (including CN, caudate nucleus; LN, lenticular nucleus;

(or starting) at lower brain stem sites. These extrapyramidal fibers are depicted as

GP, globus pallidus); and TH, thalamus.

Thalamus, Internal Capsule, and the Basal Ganglia

The subcortical areas occupied by the thalamus, which is medial in the hemisphere;
the internal capsule that runs laterally adjacent to it; and the more lateral basal
ganglia are known collectively as the corpus striatum, which gets its name from
the contrast of the gray matter nuclei and the white-matter projections between
them. The corpus striatum is the site of most of the sensory—motor integrations
of the cerebrum. The thalamus is to sensation what the basal ganglia are to motor
behavior.

Even the thalamus has its posterior (pure sensory) and anterior (sensory-
influenced motor) divisions. The posterior thalamus is known as the pulvinar body
and receives neural impulses from the auditory tract via the medial geniculates, the
most inferior—posterior of the pulvinar. From the medial geniculates and after some
central mixing within the thalamus, the auditory fibers radiate in a bundle superi-
orly to the primary auditory cortex, Heschl’s gyrus. Similarly, the visual fibers come
into the lateral geniculate bodies of the pulvinar section of the thalamus, undergo
central mixing, exit in a bundle, and go directly to the primary visual cortex in the
occipital lobes.

There is also some speculation (Boone, 1997, 1998; Minckler, 1972) that afferent—
efferent fibers between the lateral wall of the pulvinar body and the temporale planum
play an important role in auditory comprehension of the spoken word and have some
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control in producing vocal response. Within the main thalamic body, there appears to
be much integration of sensory information occurring, getting organized for some kind
of motor response via the anterior nuclei and ventral anterior nuclei of the thalamus.
From the anterior thalamus, sensory projections go either directly to the sensory cere-
bral cortex or to nuclei within the basal ganglia.

While there are some basal ganglia—thalamic connections crossing within the
internal capsule, the main body of the internal capsule is largely composed of the
descending-ascending neural projections of the pyramidal tract. The internal cap-
sule area of the brain is highly susceptible to cerebral vascular accidents (CVAs),
also known as strokes, primarily because much of its blood supply is furnished by
an artery known as the lenticular striata (often called the artery of apoplexy), which
for some reason seems to be blocked by thrombosis more than other cerebral arter-
ies. Such blockage of blood causes white-matter projections to die, resulting in con-
tra-unilateral symptoms of paralysis (note that such a high-level lesion would not
cause contralateral vocal fold paralysis). Any lesion (disease, stroke, or trauma) to
the internal capsule could cause contralateral sensory-motor symptoms of skele-
tal muscles; these lesions are classified as upper motor neuron lesions. Sensory loss
could include hypothesia, and motor loss would be seen in hemiparesis or hemiple-
gia (paralysis with hypertonicity/spasticity).

The basal ganglia utilize the sensory information provided by the thalamus.
The main nuclei of the basal ganglia are the caudate nuclei and the lenticular nuclei,
which include the putamen and globus pallidus. Bilateral innervations of both
smooth and striated muscle occur within both the caudate and lenticular nuclei and,
at this level, we first see bilateral innervation of velar, pharyngeal, and laryngeal
muscles. The basal ganglia utilize the continuous, multiple sensory information from
the thalamus in organizing appropriate motor responses (including vocalization).

Neurotransmitters

It should be acknowledged at this point that the transmission of neural impulse
among various nuclei via white-matter nerves is facilitated by several enzymes known
as neurotransmitters. At the termination of nerves within the cerebrum, where neural
synapses occur, serotonin functions as a nervous system neurotransmitter. The sym-
pathetic nervous system employs epinephrine and norepinephrine to aid in the trans-
mission of neural impulses for innervation of smooth muscle, glands, and viscera.
The basal ganglia depend on dopamine as the primary neurotransmitter. The facial,
neck, and skeletal muscles depend on acetylcholine as the chemical mediator between
the muscle’s nerve nucleus and the muscle body itself. While neural transmission can
be altered or stopped by isolated lesions to the gray body or its nerve connections,
many of the diseases of the CNS cause inhibition or overproduction of neurotransmit-
ters. For example, it is well known that degenerative changes in the substantia nigra
cause a deficiency in a chemical neural transmitter known as dopamine in the caudate
nucleus and putamen. The disturbed basal ganglia and extrapyramidal control circuit
results in a hypokinetic dysarthria observed in PD (this is discussed later in this chap-
ter). The symptoms of PD are vastly minimized by Levodopa, a synthetic dopamine.

The Brainstem and the Cerebellum

The projection fibers from both the pyramidal and extrapyramidal tracts extend
anteriorly into the pons and posteriorly via the cerebral peduncle terminating into
the medulla oblongata. This cortical to lower center tract includes both afferent and
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efferent fibers. There are neural connections from the midbrain to the pons and then
to the cerebellum, and connections from the peduncle area into the cerebellum. The
medial hypothalamus is the lowest structure of the midbrain; under it are the lesser
(in number) gray bodies and myelinated nerve tracts (innumerable) that comprise
the brainstem. The hypothalamus forms the lateral walls of the central third ven-
tricle. Connected to it are some gray bodies hugging the third ventricle aqueduct;
these gray bodies contain an important vegetative respiratory area known as the
periaqueductal gray (Davis and colleagues, 1996). Hypothalamic fibers and pyrami-
dal and extrapyramidal projections communicate anteriorly in the brainstem to the
pons, while posterior fibers form the cerebral peduncle, which extends down, form-
ing the medulla. The medulla extends from the lowermost portion of the pons, with
its upper portion forming the floor of the fourth ventricle.

The cerebellum wraps around the pons and cerebral peduncle, and has many
interconnections with the pons, cerebral peduncle, medulla, and spinal cord. The cer-
ebellum functions as the great regulator of the extrapyramidal tract, coordinating
sensory information (proprioceptive, kinesthetic, tactile, auditory, and visual) with
coordinated motor response. Lesions to the cerebellum from trauma or disease cause
speech symptoms of incoordination, known as ataxic dysarthria. The voice-speech
symptoms of cerebellar lesions are prosodic slowdown (scanning speech); abrupt and
unpredictable changes in resonance, pitch, and loudness; and reduced articulatory
accuracy for speech, all sounding like the speech of someone highly intoxicated.

Eighty percent of the descending projection fibers coming from the cerebral
peduncle cross over (decussate) to the other side in the medulla just below the brain-
stem; 20% remain ipsilateral (on the same side). Of great importance to voice is
the nucleus ambiguus in the superior medulla, located just below the pyramidal
decussation. As the medulla extends downward, it begins to narrow into the spinal
column. The same posterior—sensory/anterior—-motor organization continues in the
medulla and down into the spinal cord. Posterior nerve tracts and gray nuclei (left
and right) are sensory in nature, while the anterior white-matter tracts and anterior
horn nuclei (left and right) execute motor function.

Let us consider briefly what constitutes an upper motor neuron (UMN) lesion
or a lower motor neuron (LMN) lesion. Functionally, a bilateral UMN lesion pro-
duces symptoms of hypertonity, such as in a CVA (stroke) in which the patient
may experience hemiparesis or hemiplegia (one-sided weakness or full paralysis of
extremities, respectively). Functionally, an LMN lesion results in flaccidity and mus-
cle atrophy, such as when the cutting of the recurrent laryngeal nerve (RLN) during
surgery causes unilateral vocal fold paralysis. UMNs begin at the cerebral cortex
and end at the nucleus ambiguus; LMNs begin at the nucleus ambiguus and travel
down the spinal cord, ending at the lowest spinal nucleus. Also included as LMNs
are the nerves exiting from the pons and medulla (such as the cranial nerves), and
the nerves that carry sensory and motor impulses to and from the various spinal
nuclei for their particular muscles. The autonomic motor system and these cerebro-
spinal nerves, including their associated sensory receptors, constitute the PNS.

THE PERIPHERAL NERVOUS SYSTEM (PNS)

We will limit our discussion of the PNS primarily to the cranial nerves that have
a direct impact on voice, and in particular to two branches of cranial nerve X
(Vagus)—the superior and recurrent laryngeal nerves—which innervate the larynx.
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Cranial nerves V, VII, and VIII have a direct impact on speech, but they do
not appear primary in the production of voice. Cranial nerve V, trigeminal, emerges
from the pons with its primary motor fibers innervating the muscles of mastica-
tion; the sensory components that might influence voice are the tactile sensations
of the nose and oral mucosa. Cranial nerve VII, facial, leaves the lower portion
of the pons and terminates in its motor innervation of facial muscles; its sensory
components include taste in the anterior two-thirds of the tongue and sensation
to the soft palate. Cranial nerve VIIL, acoustic, has its cochlear division ending in
the dorsal and ventral cochlear nuclei in the superior medulla; leaving the cochlear
nuclei, the auditory pathways begin and continue to various neural stations, end-
ing in Heschl’s gyrus in the temporal lobe. As mentioned earlier in this chapter and
throughout the text, the auditory system appears to play a primary role in voice
production and control.

Cranial Nerves (I1X, X, XI, XII)

We give special attention to cranial nerves IX, X, XI, and XII because each has some
role in phonation and voice resonance. For each nerve, we will look at origin and inser-
tion with a brief statement relative to nerve function, especially as it relates to voice.

Cranial Nerve IX, Glossopharyngeal. Originating laterally in the medulla, the
nerve passes through the jugular foramen coursing between the internal carotid
artery and the external jugular vein and subdivides into its numerous branches
that go to various innervation sites. Its functions include taste in the poste-
rior third of the tongue and sensation to the fauces, tonsils, pharynx, and soft
palate. Its primary motor innervation is to the superior pharyngeal constrictor
in the pharynx and to the stylopharyngeus muscle.

Cranial Nerve X, Vagus. The Vagus nerve, in addition to its many functions of
control of the autonomic nervous system involving thoracic and abdominal
viscera, has two important branches that innervate the larynx: the superior
laryngeal nerve (SLN) and the recurrent laryngeal nerve (RLN) (see Figure
5.3). In the next section of this chapter, we will present in detail the ori-
gins and functions of the SLN and the RLN. The Vagus nerve originates
in the nucleus ambiguus in the medulla, from which it emerges laterally
and courses its way, continually branching along the way, with particular
branches terminating at the various innervation sites from the pharynx to
the abdominal viscera (Ardito and colleagues, 2004). Affecting voice are the
sensory components of the Vagus, with sensory innervation of the pharynx
and larynx. Motor aspects affecting voice include innervation of the velum;
the base of the tongue; superior, middle, and inferior pharyngeal constric-
tors; larynx; and autonomic ganglia of the thorax (affecting the respiratory
aspects of phonation).

As the Vagus nerve leaves the nucleus ambiguus and exits laterally from
the superior medulla and descends, it soon begins a series of branches (see Figure
5.3). The first and most superior nerve branch off the Vagus is the pharyngeal
branch, which contains both sensory and motor branches that supply the mu-
cous membrane and selected muscles of the pharynx and soft palate (see Chapter
10). The second branch is the SLN, which transmits sensory information from
the base of the tongue and the mucous membrane of the supraglottis; it also
transmits motor innervation to part of the lower pharyngeal constrictor and to
the cricothyroid muscles. The third branch is the RLN, which transmits sensory
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FIGURE 5.3 The Vagus Nerve
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information from the subglottis; it also transmits motor innervation to all the
intrinsic laryngeal muscles except the cricothyroid. In the list below, we review
the anatomy and physiology of the SLN and the RLN (see also Chapter 2) and
we summarize the major laryngeal and voice findings with paresis or paralysis
of these nerves.
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Superior Laryngeal Nerve. The SLN branches from the vagus nerve just infe-
rior to the nodose ganglion, which contains the sensory cell bodies of the
SLN. As can be seen in Figure 5.3, and is described by Rubin and Sataloff
(2007), the SLN travels inferiorly along the side of the pharynx, medial to
the carotid artery, and splits into two branches about the level of the hyoid
bone. The internal division of the SLN penetrates the thyrohyoid membrane
with the superior laryngeal artery and supplies sensory innervation to the
larynx. The external division of the SLN lies close to the superior thyroid
artery, although its exact relation to the artery is variable. The SLN is vital to
the tensing-relaxing of the true vocal folds, as it penetrates the cricothyroid
membrane and provides motor innervation to the cricothyroid (CT) muscle
(see Chapter 2). Inability to elevate vocal pitch is the primary symptom of
CT disease or trauma; in the case of unilateral CT paralysis, there may also
be extreme hoarseness and occasional diplophonia (because of the disparate
tension between the two vocal folds).

Recurrent Laryngeal Nerve. The nuclei of the RLN axons lie within the nucleus
ambiguus in the medulla of the brainstem. As can be seen in Figure 5.3, and
is described by Rubin and Sataloff (2007), the RLN axons travel with the
Vagus nerve down the neck until they branch off at the level of the aortic
arch on the left and the subclavian artery on the right. On the left, the nerve
passes inferior and posterior to the aortic arch and reverses its course to
continue superiorly into the visceral compartment of the neck. The right
RLN loops behind the right subclavian artery and ascends superiorly and
medially toward the groove between the trachea and the esophagus. Both
RLNS travel just lateral to or within this groove and enter the larynx poste-
rior to the cricothyroid joint. The positions of the nerves in the neck make
them susceptible to iatrogenic injury during surgery. Low in the neck, the
course of the left RLN is more oblique, lateral, and probably more prone to
injury than that of the right RLN (Hollinshead, 1982). The RLN is vital to
the abductory—adductory function of the true vocal folds because it inner-
vates four of the five intrinsic muscles of the larynx (see Chapter 2). Paraly-
sis of the thyroarytenoid muscle (TA) resulting from cutting or trauma to
the RLN will in time lead to vocal fold atrophy, which in turn results in
weakness in vocal fold approximation, mid-vocal fold bowing, and dyspho-
nia. Subtle changes of pitch variation required in normal talking and singing
are compromised with lack of TA innervation. The primary symptom of
posterior cricoarytenoid (PCA) paralysis is the inability to open the glottis
on the involved side, creating a unilateral abductor paralysis. The primary
symptom of lateral cricoarytenoid (LCA) paralysis is vocal fold paralysis in
the fixed, paramedian, abducted position.

Cranial Nerve XI, Spinal Accessory. Cranial nerve XI is a motor nerve that has
innervation of the neck accessory muscles as its primary function. It is com-
posed of two sections, the cranial portion and spinal portion. The cranial
branch originates in the nucleus ambiguus and emerges from the side of the
medulla with five successive small rootlets. Some fibers are distributed to the
superior branches of the Vagus nerve, innervating the levator veli palatini and
uvula. Fibers from the spinal portion of the nerve originate from the anterior
horn of the spinal cord and merge with lower spinal portion fibers to inner-
vate the major muscles of the neck, such as the sternocleidomastoid and the
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trapezius muscles. Lesions to cranial XI can cause obvious problems of reso-
nance and in the contribution of neck accessory muscles to respiration.

Cranial Nerve Xll, Hypoglossal. The hypoglossal nerve is a motor nerve innervating
(as the name suggests) the extrinsic and intrinsic muscles of the tongue as well
as some of the neck strap muscles. The nerve originates in its own nucleus, the
hypoglossus nucleus, in the lower medulla, exiting laterally and entering the
hypoglossal canal in the occipital bone, descending and then moving laterally
into its many innervation sites. The muscles it innervates are the omohyoid,
sternothyroid, styloglossus, hyoglossus, genioglossus, geniohyoid, sternohyoid,
and all of the intrinsic muscles of the tongue. Cranial nerve XII has much to do
with positioning of the larynx, that is, depression or elevation of the total laryn-
geal body, and is essential for all intrinsic movements of the tongue. Its primary
impact on voice is on resonance and quality.

CHECK YOUR KNOWLEDGE

1. Which voice and resonance changes would one observe with a lesion high in the Vagus nerve?
With a lesion in the SLN? With a lesion in the RLN?
2. Which branch of the Vagus nerve is more susceptible to injury from trauma or surgery? Explain.

CONDITIONS LEADING TO NEUROGENIC
DYSPHONIA

Medical diagnoses associated with neurogenic dysphonia include vocal fold paralysis,
laryngeal dystonia, essential tremor, Parkinson’s disease, Huntington’s disease, myas-
thenia gravis, multiple sclerosis, amyotrophic lateral sclerosis, progressive supranu-
clear palsy, multiple systems atrophy, and acquired brain injury (traumatic brain injury
[TBI], CVA), to name just a few. A complete review of all medical conditions leading to
dysphonia is beyond the scope of this text. The interested reader may refer to excellent
textbooks about neurogenic speech disorders written by Duffy (2005) and Yorkston
and colleagues (2010) for detailed information. For quick reference see Table 5.1,
which summarizes the differential features in each dysarthria subtype.

In the following sections, we will review the identification and management
of the neurogenic voice disorders most commonly seen by ENTs and SLPs in the
voice clinic (Cohen and colleagues, 2012): vocal fold paralysis (unilateral and
bilateral); laryngeal dystonia, for example, spasmodic dysphonia; essential tremor;
Parkinson’s disease; and acquired brain injury. Management of each requires coop-
eration among ENTs, neurologists, and SLPs, and the synthesis of each discipline’s
expertise becomes the genesis for innovative treatment approaches (McFarlane and
Von Berg, 1998).

VOCAL FOLD PARALYSIS

Patients who suffer damage to cranial nerve X anywhere along its path, from
the medulla to the larynx, have voice difficulties because of vocal fold paralysis.
The roles of the ENT and SLP are to confirm the diagnosis and to be certain that
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TABLE 5.1 Dysarthria Differential Features

Dysarthria
Type

Flaccid

Spastic

Hypokinetic

Hyperkinetic

Ataxic

Unilateral
upper motor

neuron

Mixed

Site of
Lesion

Lower motor

neurons for speech

(CNs V, VI, IX, X,
XI, Xil), cervical
and thoracic

spinal nerves.

Upper motor
neuron
(bilateral).

Extrapyramidal
(substantia nigra).

Extrapyramidal
(basal ganglia).

Cerebellum.

Upper motor
neuron

(unilateral)

Two or more of

above

Neurophysiologic
Impairment

Weakness.

Spasticity.

Rigidity, reduced
range of
movement, resting
tremor.

Quick-to-slow,
regular or irregular
involuntary

movements.

Dyscoordination;
possible intention
tremor.

Weakness,
spasticity, lack
of coordination,
singly or in

combination.

Combinations of

above

Associated Neurologic
Signs

Diminished reflexes
(hyporeflexia), decreased
muscle tone (i.e.,

flaccidity), muscle atrophy,
fasciculations, (spontaneous,
localized visible twitch in
resting muscle).

Loss of skilled movement;
hypertonia, manifested as
spasticity; hyperreflexia;
clonus; Babinski sign;
Hoffman sign.

Rigidity, bradykinesia,
akinesia, resting tremor,
postural abnormalities.

One or more of: chorea,
dystonia, athetosis,
dyskinesia, myoclonus, tics,

tremor.

Dyscoordination

Hemiparesis/hemiplegia,
unilateral central face and
tongue weakness.

Combinations of above

Prominent Auditory-Perceptual
Speech Characteristics

Indistinct and labored articulation,
hypernasality, breathy voice quality.

Slow, imprecise articulation; harsh
voice quality; monopitch and
monoloudness; short phrases.

Reduced loudness, monopitch

and monoloudness, reduced
syllable stress, accelerated rate and
short rushes of speech, palilalia,
inappropriate silences.

Highly variable, affecting one

or more components of speech
production, often with rate and
prosodic abnormalities. Speech
features consistent with nature of’

involuntary movements.

Excess and equal stress; irregular
articulatory breakdown; rhythm
disturbances; sound prolongations;
excess loudness.

Imprecise articulation, irregular
articulatory breakdowns, slow rate,
harsh-strained or breathy-hoarse
voice, reduced loudness.

Combinations of above

Note: From source material in Duffy (2005) and Weismer (2007).

the movement deficit is not a result of mechanical causes, such as arytenoid carti-
lage dislocation or subluxation, cricoarytenoid arthritis or ankylosis, or a tumor
(Rubin and Sataloff, 2007). The type and extent of dysphonia largely depends
on the lesion site, and whether damage is unilateral or bilateral, and partial or
complete.
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Unilateral Vocal Fold Paralysis (UVFP)

The etiology of UVFP can be broadly divided into four categories: neoplastic (com-
pression or infiltration of the Vagus or RLN), traumatic (surgical and nonsurgical),
secondary to medical disease, and idiopathic (Tucker, 1980). There is glottic incompe-
tence due to the inability of the affected true vocal fold to adduct completely and meet
the normally mobile opposing true vocal fold. The paralyzed vocal fold is fixed in
the paramedian position, that is, neither fully abducted nor adducted. The vocal fold
remains at the paramedian position for both inspiration and expiration (including
attempts at phonation). The voice in UVFP is markedly dysphonic or aphonic. Per-
ceptual characteristics include breathy, hoarse vocal quality; reduced phonation time;
decreased loudness and monoloudness; diplophonia; and pitch breaks. The breathy
vocal quality, reduced loudness, and short phonation times result from air escape
through an open glottis during phonation. Hoarseness, pitch breaks, and diplophonia
result from the reduced ability to adjust the internal tension of the paralyzed vocal
fold. Secondary muscle tension may contribute to the perception of hoarseness.

Disease or trauma to the RLN on one side is the most common form of vocal
fold paralysis (Case, 2002; Rubin and Sataloff, 2007). Because of the extended
course of the left RLN, it appears to be more prone to traumatic or surgical injury
than the right RLN. Bhattacharyya and colleagues (2002) reported that, of 64
patients presenting with UVFP, 53 cases were left-sided. In a retrospective review of
patient cases, Hughes and colleagues (2000) reported that isolated right vocal fold
paralysis comprised only about 3% of laryngeal evaluation cases. Surgical trauma
predominated as an etiology, followed by viral and idiopathic causes. In a study by
Heman-Ackah and colleagues (2011), undiagnosed thyroid disease was discovered
in about 50% of patients presenting to the ENT with UVFP and dysphonia. Geogra-
phy may also influence etiologies of UVFP. Researchers in Scotland found a high rate
of UVFP secondary to bronchogenic carcinoma, likely, the authors speculate, associ-
ated with the high levels of smoking in Scotland (Loughran and colleagues, 2002).

Because many traumatic vocal fold paralyses have spontaneous recovery within
the first 9 to 12 months post-onset, permanent corrective procedures are usually
delayed until voice therapy has been tried. In many cases, strengthening the vocal
muscles and improving voicing technique result in very good voice quality, and sur-
gery is unnecessary (Mattioli and colleagues, 2011; Schindler and colleagues, 2008;
Dworkin and Treadway, 2009). Behavioral voice therapy may be the only treatment
required or it may suffice as a temporary measure until medical intervention is fea-
sible. One study found that voice therapy reduced mean airflow rate in 16 patients
with UVFP by nearly 50% (McFarlane and colleagues, 1998). The Voice Facilitating
Approaches we normally introduce in clinic are focus, half-swallow boom, head posi-
tioning, tuck-chin, digital manipulation, tongue protrusion /i/, yawn-sigh, pitch shift
up, and inhalation phonation (see Chapter 7). Each approach affords an anatomical
and physiological rationale for improving voice in individuals with UVFP,

Medical Management of UVFP

The two main surgical options for patients who have UVFP are vocal fold medialization
and vocal fold reinnervation (Ruben and Sataloff, 2008). Medialization procedures
include injection laryngoplasty and laryngeal framework surgery. Several injectable
materials have been used to medialize the vocal fold and improve glottic competence.
These include autologous fat, gelatin sponge, micronized cadaveric dermis, calcium

g Phonation in this

video example reveals
a longitudinal gap,
diplophonia, and
extensive air escape.
Grand Rounds:
Describe three behav-
ioral approaches you
would probe to reduce
air escape and supra-
glottal interference
and increase vocal
quality.

Parkinson’s Disease
Note in this video the
increases in respira-
tory support, articula-
tion accuracy, and
phonatory volume for
the reading passage
pre- and post-voice
intervention. Grand
Rounds: Describe the
changes in physiology
for three subsystems
of speech (respiration,
phonation and articu-
lation) that underlie
these changes.
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hydroxylapatite, sodium carboxymethylcellulose aqueous gel, hyaluronic acid, and
collagen. Teflon has long been abandoned due to the risk of granuloma formation
(Dedo, 1992). Most ENTs agree that the use of injectable materials appears to be (1)
a temporary step for patients with UVFP who require immediate medialization, but
in whom some recovery is likely, or (2) a minimally invasive option for those patients
whose medical-surgical status precludes a procedure such as thyroplasty.

Sulica and colleagues (2010) performed a retrospective review of patients
who underwent injection laryngoplasty at seven university medical centers from
July 2007 to June 2008. They found that the most popular mode of injection deliv-
ery was by transcricothyroid, peroral, and transthyroid membrane. Five-year data
showed that injections in patients who were awake rose from 11% to 43%. Read-
ers are encouraged to explore the latest literature to learn of the long-term effects
and voice outcomes of the various injection fillers and methods (Arviso and col-
leagues, 2011; Carroll and Rosen, 2011; Rudolph and Sibylle, 2012; Rosen and col-
leagues, 2009; Umeno and colleagues, 2012; Yung and colleagues, 2011). It appears
that injections are a safe and largely durable treatment option for the management
of glottal insufficiency in both children and adults (Cohen and colleagues, 2011;
Lakhani and colleagues, 2011), although suboptimal results are sometimes observed
(Ting and colleagues, 2012).

Thyroplasty type I, first described by Isshiki and colleagues (1975), is a surgical
approach to medialization of the paralyzed vocal fold, using a free-moving wedge
to move the vocal fold to midline (Dursun and colleagues, 2008). The surgeon cuts
a rectangular window out of the thyroid cartilage on the side of the paralyzed vocal
fold. The patient is conscious during the procedure and produces voice when the sur-
geon places the wedge at various sites against the paralyzed vocal fold. When it is con-
firmed that a certain site produces the best phonation, the wedge is fixed surgically
at that point. Thyroplasty in the hands of a competent surgeon produces excellent
results, and patients should expect “voice improvement as early as 1 month post-
operatively and should remain stable with slight fluctuations for at least 6 months”
(p. 576). Dean and colleagues (2001) introduced a modification of the thyroplasty
technique by introducing a titanium implant with a micrometric screw that allows for
secondary adjustment of medialization, if necessary. Titanium is MRI safe.

There are numerous reports on the long-term results of both injection and
medialization thyroplasty. One notable study by Morgan and colleagues (2007)
reported a retrospective study of 19 patients with UVFP who received either vocal
fold injection with Radiesse or Type I thyroplasty. Outcome measures were laryn-
gostroboscopy, perceptual analysis, and patients’ subjective voice handicap assess-
ment. Results revealed that both approaches were comparable in their improvements
of subjective and objective voice outcomes at 3 months. In a follow-up study from
the same institution, Vinson and colleagues (2010) retrospectively assessed out-
comes for 34 patients with UVFP at 6 months, and reported that both approaches
were comparable in terms of voice outcomes. A retrospective study by Sipp and
colleagues (2007) compared outcomes for three procedures (injection laryngoplasty,
thyroplasty, and laryngeal nerve reinnervation) and reported successful surgical and
quality-of-life outcomes with all three procedures.

While injection laryngoplasty, medialization thyroplasty, and arytenoid adduc-
tion (Su and colleagues, 2005) are effective in improving voice quality, they cannot
prevent vocal fold atrophy. As a result, some researchers have explored a variety
of vocal fold reinnervation approaches, including primary neurorrhaphy (nerve
suture), ansa cervicalis to RLN anastomosis, Vagus nerve to RLN anastomosis, and
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free nerve grafting (Grover and Bhattacharyya, 2012). Recent studies (Marcum and
colleagues, 2010; Rohde and colleagues, 2012; Smith and colleagues, 2008) suggest
that each approach can result in positive laryngeal and voice outcomes for children,
adolescents, and adults.

Some patients, after injection or surgery, continue to display the hyperfunc-
tional vocal behaviors they were using before treatment. Direct symptom modifica-
tion can usually reduce problems such as squeezing the words out, using pushing
behaviors, and using excessive glottal attack. Following injection or medialization,
the SLP may help the patient reestablish a normal voice, giving some attention to
adequate breath support and focused phonation free of effort.

CHECK YOUR KNOWLEDGE

1. Many SLPs and ENTs recommend that corrective procedures for UVFP be delayed for at least

nine months. Explain why.
2. Describe three behavioral approaches to UVFP and their rationales.

Bilateral Vocal Fold Paralysis (BVFP)

The pathophysiology of BVFP includes two major categories: neurogenic paralysis
and mechanical fixation (Woodson, 2011). BVFP is usually the result of lesions high
in the trunk of the Vagus nerve or at the nuclei of origin in the medulla (see Figure
5.3). If the lesion is above the nodose ganglion, other muscles innervated by the
Vagus, as well as muscles supplied by other cranial nerves, will be affected as well.
These high lesions include tumors at the base of the skull, carcinoma, or trauma. In
the case of children, BVFP is a common cause of neonatal stridor (Smith and Sauder,
2009; Baker and colleagues, 2003). Most cases are associated with intracranial
pathology such as meningomyelocoele, hydrocephalus, or Arnold-Chiari malforma-
tion. Other reports of rare etiologies are motor axonal neuropathy (Marchant and
colleagues, 2003) and familial clustering with autosomal recessive mode of inheri-
tance (Raza and colleagues, 2002).

BVFP may be of the abductory or adductory type; both are life threatening.
Voice per se is of secondary concern to respiratory survival and feeding. In bilat-
eral adductor paralysis, neither vocal fold is capable of moving to the midline, thus
making phonation impossible and placing the individual at risk for aspiration. In
abductor paralysis, the vocal folds remain at the midline, causing serious respiratory
problems for which most patients will need a tracheostomy. In 2011, Belafsky and
other leading experts in the surgical management of BVFP arrived at a number of
conclusions regarding current practice. Among those conclusions are that laryngeal
electromyography EMG is necessary to distinguish among the vocal fold paralysis
and vocal fold fixation; surgical procedures to open the posterior glottis airway
remain the current gold standard for treatment of BVFP; and novel treatment such
as laryngeal pacing (Zealer and colleagues, 2003; Mueller, 2011), bilateral selec-
tive reinnervation (Marina and colleagues, 2011; Woodson, 2011), and BTX-A™
injections (Ongkasuwana and Courey, 2011) hold great promise. Continued BVFP
may require surgery to improve greater airway competence in both children and
adults. Surgical reinnervation of the muscles of the vocal folds has been successfully
reported by Su and colleagues (2007). An alternative to surgery for some patients
with abductor vocal fold paralysis may be inspiratory pressure threshold training.
Baker and colleagues (2003) reported reductions in dyspnea during speech and
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exercise for a six-year-old child with congenital bilateral abductor paralysis after
eight months of respiratory muscle strength training.

Andrews and Summers (2002), Hoffman and colleagues (2008), and Harvey-
Woodnorth (2004) offer specific procedures for the SLP to use in working with
young children with BVFP—that is, how to manage the tracheostomy, the use of
tracheal valves, and the need for minimizing the negative effects of the vocal fold
dysfunction on the child’s expressive language and speech development.

SPASMODIC DYSPHONIA (SD)

Spasmodic dysphonia (SD) is a relatively rare voice disorder that results from laryn-
geal dystonia. Dystonia is a neurological dysfunction of motor movements, either
more generalized to major body movements or seen in focal disorders, such as in the
eyelids (blepharospasm), in the neck (spasmodic torticollis), or in the larynx (SD).
As such, it is a hyperkinetic movement disorder. The site in the brain where a lesion
might occur that in turn would result in SD is still not definitively known. One of
the first studies using magnetic resonance imaging (MRI), single-photon emission
computed tomography (SPECT), or brain electrical activity mapping (BEAM) for
identifying possible SD lesion sites was reported by Finitzo and Freeman (1989),
who concluded that “SD is a supranuclear movement disorder primarily, but not
exclusively, affecting the larynx. Fully half of our subjects had evidence of isolated
functional cortical lesions” (p. 553).

The patient with SD exhibits a strain-strangled and harsh voice with observ-
able effort in pushing the air out during most voicing attempts. Endoscopic examina-
tion shows that this voice results from hyperadduction of the true vocal folds, often
accompanied by tight closure of the false vocal folds with supraglottal constriction
of the aryepiglottic vocal folds and contraction of the lower pharyngeal constric-
tors. The total laryngeal and lower pharyngeal airway appears to close down. No
wonder we hear a strained, strangled voice in such patients. Hirano and Bless (1993)
nevertheless caution that the voice clinician should not anticipate seeing one par-
ticular laryngeal pattern. They suggest that SD presentation can be heterogeneous,
ranging from spasmodic hyperfunction to hypofunction, to irregular twitching of
the true vocal folds. Kendall and Leonard (2011) have reported that approximately
one-third of patients presenting with adductor SD have an associated vocal tremor.

In addition to the problem of voicing, patients with SD complain about the
difficulties they experience trying to force expiratory air out whenever they desire to
phonate. Aronson (1990) comments that the tight voice during adductor SD “occurs
only during voluntary phonation for communication purposes and not during sing-
ing, vowel prolongation, laughing, or crying” (p. 161). However, in patients who
have carried the diagnosis of SD for some period and whose symptoms are more
severe, we see symptoms of this disorder in prolonged vowels as well. The patients
soon learn to expect phonation difficulties whenever they attempt to speak. Most
patients with SD experience some normal voice in certain situations. Case histories
of these patients reveal that, in situations such as “talking to my cat” or “speaking to
others in a pool while I tread water,” patients have experienced normal voice.

The most common type of SD appears to be related to tight laryngeal adduc-
tion, known as adductor SD. Aronson (1990), however, also described a second form
of the disorder, known as abductor spastic dysphonia (ABSD), in which patients
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exhibit normal or dysphonic voices that are suddenly interrupted by temporary
abduction of the vocal folds, resulting in fleeting aphonia. After such momentary
aphonia, the patients’ voice patterns are restored again (until the next aphonic
break). Endoscopy shows that the vocal folds of such patients abduct suddenly,
“exposing an extremely wide glottic chink” (Aronson, 1990, p. 185). In our clinical
experiences, more often than not, the abductor spasms appear to be triggered by
unvoiced consonant sounds. The abductor-type disorder is a much rarer form of SD.
For example, Davis and colleagues (1988) reported that, of 25 successive cases of
SD observed in a Sydney, Australia, hospital, 24 were adductor type and one was an
abductor type. Mixed abductor and adductor SD is seen sometimes in the clinic. The
abductor spasms are often treated as a phonation break. We encourage the patient
to blend the abductor aphonic event into the next vowel or voiced consonant by
gently easing into phonation. Additional symptoms and treatment for the sudden
abductory spasms described by Aronson (1990) are discussed as phonation breaks
in this text. Because the symptoms and the treatment of adductor and abductor SD
are so different, we will confine further comments about SD to the adductor type.
Schweinfurth and colleagues (2002) attempted to identify risk factors and
demographics in patients with adductor SD. Results of a retrospective survey of 168
patients revealed that there “appears to be no significant environmental or heredi-
tary patterns in the etiology of SD” (p. 220). The authors did identify some trends,
however. The majority of patients were females (79%). A significantly higher inci-
dence of childhood viral illness was found in the patients with SD (65%). Patients
with SD had a significant incidence of both essential tremor (26%) and writer’s
cramp (11%), but no history of major illness or other neurological disorder. Tanner
and colleagues (2012) also conducted an epidemiological study that examined risk
factors associated with SD and reported that factors included (1) a personal history
of cervical dystonia, sinus and throat illnesses, mumps, rubella, dust exposure, and
frequent volunteer voice use; (2) a family history of voice disorders; (3) an immedi-
ate family history of vocal tremor and meningitis; and (4) an extended family his-
tory of head and neck tremor, ocular disease, and meningitis. Vocal tremor coexisted
with SD in 29% of cases. Tanner and colleagues concluded that SD is likely associ-
ated with several factors that may contribute to the onset of SD later in life.
Kaptein and colleagues (2010) examined psychosocial concomitants, illness
perceptions, and treatment perceptions in 49 patients with adductor SD by compar-
ing their responses from a battery of psychometric assessment instruments to those
from a matched control group. Scores on psychosocial measures were elevated in male
patients especially, indicating levels of psychological morbidity significantly above
those seen in the general population. Assessments of illness perceptions and treatment
perceptions indicated that patients perceive that they have a very low degree of control
over the disorder, and they experience a high emotional impact from it. Voice Handi-
cap Index (see Chapter 6) scores illustrated substantial degrees of perceived handi-
cap. These researchers suggested that future research should be conducted in order to
improve self-management and enhance quality of life of persons with adductor SD.

Judgment Scales for SD

The description and quantification of the symptoms of SD require administration of
perceptual judgment scales and instrumental measures. Because SD is a rare disorder,
the less-experienced SLP may not recognize it. Barkmeier and colleagues (2001) dis-
covered that SD could be misinterpreted as essential voice tremor or muscle tension
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dysphonia (see Table 5.2). These clinical researchers investigated whether voice
clinicians with infrequent exposure to SD patients could learn to identify speech
symptoms of adductor SD and abductor SD compared to voice clinicians having
extensive experience with these disorders. Results revealed that while the nonexpert
judges tended toward false positive judgments for the speech symptoms of interest,
the overall speech symptom profiles for each type of voice disorder appeared com-
parable to those obtained from the expert judges. Readers are encouraged to review
this study to become familiar with the identification scale used.

Another excellent judgment scale developed by Stewart and colleagues (1997)
for assessing the SD patient is known as the Unified SD Rating Scale (USDRS). The
scale offers the SLP a standardized way of asking for speech-voice responses and a
seven-point rating scale for evaluating SD-voice parameters such as overall severity,
aspects of voice quality, abrupt voice initiation, voice arrests, loudness variations,
tremor, expiratory effort, speech rate, speech intelligibility, and related movements
and grimaces (p. 100). The administration of the perceptual rating scale should pre-
cede instrumental assessments such as airflow and pressure data, fundamental fre-
quency values, perturbation measures, and intensity documentation (see Chapter 6).

What treatment options are available today for reducing the hypertonic
approximation of the vocal folds during SD voicing attempts? Let us consider sepa-
rately several treatment options for the SD patient: voice therapy, surgical resection
of the RLN, injection of botulinum toxin type A (BTX-A), and surgical modification
of the vocal folds.

Voice Therapy for SD

Throughout our clinical careers, each of us has encountered each new SD patient
with the optimism that the strangled-sounding, harsh voice could be modified by
voice therapy, only to find repeatedly with each new patient that apparent success
in producing an easy normal voice temporarily in the voice clinic seemed to have
no carryover outside the clinic. Case (2002) wrote of similar poor outcomes of tra-
ditional voice therapy, noting that many patients made slight improvements when

TABLE 5.2 Differences Among Essential Tremor, Spasmodic Dysphonia, and Muscle Tension Dysphonia

Disorder

Essential
tremor

Vocal

hyperfunction

Adductor SD

Suspected
Age of Onset Gender Etiology Presentation Intervention
Any age Predominantly females ~ CNS Regular rhythmic Behavioral; Botox® not
neurogenic  vocal arrest; may recommended due to
involve supraglottal numerous supraglottal
structures structures involved
Any age Predominantly Functional  Various: Behavioral
male children and anteroposterior and
adolescent and adult medial squeezing of
females supraglottal structures
Two-thirds of Predominantly adult CNS Irregular vocal arrests Botox injection,
onset between 40  females neurogenic  involving TA muscle surgery, behavioral

and 60
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speech was produced in small units, such as monosyllabic utterances, but rarely
in contextual speech. “Historically, the poor prognosis is one of the most signifi-
cant symptoms of this disorder and has been pathognomonic and diagnostic to it”
(p. 189). There have been few reported positive outcomes for SD patients receiving
voice therapy, such as Cooper’s (1990) “direct voice rehabilitation” and the more
conventional voice therapy. Our role with the SD patient is a careful, meticulous
assessment to permit evaluation of treatment outcomes and to combine voice therapy
efforts with pharmacological or surgical treatment, before and after intervention.

Some trial voice therapy should follow assessment, used at least as diagnostic
probes. Many SD patients experience an easier voice with less effort “pushing voice
out” through working on an easy breath cycle, employing Yawn-Sigh relaxation
methods coupled with hierarchy analysis. Boone (1998) has found real-time ampli-
fication, Auditory Feedback, and Masking to be facilitative for some SD patients.
Speaking on inhalation is reported as less likely to reduce the symptoms of long-
standing adductor SD (Harrison and colleagues, 1992). Roy and colleagues (1996)
have employed the musculoskeletal tension reduction techniques recommended by
Aronson (1990) with over 150 cases of muscle tension dysphonia, described under
laryngeal massage in Chapter 7 of this text. Included in the group of muscle ten-
sion dysphonia patients were some SD patients (the number was not specified in
the article) who received the manual lowering of their larynx but experienced only
“transient improvements in voice that could not be stabilized or generalized” (Roy
and colleagues, 1996, p. 855).

In summary, from long clinical experience and in reviewing the literature, there
are scarce efficacy data to show that the struggling of SD patients to get air out
while producing harsh, strangled voice is resolved solely with voice therapy. Rather,
those patients who do respond positively to voice therapy may likely have originally
presented with muscle tension dysphonia, which often masquerades as SD. It would
appear that voice therapy coupled with surgery or BTX-A injections offers the best
therapeutic management of SD. These interventions are described in the following
sections.

Recurrent Laryngeal Nerve (RLN) Sectioning

Introduced by Dedo (1976), the RLN section (Izdebski and colleagues, 1984) was
the first widely used surgical procedure for SD. Patients are selected for RLN sec-
tion after a thorough diagnostic evaluation by both the surgeon and the SLP, which
includes an injection of Lidocaine into the RLN to produce a temporary unilateral
adductor paralysis (Smith and colleagues, 2006). The patient’s airflow, relative ease
of phonation, and change of voice quality are assessed. If there is marked improve-
ment in airflow (greater flow rates with less glottal resistance), and in both ease
and quality of phonation, the decision may be made to cut the RLN permanently.
Postoperatively, then, the patient usually has an easily produced but breathy voice,
similar in sound to the patient with unilateral adductor paralysis. Voice therapy
focusing on a slight elevation of pitch, some ear training, head positioning, and digi-
tal manipulation have all been effective in developing a better-sounding voice.

The long-term results of RLN resection are mixed. Wilson and colleagues
(1980) reported a woman who had received RLN cut 13 months previously and
then experienced a regeneration of the severed RLN and a return of SD; a second
RLN resection again produced immediate relief from her phonatory struggle. Over
three years Aronson and DeSanto (1983) followed 33 patients with SD who had
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each received RLN cut. Although all experienced improved voice and ease of air-
flow immediately after surgery, three years later, 21 of them, or 64%, had failed
to maintain their gains and were considered failures. Much different results were
reported by Dedo and Izdebski (1983) on over 306 patients who had received RLN
cut for SD; they reported that 92% of the patients maintained voice improvement
and required less effort to phonate.

The arguments over the long-term effectiveness of RLN section as posed by
Aronson and DeSanto (1983) versus Dedo and Izdebski (1983) contributed to a
significant reduction in the use of RLN sectioning as a treatment for SD. Regenera-
tion of the severed RLN appears to be the primary factor in symptoms of tight voice
coming back a few months or years after RLN section. To meet this regeneration
problem, Weed and others (1996) recommended the use of avulsion (tearing out or
entire removal) of as much of the RLN as is surgically possible. In the Weed study,
long-term follow-up of RLN avulsion patients revealed that “72 to 78 percent of
patients retained clear benefit from the procedure beyond 3 years” (p. 600).

Berke and colleagues (1999) described a surgical technique for adductor SD
that paralyzes the thyroarytenoid and lateral cricoarytenoid muscles bilaterally by
denervating the RLN branches to these muscles. To prevent unwanted reinnervation
and to preserve muscle tone, the TA nerve branch is reinnervated with a branch of the
ansa cervicalis. The procedure, the authors note, obviates the breathy voice and other
typical sequelae of unilateral vocal fold paralysis. The long-term results of 21 sequen-
tial cases were reported, with 19 patients judged to have an “absent to mild” dys-
phonia following the procedure and one patient requiring further BTX-A treatments.
The opposite vocal behaviors were reported by one patient presenting to our clinic
for voice therapy. Twenty months earlier, he underwent bilateral laryngeal adductor
denervation with ansa cervicalis reinnervation. He reported that, although he no lon-
ger had to worry about strained and strangled phonation, he now had to worry about
a soft voice that was insufficient for many social and professional activities of daily
living. This patient responded well to Voice Facilitating Approaches for unilateral
vocal fold paralysis (digital manipulation, focus, head positioning) (see Chapter 7).

A study by Smith and colleagues (2006) assessed the phonatory effects of
RLN lidocaine block in adductor SD. Twenty-one consecutive patients with sus-
pected adductor SD underwent unilateral RLN block, causing temporary ipsilat-
eral vocal fold paralysis. Voices were recorded before and during the block. Patients
completed self-ratings of overall level of dysphonia severity, vocal effort, and laryn-
geal tightness. Listeners completed auditory-perceptual ratings, and the frequency
of phonatory breaks was acoustically analyzed. Although individuals varied in their
outcomes, group results suggest that response to RLN lidocaine block warrants fur-
ther study as a possible diagnostic tool in adductor SD.

Botulinum Toxin Type A (BTX-A) Injections

The gold standard for treating SD is the injection of BTX-A in one or both vocal
folds or interarytenoid muscles, or a combination thereof (Kendall and Leonard,
2011; Birkent and colleagues, 2009). Physicians who are members of the National
SD Association database were polled about their BTX-A delivery method; the major-
ity who responded reported that they use electromyographic guidance (Chang and
colleagues, 2009).

The largest treatment series to date in the literature (as reported in Blitzer,
2010) spanned the years from 1984 to 2007 and included over 1,300 patients. Of
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these, 82% are of the adductor type, 63% were female, 12% had a positive family
history, and 82.4% had a focal distribution. All of the patients were managed with
varying degrees of success with individualized dosing of BTX-A injected into the
laryngeal musculature under EMG guidance. Most typically, BTX-A was injected
bilaterally into the thyroarytenoid muscle. The average onset of action was reported
to be 2.4 days; the average peak effect was 9 days; the average duration of benefit
was15.1 weeks; and the average benefit was 91.2% of normal function, as rated by
the patient. The side effects of the adductor injections were 25% with mild, transient
breathy voice; 10% with mild, transient cough on drinking fluids; and less than 1%
with local pain, bruising, or itch. Birkent and colleagues (2009) followed 55 patients
for BTX-A injections over approximately 12 years, for an average of 20 doses per
patient. They found that they were able to reduce BTX-A dosages over time with no
negative effects on voice.

It is commonly observed in patients who have received BTX-A injection in the
TA muscle that they experience for a short time (10 to 14 days) some mild symp-
toms of aspiration, coughing, and breathiness (Novakovic and colleagues, 2011).
Instead of tight phonation with low airflow rates and high subglottal pressures, the
SD patient now displays temporarily the symptoms of a patient with unilateral vocal
fold paralysis, that is, high flow rate, low pressure, and a breathy voice. The patient
at this time requires counsel from the SLP that the aspiration and breathiness are
temporary. About three weeks after injection, the patient should return to the SLP
for voice therapy. Murry and Woodson (1995) found in 27 patients that those who
received both injection plus voice therapy had significantly better flow rates and
acoustic improvement than patients who received only BTX-A without follow-up
voice therapy. Typically, those patients who received both BTX-A and follow-up
voice therapy maintain good, functional voice from four to six months. As the patient
experiences increasing adductory tightness while phonating, reinjection of BTX-A
is required.

Murry and Woodson (1995) usually begin with “five voice-therapy sessions
planned for each patient” (p. 462). Some patients may require less therapy and some
may need more. Beginning therapy is designed to reduce continued vocal hyperfunc-
tion. The typical SD patient has used for many years hyperfunctional behaviors in
an attempt to push voice out. Even though such excessive effort is no longer needed
after injection, the patient’s habit set of vocal hyperfunction continues. Counseling,
showing the patient differential airflow rates, and listening to pre- and postinjection
recordings can be utilized to help the patient recognize that effort for voicing is no
longer required. A useful task is to model in front of a mirror or on a digital recorder
the saying of “ah” with no discernible effort and no visible neck muscle activity,
resulting in a slightly easy, breathy voice. Stay with this task until the patient can
demonstrate taking the work out of voicing. Therapy then follows with learning to
find the optimal breath for saying a series of syllables on one expiration, perhaps
reducing voice production in the beginning to saying only six to eight syllables per
breath. If the patient is observed to squeeze out the last syllable or two, the syllable
target per breath should be reduced further. Practice should be given to developing
the number of syllables that can be comfortably voiced on one exhalation. When
breath volume gets low, the patient should pause; during the pause, breath will
renew without the patient doing anything consciously but pausing (Boone, 1997).

We have established a therapy plan that monitors the patient’s vocal behav-
iors post-BTX-A injection. Each patient’s program is individualized, beginning with
several follow-up telephone calls. We ask the patient whether the postinjection

125



126

Chapter 5 Neurogenic Voice Disorders

aspiration has resolved; we can hear any latent vocal hyperfunction, which would
necessitate a follow-up visit to the clinic. Several weeks after injection, we listen for
spasmodic vocal behaviors, which would also necessitate a return to the clinic. If
we detect the return of the dystonia, we ask the patient to return for acoustic and
airflow assessment and possible reinjection.

ESSENTIAL VOICE TREMOR

Organic or essential voice tremor is often viewed as a disorder separate from the
other dysarthrias, yet it can be classified as a hyperkinetic dysarthria of tremor (Duffy,
20035). Essential tremor is the most common of the movement disorders and is con-
sidered a benign autosomal dominant condition with variable penetrance (Jankovic,
1986). The tremor may appear present in tongue, velar, pharyngeal, and laryngeal
structures, producing a vocal tremor in the 4- to 7-per-second range. Other patients
with voice tremor may show similar tremulous movements in the hands, arms, neck,
and face. Familial tremor is a common form of essential tremor (approximately
50% of all cases), often beginning in early adulthood. The patient shows exagger-
ated tremor behavior, more than the normal tremor that may be observed in people
who are overworking particular muscles, such as may be felt or seen while carrying
a heavy weight, “like carrying a case of twenty-four quarts of milk.” Another form
of essential tremor appears related to aging (Benito-Leon and colleagues, 2005).

Voice tremor is a feature of many neurological conditions, such as SD and PD.
Such tremors must be differentiated from a diagnosis of essential tremor, which is
intention tremor that appears to exist independently of other neurogenic conditions.
It should be noted that vocal tremor has been found to co-exist with SD in approxi-
mately 30% of cases (Tanner and colleagues, 2012; Kendall and Leonard, 2011).
The diagnosis of essential tremor is best made by eliminating contextual speech,
asking the patient to sustain the production of vowels in isolation. Lederle and col-
leagues (2012) found that vocal tremor is perceived as significantly more severe
during sustained phonation than during connected speech, and perceived tremor
is greater the longer the vowel is sustained. On prolonged vowel production, the
tremor is well isolated, permitting a frequency count and an acoustic evaluation
of the tremulous voice. Endoscopic examination of the vocal folds while prolong-
ing the vowel shows a structurally normal larynx with the vocal folds producing
the alternate tension changes that are part of the overall tremor production. Flex-
ible endoscopy can also reveal velar, pharyngeal, and tongue movements in absolute
tremulous synchrony with one another, all contributing to the acoustic observation
of voice tremor (Gillivan-Murphy and Miller, 2011).

There is a growing body of literature that suggests BTX-A injection into the thy-
roarytenoid muscle may reduce tremor, as measured by patient responses on a tremor
rating scale and acoustic changes (Adler and colleagues, 2004). Other researchers are
exploring the effects of deep brain stimulation on reducing the periodic modulations
in fundamental frequency and intensity (Deuschl and colleagues, 2011).

The SLP who first encounters an essential tremor patient, either of the familial
or aging type, should make a referral to a consulting neurologist who might offer
some medication control, reducing the severity (amplitude) of the tremor (but not
its frequency). Professional meeting papers and anecdotal reports by voice clinicians
offer three therapy approaches that seem to minimize voice symptoms: (1) reducing
voice intensity levels appears to minimize tremor identification, (2) elevating voice
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pitch a half note seems to change the tension level of the vocal folds sufficiently to
reduce severity of the tremor, and (3) attempting to shorten vowel duration while
speaking minimizes the identification of voice tremor (we are less likely to hear it).

When clients understand the nature of voiced versus nonvoiced phonemes,
they discover that, by abbreviating the vowels and overarticulating the nonvoiced
phonemes, the tremor is less noticeable. We often refer these patients to the Iowa
Phonetics website, which offers robust animations of the anatomy and physiology
of sound production. In addition, we encourage the client to produce an “easy” /h/
at the beginnings of vowel initial words, such as /h/apples, to reduce the amplitude
of tremor. This technique worked well for a young client who worked as a tele-
phone receptionist at Andressen Towing. Prior to intervention, when announcing
her company’s name on the telephone, she produced the initial /a/ with extended
vowel duration, which only served to announce the tremor. With intervention, she
softened and abbreviated the /a/ by making the voice breathy, devoiced the /d/, and
anticipated the production of the nonvoiced /ss/. Using these strategies, there was an
attenuation of the perceptual features of the tremor.

DIFFERENCES AMONG SD, ESSENTIAL VOICE
TREMOR, AND MUSCLE TENSION DYSPHONIA

SD can easily be misinterpreted as an essential tremor or vocal hyperfunction. This
should come as no surprise because the three conditions may present very simi-
larly (Barkmeier and colleagues, 2001). In Table 5.2, we have attempted to identify
some of the differences among the disorders, although it should be noted that the
disorders may, and do, overlap. For example, a patient with severe adductor SD
may attempt to control the capricious vocal fold movements by squeezing down on
the supraglottal structures. SD is only differentially identified when the individual
undergoes trial voice therapy that eliminates the hyperfunctional posturing.

CHECK YOUR KNOWLEDGE

1. Describe the differences and similarities among adductor SD, essential tremor, and muscle ten-

sion dysphonia.
2. Describe the evidence-based approaches for adductor SD, essential tremor, and muscle tension

dyphonia.

PARKINSON’S DISEASE (PD)

The patient with PD exhibits a hypokinetic dysarthria, characterized by reduced
loudness, breathy voice, monotony of pitch, intermittent and rapid rushes of speech,
and reduced articulatory contacts (Duffy 2005). Some investigators of PD have
found diminished function in one or more components of speech-voice. For exam-
ple, De Letter and colleagues (2007) found significant respiratory difficulties as pos-
sibly contributing to the PD patient’s voice symptoms. Ramig and colleagues (1994)
found that 35 of 40 PD subjects had bowed vocal folds. Duffy (2005) and Yorkston
and colleagues (2004) write that many of these abnormalities can be related to the
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underlying neuromuscular deficits of rigidity, reduced range of movement, and slow-
ness of movement in the laryngeal muscles. Resting tremor is also considered a neu-
romuscular deficit and can be attributed to the reduction of dopamine to the basal
ganglia. See Fahr and colleagues (1987) for the Unified Parkinson Disease Rating
Scale (UPDRS), a comprehensive and widely used rating scale to document levels
of motor behavior and activities of daily living for individuals with PD (see Zraick
and colleagues [2003] for a report on the use of this scale by SLPs). Fortunately, the
most effective voice therapy approach is a holistic one, finding that to exaggerate
one component helps improve function in all other components.

When patients attempt to speak in a quick conversational pattern, speech is
often unintelligible due to the rapid and accelerated movement of the articulators.
When they speak with intent, however, their speech can be slower and louder, and
can have better voice quality and better articulation. Following the model of inten-
tion used in physical therapy for gait training (thinking where you are going to
place each foot as you walk makes walking easier), the same model of intent works
to improve speech. Using intention with these patients, the writers have asked PD
patients to speak with an accent, or to use a different pitch, or to speak louder
(Boone and Plante, 1993). Taking the automatic motor set out of speaking by speak-
ing intentionally different seems to help the patient’s speech in all parameters: loud-
ness, voice quality, appropriate pitch, and rate. We have also found that instructing
patients to deliberately pronounce the final sound of each word results in increases
in vocal loudness and intelligibility.

Ramig and colleagues (2001) and Spielman and colleagues (2011) have stud-
ied the model of intention in a formal voice and speech improvement program that
is driven by a number of perceptual features of phonation in PD. The main goal of
the Lee Silverman Voice Treatment (LSVT®/LOUD) program is to increase vocal
fold adduction and respiratory effort, which in turn is intended to increase loudness,
vocal quality, and subsequently intelligibility.

Sapir and colleagues (2002) investigated whether increased loudness is main-
tained over several months after conclusion of the LSVT program. Judges listened
to reading samples produced by two groups: one that had undergone LSVT and one
that had undergone a high-effort respiratory treatment program. Of the two groups,
the speech samples in the LSVT group were significantly more likely to be perceived
as louder and of better quality at follow-up. Tindall and colleagues (2008) compared
the efficacy of LSVT/LOUD using a videophone versus conventional administration.
Similar results were obtained, suggesting both methods result in an overall increase in
loudness. Researchers in the Netherlands suggested that increased respiratory—phona-
tory effort raises vocal pitch and laryngeal muscle tension (de Swart and colleagues,
2003). These researchers generated an intervention program called Pitch Limiting
Voice Treatment (PLVT), which instructs patients to increase respiratory support but
to phonate at a low pitch. A study by these researchers comparing LSVT and PLVT
revealed the same increases in loudness for both groups, but the authors suggested that
PLVT limited increases in vocal pitch, thus preventing strained and pressed voicing.

For patients who are initially stimulable for behavioral voice programs but
who experience difficulty generalizing the gains beyond the clinic, we have offered
delayed auditory feedback (DAF), with mixed results. DAF is an instrumental pro-
cedure that feeds an individual’s speech trace back to the individual’s auditory sys-
tem via earphones at a delayed rate. The effect of the delay is to slow speech rate,
increase vocal loudness, and increase articulatory accuracy. Several case studies in
our clinics and reports in the literature have suggested improved speech using DAF
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for individuals presenting with hypokinetic dysarthria (Downie and colleagues,
1981; Hanson and Metter, 1983; Yorkston and colleagues, 2004). These authors
suggest that the benefits included marked reduction in speech rate, increased loud-
ness, reduced phonetic errors, and increased acoustic distinctiveness.

DAF intervention produced remarkable results in the vocal intensity, rate, and
intelligibility of an individual seen at our clinic with PD. This patient, a former phy-
sician, had received a thalamic (deep brain) stimulator four years earlier to reduce
tremors and was taking Sinemet (combined levodopa and carbidopa). Nevertheless,
speech was rapid and blurred, and the voice was hypophonic. Various clinic probes
of speaking with intent, speaking to a metronome, pacing, respiratory—phonatory
training, and hyperarticulation were not effective. He was fitted with the Facilita-
tor™ (KayPENTAX® Corp., Montvale, New Jersey) set at the 170-ms feedback
mode and the effect was dramatic. He increased vocal intensity, extended the vowels,
and increased articulatory contacts, thus increasing intelligibility. He subsequently
purchased a pocket-sized DAF unit that he wore at all times. He said the system was
so innocuous that people thought he was listening to the ballgame. Even though he
did not return to his former practice, he did begin to deliver lectures at the medical
school and spoke at PD support group meetings. This success with DAF has been
supplemented by frequency-altered feedback (FAF) at our clinics. FAF, along with
babble noise feedback, works along the same principles as DAF. A number of appli-
cations exist for DAF, FAF, and babble noise.

The diagnosis of PD and its medical management belongs to the neurologist,
although we and many other voice clinicians have been instrumental in alerting
health professionals to patients who present to our clinics with hypokinetic features
that may have previously gone undetected. We have found that an interdisciplinary
healthcare team, consisting of the SLP, physician, nurse, nutritionist, and various
rehabilitation experts, comprises the best medical care for patients with this complex
disorder. Over time, the period of relief from continued dopaminergic administra-
tion becomes shorter, requiring new medication protocols and possible neurosurgi-
cal approaches to reduce tremor, such as stereotactic surgery deep-brain stimulation
(DBS). In deep-brain stimulation, a thin stimulator is surgically placed in the thala-
mus, the part of the brain that is believed to activate tremors. The stimulator is
powered by a tiny generator implanted in the patient’s chest. Different researchers
have identified different areas of the thalamus that are most receptive to stimulation,
resulting in reduced tremors. Hamel and colleagues (2003) suggest that stimula-
tion of the subthalamic nucleus results in marked improvement in levodopa-sensi-
tive Parkinsonian symptoms and levodopa-induced dyskinesias. With respect to the
influence of DBS on voice and speech, researchers cite mixed results. Putzer and col-
leagues (2008) and Mate and colleagues (2011) noted improvement, while others,
such as Klostermann and colleagues (2008) did not. Spielman and colleagues (2011)
conducted a small-group study to evaluate voice and speech in individuals with and
without DBS of the subthalamic nucleus (STN-DBS) before and after LSVT/LOUD,
to determine whether outcomes for surgical subjects were comparable to nonsurgi-
cal cohorts. It was reported that both treated groups showed significant increases in
sound pressure level from pre- to post- and six-month follow-up.

CHECK YOUR KNOWLEDGE

1. Describe the underlying deficits of PD.
2. Why is a holistic approach to PD advocated by the authors? What is meant by the term holistic?
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dysarthria may appear
counterintuitive. Many
patients think that if
they only work harder,
the voice will become
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in quality. The reverse
is true. Note in this
video how a reduction
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in all four subsystems
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may result in improved
vocal quality and
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CEREBROVASCULAR ACCIDENT (CVA)

Cerebrovascular accident (commonly referred to as stroke) is the third leading cause of
death in the United States, behind heart disease and cancer (American Heart Associa-
tion, 2012). It affects as many as 5% of the population over 65 years old, and this num-
ber is growing annually due to the aging population. A significant portion of stroke
patients that initially survive are faced with the risk of aspiration, as well as quality-of-
life issues relating to impaired communication (Feigin and colleagues, 2003).

Voice and connected speech changes in CVA are complex and highly depen-
dent on the nature and site of lesion. Vocal fold paralysis as a direct result of stroke
is rare and is most commonly associated with brainstem stroke, lateral medullary
syndrome, Wallenberg syndrome, and Horner syndrome (Rigueiro-Veloso and col-
leagues, 1997). In the absence of vocal fold paralysis, voice quality is characterized
principally as either spastic or flaccid. Spastic voice changes are common with upper
motor neuron lesions, as seen in bilateral CVAs. Speech is characterized by slowed
articulation, strained voiced quality, and hypernasality. In contrast, flaccid voice
changes result from a lower motor neuron lesion in the brainstem, principally from
loss of muscle tone and reflexes. Speech is characterized by a breathy voice quality
with diminished loudness and air wastage (Aronson, 1995). A stroke to the cerebel-
lum may result in an ataxic dysarthria, described earlier in this chapter.

Laryngeal stroboscopy is a key procedure in the diagnosis of laryngeal dys-
function in CVA. Stroboscopy provides an assessment of the mucosal wave, which
is abnormal in subtle paresis or atrophy of the vocal folds (Altman and colleagues,
2007). Sensation can also be tested by touching the endoscope tip to the arytenoids
bilaterally, where a strong vocal fold closure should be elicited. Pooling of secre-
tions in the hypopharynx suggests impairment of sensation or secretion management.
Though not as commonly used, laryngeal electromyography (LEMG) is helpful in the
assessment of immobility of one or both vocal folds (Munin and colleagues, 2003).

Treatment of laryngeal dysfunction in stroke encompasses four major areas:
(1) tracheotomy/airway management, (2) dysphagia/aspiration, (3) secretion man-
agement, and (4) dysphonia. Review of the first three areas is beyond the scope of
this text; the interested reader is referred to Altman and colleagues (2007) for an
overview. Treatment of dysphonia involves managing glottic incompetency due to
vocal fold paralysis, a topic covered earlier in this chapter.

TRAUMATIC BRAIN INJURY

Traumatic brain injury (TBI) is the result of external forces acting on the head.
Most TBIs are caused by motor vehicle accidents; falls; assaults; and, more recently,
explosion injuries experienced by members of the armed forces (Shively and Perl,
2012). These injuries can cause focal or diffuse lesions, axonal shearing, and hypoxia,
all of which can be secondary to vascular or tissue damage.

Dysarthria associated with TBI may be temporary or chronic, mild or severe,
and accompanied or not by other language and cognitive disorders. Most dysarthrias
are of the mixed type, and variability in the nature and severity of the physiologi-
cal impairment calls for custom treatment programs based on a clear appreciation
for the subsystems of respiration, phonation, resonance, articulation, and prosody.
For example, patients presenting primarily with pontocerebellar axonal injuries may
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demonstrate ataxic symptoms of paradoxical breathing patterns and velar mistiming.
For these patients we emphasize the Voice Facilitating Approaches of auditory feed-
back, counseling, and respiratory training (see Chapter 7). Other patients with more
involved injuries of the motor system bilaterally may present with spastic dysarthria
and have lower vital capacities than nondisabled speakers (Murdoch and colleagues,
1994). Kinematics of the same group revealed that the speakers with TBI have prob-
lems coordinating the actions of the rib cage and abdomen during speech. This lack
of coordination is apparent in patients with TBI, many of whom take replenishing
breaths at inappropriate phrase junctures during conversational speaking and oral
reading tasks. For these patients, we advise intervention focusing on altering the pitch
(usually slightly upward) and reducing vowel duration within words. Auditory and
visual biofeedback is critical for this population to increase meta-awareness of speak-
ing deficits and strategies that increase naturalness of conversational speech.

SUMMARY

At the beginning of this chapter, we looked at the neurological bases of human laryn-
geal function. We reviewed the latest research in behavioral, pharmacological, and
surgical management of neurogenic voice disorders and listed a number of Voice Facil-
itating Approaches that have been effective for many patients presenting with dysar-
thria (see Chapter 7). The key to effective behavior-based intervention for patients
presenting with static or progressive neurogenic dysphonia is an understanding of the
nature of deficits in the subsystems of speech and knowing how to address them.

CLINICAL CONCEPTS

The following clinical concepts correspond with the objectives at the beginning of
this chapter.

1. Changes in speech can be the first or only manifestation of neurogenic disease.
Recognition of these changes can have a significant impact on medical diagno-
sis and care. The SLP may be the first professional to recognize the breakdown
of a single system, such as in idiopathic UVFP, or multiple subsystems, such as
amyotrophic lateral sclerosis.

2. In many cases, strengthening the vocal muscles and improving voicing
technique in UVFP result in very good voice quality. The Voice Facilitating
Approaches of head positioning, establishing a new pitch, focus, and auditory
feedback (see Chapter 7) should be explored in patients with UVFP.

3. Holistic approaches to the hypokinetic reductions in many of those with Par-
kinson’s disease are effective in increasing respiration, phonation, and articula-
tory range of motion and accuracy. Auditory feedback and visual feedback are
effective strategies for helping to maintain these improvements.

4. Adductor SD and vocal tremor originate from neurogenic etiologies, whereas
muscle tension dysphonia is of a functional nature. SLPs are skilled in the dif-
ferential diagnosis of each of these disorders and often work collaboratively
with ENTs to identify and manage these patients.

5. Voice and speech problems originating from TBI are multifactorial in nature
and call for custom treatment programs based on a clear appreciation of the
subsystems of respiration, phonation, resonance, articulation, and prosody.
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GUIBEDREADING

Read the following articles.

Sulica, L, Rosen, C. A., Postma, G. N., Simpson, B., Amin, M., Courey,
M., & Merati, A. (2010). Current practice in injection augmentation of
the vocal folds: Indications, treatment principles, techniques, and compli-
cations. Laryngoscope, 120, 319-325.

Paniello, R. C., Edgar, J. D., Kallogeri, D., & Piccirillo, J. E. (2011). Medi-
alization versus reinnervation for unilateral vocal fold paralysis: A multi-
center randomized clinical trial. Laryngoscope, 121, 2172-2179.

Using the information reported in the two articles, identify current approaches to
vocal fold augmentation and the considerations for vocal fold medialization versus
laryngeal reinnervation for UVFP.

PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

Jobn is a 60-year-old high school teacher who presented to our clinic with
a 14-month history of a progressive dysphonia following removal of his
thyroid gland. A suspected vocal fold paralysis had been ruled out by his
ENT. We performed a follow-up rigid endoscopy at our clinic and observed
normal vocal fold mobility. Our endoscopic findings further revealed that
the ventricular vocal folds tended to move toward the midline upon pho-
nation, thus damping the vibration of the true vocal folds and interrupting
the mucosal wave. Thick, sticky mucus was seen throughout the laryngeal
vestibule, and pachydermia was observed at the posterior commissure. The
patient presented with a strained voice that was occasionally choked off
during the clinical interview. He reported that at times the voice improved,
during singing or whistling, but otherwise, it was becoming harder and
harder to force the voice out. The dysphonia was threatening his job as
a teacher and coach, and bhe could no longer enjoy normal outings with
his family. Voice Facilitating Approaches of focus and inhalation phona-
tion resulted in easier vocal quality for a few phonatory attempts, but the
strained quality and vocal arrests soon returned.

1. Based on the patient’s history and perceptual findings, respond to the following;:
A unilateral vocal fold paralysis was originally suspected in this case because of
surgical intervention in the vicinity of cranial nerve:

A IV
B. X

C. XII
D. IX

2. The involvement of the ventricular vocal folds during voicing attempts is most
likely associated with a(n):
A. Ataxic dysarthria
B. Result of laryngopharyngeal reflux
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C. Maladaptive behavior adopted to try to compensate for the irregular vocal
fold arrests
D. Precursor to hypokinetic dysarthria

. The Voice Facilitating Approach of focus was probed in an attempt to:
A. Increase vocal fold closure

B. Increase vocal amplitude

C. Increase F°

D. Move voiced energy from the larynx to the face

. This patient is most likely presenting with:
A. A primary muscle tension dysphonia
B. Myasthenia gravis

C. Adductor SD

D. Essential tremor

. The gold standard medical approach to this disorder calls for:
A. BTX-A injections

B. Vocal fold augmentation

C. Medialization thyroplasty

D. Laryngeal massage
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Evaluation of the
Voice
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After reading this chapter, one should be able to:
e Define the terms assessment, evaluation, e Describe the noninstrumental assessment
and diagnosis. of voice.
o Describe the screening process for voice o Describe the instrumental assessment of
disorders. voice.

o List the major components of the voice
assessment.

When encountering a patient presenting with a voice disorder, the clinician
begins a systematic process of assessment, evaluation, and diagnosis. Assessment is
the process of collecting relevant data for clinical decision making. Evaluation is an
appraisal of the implications and significance of the assessment. Diagnosis calls for
the clinician to make a decision about whether a problem exists and, if so, differen-
tiating it from other, similar problems. In a medical model, diagnostic emphasis is on
identification of possible causes and maintaining factors (Paul, 2002).

The results of the voice evaluation serve as the foundation for a sound treatment
plan. As such, the voice evaluation must be a carefully and scientifically validated
procedure performed by a competent clinician. Ideally, the voice assessment should
follow examination of the patient by a laryngologist (an ENT physician with special
knowledge of the larynx and voice). In instances where a patient is assessed prior to
examination by the laryngologist, the speech-language pathologist (“clinician”) should
reserve diagnosis and treatment planning until results of the medical assessment can be
evaluated. While it is the province of the laryngologist to make a laryngeal diagnosis,
and to establish and oversee a medical management plan, it is the province of the cli-
nician to make a voice diagnosis and to establish and carry out a voice therapy plan.

Although we present the comprehensive voice evaluation here as a separate
chapter, it is important for the reader to appreciate that effective voice therapy
requires continuous assessment and evaluation. While we believe in the value of
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using appropriate instrumentation for assessment, the knowledgeable and skilled
clinician is the one who is of ultimate value in the evaluation, diagnosis, and treat-
ment of the patient with a disordered voice.

We begin this chapter with a brief discussion about screening individuals for
voice disorders. An overview of the laryngologist’s evaluation of the larynx follows.
We then present detailed information about the comprehensive voice evaluation,
emphasizing the role of the SLP clinician. We conclude with three case studies that
will help the reader put the information in this chapter into clinical context.

SCREENING FOR VOICE DISORDERS

As discussed in Chapter 1, the actual prevalence of voice disorders in children is
difficult to determine. A number of researchers have concluded conservatively that
between 6% and 9% of school-age children may have a voice disorder (Andrews,
2002; Carding and colleagues, 2006; Cornut and Troillet-Cornut, 1995). Kahane
and Mayo (1989) suggest that the majority of children with voice disorders are not
seen by a clinician. Reports from Davis and Harris (1992) and from Broomfield and
Dodd (2004) estimate that children with voice disorders make up less than 5% of
any given school-based clinician’s caseload.

Individuals other than the school clinician often identify the majority of chil-
dren with voice problems (Davis and Harris, 1992). Typically, the child’s teacher,
nurse, or family member first notices a vocal feature such as harsh quality. The abil-
ity of such individuals to make accurate judgments about the normalcy of voice is
not quite as good, however, as that of an experienced clinician (McFarlane and col-
leagues, 1991). Therefore, rather than relying on other well-meaning individuals to
refer children for therapy, the clinician should develop screening procedures for the
early identification of children with voice problems.

Most public and private schools have screening programs to identify speech
and language disorders in new students and those in certain grades at specified times
of the year. By using some kind of voice screening form, clinicians are better able
to identify and document those children in need of voice assessment and poten-
tial treatment. With very little additional testing time per child (5 minutes or so), a
voice screening can be added to existing speech and language screening protocols.
The importance of identifying and managing voice disorders in children cannot be
overemphasized because dysphonia can have an impact on a child’s educational and
psychosocial development, as well as his or her physical and emotional health (Con-
nor and colleagues, 2008).

Clinicians in various settings have developed different voice screening forms.
The items on the screening form usually represent the aspects of voice that the clini-
cian considers important for identifying children who may be having voice prob-
lems. The screening form helps clinicians focus, organize, and report their listening
observations. Two easy-to-administer screening protocols are the Voice Screening
form in the Boone Voice Program for Children (Boone, 1993) and the Quick Screen
for Voice (Lee and colleagues, 2004, 2005).

The Quick Screen for Voice addresses respiration, phonation, and resonance. It
takes about 10 minutes to administer and is appropriate to use with students from
preschool through high school. The clinician responds to a checklist of observations
made during spontaneous conversation, picture description, imitated sentences, recited
passages, counting, and other natural samples of voice and speech. The student fails
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the screening if there are one or more disorders in production in any section. Lee and
colleagues report in the manual accompanying this instrument that approximately
10% of preschool students in a field test failed the voice screening, a prevalence rate
in line with that reported in the literature by others (e.g., Boyle, 2000).

The Boone Voice Program for Children Voice Screening form also addresses
respiration, phonation, and resonance. It is relatively quick and easy to administer
and is appropriate for students in all grades. The clinician listens to natural samples
of voice and speech and, for each of the scale judgments (pitch, loudness, quality,
nasal resonance, oral resonance), notes whether the child’s voice sounds like the
voices of peers of the same age, gender, and race. To facilitate scoring, the clini-
cian records his or her perceptual judgments using a simple three-point system. For
example, if a child’s voice appears lower in pitch than that of his or her peers, a
minus sign (—) is circled; if pitch appears normal, the neutral symbol (N) is circled; if
the pitch level is higher than the child’s peers, the plus sign (+) is circled. If the child
receives either a (=) or (+) on any of the five clinical parameters, he or she should
be rechecked within a few weeks. Those individuals who, on follow-up, continue to
demonstrate some departures in voice from their peers should receive full medical
and voice evaluations (Boone, 1993).

MEDICAL EVALUATION OF THE VOICE-DISORDERED
PATIENT

Sataloff and colleagues (2003) have written extensively about the history taking and
physical examination of patients with voice disorders. They suggest the use of a his-
tory questionnaire (often completed in advance) to help the patient document all the
necessary information, sort out and articulate his or her problems, and save office
time in recording information (p. 138). Figure 6.1 lists the essential items covered in
such a questionnaire. Depending on the nature of the patient’s chief complaint and
symptoms, the clinician may pursue additional areas of questioning.

A detailed history and interview often suggests the cause of a voice disorder;
however, a comprehensive physical examination is still necessary to confirm or rule
out certain medical conditions that may require the laryngologist to consult with
specialists such as neurologists, pulmonologists, endocrinologists, psychiatrists,
internists, physiatrists, and others with special knowledge of, and interest in, voice
disorders. Physical examination should include an assessment of general physi-
cal condition, and a thorough ear, nose, and throat evaluation. Depending on the
patient’s age and observed signs, additional areas of examination may be pursued
(McMurray, 2003; Pontes and colleagues, 2006).

Visual inspection of the larynx is perhaps the most important in terms of under-
standing the cause of a voice disorder and its potential for treatment. There is a rich
history of research supporting the importance of laryngoscopy in the diagnosis of
voice disorders (see Kendall and Leonard [2012] for both a historical perspective
and the current state of the art). Office-based visual examination of the larynx tra-
ditionally takes one of two forms: mirror laryngoscopy or endoscopic laryngoscopy
(more commonly referred to as laryngeal endoscopy). In mirror laryngoscopy, a small
laryngeal mirror is placed at the back of the patient’s mouth and light is shone on
the mirror from the physician’s headset. If the mirror is angled properly, a reflected
view of the hypopharynx can be seen. In laryngeal endoscopy, either a rigid fiberoptic
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FIGURE 6.1 Sample Medical History Questions

How old are you?

What is your voice problem?

Do you have any pressing voice commitments?

How much voice training have you had?

Under what kinds of conditions do you use your voice?

Are you aware of misusing or abusing your voice during singing?

Are you aware of misusing or abusing your voice during speaking?

Do you have pain when you talk or sing?

What kind of physical condition are you in?

Have you noted voice or bodily weakness, tremor, fatigue, or loss of control?
Do you have allergy or cold symptoms?

Do you have any breathing problems, especially after exercise?

Have you been exposed to environmental irritants?

Do you smoke, live with a smoker, or work around smoke?

Do any foods seem to affect your voice?

Do you have morning hoarseness, bad breath, excessive phlegm, a lump in your throat, or heartburn?
Do you have trouble with your bowels or your belly?

Are you under particular stress or in therapy?

Do you have problems controlling your weight; are you excessively tired; are you cold when
other people are warm?

Do you have menstrual irregularity, cyclical voice changes associated with menses, recent
menopause, or other hormonal changes or problems?

Do you have jaw joint or other dental problems?

Do you or others living with you have hearing loss?

Have you suffered whiplash or other bodily injury?

Did you undergo any surgery prior to the onset of your voice problems?

What medications and other substances do you use?

scope is placed in the mouth or a flexible fiberoptic scope is passed through one of the
nasal passages. The rigid laryngoscope has a prism at the end that directs light and
receives images at an angle of either 70° or 90°, permitting optimum visualization of
the normal inverted-V position of the vocal folds. Figure 6.2 lists the advantages and
disadvantages of these indirect laryngeal examination methods.

The information gained from laryngoscopic visualization of the larynx has
often been the most important information gained during the diagnostic assessment
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FIGURE 6.2 Advantages and Disadvantages of Laryngeal Examination Methods

I. Mirror laryngoscopy
A. Advantages
1. Quick overview of laryngeal anatomy and physiology
2. Prognostic for either rigid or flexible laryngoscopy
B. Disadvantages
1. Poorly tolerated by some patients
2. Can only assess sustained vowels and not connected speech or singing
3. Alters typical laryngeal behavior
Il. Rigid (oral) laryngoscopy
A. Advantages
1. Excellent lighting, contributing to good photography
2. Excellent magnification, contributing to good videography
B. Disadvantages
1. Poorly tolerated by some patients
2. Can only assess sustained vowels and not connected speech or singing
3. Cannot assess the entire vocal tract
4. Alters typical laryngeal behavior
Ill. Flexible (nasal) laryngoscopy
A. Advantages
1. Well-tolerated by almost all patients
2. Minimal alteration of typical laryngeal behavior
3. Can assess connected speech and singing across the vocal range
4. Can assess the entire vocal tract
B. Disadvantages
1. Optics and magnification inferior to that of rigid (oral) laryngoscopy
IV. Stroboscopy (coupled to rigid or flexible laryngoscopy)
A. Advantages
1. Allows for examination of vocal fold vibratory behavior
B. Disadvantages
1. Requires that patient produce a steady fundamental frequency
2. Requires additional technical skills of the examiner

Source: Modified from Koufman (2003).

(McFarlane and Watterson, 1990; McFarlane and colleagues, 1990). When coupled
with the other information, visualization of the larynx has greatly improved our
accuracy of diagnosis, and set the foundation for successful voice therapy plans.

The Roles of the SLP and Physician and the Need
for a Medical Evaluation

The American Speech-Language-Hearing Association (ASHA) Preferred Practice
Patterns for the Profession of Speech-Language Pathology (2004d) states:

A physician, preferably in a discipline appropriate to the presenting com-
plaint, must examine all patients/clients with voice disorders. The physi-
cian’s examination may occur before or after the voice evaluation by the
clinician (p. 99).
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If a patient arrives for treatment for dysphonia but has not had a previous
medical examination, the clinician should wait to make treatment recommendations
until he or she has obtained all necessary medical information. The voice evaluation
by the speech-language pathologist may begin, however, even in the absence of all
the medical information. A case history can be taken, and assessment of respiration,
phonation, and resonance can be conducted—only the decision about whether to
begin voice therapy need be deferred until all medical information is obtained. This
deferment is necessary because a patient’s voice may sound a particular way for a
number of reasons, some more serious and complicated than others. For example,
a particular patient’s vocal symptoms may include decreased speaking pitch, pitch
variability, and pitch range; decreased loudness, loudness variability, and loudness
range; increased breathiness; voice breaks; and vocal fatigue. Such complaints are
common when there is an additive vocal fold mass. However, such a mass lesion
may take the form of a nodule, for example, which is benign, or it may take the form
of an invasive malignant tumor. Without a complete medical examination, including
imaging, the clinician does not know the etiology of the voice disorder.

The roles of the laryngologist and clinician differ in regard to evaluation of the
voice-disordered patient, although the assessments conducted by each may overlap. In
general, the laryngologist’s primary role is to identify and manage those conditions or
diseases that interfere with normal voice production, while the clinician’s primary role is
to evaluate and facilitate voice production given the known medical status of the patient.
Optimally, both professionals work together in evaluating and managing the patient.

In larger urban cities, patients may have ready access to a voice care team in
settings such as local hospitals and clinics, private otolaryngology practices, or aca-
demic medical centers. In smaller cities or rural areas, however, access may be quite
limited. In such cases, patients may have to travel a considerable distance to see a
laryngologist. In such cases, it is important for patients to understand why they need
to see the laryngologist. A brief written note from the referring clinician can often
help facilitate communication between the patient and laryngologist. If the patient
is a child who failed a voice screening, for example, inclusion of the voice screen-
ing form may help the parents to discuss their child with the laryngologist and help
focus the child’s examination. Upon completion of his or her medical examination,
it is equally important for the laryngologist to communicate the findings to both the
patient (or parent, where applicable) and the referring clinician. Depending on the
nature of the medical examination, a variety of written forms may be used. These
written forms may include a narrative/descriptive note stating the medical diagnosis
and findings, record forms for specific types of assessment (such as laryngoscopy),
and copies of photos or videos of the laryngeal and related findings.

Evaluation of the Voice-Disordered Patient by the SLP

In an interview with Thibeault (2007), Bless describes the SLP’s role in the evalua-
tion of persons with voice disorders as follows:

The clinician’s role is to describe the structure and function of the larynx
and make recommendations regarding further testing needed to under-
stand the etiology or maintenance of the voice problem and to make
recommendations for treatment. (p. 4)

The American Speech-Language-Hearing Association (ASHA) has published
a comprehensive document titled Preferred Practice Patterns for Speech-Language
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FIGURE 6.3 Components of the Comprehensive Voice Evaluation

® Review of auditory and visual status.
® (Case history.

® Behavioral observation.

® Auditory-perceptual ratings.

® Voice-related quality of life.

® Oral-peripheral examination.

® Laryngoscopy/phonoscopy.

® Acoustic analysis.

® Electroglottographic analysis.

® Aerodynamic analysis.

® Phonatory-respiratory efficiency.

® Voice dosage (e.g., typical daily use of the voice, both professionally and socially).

Pathology (American Speech-Language-Hearing Association, 2004a). Based on this
document, and our many decades of clinical experience, we present in Figure 6.3 a
list of the major components in the evaluation of the voice. We recognize that not
every patient will need to undergo all the assessments listed in Figure 6.3, and we
recognize that not every clinician will have access to, and be comfortable with, the
equipment needed to conduct all the assessments. It is our intent here to provide suf-
ficient breadth and depth, knowing that the individual clinician will have the final
“yoice” in evaluating any given patient.

REVIEW OF AUDITORY AND VISUAL STATUS

Hearing acuity is important in monitoring and regulating one’s own voice produc-
tion (Lee and colleagues, 2007). Thus, hearing loss has the potential to alter respi-
ration, phonation, resonance, and prosody (Boone, 1966; Higgins and colleagues,
2005; Horga and Liker, 2006). For example, an elderly patient may have a hearing
loss and/or his or her spouse may have a hearing loss. In this clinical scenario, there is
potential for the patient to develop a functional dysphonia characterized by the use
of inappropriate pitch and/or loudness and/or glottal attack. Other clinical scenarios
include a child with a congenital hearing loss or a teen or adult with noise-induced
hearing loss. About 8% of persons in the United States have hearing loss, which may
vary from mild loss of sensitivity to total loss of hearing (Liu and Yan, 2007). The
prevalence of hearing loss accelerates dramatically with age. It is estimated that 5%
of children under the age of 17 years have hearing loss. The percentages increase
throughout the years: 23% of those age 18 to 44 years have hearing loss, 29% of
those age 45 to 60 years, and 43% of those 65 years or older (Davis and colleagues,
1997; National Academy on an Aging Society, 1999). Self-reported hearing loss can
be identified in half of those aged 85 years and older (Mulrow and Lichtenstein,
1991). These numbers are expected to rise with the rapidly increasing number of
elderly people (Hobbs and Stoops, 2002). When evaluating the patient with a voice
disorder, a hearing screening should be conducted by the clinician when hearing dif-
ficulty is suspected (either by patient self-report or behavioral observation of others)
(Bogardus and colleagues, 2003). Conducting hearing screenings in such a situa-
tion is within the American Speech-Language-Hearing Association (2007) Scope of
Practice for Clinicians and is addressed in the American Speech-Language-Hearing



Association (2004) Preferred Practice Patterns for Speech-Language Pathology.
Cohen and Turley (2009) investigated the co-prevalence of voice problems and hear-
ing loss in 248 elderly residents living independently in two retirement communities,
and reported that nearly 20% had dysphonia, 50% had hearing loss, and just over
10% had both. Persons with hearing loss were more likely to have dysphonia than
those without hearing loss, and persons with both dysphonia and hearing loss had
greater depression scores than those with neither symptom (p. 1987). What remains
unknown in the literature is whether there is a relationship between hearing loss and
dysphonia in nonelderly adults or children. However, there is a wealth of literature
that suggests a relationship between hearing loss and resonance disorders (see Chap-
ters 8 and 10).

Visual acuity is also an important consideration when assessing the person
with a voice disorder. Decreased visual acuity may lead a patient to misjudge his
or her distance from the listener and to alter his or her voice in ways that are detri-
mental. If visual feedback is provided by a mirror reflecting the patient’s head and
body posture, or a computer monitor showing a voice tracing, it is important that
the patient be able to see well. In the case of the alaryngeal speaker who is learning
to use an electrolarynx, visual acuity is important in learning to place the electro-
larynx in the right location. More than 38 million Americans age 40 and older are
estimated to experience blindness, low vision, or an age-related eye disease, with
persons older than age 65 being the most affected (Congdon and colleagues, 2004).

CASE HISTORY

During the case history, the clinician must establish rapport with the patient so that
there is an open and honest sharing of information, and so that the patient will ulti-
mately feel empowered to change his or her behavior if called upon to do so (van
Leer and colleagues, 2008). Behrman (2006) has written recently about the concept
of motivational interviewing (MI), which centers on eliciting the patient’s motivation
to adhere to behavioral change in a nonthreatening manner. Behrman also describes
certain clinical considerations that may affect resistance, and therefore adherence,
to voice therapy. Such considerations may include a history of controlling interac-
tions with medical professionals; previous exposure to exaggerated vocal hygiene
messages; confusion regarding vocal identity; failure of other treatment modalities,
including voice rest and medical management; prior experience with nonadherence
in voice therapy; and lack of support from individuals in the patient’s life, includ-
ing business colleagues, friends, and family members (p. 216). The clinically astute
clinician monitors his or her own verbal and nonverbal behaviors during the case
history interview in order to elicit clinically relevant information from the patient in
a supportive and motivating manner.

In the following sections, we provide an overview of the key areas in the case
history and interview. Depending on the particular clinical scenario, one may pursue
other areas.

Description of the Problem and Cause

It is valuable to ask patients directly what they feel are the problems and what might
have caused them. It is often effective to ask the same questions of family members,
a spouse, or teachers. The different views about what the problem may be and the

Case History
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various guesses about probable causation may offer tips for management. Patients’
descriptions often reveal much about their own conceptualization of the problem.
What a patient feels the problem is may not be consistent with the opinions of the
referring physician or the clinician, a discrepancy that may be due to what we call
the patient’s reality distance. This distance may be the result of the patient’s lay
background and inability to understand adequately what had been explained. Often
we hear highly discrepant reports of “what the doctor said” as a patient recounts
the diagnoses of previous clinicians. More often than not, this distance is primarily
the result of the patient’s reluctance to accept and cope with the real problem. An
individual’s defenses may force him or her to describe the problem in a way that is
not consistent with the perceptions of others. What a patient says about a problem,
however, may provide the clinician with insights that no amount of observation or
testing can match.

Onset and Duration of the Problem

How long patients believe they have had the voice problem is important. A prob-
lem of acute and sudden onset of a dysphonia usually poses a severe threat to a
patient. That is, it keeps the patient from carrying out his or her customary activities
(playing, singing, acting, selling, preaching, teaching, campaigning). Sudden onset
of aphonia or dysphonia deserves thorough exploration by both the laryngologist
and the clinician. Sometimes dysphonia develops very gradually. Such a gradual,
fluctuating dysphonia is often related to varying situations in which patients may
find themselves; sometimes it occurs only during moments of stress or after fatigue.
A history of slow onset sometimes suggests a gradually developing pathology, such
as the development of Reinke’s edema or dysphonia that is an early developing
symptom of some kind of progressive neurological disease. Voice therapy, like other
forms of remedial therapy, is usually more successful with those patients who are
motivated to overcome their problems. Patients with a long history of indifference
toward their dysphonia usually present an additional challenge to the clinician and a
more unfavorable prognosis than the patients who have recently acquired the disor-
der, depending, of course, on the type and etiology and relative extent of the pathol-
ogy involved.

Variability of the Problem

Most voice patients can provide rather accurate timetables of the consistency of
their problem. If the severity of a voice problem is variable, a clinician may be
able to identify those vocal situations in which the patient experiences the best
voice and the worst voice. The typical patient with vocal hyperfunction reports
a better voice earlier in the day, with increasing dysphonia later in the day after
more voice use. For example, a high school social studies teacher reported a nor-
mal-sounding voice at the beginning of the day; toward the end of a day, after
six hours of lecturing, he reported increasing hoarseness and a feeling of fullness
and dryness in the throat. Voice rest and then dinner at the end of the day usually
restored his voice to its normal pitch and quality. Obviously, such fluctuation in
the daily quality of the voice enables the clinician to identify easily the situations
contributing to the patient’s vocal abuse. Another patient, whose dysphonia was
related closely to allergy and postnasal drip experienced during sleep, presented
this variation in hoarseness: severity in the morning on awakening, decrease in



severity with use of the voice, complete disappearance by late afternoon, and
severity again the next morning. This pattern is also closely associated with night-
time laryngopharyngeal reflux.

The variation of the voice problem can reveal which situations tend to aggra-
vate the disorder. A heavy metal rock band singer reported that she had no voice
problem during the day in conversational situations or while practicing with her
band. She developed hoarseness only on those nights she performed. Observation of
her performances revealed that the adverse factors were the cigarette smoke around
her, to which she was unusually sensitive, and the noise of the crowd, above which
she had to increase her volume in order to be heard by the audience. Her singing
technique was satisfactory. Adherence to a strict vocal hygiene program that included
voice use reduction on the days of her performances (Zraick and colleagues, 2009)
provided her with immediate relief. She was also encouraged to invest in a more
sophisticated and powerful sound system.

Description of Vocal Demands

Abuse, misuse, and overuse of the voice cause most functional voice problems. It
is important for clinicians to determine how voice patients are using their laryn-
ges in most life situations. The voice a child or adult exhibits in the clinician’s
office may not represent the voice used on the playground, in the classroom, or in
other settings. Sometimes patients can re-create some of their aversive laryngeal
behaviors as a demonstration for the clinician, but more often, a valid search for
aversive vocal behaviors requires the clinician to visit the environment where the
abuse-misuse occurs. Successful voice clinicians must thus build into their sched-
ules actual visits to playgrounds, theaters, churches, courtrooms, or offices. Case
(2002), for instance, has demonstrated the effects of cheerleading on the larynges
of teenagers, comparing laryngoscopic examinations before and after two weeks
of attendance at a cheerleading camp. His data strongly suggest that continued
cheerleading has a direct adverse effect on the larynges of the majority of the ado-
lescents studied. It is obviously important for the clinician to identify the vocal use
pattern of the patient.

Additional Case History Information

It is important to determine at the time of the voice evaluation if the patient has
ever had previous voice therapy. If the patient has, what type of past therapy
would have obvious relevance to present management? When previous voice ther-
apy attempts have failed to improve the vocal quality or have been unsuccessful
in reducing a vocal pathology, the knowledge of previous therapy is important.
We must make every effort, however, to present the appearance of a fresh and
different approach to the patient who has experienced failure in previous voice
therapy; even if we use the same goals of therapy as before, we must redirect
the new approach to voice therapy in a manner that appears to the patient to be
headed down a completely different road. Determining whether other members of
the family have similar voice problems is helpful. We have had particular patients
present a certain voice problem, only to interview members of the family and
find that all or many of them have the same voicing patterns. Once a patient is
comfortable with an examiner, or perhaps after voice therapy has begun, a social
history should be taken to provide the clinician with useful information about
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the patient as a person. One patient spoke with two completely different voices,
constantly shifting between one voice and the other. When we asked why she used
these two voices, she said her first voice was “my voice before I died.” Further case
history questioning revealed that she had been a patient in a mental hospital on
two occasions. It became clear as the interview progressed that she was still hav-
ing psychological problems and that her voice disorder was a symptom of a more
serious unresolved disorder. She was convinced that she had died and that she was
now a channel for another person who had also died. The different voices repre-
sented different people.

BEHAVIORAL OBSERVATION

One should keep in mind that observation of our patients often tells us more
about them than their histories and assessment data. Clinicians must become
critical observers, attempting to describe behavior they see rather than merely
labeling it. Writing observations about a patient is one of the few ways clinicians
can note what they observe (audio and video recordings are two other means).
Even here, however, it is important for clinicians to minimize any subjectivity
by describing only what they see and hear, and not adding interpretation to the
observation.

Because voice difficulties are often symptomatic of the inability to have sat-
isfactory interpersonal relationships, it is imperative that the clinician consider the
patient’s degree of adequacy as a social being. Patients who exhibit extremely sweaty
palms; who avoid eye contact with people to whom they are speaking; who speak
through clenched teeth; who use excessive postural changes or demonstrate facial
tics; who sit with a masked, nonaffective facial expression; or who exhibit obvious
shortness of breath may be displaying behaviors frequently considered as symptom-
atic of anxiety. The struggle to phonate may reflect a struggle to maintain a con-
versational relationship. Such observed behavior in the voice patient may be highly
significant to the voice clinician planning a course of voice remediation. The decision
about whether to treat a problem symptomatically (that is, by voice therapy) or by
improving the patient’s potential for interpersonal adjustment (perhaps by psycho-
therapy) is often aided by a review of the observations of the patient. A patient who
demonstrates friendly, normal affect is telling the clinician, at least superficially, that
he or she functions well in a two-person relationship; such information may well
have clinical relevance. Such observations are extremely valuable to clinicians plan-
ning treatment approaches. Note, however, that in our experience very few voice
patients require referral for psychotherapy.

AUDITORY-PERCEPTUAL RATINGS

Clinicians appear to prefer auditory-perceptual measures to instrumental mea-
sures when assessing dysphonia and documenting therapy progress (Bassich and
Ludlow, 1986; Carding and colleagues, 2000). Behrman (2005) surveyed voice
clinicians regarding common diagnostic practices in patients referred for therapy
with the diagnosis of muscle tension dysphonia. Each respondent reported that
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perceptual assessment of voice quality was very important for therapy tasks such
as defining overall therapy goals, defining specific therapy session goals, help-
ing the patient to achieve a target production, providing reinforcement to the
patient, and measuring treatment outcome. The clinician’s perceptual assessment
of voice quality occurred significantly more commonly than stroboscopic, acous-
tic, aerodynamic, and electroglottographic assessments. Behrman concluded that
“efforts to make voice quality assessment standard and strengthen perceptual
scaling methods appear well justified, given its dominant role in voice evalua-
tions” (p. 468).

When performing an auditory-perceptual evaluation of voice quality, clini-
cians should consider a number of factors that might influence their resulting
judgments (Kent, 1996). According to a seminal paper by Kreiman and colleagues
(1993), these factors include the nature of the speaking task (Law and colleagues,
2012; Zraick and colleagues, 20035), listener experience and training (Chan
and Yiu, 2006; Eadie and Baylor, 2006; Eadie and colleagues, 2010), the use of
anchors (Awan and Lawson, 2009; Chan and Yiu, 2002), and the type of rating
method used (Patel and colleagues, 2010). A number of different voice percep-
tual scales are available for clinical use, but two seem to be used most in current
clinical practice. The first is the GRBAS Scale (Hirano, 1981), and the second is
the Consensus Auditory Perceptual Evaluation of Voice (CAPE-V) (Kempster and
colleagues, 2009).

The GRBAS Scale was developed by the Committee for Phonatory Function
Tests of the Japanese Society of Logopedics and Phoniatrics. Each parameter on
the GRBAS scale represents a dimension of phonation: G (grade) represents the
overall severity of voice abnormality, R represents roughness, B represents breathi-
ness, A represents aesthenic (weak), and S represents strain. The GRBAS uses a
four-point, equal-appearing rating scale of 0 (normal) to 3 (extreme) for all five
parameters.

The CAPE-V was drafted following the Consensus Conference on Auditory-
Perceptual Evaluation of Voice held at the University of Pittsburgh in June
2002. The conference, sponsored by ASHA’s Special Interest Group 3 (Voice and
Voice Disorders), brought together researchers and clinicians interested in the
problem of measuring voice quality. A working group drafted the instrument
known as the CAPE-V following the conference (Kempster and colleagues, 2009).
The CAPE-V shares several of the parameters of the GRBAS scale. Judges rate
six aspects of voice (Overall Severity, Roughness, Breathiness, Strain, Pitch, and
Loudness) by placing a tick mark on a 100 mm horizontal line. The instrument
includes two unlabeled scales in the event a voice includes other significant fea-
tures (e.g., tremor).

Zraick and colleagues (2007, 2010) validated the CAPE-V for use with adults
in a national, multicenter study sponsored by ASHA. This study examined agree-
ment for expert clinicians’ ratings of dysphonia using the CAPE-V and the GRBAS.
There was also an assessment of inter-rater and intra-rater reliability across both
scales. It was reported that expert clinicians’ perceptions of dysphonia appeared
to be reliable and unaffected by rating instrument, and that the CAPE-V appeared
to be more sensitive than the GRBAS to small differences within and among
patients. Additional studies have further validated the use of the CAPE-V (Helou
and colleagues, 2010; Karnell and colleagues, 2007; Kelchner and colleagues, 2010;
Solomon and colleagues, 2011). Figure 6.4 shows a CAPE-V form completed for a
37-year-old woman with primary muscle tension dysphonia.
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FIGURE 6.4 Sample CAPE-V Form

Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V)

.\'nmc:___ﬂ:u-q___.__ e D“w:-y/s/’a

The following parameters of voice quality will be rated upon completion of the following tasks:
1. Sustained vowels, ‘o and /if for 3-3 seconds duration each.

2. Sentence production:
a. The blue spot is on the key again. d. We eat eggs every Laster,
b.  How hard did he hit him? ¢. My mama makes lemon muffins,
c.  Wewere away a year ago f. Peter will keep at the peak.

3. Spontancous specch in response 1o: "Tell me about your voice problem.” or "Tell me how your voice is functioning.”

Legend: C = Consistent [ = Imermitient
MI = Mildly Deviamt
MO =Moderately Deviant
SI: = Severely Deviant

SCORE

Overall Severity e _x_ el A ! qs_i_{l@

Roughness

. ¢ 1 50w
Breathiness x - - c 1 Joo

Strain = x . C 1 2 5 100

Pitch (Indicate the naturc of the abnormality): __H:ﬁ_ﬂ_
_ x - _ e 1 0 s_._i_f_l!!_ll

Loudness (Indicate the nature of the abnormality): ww

X R c 1 1800

COMMENTS ABOUT RESONANCE: @ OTHER (Provide description):

ADDITIONAL FEATURES (for example, diplophonia. fry, lalsetto, asthenia, aphonia, pitch instability, tremor,

wet/gurgly, or other relevant terms):
(_'|miL'i'.'m‘_ZJ !ﬂ CI :

Source: Reprinted with permission from Consensus Auditory-Perceptual Evaluation of Voice: Development of
a Standardized Clinical Protocol by G. B. Kempster, B. R. Gerratt, K. Verdolini Abbott, J. Barkmeier-Kraemer,
and R. E. Hillman. American Journal of Speech-Language Pathology, 18(2), 124-132. Copyright 2009 by the
American Speech-Language-Hearing Association. All rights reserved.

VOICE-RELATED QUALITY OF LIFE

Two basic approaches to quality-of-life measurement in persons with voice disorders
are available: generic assessments that provide a summary of overall health-related
quality of life, and specific assessments that focus on specific communication-related
quality of life. In a recent survey of diagnostic practices of experienced voice clinicians
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(Behrman, 2005), 94% responded that communication-related quality-of-life instru-
ments are important for assessment of treatment outcomes, and 81% considered the
data from such instruments important in defining overall therapy goals (p. 460).

In general, voice-disordered patients report poor overall health-related quality
of life and communication-related quality of life (Cohen and colleagues, 2006). The
choice of which instrument to administer is often driven by the clinician’s personal
preference and the dynamics of clinical practice. Regardless of which instrument is
used, the clinician should be aware that variables such as life events and experiences,
personality factors, and the effects of adaptation may influence reported subjective
well-being (O’Connor, 2004).

Zraick and Risner (2008) provide a comprehensive review of instruments for
assessing communication-related quality of life in persons with voice disorders.
Table 6.1 lists some of the instruments currently available to clinicians, most of
which are psychometrically sound (Agency for Healthcare Research and Quality,
2002; Branski and colleagues, 2010; Franic and colleagues, 2004). Review of Table
6.1 indicates that the available scales can be grouped and categorized using criteria
such as patient age (e.g., adult versus child), rater (e.g., patient versus parent or
other proxy), and patient population (e.g., singer versus nonsinger). One important
consideration in choosing an instrument is the ability of the patient to read and
comprehend its contents. A recent analysis by Zraick and Atcherson (2011) of the
readability of the scales listed in Table 6.1 revealed that all are at a reading grade
level too high for the average adult to read with ease and to comprehend.

Of the instruments listed in Table 6.1, the Voice Handicap Index (VHI) (Jacob-
son and colleagues, 2007) is the one used most commonly in clinical practice. Figure
6.5 shows a pre-therapy VHI scale completed by the patient in Case Study 1 at the end

TABLE 6.1 Major Voice-Disordered Quality-of-Life Instruments

Instrument Name and Acronym Developers

Voice Handicap Index (VHI) Jacobson and colleagues (1997)
Voice Handicap Index-10 (VHI-10) Rosen and colleagues (2004)
Voice Handicap Index-Partner (VHI-P) Zraick and colleagues (2007)
Pediatric Voice Handicap Index (pVHI) Zur and colleagues (2007)
Singing Voice Handicap Index (SVHI) Cohen and colleagues (2007)
Vocal Performance Questionnaire (VPQ) Carding and colleagues (1999)

Voice Disability Coping Questionnaire (VDCQ) Epstein and colleagues (2009)

Voice Symptom Scale (VoiSS) Deary and colleagues (2003)
Voice Activity and Participation Profile (VAPP) Ma and Yiu (2001)
Voice-Related Quality of Life (V-RQOL) Hogikyan and Sethuraman (1999)

Pediatric Voice-Related Quality of Life (PVRQOL)  Boseley and colleagues (2006)
Voice Outcomes Survey (VOS) Glicklich and colleagues (1999)

Pediatric Voice Outcomes Survey (PVOS) Hartnick (2002)
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FIGURE 6.5 Voice Handicap Index (VHI) Form for Case Study 1

(Never = 0 points: Almost Never = | point; Sometimes

Fl

Voice Handicap Index (VHI)

(Jacobson, Johnson, Grywalski, et al.)

Henry Ford Hospital

Instructions: These are statements that many people have used to describe their voices and the effects of
their voices on their lives, Check the response that indicates how frequently you have the same experience.

. Mv voice makes it difficult

for peaple 1o hear me.

Never Almost
Never

Sometimes

=2 points; Almost Always = 3 points; Always = 4 points)

P2

.1 run out of air when 1 walk.

F3i

People have difficulty

understanding me in a noisy room.

v
v
v

. The sound of my voice varies

throughout the day.

=1
@t

. My family has difficulty hearing
me when 1 call them throughout
the house.

\

F6.

I use the phone less often than [
would like.

m
-1

. I'm tense when talking with
others because of my voice.

ANAY

F8.

I tend 1o avoid groups of people
because of my voice,

E9.

People seem irritated with my
voice.

P10. People ask, “What's wrong with

your voice?"

S

Fl

. I speak with friends, neighbors,
or relauves less often because of
my voice.

F12. People ask me to repeat myself

when speaking fact-to-face.

P13, My voice sounds ereaky and dry.

P14. 1 feel as though 1 have to strain

IE)PIanlL:Lv volce,

El5.

4]

I find other people don't
understand my voice problem,

F16. My voice difficulties restrict my

personal and social life.

P17

7. The clarity of my voice is
unpredictable.

SISISQ KIS

P18, T try to change my voice to

sound different,

F19. 1 feel left out of conversations

because of my voice.

() @b)
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Almost
Always

Almost Sometimes

Never

Always

P20. 1 use a great deal of effort to
speak. v
P21. My voice difficulties restrict /
my personal and social life.

F22. My voice problem causes me

to lose income v
E23. My voice problem upsets me, v
E24. T am less outgoing because of v

my voice prohlem.

E25. My voice makes me feel
handicapped. v
P26. My voice “gives out” on me in

the middle of speaking, ,

E27. 1 feel annoyed when people
El!'ik me o l'l'pf_""ll.

E28. 1 feel embarrassed when
people ask me 1o repeat.

RS

E29. My voice makes me [eel

incompetent.

E30. I'm ashamed of my voice ,

B (o AN

Note: The letter preceding each item number corresponds to the subscale
(E = emotional subscale, F = functional subscale, P = physical subscale).

« I

E=24
o | Fe

seales oo an

Source: Reprinted with permission from The Voice Handicap Index: Development and Validation by B. H.
Jacobson, A. Johnson, C. Grywalski, A. Silbergleit, G. Jacobson, & M. S. Benninger. American Journal of Speech-
Language Pathology, 6, 66-70. Copyright 1997 by the American Speech-Language-Hearing Association. All
rights reserved.

of this chapter. In the development study for the VHI, patients self-rated their voice
handicap as either mild, moderate, or severe, and researchers correlated those ratings
with the total VHI scores. Table 6.2 presents the mean and standard deviation for each
category of perceived voice handicap. A self-perceived reduction in voice handicap cor-
relates with a lowering of the total VHI score by 18 points or more, and/or a lowering
of any VHI subscale score by 8 points or more (Jacobson and colleagues, 1997). To
date, there is no published literature reporting VHI scores for individuals without voice
disorders, but it is likely that such individuals would not have a total score of zero.
After completing a thorough records review and patient interview, the next
step for the clinician is to assess each aspect of voice production, with an eye
toward determining a differential diagnosis, determining prognosis for change,

28
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K Clinicians with exper-

tise in voice disorders
and with specialized
training in laryngos-
copy are qualified to
use laryngoscopy for
the purpose of assess-
ing voice production
and vocal function. In
this video, we appreci-
ate that videolaryngos-
copy, combined with
the clinician’s eyes and
ears, helps form the
differential diagnosis
of the voice disor-

der. Grand Rounds:
Describe how vide-
olaryngoscopy assisted
with the differential
diagnosis of Adductor
Spasmodic Dysphonia.

Chapter 6 Evaluation of the Voice

TABLE 6.2 Mean Values (SD) for VHI Subscale and Total Scale Scores as a Function
of Self-Perceived Severity

Patient Group

Scale Mild Moderate Severe

Functional 10.07 (1.99) 12.41 (1.38) 18.30 (1.50)
Physical 15.54(1.97) 18.63 (1.37) 22.78 (1.48)
Emotional 8.08 (2.31) 13.33 (1.61) 20.30 (1.74)
Total 33.69 (5.60) 44.37 (3.88) 61.39 (4.21)

Source: Reprinted with permission from The Voice Handicap Index: Development and Validation by

B. H. Jacobson, A. Johnson, C. Grywalski, A. Silbergleit, G. Jacobson, & M. S. Benninger. American Journal of
Speech-Language Pathology, 6, 66-70. Copyright 1997 by the American Speech-Language-Hearing Association.
All rights reserved.

and formulating a treatment plan. The clinician may use instrumental or nonin-
strumental approaches to assess the voice. In the noninstrumental approach, one
relies on behavioral observation of the patient, examination of the patient’s oral-
peripheral mechanisms, auditory-perceptual judgments about various aspects of the
voice (e.g., pitch, loudness, quality, respiratory-phonatory control, resonance, effort,
etc.), and the patient’s voice-disordered quality of life. In the instrumental approach,
one obtains indirect measures of voice production (e.g., visualization of the lar-
ynx, acoustic measures of the voice signal, aerodynamic measures of pressure and
flow, physiological measurement of laryngeal muscle function, etc.). Each approach
has its advantages and limitations, and the clinician must be skilled at using both
approaches and must have a clear purpose in using each.

While it may seem that the instrumental approach is less subjective than the
noninstrumental approach, it should be noted that a skilled voice clinician could
conduct a valid assessment of voice with or without instrumentation. The use of
instrumentation does not ensure that results will be more accurate. In the hands of
a well-trained clinician, the use of instrumentation does add important elements of
documentation and quantification, which may or may not otherwise be available.
Nevertheless, one should not rely on instrumentation to strengthen weak powers of
observation, modest clinical skills, or lack of knowledge about voice production. If
one has mediocre skills, instrumentation alone does 7ot compensate for this weak-
ness. The most important skills are to be able to listen critically and carefully, and to
analyze objectively.

THE ORAL-PERIPHERAL MECHANISM EXAMINATION

Careful assessment of the oral-peripheral mechanism is part of the voice assessment.
Although we focus on assessment of the larynx and respiratory systems, examina-
tion of the face, oral and nasal cavities, and pharynx is also required.

Beyond observing obvious problems in breathing, the clinician should note
the amount of neck tension. The accessory neck muscles and the supralaryngeal
strap muscles in some patients literally stick out like bands as the patient speaks
(this is also observed in untrained singers). Often, mandibular restriction is closely



The Oral-Peripheral Mechanism Examination 151

associated with neck tension; affected patients speak with clenched teeth, with little
or no mandibular movement. Such restricted jaw movement places most of the bur-
den of speech articulation on the tongue, which must make fantastic adjustments to
produce the various vowels and diphthongs in connected speech if no cavity-shaping
assistance from the mandible is forthcoming. Any excessive elevation or lowering of
the larynx, as well as the tipping forward of the thyroid cartilage in the production
of high pitches, should be noted as possible hyperfunctional behavior (Lowell and
colleagues, 2012). The angle of the thyroid cartilage may be digitally palpated as the
patient sings a number of varying pitches; typically the fingertips feel little discern-
ible change in the thyroid angle as the patient sings up and down a scale. Sometimes,
however, the thyroid cartilage can be felt to rock forward slightly in the production
of high pitches, as it sweeps upward to a higher position toward the hyoid bone.
One should gently move the larynx manually from side to side to note the degree of
tension with which the strap muscles of the neck hold the larynx in place. We also
ask patients to move their larynx manually from side to side and to observe how
fixed it appears compared with the clinician’s own larynx.

The majority of hyperfunctional behaviors associated with voice problems are
probably not directly observable from examination of the oral-peripheral mecha-
nism. For example, to determine the extent of the tongue's impinging on the oropha-
ryngeal space, we would need to rely on oral or nasal laryngoscopy.

Laryngoscopy/Phonoscopy

It is worth noting that indirect laryngoscopy is not the sole province of the physi-
cian. Clinicians may employ indirect laryngoscopy (and other laryngeal visualization
techniques) in accordance with American Speech-Language-Hearing Association’s
(2007) Scope of Practice for Clinicians. The American Academy of Otolaryngology
Voice and Swallow Committee and ASHA’s Special Interest Group 3 (Voice and
Voice Disorders) have published a joint statement regarding the use of laryngoscopy.
It states in part that “[c]linicians with expertise in voice disorders and with special-
ized training in laryngoscopy are professionals qualified to use this procedure for the
purpose of assessing voice production and vocal function. . . .” (American Speech-
Language-Hearing Association, 1998a).

The American Speech-Language-Hearing Association (2004b) hasalso published
apositionstatementregardinglaryngealstroboscopy,atechnicalreportonlaryngealstro-
boscopy (American Speech-Language-Hearing Association, 2004c¢), and a knowledge
and skills document for clinicians with respect to vocal tract visualization and imaging
(American Speech-Language-Hearing Association, 2004d). Figure 6.6 presents
the laryngostroboscopic findings in an 11-year-old female cheerleader with small
bilateral vocal fold nodules. To document findings, forms such as the Stroboscopy
Evaluation Rating Form (Poburka, 1999) and the Stroboscopy Rating Instrument
(Rosen, 2005) are sometimes used.

Kendall and Leonard (2012, p. 69) uses the term phonoscopic examination to
describe the flexible endoscopic examination of dysphonic patients performed by
the voice clinician. This term emphasizes the focus of the exam on understanding the
relationship between laryngeal behaviors and the voice. The phonoscopic examina-
tion allows the clinician to both see and hear voice production. Figure 6.7 lists the
speaking tasks typically observed during a phonoscopic examination.

High-speed digital imaging (HSDI) of the larynx is undergoing evaluation for
its clinical value compared to traditional laryngostroboscopy (Kendall, 2009; Patel

kg Inaddition to being
a powerful diagnostic
tool, videolaryngos-
copy can serve as a
powerful biofeedback
therapy tool. In this
video, the patient
observes the anatomy
and physiology of his
own larynx, and is
able to reiterate why
certain approaches
facilitate better voice.
This leads to greater
compliance with the
therapeutic process.
Grand Rounds: Cite
two reasons why this
patient might sense a
fullness at the level of
the larynx.
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FIGURE 6.6 Laryngostroboscopic Findings in a Patient with Bilateral Vocal Fold Nodules

Parameter

Glottic closure

Supraglottic activity

Extent of opening

Vertical level approximation

Vocal fold edge

Vocal fold mobility
Amplitude of vibration

Mucosal wave

Nonvibrating portion

Phase closure

Phase symmetry

Periodicity/regularity
Overall laryngeal function

Other

Description

Degree and pattern of closure during a cycle of

vibration.

Degree of medial or anteroposterior compression of
the ventricular/false folds.

Degree of vocal fold opening when maximally
adducted.

Degree to which both vocal folds are on the same

plane.

Smoothness and straightness of medial margins of

the vocal folds.
Ability of vocal fold to abduct and adduct.
Extent of lateral excursion of the vocal folds.

Should travel from inferior to superior margins of the
folds and spread bilaterally.

Any portion of the vocal fold(s) that does not

participate in vibration.
Open and closed phases should be roughly equal.

Degree to which both vocal folds adduct/abduct at

the same time.

Degree of similarity of successive cycles of vibration.

Anything other than the above.

Finding

Moderate posterior gap (low frequencies)
and hourglass (high frequencies).

Mild mediolateral compression; normal
anteroposterior compression.

Normal.

Normal.

Small “kissing” nodules at the anterior
one-third-posterior two-thirds junction.

Normal.
Mild to moderately decreased bilaterally.

Mild to moderately decreased bilaterally.

Mild at location of the nodules.

Closed phase mildly dominant.

Normal.

Normal.
Mild hyperfunction.

Moderate erythema and edema in the
interarytenoid area; thick persistent

mucus at site of nodules.

FIGURE 6.7 Elements of the Phonoscopic Examination

Observation of:

Respiratory behavior.

Vegetative voicing.

Fundamental frequency range.
Intensity range at different frequencies.

Source: Information from Leonard (2012).

Different phonatory modes (i.e., whisper, falsetto).
Different phonetic contexts (i.e., single sounds, connected speech).
Voicing of variable duration (i.e., sustained vowels, repetition of voiced syllables).
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and colleagues, 2008, 2012; Zhang and colleagues, 2010). Laryngostroboscopy
works by synchronizing the flash of the stroboscopic light with the fundamental fre-
quency of the vocal fold vibration, revealing an average pattern of vibration across
multiple cycles. It requires a periodic voice signal and is of somewhat limited value
with severely dysphonic patients. HSDI captures several thousand frames per sec-
ond, providing a true view of vocal fold movement that does not require periodic
phonation, and is able to visualize vocal fold vibration regardless of the degree of
aperiodicity and level of dysphonia. Patel and colleagues conclude that HSDI has
value for evaluating grade II (moderate hoarseness) and grade IV (severe hoarse-
ness) voice qualities and patients with neuromuscular conditions. In addition, HSDI
provides valuable information on vocal fold movement that is not available via
laryngostroboscopy, including the observation of phonatory onset, very short voic-
ing segments, and spasms. Limitations of HSDI (compared to laryngostroboscopy)
include the lack of audio, the inability to use a flexible endoscope with the proce-
dure, and a limited sample of phonation (usually 2 seconds).

Many times the information gained from the laryngoscopic and/or phono-
scopic examination has been the most important information gained during the
diagnostic assessment (McFarlane and Watterson, 1990; McFarlane and colleagues,
1990). When coupled with the other information, visualization of the larynx has
greatly improved our accuracy of diagnosis and set the foundation for successful
voice therapy plans.

THE CLINICAL VOICE LABORATORY

Instrumental analysis of voice, as described in this chapter, is common in many voice
clinics and other settings. Due to advances in microprocessor technology, computer-
based hardware and software systems are becoming more affordable and automated.
However, clinical instrumentation, no matter how sophisticated, cannot replace
the mind, eyes, and ears of a well-trained clinician. That is, instrumental data must
be paired with clinical impressions and auditory-perceptual judgments of voice to be
used meaningfully.

When instrumentation is utilized, there are principles of calibration, standardiza-
tion of measurement technique, data interpretation, reliability, hygiene, and examiner
training that are fundamental to valid outcomes (Brown and colleagues, 1996; Klein
and colleagues, 2000). At a minimum, the clinician should be mindful of the follow-
ing equipment considerations when obtaining voice recordings for clinical purposes:
(1) sound isolation and ambient room noise, (2) microphone choice, (3) sound level
meter choice, (4) cable choice, (5) computer specifications, (6) recording software, and
(7) choice of video recorder and monitor (Spielman and colleagues, 2007).

Stemple and colleagues (2000, p. 180) suggest that the clinical utility of instru-
mental measures can be assessed on four levels of clinical application. Specifically,
does the instrumentation (1) identify the existence of a voice problem; (2) assess the
severity or stage of progression of the voice problem; (3) identify the differential
source of the voice problem; and (4) serve as a primary treatment tool for behavioral
modification, biofeedback, or patient education? These questions often guide the
choice of instruments used and the recording protocols followed. In the following
sections, we describe the types of voice analyses the clinician can conduct using rela-
tively affordable and easy-to-use equipment.
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ACOUSTIC ANALYSES AND INSTRUMENTATION

Due to advances in technology and an increase in affordability of equipment, acous-
tic analysis of the voice is becoming increasingly more common in clinical practice.
For acoustic measurements to be valid, they must be able to (a) discriminate the
normal from dysphonic voice, (b) correlate positively with the clinician’s auditory-
perceptual judgments of the voice, and (c) be sufficiently stable to assess change
across time (Stemple and colleagues, 2010). The clinician can conduct the follow-
ing acoustic analyses of the frequency, intensity, and quality of the voice: (1) sound
spectrography, (2) frequency-related parameters, (3) intensity-related parameters,
(4) vocal perturbation-related parameters, and (5) vocal noise-related parameters.
We will now describe each of these.

Sound Spectrography

When conducting acoustic analysis of the voice, it is generally a good idea to begin
by carefully examining its spectrogram. A sound spectrogram is a visual represen-
tation of the frequency and intensity of the sound wave as a function of time. The
resulting graphic, known as a spectrogram, reflects the harmonic structure of the
glottal sound source and the resonant characteristics of the vocal tract. Frequency
is represented on the vertical axis, time is represented on the horizontal axis, and
intensity is represented by the darkness of the trace on the screen (see Figure 6.8).
The lowest energy band represents the fundamental frequency, with energy in the
higher frequencies in the bands above. When grayscale is used, darker gray bands
represent greater energy. When obtaining a spectrogram, the clinician needs to
decide how he or she wants the spectrograph to filter and then display the sound
signal. Two choices are possible: narrow-band filtering and wide-band filtering. The
bandwidth refers to the analysis window around the fundamental frequency. With
narrow-band filtering, there is good frequency resolution but poor time resolution.
In wide-band filtering, there is good time resolution but poor frequency resolution.
That is, the narrow-band spectrogram displays individual harmonics well, while
the wide-band spectrogram displays a number of harmonics at once. Narrow-band
spectrograms are particularly well suited to inspecting the vocal acoustic signal in
persons with dysphonia. By inspecting changes in the harmonic structure of the
voice, the clinician can observe the stability of the patient’s vocal fold vibration
(Sapienza and Ruddy, 2009). Figure 6.9 shows a spectrogram of an 18-year-old
female with bilateral vocal fold nodules. Figure 6.10 shows a spectrogram of a
70-year-old male with unilateral vocal fold paralysis. Note that, in both Figures 6.9
and 6.10, the harmonics are not clear or strong, and there is “noise” between the
harmonics. The speaker and listener would likely perceive these voices as having an
abnormal vocal quality.

Fundamental Frequency

Average fundamental frequency (average F) is the rate of vibration of the vocal
folds. It is expressed in hertz (Hz)—the number of cycles of vocal fold vibration
per second. Speaking tasks for determining average Fy include isolated vowels, and
reading or connected speech. When reported from connected speech, average Fy is
often called speaking fundamental frequency (SFF).
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FIGURE 6.8 Narrow-Band Spectrogram of a Voice with Normal Quality
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FIGURE 6.9 Narrow-Band Spectrogram of a Patient with Vocal Fold Nodules

Source: Courtesy of KayPENTAX®.

FIGURE 6.10 Narrow-Band Spectrogram of a Patient with Vocal Fold Paralysis

Source: Courtesy of KayPENTAX®.

An individual’s habitual pitch depends on age, gender, and race. Average F
and SFF norms for a variety of speaker groups have been published, and the clini-
cian should use these norms when making a clinical judgment about the suitability
of a particular patient’s habitual pitch. For quick reference, Table 6.3 presents aver-
age SFF data for adults and children (Siupsinskiene and Hugo Lycke, 2011). There is
a clear relationship between habitual pitch and a speaker’s age and gender. There are
marked differences in habitual pitch between males and females after puberty; both
experience a lowering of habitual pitch, with the change much more noticeable in
males. There are also changes in habitual pitch with advancing age. A slight increase
in habitual pitch can occur in elderly men due to vocal fold atrophy. In women, there
can be a slight decrease in habitual pitch postmenopause.

There are various methods for eliciting SFE. Zraick and colleagues (2000) com-
pared SFF across four different speaking tasks (automatic speech, elicited speech,
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TABLE 6.3 Average Speaking Fundamental Frequency (SFF) for Adults and Children

Adult Males Adult Females Children
Mean Range* Mean Range* Mean Range*
112.4 (nonsingers) 89.0-175.0 212.4 (nonsingers) 164.5-260.0 251.9 (nonsingers) 201.8-302.0

Average SFF (Hz)
130.5 (singers) 98.0-175.0 223.6 (singers) 181.0-269.0  244.8 (singers) 196.0-322.4

*Plus or minus two (£2) standard deviations.

spontaneous speech, and reading aloud) and reported no significant differences.
Zraick and colleagues (2005) compared SFF across five different speaking dura-
tions (1, 5, 15, 30, and 60 seconds) and reported significant differences between the
30- and 60-second samples. Zraick and colleagues (2006) compared SFF across six
different social contexts (speaking during a voice evaluation, speaking in public,
speaking to a peer, speaking to a superior, speaking to a subordinate, and speaking
to a parent or spouse) and reported that SFF differed depending on who was the
patient’s communication partner. Results of these studies (and others) indicate that
SFF should be interpreted in light of how it was elicited.

A relatively inexpensive clinical instrument for the measurement of pitch-
related parameters is the piano or electric keyboard. Isolated vowels or connected
speech can be produced by the patient and pitch-matched on the keyboard by the
clinician. With a piano or keyboard (or pitch pipe, for that matter), it is possible
to estimate SFF because the tones produced by the human voice can be matched to
the musical notes of these instruments. For example, in hertz, the typical adult male
voice is near C3 (131 Hz), an adult female voice is near A3 (220 Hz), and a child's
voice is between C4 and D4 (262 to 294 Hz). Each octave on a musical instrument
is comprised of eight whole tones, with each tone represented by an alphabetical
letter. Sharps and flats represent semitones. There are 12 semitones in an octave.
Each C begins a new octave. Each octave represents a doubling of frequency of
vocal fold vibration. Therefore, an increase from C3 to C4 represents a doubling
of frequency (131 Hz + 131 Hz = 262 Hz). See Table 6.4 for a musical note-to—
frequency chart.

Frequency Variability

This is the range of SFFs used in connected speech. Normal voices have some fre-
quency variability, perceived by the listener as acceptable changes in prosody. In
some dysphonic speakers, however, frequency can be either more or less variable
than expected or tolerated by the listener. Increased frequency variability may be
perceived as a child-like, sing-song prosody, while decreased frequency variability
may be perceived as monotone. Abnormal frequency variability may have a func-
tional, organic, or neurological basis.

Frequency variability is measured in terms of the standard deviation (SD) from
the average F. It can be measured two ways: either the standard deviation of Fy in Hz
(FoSD), or in semitones (pitch sigma). FySD in normal connected speech is around 25 to
30 Hz (Ferrand, 2007) but can be greater depending on the speaker’s mood. For steady-
state sustained vowels, FySD should be even lower (3 to 6 Hz); higher FySD values can
indicate a patient’s difficulty with control of frequency. Table 6.5 presents average pitch
sigma data for adults and children (Siupsinskiene and Hugo Lycke, 2011).
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TABLE 6.4 Musical Note-to-Frequency Chart

Note Freq. (Hz) Note Freq. (Hz) Note Freq. (Hz)
A 55 As 220 AS 880
B, 62 Bs 245 B® 988
G 65 c 262 ct 1046
D, 73 p* 294 Do 1175
E, 82 E* 330 ES 1318
F, 87 F 349 Fo 1397
G, 98 Gt 392 G® 1568
A, 110 A4 440 AS 1760
B, 123 B* 494 B 1975
G 131 cs 523 c 2093
Ds 147 D° 587 D’ 2349
E; 164 B 659 E 2637
F3 175 F 698 F 7294
Gs 196 G® 784 G’ 3136

Note: The notes are sequentially numbered, from left to right on the piano keyboard, starting with the first
C-octave. All decimals are rounded off. The Visi-Pitch will only record between 0-1600 Hz.

TABLE 6.5 Average SFF Variability (Pitch Sigma) for Adults and Children

Adult Males Adult Females Children
Mean Range* Mean Range* Mean Range*
14.5 (nonsingers) 7.5-21.0 10.7 (nonsingers)  5.2-16.1 8.9 (nonsingers)  4.0-20.7

Average pitch sigma (ST)
12.5 (singers) 3.7-21.0 9.9 (singers) 4.9-14.8 8.7 (singers) 3.0-13.0

*Plus or minus two (£2) standard deviations.

Maximum Phonational Frequency Range (MPFR)

MPFR is defined by Hollien and colleagues (1971) as “that range of vocal fre-
quencies encompassing both the modal and falsetto registers; its extent is from
the lowest tone sustainable in the modal register to the highest in falsetto register,
inclusive.” MPFR is one of the most frequently obtained voice measures (Hirano,
1989). It is reported commonly in semitones (ST). Table 6.6 presents MPFR data
for adults and children (Siupsinskiene and Hugo Lycke, 2011). An MPFR of about
two and a half to three octaves (30 to 36 semitones) is expected for healthy young
adults, with a smaller MPFR expected in older adults (Kent, 1994) and those with
dysphonia (Sataloff, 2005). The patient’s MPFR should be determined as a prelude
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TABLE 6.6 Maximum Phonational Frequency Range (MPFR) for Adults and Children

MPFR in
semitones (ST)

Adult Males Adult Females Children
Mean Range* Mean Range* Mean Range*
34.2 (nonsingers) 27.0-41.0 29.5 (nonsingers) 22.2-36.7 22.4 (nonsingers) 16.0-29.0
37.7 (singers) 29.0-47.0 34.4 (singers) 28.2-40.5 27.9 (singers) 19.0-34.0

*Plus or minus two (£2) standard deviations.

to identifying that person’s best pitch level (the patient’s easiest and most compatible
voice pitch) at which to begin therapy probes.

Zraick and colleagues (2000) compared two methods for eliciting MPFR
(stepping from lowest to highest note versus gliding from lowest to highest note)
and reported that stair-step progression through the range resulted in a larger
MPFR. Zraick and colleagues (2002) tried to determine whether the lowest or
highest pitch should be obtained first and reported that obtaining the lowest pitch
followed by the highest pitch resulted in a larger MPFR. Results of these stud-
ies (and others) indicate that MPFR should be interpreted in light of how it was
elicited.

Average/Habitual Intensity

Vocal intensity corresponds with the acoustic power of the speaker. It is reported
in dB SPL, and correlates with the auditory perception of loudness. Habitual loud-
ness is the average loudness level used by the speaker for the majority of his or her
vocalizations. For most speakers, habitual loudness should be loud enough to allow
them to be heard over background noise but not so loud that it brings the listener
discomfort or distraction (Awan, 2001). Normal conversational speech usually is
in the range of 65 to 80 dB SPL, with an average for males and females (adults and
children) of around 70 dB SPL (Baken, 1996). Older adults may exhibit a slightly
less intense conversational voice.

Various methods have been proposed for eliciting habitual intensity. Key con-
siderations when measuring intensity are the mouth-to-microphone distance, the
level of ambient or background noise, speaking task, and SFE. Although no stan-
dard exists, a common mouth-to-microphone distance is 12 inches (or 30 cm). One
should document the distance and use this consistently when comparing intensity
values across sessions. Zraick and colleagues (2004) suggest that clinicians use more
than one task to determine habitual loudness. For example, values elicited by having
the patient count from 1 to 10, speak spontaneously, and read aloud could be aver-
aged before a determination is made about whether therapy to address loudness is
necessary. Table 6.7 presents average habitual speaking intensity data for adults and
children (Siupsinskiene and Hugo Lycke, 2011).

A relatively inexpensive clinical instrument for the measurement of loudness-
related parameters is the Level II sound level meter, purchased from a place such as
RadioShack. Analog and digital versions are available. Most consumer sound level
meters are sensitive from 40 to 130 dB SPL, with slow or fast response for check-
ing peak and average signal levels. The sound level meter should have the ability
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TABLE 6.7 Average Habitual Speaking Intensity for Adults and Children

Children

Adult Males Adult Females
Mean Range* Mean Range* Mean
Average 62.1 (nonsingers)  56.7-67.5 62.1 (nonsingers) 55.5-68.6 59.7 (nonsingers)
intensity (dBA)

61.2 (singers) 53.2-67.0 61.0 (singers) 52.1-69.9 61.5 (singers)

Range*
53.0-68.9

56.0-66.9

*Plus or minus two (£2) standard deviations.

to employ different weighting filters, with a C or Linear weighting being the most
desirable for voice recordings. Typically, the sound level meter is held by the clini-
cian at a distance of 30 to 50 cm from the speaker.

Intensity Variability

Intensity variability is the range of intensities used in connected speech. Normal
voices have some intensity variability, perceived by the listener as acceptable changes
in intonation. In some dysphonic speakers, however, intensity can be either more
or less variable than expected or tolerated by the listener. In connected speech,
decreased intensity variability may be perceived as monoloudness. Abnormal inten-
sity variability may have either a physiological etiology (such as Parkinson’s disease,
vocal fold paralysis, or hearing loss) or may result from learned behavior. Intensity
variability is measured in terms of the standard deviation (SD) from the average
intensity. This SD reflects the range of intensities around the average intensity, mea-
sured in dB SPL. Intensity SD for a neutral, unemotional sentence is around 10 dB,
but it can be higher depending on the speaker’s mood.

Dynamic Range

Dynamic range is the physiologic range of intensities, from the softest nonwhis-
per to the loudest shout, which the patient can produce without undue physical
strain. Speakers rarely speak at either end of their dynamic range (approximately 40
to 115 dB) for extended periods. Therefore, the clinician should focus attention
on the dynamic range available to the patient around their habitual loudness.
Table 6.8 presents average dynamic range data for adults and children (Siupsin-
skiene and Hugo Lycke, 2011). The dynamic range depends on the F, produced.
It tends to be greatest for Fy in the midrange and less for F( that is much lower or
higher (Ferrand, 2007). The fact that F, and intensity co-vary leads some to propose
the use of the voice range profile (VRP) to assess some patients.

The Voice Range Profile (Phonetogram)

Voice range profile (VRP) is the official term proposed by the Voice Committee of
the International Association of Logopedics and Phoniatrics in 1992 to describe
an individual’s minimum and maximum intensity levels across his or her vocal
range. Phonetograms are graphical representations of the VRP (see Figure 6.11).
The patient is asked to phonate the vowel /i/ or /a/ at select frequencies across his or
her frequency range (modeled by a tone-generator such as a piano or pitch pipe, or
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TABLE 6.8 Average Dynamic Speaking Range for Adults and Children

Adult Males Adult Females Children
Mean Range* Mean Range* Mean Range*
Average dynamic ~ 30.2 (nonsingers) 21.9-38.5 28.1 (nonsingers) 19.0-37.0 26.1 (nonsingers) 15.6-35.5
speaking range
(dBA) 30.6 (singers) 17.4-44.0 29.9 (singers) 19.6-40.0 26.6 (singers) 16.8-36.0

*Plus or minus two (£2) standard deviations.

FIGURE 6.11 Voice Range Profile
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Note: The upper contour is the patient’s maximum intensity at each frequency; the lower contour is the patient’s
minimum intensity at each frequency. A normal VRP should have an oblique-oval shape; at the physiologic
extremes of vocal range, there is a minimal intensity difference between the soft and loud phonations. A
compressed VRP indicates that the patient cannot achieve normal frequency and intensity ranges.

Source: Courtesy of KayPENTAX®4

presented by computer software), both as softly and loudly as possible. We typically
obtain the lower VRP intensity contour before the upper intensity contour to avoid
possible laryngeal fatigue, particularly in persons with dysphonia. The following
VRP characteristics are usually reported: habitual frequency, total fundamental fre-
quency range, lowest and highest fundamental frequencies, habitual intensity, total
intensity range, lowest and highest intensity, and VRP shape and contour. The upper
contour of the VRP represents the patient’s maximum phonation threshold (maxi-
mum intensity at each frequency) and the lower contour represents their minimum
phonation threshold (minimum intensity at each frequency). A normal VRP should
have an oblique-oval shape; at the physiologic extremes of vocal range, there is
a minimal intensity difference between the soft and loud phonations (LeBorgne,
2007). A constricted (compressed) VRP indicates that the patient has difficulty
achieving normal frequency and intensity ranges. Obtaining a complete VRP for
some patients can be challenging, leading some to propose various customized
VRP protocols for clinical use (Awan, 1991; Holmberg and colleagues, 2007; Ma
and colleagues, 2007; Schneider and colleagues, 2010; Wingate and Collins, 20035;
Wingate and colleagues, 2007). Table 6.9 presents VRP data collected on children
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with normal and dysphonic voices (Heylen and colleagues, 1998). Table 6.10
presents VRP data collected on adults with normal and dysphonic voices (Ma
and colleagues, 2007). VRP data is also available for male and female professional
voice users (Heylen and colleagues, 2002) and trained versus untrained singers
(Siupsinskiene and Lycke, 2011).

TABLE 6.9 Voice Range Profile Measures for Children with Dysphonic Voices
Versus Children with Normal Voices, as Reported by Heylen and colleagues (1998)

Dysphonict Normal Voice*
Measures (n=136) (n=94)
Frequency Measures: Mean SE¥ Mean SE
Lowest frequency (Hz) 196.3 2.5 192.8 2.5
Highest frequency (Hz) 550.0 11.0 857.0 21.0
Total frequency range (Hz) 354.0 13.0 663.0 22.0
Number of semitones in modal register 13.8 0.3 18.0 0.3
Number of semitones in falsetto register 5.5 0.4 8.4 0.4
Total number of semitones 19.4 0.5 26.4 0.5
Intensity Measures: Mean SE Mean SE
Lowest intensity (in dB) 52.4 0.3 48.2 0.3
Highest intensity (in dB) 95.2 0.5 98.0 0.6
Total intensity range (in dB) 42.7 0.6 49.7 0.6

*Vocally healthy group composed of 53 boys and 41 girls.
T Dysphonic group composed of 87 boys and 49 girls.

*SE = standard errors.

TABLE 6.10 Voice Range Profile Measures for Adult Females with Dysphonic Voices
Versus Adult Females with Normal Voices, as Reported by Ma and colleagues (2007)

Measures Dysphonic (n = 90) Normal Voice (n = 35)
Frequency Measures: Mean SD Mean SD
Lowest frequency (Hz) 127.65 20.99 115.01 12.00
Highest frequency (Hz) 854.98 251.25 1232.85 221.42
Total number of semitones 32.36 6.39 40.89 3.73
Intensity Measures: Mean SD Mean SD
Lowest intensity (in dB) 60.64 7.41 48.91 3.12
Highest intensity (in dB) 109.28 5.18 105.66 6.12

Total intensity range (in dB) 48.63 8.06 56.74 6.29
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FIGURE 6.12 A Visi-Pitch™ IV in Clinical Use

-

Source: Courtesy of KayPENTAX®.

The Visi-Pitch™ IV (Model 3950B; KayPENTAX Corp., Montvale, New
Jersey) (Figure 6.12) is a widely used clinical instrument for measuring habitual pitch
and loudness, frequency and intensity variability, and MPFR and dynamic range,
among other things. The Visi-Pitch IV extracts acoustic parameters during speech
production and presents these in real time, providing clients with clear, intuitive
visual displays. Target vocalizations provided by a clinician can be compared to
client attempts, both graphically and with auditory playback. Monitoring important
speech/voice behaviors with concrete visual displays helps clients reach therapy
goals more easily.

Vocal Perturbation Measures

Vocal perturbation is the cycle-to-cycle variability in the vocal signal. A small
amount of cycle-to-cycle variability is expected in the normal voice. It results from
aperiodic vibration of the vocal folds. Unlike the frequency/intensity variability pre-
viously discussed, vocal perturbation is aimed at identifying the short-term, cycle-
to-cycle nonvolitional variability, not the longer-term, volitional word or utterance
(prosodic) trends. Therefore, sustained vowels or steady-state portions of vowels
extracted from connected speech are typically used to determine vocal perturba-
tion. Software programs, such as the Analysis of Dysphonia in Speech and Voice™
(ADSV) (KayPENTAX Corp., Montvale, New Jersey), allow for analysis of vocal
perturbation in connected speech and are now commercially available (Lowell and
colleagues, 2011; Watts and Awan, 2010). Two vocal perturbation measures com-
monly obtained are jitter and shimmer.

Jitter is the short-term variability in fundamental frequency, while shimmer
is the short-term variability in the amplitude. There are a variety of perturbation
measures from which to choose, making valid selection and interpretation difficult
(see Behrman [2007] and Ferrand [2007] for descriptions of the most common per-
turbation measures). Standardization is almost nonexistent when it comes to vocal



Electroglottographic Analysis and Instrumentation

perturbation measures, making them potentially less clinically useful, particularly
when comparing research results across sites, clinicians, and equipment manufactur-
ers (Brockmann-Bauser and Drinnan, 2011). It appears that there may be vowel,
gender, vocal intensity, and fundamental frequency effects in a typical clinical task
(Brockmann-Bauser and Drinnan, 2011). Further limiting the clinical utility of vocal
perturbation measures is the fact that a direct correlation between jitter and shim-
mer and voice impairment does not exist (Kreiman and Gerratt, 2005). Also, because
a coherent database of normative vocal perturbation values does not exist, vocal
perturbation cannot be used to differentiate reliably between normal and abnormal
voices (Behrman, 2007). Generally, jitter of less than 1.0% and shimmer of less than
0.5 dB are considered normal (Titze, 1994). Children demonstrate higher jitter and
shimmer than adults, and older adults demonstrate higher jitter and shimmer than
younger adults (Gorham-Rowan and Laures-Gore, 2006). Vocal perturbation mea-
sures should be interpreted in combination with other instrumental assessment data,
auditory-perceptual data, and clinical impressions (Awan and colleagues, 2010).

Vocal Noise Measures

The human voice is not a pure tone. That is, it is made up of harmonic (periodic)
and inharmonic (aperiodic) components. This is because vocal fold vibration is
naturally aperiodic (irregular). In a voice with normal voice quality, the harmonic
components should dominate, that is, have more energy (as measured in dB). In the
dysphonic voice, the harmonic component is less dominant. In attempting to quan-
tify the relationship between the harmonic and inharmonic components, researchers
have proposed three ratios: (1) the harmonics-to-noise ratio (HNR), (2) the noise-
to-harmonics ratio (NHR) and (3) the signal-to-noise ratio (SNR). The voice with
normal quality is characterized by a high HNR or SNR and low NHR, whereas the
dysphonic voice is characterized by a low HNR or SNR and a high NHR. Gener-
ally, an HNR of approximately 12 dB or greater is indicative of a voice with normal
quality (Yumoto and colleagues, 1982), with higher normative HNRs commonly
reported (Awan and Frankel, 1994; Horii and Fuller, 1990). Ferrand (2000, 2002)
has reported that HNRs for children and older adults are lower than HNRs for
young and middle-age adults. Many clinicians have rightfully questioned the useful-
ness of vocal perturbation and noise measures because they do not always corre-
late well with listener perception of dysphonia or patient perception voice handicap
(Bhuta and colleagues, 2004; Eadie and Doyle, 2005; Wheeler and colleagues, 2006).

The Computerized Speech Lab™ (CSL) (Model 4500; KayPENTAX Corp.,
Montvale, New Jersey), shown in Figure 6.13, is a more comprehensive hardware
system than the Visi-Pitch™, with optional software and database options. One of
the more clinically useful CSL options for voice is the Multidimensional Voice Pro-
gram™ (MDVP). This program analyzes and displays 33 different vocal parameters,
including the more commonly reported vocal perturbation and vocal noise measures
just described.

ELECTROGLOTTOGRAPHIC ANALYSIS
AND INSTRUMENTATION

Electroglottography (EGG) is a noninvasive technique for obtaining an estimate of
vocal fold contact patterns during phonation. A gold electrode is placed on each side
of the thyroid cartilage at a level corresponding to the position of the vocal folds.
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FIGURE 6.13 The Computerized Speech Lab™ in Clinical Use

Source: Courtesy of KayPENTAX®.

A weak high-frequency electrical current is passed between the electrodes. As vocal
fold contact area changes, there are changes in the electrical resistance between the
electrodes. When the glottis is opening or open, resistance increases; when the glottis
is closing or closed, resistance decreases. The resulting Lx waveform, called an elec-
troglottogram or laryngogram, reveals summary information about vocal fold con-
tact over time. The EGG can be used to visualize various types of voice quality. For
example, Figure 6.14 shows electroglottograms for a prolonged /i/ vowel produced
with a normal voice quality, a breathy voice quality, and a hoarse voice quality.

AERODYNAMIC MEASUREMENTS
AND INSTRUMENTATION

Aerodynamic analysis of the voice is also becoming increasingly more possible and
common in clinical practice. Aerodynamic measures reflect the patient’s ability to use
the larynx to regulate the flow of air for phonation. Prior to quantitatively assessing
respiration, we suggest carefully observing the patient’s breathing patterns. An inef-
ficient breathing pattern or a lack of coordination between inspiratory and expira-
tory movements can contribute to dysphonia. For example, the patient may have to
take more frequent breath groups, or may adopt increased musculoskeletal tension
resulting in vocal hyperfunction. There are three basic types of breathing patterns:
clavicular, thoracic, and diaphragmatic-abdominal, as described below:

® Clavicular breathing. This inefficient type of breathing is probably the easiest
to identify. The patient elevates the shoulders on inspiration, using the neck
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FIGURE 6.14 Electroglottograms

T

These three electroglottograms are productions of the [i/ vowel with (A) normal vocal quality, (B) breathy
quality, and (C) hoarse vocal quality. The normal trace (A) demonstrates a sharp vertical rise, a narrow peak,
an even return to baseline, and a substantial closed phase. Trace (B), the breathy voice quality, is represented
in the sloping voice onset, rather than the vertical rise seen in the normal trace and the long open phase. Trace
(C), the hoarse voice, is indicated by the lack of a uniform wave form from one cycle to the next.

accessory muscles as the primary muscles of inspiration. This upper chest
breathing, characterized by noticeable elevation of the clavicles, is unsatis-
factory for good voice for two reasons. First, the resulting weak and shal-
low inspiration does not provide adequate respiratory support for speech and
voice. Second, overuse of many of the neck accessory muscles for respiration
(particularly the sternocleidomastoids) may cause an increase in laryngeal ten-
sion (Prater and colleagues, 1999).

® Thoracic breathing. This type of breathing is characterized by expansion of the
thorax and contraction of the abdomen during inspiration, reversed during
expiration. It is the normal breathing pattern for most people. In some cases,
however, thoracic breathing can be characterized by shallow breathing punctu-
ated by breath holding or gasping.

* Diaphragmatic-abdominal breathing. This may well be the preferred method of res-
piration, especially if the patient has heavy vocal demands, as in singing or acting.
This breathing pattern is characterized by abdominal and lower thoracic expan-
sion on inspiration, with little noticeable upper chest movement, and a gradual
decrease in abdominal and lower thoracic prominence on expiration.

Hixon and Hoit (1998, 1999, 2000) have written extensively about the clini-
cal evaluation of speech breathing and have also published a comprehensive text
on the evaluation and management of speech breathing disorders (Hixon and Hoit,
2005). In their writings, these authors emphasize the role of the speech breath-
ing case history in the evaluation of patients. The speech breathing case history
described by Hixon and Hoit (2005) includes the following sections: (1) alerting
signs and symptoms; (2) airway risk factors; (3) medical evaluations, diagnoses,
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and treatments; (4) breathing and speaking experiences; and (5) client perceptions of
speech breathing. Figure 6.15 lists some of the alerting signs and symptoms described
(p. 196), and Figure 6.16 lists some of the abnormal client perceptions of speech
breathing (pp. 200-201).

Aerodynamic measures obtained in the clinic include (1) lung volumes and
capacities, (2) air pressure, (3) airflow, and (4) laryngeal resistance. In the sections
that follow, we briefly describe each measure and the equipment needed.

Lung Volumes and Capacities

Part of evaluating respiratory adequacy is measuring the patient’s lung volume.
Lung volumes refer to the amount of air in the lungs at a given time and how much
of that air is used for various purposes, including speech (Solomon and Charron,
1998). Only a small amount of the air in the lungs is exchanged during a single
“quiet” respiratory cycle. The total volume of the lungs can be divided into volumes
and capacities (see Table 2.1). Lung volumes, also known as respiratory volumes,
refer to the amount of air in the lungs at a given time and how much of that air is

FIGURE 6.15 Alerting Speech Breathing Signs and Symptoms

Frequent coughing
Persistent hoarse voice
Coughing up mucus
Coughing up blood
Wheezing

Difficulty breathing
Chest pain

Numbness, weakness, coordination problems, or involuntary movements

Source: From Hixon and Hoit (2005).

FIGURE 6.16 Abnormal Client Perceptions of Speech Breathing

Frequent awareness of breathing
Hunger for air

Uncomfortable urge to breathe
Breathlessness

Shortness of breath

Hard work to breathe

High effort to breathe

Weak breathing muscles

Tired breathing muscles

Difficulty inhaling

Difficulty exhaling

Tightness in chest

Difficulty coordinating breathing movements
Need to think about breathing
Feelings of distress with breathing
Feelings of panic with breathing

Source: From Hixon and Hoit (2005).
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used for various purposes, including speech (Solomon and Charron, 1998). Respira-
tory volumes include tidal volume, inspiratory reserve volume, expiratory reserve
volume and residual volume. Lung capacities combine two or more of the respi-
ratory volumes and include inspiratory capacity, vital capacity, functional residual
capacity, and total lung capacity. These volumes and capacities are useful for diag-
nosing problems with pulmonary ventilation (Moini, 2012). Respiratory volumes
and capacities vary depending on the patient’s age, gender, level of physical exertion,
and vocal training. Data reported by Hoit and Hixon (1987) and Hoit and col-
leagues (1989; 1990) indicate that, in general, lung volumes and capacities increase
from infancy through puberty and then remain stable until advancing age, when
they decrease slightly (see Table 6.11).

Air Pressure

Various air pressures are necessary for speech, including pressure inside the lungs,
pressure below the vocal folds, and pressure inside the oral cavity. Air pressure is
measured and expressed in units of cmH,O. The total pressure that a person can
generate may be as high as 50 cmH,O or more, yet the pressure needed for con-
versational speech is only around 5 to 10 cmH,O. Greater pressures than this may
be required, however, depending on syllable stress and loudness demands (Statho-
poulos and Sapienza, 1997). Pressure below the vocal folds is estimated indirectly
by measuring oral pressure during production of the closed portion of a voiceless
bilabial consonant such as /p/. When producing this consonant, the lips are closed,
the velopharyngeal port is sealed, and the glottis is open; thus, pressures throughout
the system are equal. Oral pressure is measured by a pressure transducer connected
to a small tube placed just inside the mouth (Smitheran and Hixon, 1981).

TABLE 6.11 Group Means of Seven Age Groups of Subjects for Some Lung Volumes

and Capacities (in Cubic Centimeters)

Subjects’ Age Group 7 10 13 16 25 50 75
Males

TLC 2120 3140 4330 6200 6740 7050 6630
VC 1670 2510 3550 5080 5350 5090 4470
FRC 980 1400 1970 2940 3120 3460 3440
ERV 530 770 1180 1810 1730 1500 1280
Females

TLC 2070 2980 3740 4980 5030 5310 4860
VC 1580 2340 2999 3780 3930 3600 2940
FRC 970 1430 1690 2560 2420 2930 2590
ERV 480 780 940 1350 1320 1220 670

Source: Adapted from Hoit and Hixon (1987); Hoit, Hixon, Altman, and Morgan (1989); and Hoit, Hixon,
Watson, and Morgan (1990).
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Airflow

Laryngeal airflow is the volume of air passing through the glottis in a fixed period.
It is measured in cubic centimeters (cc) or milliliters (mL) per second. For example,
the /a/ vowel produced with a normal voice quality is characterized by an approxi-
mate laryngeal airflow of 100 cc/sec (Baken, 1996). That same vowel produced with
a breathy voice quality (perhaps by a patient with large bilateral nodules) would
be characterized by a laryngeal airflow of higher than 100 cc/sec due to excessively
decreased glottal resistance to airflow. At the opposite end of the continuum, that
same vowel produced with a strained-strangled voice quality (perhaps by a patient
with adductor spasmodic dysphonia) would be characterized by a laryngeal air-
flow of less than 100 cc/sec due to excessively increased glottal resistance to airflow.
Peak airflow (i.e., greatest flow) can be considerably higher than 100 cc/sec and
depends on articulatory demands; for example, peak airflow during production of
fricatives and stop consonants may exceed 500 cc/sec (Stathopoulos and Weismer,
1985). Children and older adults tend to demonstrate higher laryngeal airflows than
younger adults (Stathopoulos and Sapienza, 1997).

Laryngeal Resistance

Laryngeal resistance is a measure derived from peak intraoral pressure and peak
airflow during production of the /pi/ syllable repeated at a rate of approximately 1.5
syllables per second. Peak intraoral pressure is estimated from the /p/ portion of the
syllable, and peak airflow is measured from the /i/ portion of the syllable. A breathy
voice would suggest decreased laryngeal resistance, while a strain-strangled voice
would suggest increased laryngeal resistance. When interpreting laryngeal resistance
values, the clinician must examine the relative contribution of air pressure and air-
flow to that value.

The capacities and volumes we need to measure can be determined by using
wet or dry spirometers. In the wet spirometer, a container floats in water placed in
a larger container. As air is introduced into the smaller floating container, it floats
higher in proportion to the volume of air introduced. The distance or rise of dis-
placement is measured in terms of cubic centimeters or liters. Some spirometers are
of the dry type. A flexible container enlarges on inspiratory tasks and decreases in
volume on expiratory tasks, in both instances measuring the volume of displace-
ment. Recent advances in technology have resulted in miniaturization and digitiza-
tion of dry spirometers, allowing for ease of use and reduced cost compared to the
wet spirometers.

Relatively inexpensive pressure measuring gauges and manometers are avail-
able for the measurement of airflow pressures. For example, Hixon and colleagues
(1982) described a simple water manometer test that can be used to estimate the
ability to generate respiratory driving pressure sufficient for voice and speech. The
test requires a drinking glass that is 12 cm deep or deeper, filled with water, and
calibrated in centimeters by a marker pen. A plastic straw is attached to the cup with
a paper clip. The bottom tip of the straw is anchored at 10 cm below the rim. The
patient is instructed to blow bubbles through the straw. If the patient maintains a
stream of bubbles for 5 seconds with the straw at a depth of 10 cm (10 cm H,O), the
authors suggest that breath support is adequate for conversational speech.

The Phonatory Aerodynamic System (PAS) (KayPENTAX Corp., Montvale,
New Jersey), shown in Figure 6.17, is the latest pneumotachograph-based system for
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FIGURE 6.17 The Phonatory Aerodynamic System™

Source: Courtesy of KayPENTAX®.

aerodynamic analysis. The PAS allows the clinician to obtain measurements of aver-
age phonatory flow rate, sound pressure level, fundamental frequency, vital capacity,
subglottal pressure (derived), glottal resistance, and vocal efficiency, among other
parameters. Zraick and colleagues (2012) recently reported the first adult normative
data for this system, obtained from 157 speakers over the age of 18 years.

PHONATORY-RESPIRATORY EFFICIENCY
ANALYSES AND INSTRUMENTATION

As noted earlier in this chapter, the thoughtful clinician is able to generate a valid
report based on noninstrumental means alone provided that clinician is well versed
in normative measures of respiration, phonation, and resonance. This entails being
familiar with a number of seminal research articles that report normative measures
of speech and voice production, among them Kent and colleagues (1987), and Hixon
and colleagues (1982).

Maximum Phonation Time (MPT)

MPT is the longest period during which a patient can sustain phonation of a vowel
sound, typically /a/, at her or his most comfortable pitch and loudness. Maslan and
colleagues (2010) describe current knowledge about the effect of age, gender, and
number of trials on MPT values. They report that (1) children tend to have shorter
MPTs, require more trials to learn how to maximally phonate, and show more
variation than young adults; (2) young adults have less variability in MPT as a
group and can phonate for a comparatively longer time than either children or older
adults; (3) older adults have shorter MPTs; and (4) across all age groups, men can
sustain a longer MPT on average than women. If laryngeal airflow is high, MPT is
shorter than normal; if laryngeal airflow is low, MPT may be longer than normal.
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As Kent and colleagues (1987, p. 368) note, however, MPT by itself cannot be used
to distinguish a deficit in respiratory support (reduced phonation volume) from an
inefficiency in vocal fold vibration (high airflow). Table 6.12 presents select norma-
tive MPT data for adults and children.

When eliciting MPT, the clinician should give standardized instructions regard-
ing depth of inhalation, and he or she should provide a visual and auditory model
and visual feedback about performance. There is some disagreement in the literature
about how many trials should be elicited (one versus three to five), and whether
one should take the longest utterance or an average of the utterances. Practically
speaking, an average of three trials should result in a representative MPT for most
patients. A timer and audio recorder are the only equipment needed to measure

TABLE 6.12 Select Maximum Phonation Time (MPT) for Normal Speakers Producing /a/

Age Range Stand. Dev. or
Source (years) Sex Mean (sec) Stand. Error Range (sec)
Finnegan (1984) 3-5 Male 9.3 2.4 4.5-14.1
Female 8.5 2.1 4.5-12.6
6-9 Male 15.5 4.1 7.5-23.6
Female 14.8 3.6 7.7-21.9
10-13 Male 211 5.6 10.2-231
Female 16.3 4.1 10.4-24.3
14-17 Male 18.5 5.9 11.6-34.8
Female 15.6 5.1 10.5-30.9
Tavares and colleagues (2012) 4-6 Male 6.0 1.8 Not reported
4-6 Female 6.2 2.0
7-9 Male 8.1 2.0 Not reported
7-9 Female 7.9 2.0
10-12 Male 9.2 2.3 Not reported
10-12 Female 9.1 2.0
Ma and Yui (2006) 20-55 Combined 22.9 8.9 Not reported
Maslan and colleagues (2011) 61-70 Male 26.2 1.2 16.0-35.0
61-70 Female 18.8 2.5 8.0-60.0
71-80 Male 23.1 1.7 7.0-58.0
71-80 Female 22.8 1.4 12.0-45.0
81-90 Male 21.7 1.5 10.0-50.0

81-90 Female 21.0 0.9 5.0-60.0




Voice Dosage Analysis and Instrumentation

MPT. Speyer and colleagues (2010) have shown that an individual’s MPT is highly
consistent over a period of six weeks, and that clinician intra-rater reliability is high
for repeated measurements of the same trial. Perhaps one of the most efficient uses
of MPT is as a baseline against which future comparisons can be made during and
at the conclusion of voice therapy.

s/z Ratio

The s/z ratio is also an indirect index of laryngeal airflow. To obtain the s/z ratio,
the clinician asks the patient to first sustain the /s/ as long as possible, and then
to sustain the /z/ as long as possible, each at normal pitch and loudness follow-
ing a maximal inhalation. Verbal encouragement is usually given, and the longest
/s/ and longest /z/ from one of three alternating /s, z/ trials is used to calculate the
ratio. According to Boone (1971), who first proposed and developed this technique,
persons with normal vocal folds could be expected to prolong the voiceless /s/ and
the voiced /z/ phonemes for about the same length of time, resulting in an s/z ratio
approximating 1. Eckel and Boone (1981) studied three groups of adult and pedi-
atric speakers (those with vocal fold nodules or polyps, those with functional dys-
phonia, and those with normal larynges and voices) and reported s/z ratios > 1.40
in 95% of those speakers with nodules or polyps (p. 147). The s/z ratios for those
speakers with functional dysphonia or normal voices were approximately 1.0 and
did not significantly differ from each other. Across groups, however, there was a
wide range of s/z ratios obtained: Some speakers with nodules or polyps or func-
tional dysphonia exhibited s/z ratios less than 1.0, while some speakers with normal
voices exhibited s/z ratios greater than 1.0. A number of subsequent studies of the
s/z ratio with adults and children have been conducted, with most reporting quite
variable results both within and across dysphonic and normal speakers (Fendler and
Shearer, 1988; Gelfer and Pazerra, 2006; Hufnagle and Hufnagle, 1988; Larson and
colleagues, 1990; Rastatter and Hyman, 1982; Soman, 1997; Sorenson and Parker,
1992; Tait and colleagues, 1980; Treole and Trudeau, 1997; Trudeau and Forrest,
1997; Van der Meer and colleagues, 2010). Procedurally, studies have differed in
the type of instructions, number of trials, type and number of subjects, variables
controlled (for example, loudness, pitch, motivation, training, respiratory effort),
and age of the subjects (Gelfer and Palazar, 2006, p. 347). Elevated s/z ratios may
be a red flag to check the glottal edge of the vocal folds for an additive lesion, or to
suspect glottic insufficiency due to vocal fold paralysis (Miller, 2004), but this mea-
sure is by no means perfect. Table 6.13 presents select normative s/z duration data
for adults and children.

VOICE DOSAGE ANALYSIS AND INSTRUMENTATION

Many voice disorders are chronic or recurring conditions that result from faulty
and/or abusive vocal behaviors. Such behaviorally based disorders are difficult
to assess and rehabilitate because patient self-reporting and self-monitoring are
subjective and often unreliable. Instrumentation has recently become available
that gives clinicians and researchers quantitative data on a patient’s voice use
throughout the day. The Ambulatory Phonation Monitor™ (APM) (KayPENTAX,
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TABLE 6.13 Select s/z Ratios for Normal Speakers*

Source

Tait and
colleagues
(1980)

Tavares and
colleagues
(2012)

Gelfer and
Pazera (2006)

Eckel and
Boone (1981)

Boominathan
and colleagues
(2012)

Age
(Years)

4-6
7-9

7-9

10-12
10-12
19-30
19-30

8-88

61-74

60-65

Maximum /s/ Duration Maximum /z/ Duration s/z Ratio
Gender Mean SD Range Mean SD Range Mean SD Range
Male 7.9 1.4 5498 8.6 2.1 6.6-13.0 0.92 NR 0.82-1.08
Female 8.3 4.0 4.8-183 10.0 33 5.2-16.0 0.83 NR 0.50-1.14
Male 9.3 1.7 74125 132 3.6 9.2-19.6 0.70 NR 0.52-0.97
Female 10.2 26  7.3-16.0 13.1 4.0 9.1-20.0 0.78 NR 0.51-1.10

Male 16.7 8.5 7.1-44.0 18.1 6.8 10.1-33.1 0.92 NR 0.66-1.50

Female 14.4 3.1 9.3-20.9 15.8 5.2 8.5-24.2 0.91 NR 0.75-1.26
Male 5.77 1.94 NR 6.01 2.05 NR 0.96 NR NR
Female 5.91 1.88 NR 6.17 1.86 NR 0.96 NR NR
Male 7.47 192 NR 8.05 230 NR 0.93 NR NR
Female 7.74 1.92 NR 8.00 2.20 NR 0.97 NR NR
Male 9.22 2.23 NR 9.35 2.27 NR 0.99 NR NR
Female 9.10 1.96 NR 9.15 211 NR 0.99 NR NR

Male 25.04 10.10 9.18-43.77 2733 8.07 15.43-41.23 0.91 0.25 0.46-1.36
Female 16.92 5.46 9.13-29.07 17.47 3.86 11.67-26.17 0.97 0.25 0.55-1.57

Both 17.73 7.65 5.0-38.0 18.60 6.97 5.0-37.0 0.99 0.36  0.41-2.67

Male NR NR NR NR NR NR 1.21 0.08 NR

Female NR NR NR NR NR NR 1.19 0.14 NR

NR = not reported.

Montvale, New Jersey), shown in Figure 6.18, is a portable device worn by clients
to capture important parameters of vocal behavior over an entire day of normal
activity (Cheyne and colleagues, 2003). The APM works via the use of an accel-
erometer that measures the vibration of the skin of the neck that occurs during
phonation. The accelerometer signal is analyzed to provide percentage phonation
time, fundamental frequency, sound pressure level, and vocal dosage. The APM
may facilitate carryover of behaviors established in voice therapy by providing
vibrotactile biofeedback to the user when voice usage parameters exceed limits set
by the therapist. The Denver Center for the Performing Arts has also developed
a vocal dosimeter that provides similar measures for research purposes (Popolo
and colleagues, 2005). Griffin Laboratories has introduced the VocalogTM Vocal
Activity Monitor (Griffin Laboratories, Temecula, California). This instrument is a
commercially available device that uses a neck-mounted contact microphone as the
phonation sensor and provides simultaneous long-term monitoring and biofeed-
back for vocal SPL (Hillman and colleagues, 2011).



FIGURE 6.18 An Ambulatory Phonation Monitor™ in Use

Source: Courtesy of KayPENTAX®.

CASE STUDIES

The following three case studies are new to this edition and are provided here to
demonstrate the wide range of voice clients that we see at our clinics and the type of
instrumental and noninstrumental approaches we perform. Just as important as the
voice diagnosis is the clinician’s ability to apply diagnostic probes to improve voice
and to document those improvements in quantitative and qualitative language that
is clear to the referring physician and the client and family. Each case study includes
a summary and recommendations. Case 1 presents muscle tension dysphonia (see
Chapter 3) in an elderly female with a complex medical history. Readers are asked
to appreciate the effects of the client’s hearing loss on her vocal behaviors. Case 2
involves a child client with vocal nodules (see Chapters 3 and 8). We report nonin-
strumental measures only because, in reality, many clinicians do not have access to
digitized instrumentation. As noted at the beginning of this chapter, a valid voice
evaluation can be performed noninstrumentally by a competent SLP. Individualized
Education Plan (IEP) goals are included. Case 3 challenges the reader to engage in
the practice of differential diagnosis, or the act of narrowing possibilities and reach-
ing conclusions about the nature of the deficit (Duffy, 2005).

Case Studies
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CASE STUDY 1

MTD IN AN ELDERLY FEMALE

HISTORY

Mrs. V is a 74-year-old female who was seen for a voice and laryngeal function study upon
referral from her primary otolaryngologist. The history and physical summary noted that
Mrs. V had experienced a change in swallowing and phonatory quality since anterior cervical
discectomy and fusion (ACDF) surgery six months earlier. Mrs. V reported that she drinks
about six to eight glasses of water per day, but throughout the 60-minute assessment, she
drank only about two-thirds of a 6-ounce glass of water. Additional medical history includes
asthma, osteoarthritis, GERD, diverticulitis, fibromyalgia, and sleep apnea, among others.
She uses C-PAP PRN. She reports chronic back pain. Over the course of the assessment, it
was also discovered that Mrs. V presents with reduced hearing acuity for which she is not
aided. She responded positively to several signs and symptoms of laryngopharyngeal reflux
(Belafsky and colleagues, 2002). She lives locally with her husband, who is retired. Mrs. V
works as a paralegal assistant at an attorney’s office.

ASSESSMENT

Perceptual and Noninstrumental Observations

Vocal quality today is strained and elevated in amplitude. Spoken phrases tend to
grind to a vocal arrest toward phrase end, and the phrases themselves are mono-
tone. As measured by the CAPE-V, during sustained phonation of /a/, the patient
exhibits vocal strain (93 mm); moderate roughness (62 mm); and severe deficits in
pitch (87 mm), characterized primarily by the inability to increase or lower pitch.
Loudness is abnormally high (80 ¢m). Mrs. V speaks with very little anterior oral
cavity movement; therefore, much of the voiced energy is reflected back into the
oral cavity.

Voice Handicap Index (VHI). Mrs. V’s total VHI score was 75, which is considered a
severe self-perceived handicap.

Acoustic Observations. Acoustic recordings from the CAPE-V speech tasks were mea-
sured and demonstrated an average fundamental frequency (F°) during sustained
phonation of an /a/ of 127 Hz, which is well below normal limits for women. RAP,
shimmer, and NHR were all above normal limits. Speaking fundamental frequency
(SFF) ranged from 125 Hz to 135 Hz, which is well below the frequency range for
women. Clinician models of pitch range changes did not elicit any immediate change
in pitch. Mrs. V was observed to throat-clear on a number of occasions throughout
the session.



Aerodynamic Observations. Phonation was brief at less than 5 seconds, with trans-
glottal airflow greater than 200 ml/s.

Endoscopic Observations. The patient was seated in the exam chair in the clinic and
positioned for a flexible endoscopic examination using a halogen light source. The
KayPENTAX distal chip video laryngoscope was passed along the floor of the right
nasal cavity. Nasoendoscopy revealed that, for a sustained vowel and speaking
tasks, the patient revealed normal bilateral vocal fold abduction, but upon adduc-
tion, bilateral medial involvement of the ventricular folds were revealed during true
vocal fold (TVF) vibration. This medial posturing of the ventricular folds served to
dampen the vibration of the TVFs, which is a form of muscle tension dysphonia
(MTD). This hyperfunctioning at the level of the supralarynx may have been sec-
ondary to irritation of the larynx—perhaps after extubation from the noted ACDF
surgery. It is suspected that this maladaptive behavior had become habituated.

Probes. Before diagnostic probes were administered, Mrs. V was introduced to ani-
mated videos demonstrating vocal fold production and she was given a brief tutorial
in the anatomy and physiology of voice production. She was then introduced to
laryngeal function videos of past patients with MTD. She was asked to appreciate
how the ventricular folds and anterior-posterior positioning of the arytenoids and
epiglottis petiole restrict the movement of the TVE

Diagnostic Probes. Mrs. V was introduced to the Voice Facilitating Approaches of
focus, inhalation phonation, yawn-sigh, breathy voice, and confidential tone. She
was encouraged to relax the jaw and neck and to reduce hyperextension of the head
and neck. The tone-focus technique with nasals, liquids, and glides was administered
with unremarkable results. The yawn-sigh; inhalation phonation; and confidential,
breathy voice yielded brief periods of a higher pitch and normal vocal quality. SFF
was re-probed and revealed a greater range of frequency, ranging from 155 Hz to
175 Hz. Mrs. V was able to engage in pitch shifts up for the penultimate or final
word of the phrase. The ability to increase pulmonary pressure and TVF lengthening
suggested a laryngeal and pharyngeal system that was experiencing greater mobil-
ity and flexibility. When this improvement was pointed out to Mrs. V, she said that,
because of her hearing loss, she had difficulty appreciating the results. At this point,
she also suggested that she might be engaging in a louder voice to increase sensory
feedback, that is, to hear herself better.

This rapid increase in vocal quality was discussed with the patient and it was
explained that improvement is typical when maladaptive behaviors are suppressed
in a normal laryngeal system. It was suggested that Mrs. V return to this clinic for an
additional session to video-record the facilitation approaches that were instrumental
in reducing vocal hyperfunction and increasing normal vocal quality. Audio and
video feedback have been shown to be powerful biofeedback tools to increase vocal
quality and reduce maladaptive behaviors in a normal laryngeal system. Mrs. V said
that she would appreciate such a DVD and would return for a final intervention
session. Swallow strategies and signs and symptoms of LPR were also discussed, and
Mrs. V said that she felt comfortable that many of the s/s of dysphagia were second-
ary to poor oral preparatory and transit behaviors, such as inadequate mastication
of solid boluses. She was provided with dysphagia counseling. It was recommended
that Mrs. V see a medical professional regarding s/s of reflux.

Assessment
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SUMMARY

Mrs. V is a 74-year-old female with complaints of strained and strangled phonation
since ACDF surgery six months earlier. Fiberoptic endoscopy revealed a muscle ten-
sion dysphonia during phonation attempts, characterized by medial involvement of
the false vocal folds. Perceptually, the voice was low in pitch and strained. Spoken
phrases tended to grind to a vocal arrest toward phrase end, and the phrases them-
selves were monotone. The patient demonstrated little anterior mouth opening for
speech. The Voice Facilitating Approaches of yawn-sigh, inhalation phonation, and
breathy voice were successful in eliciting brief periods of improved vocal quality and
pitch; however, Mrs. V reported that she had difficulty appreciating these improve-
ments secondary to reduced hearing acuity.

RECOMMENDATIONS

Continue the vocal hygiene program and include increased hydration and reduction
of throat clearing. Continue to discuss and practice the Voice Facilitating Approaches
to reduce vocal hyperfunction: Those approaches that revealed the greatest improve-
ment in vocal quality were inhalation phonation, breathy voice, and yawn-sigh.
Open mouth approach will also be introduced. Discuss locating a local audiologist
for a thorough hearing evaluation and acquisition of hearing aids. Discuss any signs
and symptoms of reflux disease, secondary to patient reports of globus.

CASE STUDY 2

VOCAL NODULES IN A YOUNG MALE

HISTORY

Samir is a 7-year-old male who was seen for an evaluation of voice and laryngeal func-
tion per referral from his second-grade teacher. His teacher is concerned because Samir
is reluctant to speak in class due to a hoarse and scratchy voice. The teacher has kept a
diary of his vocal performance in class and has provided this to Samir’s mother. Samir is
being passed over by his peers to join in group reading projects because Samir’s voice gives
out on him completely at times. The school SLP has seen Samir for a few trial sessions of
intervention involving mostly vocal hygiene counseling, and she accompanies Samir and his
mother to today’s voice assessment. Samir’s mother brings with her a recent report from
Samir’s otolaryngologist. The otolaryngologist performed flexible nasoendoscopy the week
prior and reports fullness on the medial margin of both vocal folds at the juncture of the
anterior and medial third of the vocal folds. These space-occupying lesions are consistent
with vocal nodules.

An initial interview reveals that Samir drinks a glass of orange juice at breakfast and a
six-ounce carton of milk at school. He drinks a number of sweetened beverages during the
day, but no established amount of plain water. Samir also presents with a history of allergies,
for which he is therapeutically medicated. He has a history of middle ear infections; oth-
erwise, birth and developmental history are unremarkable. Samir has a 5-year-old brother
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with no history of speech, resonance, or language disorders. His brother also attends the
assessment. Interviewing revealed that Samir is very active in outside play, sports, choir, and
martial arts. He tends to “give 110%” to everything he does, according to his mother.

ASSESSMENT

Perceptual and Noninstrumental Observations

Samir and his mother completed the pVHI, which revealed moderate perceived
voice handicap. Questions regarding Samir’s school and extracurricular activities
are discussed. All present are seated at a round table an equal distance from a digital
recorder with a multidirectional microphone. The discussion is later played back,
and it is noted by Samir and his mother that they present with voices that are quite
a bit louder than those of the two SLPs and Samir’s brother.

Administration of the CAPE-V reveals Samir to exhibit moderate roughness
(53 mm), moderately reduced pitch (64 mm), and loudness in the severe range
(79 c¢m). Samir’s spoken output is recorded and played back while the clinician
matches several words on an electronic keyboard (see Table 6.4). Average SFF is BS
or 245 Hz, which is about 40 Hz below where it should be.

Samir is asked to talk about a typical day, and he is recorded via digital
recorder. Playback reveals that he produces about three words before he runs out
of breath, whereas eight words per breath are typical. MPT is 6 seconds, whereas
the average MPT for same-age peers is about 12 seconds. In one minute of con-
nected speech, he demonstrated 12 phonation breaks and six pitch breaks for 108
words, which represents 16% dysphonic events for the sample. He presents with a
slightly hyperextended neck and head posture, and the strap muscles appear tense.
He was observed to throat-clear extensively throughout the interview and clinical
assessment.

VOICE FACILITATING APPROACHES

Samir and his mother were counseled about adequate water intake. It was explained
that drinking too little water can result in a number of medical problems (Kent and
Graubard, 2010), even beyond voice. Samir was provided with his own decorated
water bottle and given a “doctor’s prescription” to bring the water bottle to class.
Silent cough (a quick exhalation of air up through an abducted glottis) and sniff-
swallow (collecting mucus in the back of the nasopharynx and then swallowing)
were demonstrated and recommended to reduce coughing and throat clearing.
Voice Facilitating Approaches of focus, yawn-sigh, and pitch shift up were
introduced to bring the voiced energy from the larynx up into the facial mask and to
increase the resonating chambers in the pharynx for good voice. Samir was provided
with the concept of “just right voice,” which is the pediatric equivalent of confiden-
tial tone (Chapter 7). By elevating the pitch from B5 (245 Hz) to C4 (262 Hz), vocal
quality increased, and phonation and pitch breaks were reduced to less than 5% of
the spoken output sample. Samir immediately noticed the improvements, remarking
that it was much easier to voice and that he no longer had to “push the words out.”
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SUMMARY AND RECOMMENDATIONS

Samir is a 7-year-old male who presents with a gradual dysphonia that interferes
with his education program at school. This dysphonia is limiting his classroom
participation and places him at risk for reduced educational performance. Samir’s
mother and school SLP have been apprised of these findings and agree that an IEP is
warranted. To summarize:

® Breath support: Samir presents with too little breath support for speech.
He produces about three words per phrase. The average number of words per
phrase is eight.

® MPT: Samir’s MPT is six seconds. The average MPT for same-age peers is
12 seconds.

® Pitch: Samir presents with a pitch that is below normal limits for same-age
peers. His speaking frequency is about a G3 (196 Hz), which is about 40 Hz
below normal.

® Quality: Samir presents with a hoarse voice that sometimes stops completely.
The CAPE-V reveals vocal parameters in the moderate to severe range.

EFFECTS OF DISABILITY ON PARTICIPATION
IN GENERAL CURRICULUM

When Samir contributes in class, it is observed that his voice is hoarse at least 50%
of the time, and aphonic (no voice) 30% of the time. His teacher states that he
speaks in a “rough” and “low voice,” and that during the week of March 14 to
March 18, he lost his voice on three occasions. His vocal nodules have been verified
by a medical doctor. Samir’s hoarse voice interferes with his ability to participate in
daily educational interactions.

Effects of Disability on Participation in General Curriculum

® Priority educational needs: To improve the quality of Samir’s voice so that he
can participate in all educational activities during the day.

® Measurable annual goal: During all oral school activities, Samir will use vocal
hygiene and voice strategies to produce a clear, age-appropriate voice four out
of five days a week for three school weeks.

SHORT-TERM OBJECTIVES

e Samir will identify and modify vocal abuse and overuse occasions with 90%
accuracy by logging these events in his daily “just right voice” book (generated
by the SLP).

e Samir will discriminate between “just right voice” samples of himself and two
of his peers with 90% accuracy.

e Samir will demonstrate and teach vocal hygiene and voice strategies to family
members and friends, as documented in his “just right voice” book.



e Samir will engage in “just right voice” when communicating orally in his
classes as measured by his instructors, in eight out of ten opportunities.

EVALUATION PLAN

Samir’s progress toward annual goals will be measured by:

e Teacher/clinician observations.
e Voice quality, pitch, and loudness data collected on a weekly basis.

5, €

® Review of Samir’s “just right voice” book and related charts on a weekly basis.

CASE STUDY 3

DIFFERENTIAL DIAGNOSIS OF DYSPHONIA IN AN ADOLESCENT
WITH A COMPLEX MEDICAL HISTORY

This case emphasizes the importance of having a thorough understanding of the respira-
tory, phonatory, and resonance components of the voice mechanism and their intimate
connections. This case also emphasizes the importance of conducting a full medical his-
tory interview and clinical examination because many voice disorders masquerade as other
disorders.

HISTORY

Susan is a 13-year-old female who experienced pneumonia at three years of age. She devel-
oped pneumatoceles, air-filled cysts that develop within the lung parenchyma. She under-
went tracheostomy and received mechanical ventilation for several weeks. According to her
mother, who did not possess the medical records at the time of the current voice assessment,
Susan was subsequently decannulated and underwent “tracheal reconstructive surgery.”
Pulmonary function studies show no evidence of lower airway compromise. She is on the
standard medical regimen for asthma, although Susan says that those medications do not
ease her breathing during exercise. A tracheobronchoscopy by a local pulmonologist sug-
gests possible unilateral vocal fold paresis. Susan’s current complaint is shortness of breath
(SOB), which is mostly associated with exercise but can be exacerbated in instances of emo-
tional distress. Susan and her mother are concerned because Susan cannot engage in many
school activities, such as physical education. She is often late to class. At this time, she does
not engage in any school field trips or extracurricular sports.

ASSESSMENT

Perceptual and Noninstrumental Observations

The voice is breathy and hoarse. Inhalatory stridor is observed during connected
speech. As measured by the CAPE-V, during sustained phonation of /a/, the patient
exhibits a consistently moderate amount of breathiness (53 mm); minimal strain
(15 mm); moderately reduced loudness (67 mm); and severe deficits in pitch

Assessment
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(85mm), characterized by the inability to increase or lower pitch. Water monometer
test (Hixon and colleagues, 1982) reveals that Susan is able to maintain a stream of
bubbles for 5 seconds with a straw in water at a depth of 5§ cm. This performance
suggests sufficient breath support for most speech purposes. Maximum phonation
time for a sustained /a/ is less than five seconds, which is well outside functional
limits The s/z ratio is 1.0. Words per phrase for connected speech are reduced, at
an average of four words per breath (average number of words per phrase group
is eight, per Goldman-Eisler (1968). Diadochokinetic productions are normal at
approximately six per second; however, Susan is not able to produce more than four
seconds of sustained diadochokinetics. Reading for the Grandfather Passage reveals
reading rate at approximately 120 words per minute, which is within functional
limits, and Susan paused appropriately at the syntactic junctures.

Acoustic Observations. Acoustic recordings from the CAPE-V speech tasks were mea-
sured and demonstrated an average fundamental frequency (F°) during sustained pho-
nation of 283 Hz, which is elevated (mean FC for 13-year-old females is approximately
230 Hz.). Susan was not able to engage in normal pitch shifts; pitch range as measured
on a keyboard and acoustically was limited to less than one octave, with basal at C4
(262 Hz) and highest production at B4 (494 Hz), as measured on an electronic keyboard
and smartphone application (see Table 6.4). Young adults normally have a frequency
range of 2.5 to 3 octaves, which indicates neuromotor control, adequate respiratory
support, and ability to modify the shape and length of vocal folds (Bless, 1988). RAP
was elevated at 1.46 %, shimmer was elevated at 12.4%, and HNR was 9 dB.

Aerodynamic Observations. Phonation was brief at 3.5 seconds, with transglottal air-
flow greater than 200 ml/s.

Summary of Findings Thus Far. The patient is a 13-year-old female with a 10-year history
of SOB following tracheostomy, mechanical ventilation, and reconstructive surgery.
SOB grows worse with physical exertion. The patient reveals reduced MPT, elevated F°
for sustained vowel and speaking tasks, and reduced pitch range. Voice is breathy and
hoarse; s/z ratio is 1.0, suggesting same duration for exhalatory and vibratory phase.
At the beginning of speaking and reading tasks, subject reveals sufficient respiratory
support for linguistic demands, but this ability declines rapidly as the task proceeds.

Test Your Differential Diagnostic Abilities. Given the subject’s complaints, medical
history, and clinical assessments, suggest possible etiologies (mechanical or physi-
ological or functional) that might underlie this dysphonia and shortness of breath.

Is it asthma? Asthma is an obstructive airway disease:

® Wheezing, coughing, difficulty exhaling due to obstruction in the airway.
e Triggered by allergies, viral infections, exercise, stress, cold air.

Symptoms/findings that would indicate a diagnosis of asthma:

Patient has been on asthma medications since she was decannulated.

Patient reported “trouble getting air out.”

SOB coincides with exercise and cold air.

Asthma “fits” the medical history of tracheostomy secondary to pneumonia
(Sataloff, 1997).



Assessment

Symptoms/findings that would #ot indicate a diagnosis of asthma:

e Ten years of asthma mediation has failed to address SOB and wheezy respiration.

¢ No reported allergies.

¢ Pulmonary function studies by the pulmonologist revealed no lower airway
expiratory obstruction.

Is it UVFP?

e Prior to voice assessment, Susan underwent tracheobronchoscopy. Although
lower airway assessment was unremarkable, the otolaryngologist suspected
left true vocal fold dysmotility or paresis.

e UVFP may occur after disease or trauma to the recurrent laryngeal branch of
the Vagus.

e One vocal fold is normally “stuck” in a paramedian position off midline; pho-
nation is breathy, rough, and short in duration. Dysphagia is not uncommon.

Symptoms/findings that would indicate a diagnosis of UVFP:

e “Fits” medical history of tracheostomy and reconstructive laryngeal surgery.
e FElevated airflow on phonatory function analysis.
e Breathy and hoarse vocal quality and reduced pitch range.

Symptoms/findings that would 7ot indicate a diagnosis of UVFP:

e Although it is compromised, Susan has control of respiratory-phonatory valv-
ing for speech tasks.

¢ No diplophonia.

e No vocal improvement with facilitation techniques of half-swallow boom,
head turn, and digital manipulation.

Is it paradoxical vocal fold movement?

e PVFM is an insidious laryngeal manifestation often mistaken for uncontrolled
asthma.

e Vocal folds close when they should open and open when they should close.

e Tricky to diagnose because causes and presentation are so diverse.

e Susan’s pulmonologist suspected PVFM because of the capricious nature of the
SOB.

Symptoms/findings that would indicate a diagnosis of PVFM:

SOB appeared to be associated with PVFM precipitators.
Asthma had been ruled out.

Previous medical testing revealed normal lower airway function.
Susan reported some anxiety and depression.

Symptoms/findings that would 7ot indicate a diagnosis of PVFM:

e Susan performed vocal and speech tasks while experiencing SOB. In our clinical
experience, a person with PVFM is normally not able to perform those tasks.

e SOB resolves with rest.

e Too early to extrapolate limited observations of psychosocial disorders in
PVFM to the larger population.
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ENDOSCOPIC EVALUATION

The patient was seated in the exam chair in the clinic and positioned for a flexible
endoscopic examination using halogen light source. The KayPentax distal chip video
laryngoscope was passed along the floor of the left nasal cavity. Nasoendoscopy
revealed a subgottal anterior laryngeal web, most likely a result of the reconstructive
surgery performed 10 years earlier. The web was attached to the inferior and medial
aspect of the anterior commissure bilaterally, ceasing about one-third of the dis-
tance from the anterior commissure, where the distance between the folds abducting
becomes too great.

SUMMARY

The subglottal laryngeal web is consistent with the subject’s medical history, symp-
toms, complaints, and clinical assessment. The web served to block incoming and
outgoing air and to inhibit normal vocal fold vibration. The airway was estimated
to be two-thirds to three-quarters occluded by the web. The web was associated
with Susan’s complaints of elevated pitch for speaking and sustained vowels, and
reduced pitch range. It also contributed to the back pressure or buildup of sub-
glottal air that might account for feelings of “spasms.” The increased tissue at the
glottis interfered with true vocal fold vibration and resulted in elevated measures
of jitter and shimmer.

RECOMMENDATIONS

The patient and her mother were apprised of the findings, and Susan was referred
to the local medical center for surgery to remove the web. She was encouraged
to follow all recommendations by the surgical otolaryngologist. She was sched-
uled to return to this clinic after intervention for a brief reassessment followed
by vocal hygiene counseling and any Voice Facilitating Approaches deemed
necessary.

SUMMARY

The voice evaluation is the time when the clinician first meets the voice patient,
providing opportunity for observation and testing. The evaluation begins when
the patient is observed in the waiting room and continues as part of each therapy
session, particularly as the clinician continually searches with the patient for new
vocal behaviors. The clinician must continue to evaluate and observe the patient’s
respiratory, phonatory, and resonance functions. Whenever possible, these func-
tions should be quantified with instrumentation. Auditory-perceptual judgments
are also extremely valuable in describing the patient’s voice disorder and the man-
ner in which it is produced. The patient’s perception of voice handicap is also
important to assess. The patient’s voice data are used for comparison purposes, to
quantify vocal changes during the first visit, through subsequent therapy sessions,
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and in the final outcome session. Patient performance, both as observed and as
measured, is offered to the patient as continuing feedback, which helps the patient
become aware of voice performance. The evaluation enables the voice clinician to
decide on which management steps to take for the patient, and to refer the patient
to professionals in other disciplines when necessary. If voice therapy is indicated,
the evaluation helps the clinician to develop a therapy plan and to predict the
patient’s prognosis.

GUIDED READING

Read the following article.

Lee, L., Stemple, J. C., Glaze, L., & Kelchner, L. N. (2004). Quick screen
for voice and supplementary documents for identifying pediatric voice
disorders. Language, Speech, and Hearing Services in Schools, 35(4),
308-320.

Compile a list of the voice and resonance behaviors that are important to collect
and assess in a child-related screening instrument. Create a miniversion of your own
quick screen instrument.

Read the following reports.

American Speech-Language-Hearing Association. (2004e). Vocal tract
visualization and imaging [Position Statement]. Rockville, MD: Author.
Available from www.asha.org/policy

American Speech-Language-Hearing Association. (2004f). Vocal tract
visualization and imaging [Technical Report|. Rockville, MD: Author.
Available from www.asha.org/policy.

Describe the roles and responsibilities of the SLP with respect to vocal tract
visualization.

PREPARING FOR THE PRAXIS™

Directions: Please read and answer the five questions that follow. (Please see page 319
for the answer key.)

1. In Case Study 1, the numeric value of 93 mm on the CAPE-V for vocal strain
translates to:
A. Mildly deviant
B. Moderately deviant
C. Severely deviant
D. Within normal limits

2. In Case Study 1, the female client revealed a speaking fundamental frequency (SFF)
ranging from 125 Hz to 135 Hz as measured instrumentally. If digitized instru-
mentation had not been available, SFF could easily be measured on an electronic
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keyboard or smartphone application. In this case, the SFF would be approximately
(hint: see Figure 6.4):

A. B2

B. F3

C. A3

D. C4

. The throat clearing demonstrated by the child in Case Study 2 is most likely

secondary to:

A. Behaviors he has adopted from his brother
B. Globus due to thickened mucus

C. Globus due to sensation of the vocal nodules
D. Reduced breath support

E. Both B and C

. The maximum phonation time demonstrated by the child in Case Study 2 is:

A. Consistent with the mean MPT for normal speakers his age
B. Below the mean MPT for normal speakers his age

C. Within the range of MPT for normal speakers his age

D. Above the mean MPT for normal speakers his age

. An TEP is warranted for the child in Case Study 2 because:

A. He speaks in a rough and low voice

B. He has been diagnosed with vocal nodules

C. His hoarse voice interferes with his ability to participate in daily educational
interactions

D. He is in need of a “just right voice” book.
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ma= LEARNING OBJECTIVES R

" After reading this chapter, one should be able to:

e Describe the reasoning for the suggestion o ldentify at least one evidence-based
that there is no one voice approach or practice article that supports the target
program that is facilitative for all patients VFA.
with the same voice problem. o Identify emerging technologies in

o Define the concept of diagnostic probe and voice intervention that appear to
explain its importance in voice therapy. be promising tools when applied in

o Identify the rationales and procedural conjunction with the guidance of the

approaches for the Voice Facilitating
Approaches (VFAs).

voice clinician.

Voice therapy is highly individualized, depending on the cause of the problem, its
maintaining factors, the motivation of the patient, and the availability of appropriate
management and treatment. Some voice problems may require only the management
of professionals other than the profession of the speech-language pathologist (SLP),
such as an otolaryngologist (ENT physician) who may successfully treat a papilloma
or laryngeal cancer by laser surgery. On the other hand, using the case of unilateral
vocal fold paralysis as an example, the patient is managed by both the SLP and the
ENT physician, who will see the patient at different times during the recovery pro-
cess. Many voice problems are managed by the SLP alone. For example, the SLP may
help the patient with functional aphonia regain voice with voice therapy and then
provide the follow-up that may be required to maintain normal voice.

What is offered for management and therapy (and by whom) is dictated by
the presenting causal and maintaining factors that were identified at the time of the
initial diagnostic evaluation. Even during voice therapy, there must be a continuous
search for a possible change in the maintenance factors of the voice problem, which
could then dictate a different management or therapy offering.
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While many of the management strategies differ among voice patients accord-
ing to whether their problems are organic, neurogenic, or functional, our VFAs may
not be differentiated according to such causal factors. If the patient is exhibiting a
problem in breath control, for example, the cause of the problem may get primary
attention, but the techniques for using more efficient breath for voice are selected
from a pool of approaches for improving breath control.

Perhaps the most commonly observed voice problems are related to vocal
hyperfunction, for which many therapy approaches are designed to take the work
out of speaking. A voice therapy approach for a particular person with vocal hyper-
function would be selected from an array of such approaches, with the selection
again related to causal and maintaining factors. A young man who exhibits hard
glottal attack might profit from learning to reduce his rate of speech, opening his
mouth a bit more, learning more of a legato (smooth, easy flow) style of voicing, and
practicing vocal chanting. His SLP would select the therapy approaches that help
facilitate this easy, smooth style of voicing.

The authors were once approached by a computer scientist who suggested that
the voice diagnostic—evaluation data could be fed into a software program, which
would automatically tell the SLP what therapy methods to use with a recommended
sequence of application. Such a cookbook approach to voice therapy is not possible.
Rather, the SLP uses the presenting data and observations for decisions regarding
management, selecting a particular approach for a trial beginning (known as a diag-
nostic probe). The patient’s response to the probe and its effect on voice determine if
that therapy approach will be used or eliminated in therapy, or if the approach can
be combined with other approaches. Rarely is a particular voice therapy technique
applied in isolation (Angadi & Stemple, 2012). For example, if a louder voice pro-
duces a clearer voice with less roughness, combining work on increasing respiratory
volume, extending expiratory durations, improving patient posture, and increasing
mouth opening could be combined with increasing loudness in a treatment session.

PATIENT COMPLIANCE AND EMERGING
TECHNOLOGIES IN VOICE INTERVENTION

A number of voice researchers have performed retrospective studies over the years
to try to find variables that determine why patients comply or do not comply with
voice therapy. A study by Smith and colleagues (2009) looked at the attendance
rates of 100 voice patients at a major academic urban medical center. Of the 100
patients scheduled for voice therapy, only 44 of those individuals complied. Sus-
pected noncompliance factors ranged from clinician-related barriers, such as lack of
empathy and lack of follow-up support, to clinic-related factors, such as inconve-
nient commutes and inflexible scheduling.

At our voice clinics, just as in many across the country and around the world,
we encourage compliance by providing the voice patient with immediate success by
applying what we call diagnostic probes or Voice Facilitating Approaches (VFAs)
(described in this chapter). Once normal or near-normal phonation has been dem-
onstrated, we capitalize on this success by making sure the client leaves with home-
work that includes an audio-video recording of the session. That is, if the aphonic
patient has achieved vocal success by engaging in the VFA of focus and pitch shift
down, we make a recording of these approaches and provide the recording to the
patient at the end of the session or later, via the Internet.
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Video-recordings of voice therapy have been shown to increase patient compli-
ance (van Leer and Connor, 2012). In addition to video-recordings, other researchers
advocate virtual reality approaches to voice intervention that simulate vocally challeng-
ing environments (Hapner and Johns, 2004). By placing him- or herself in a virtual,
vocally challenging environment—such as a classroom—the voice patient is more likely
to generalize the VFAs learned in clinic. Voice intervention via telepractice is also gaining
momentum as a service delivery model (American Speech-Language-Hearing Associa-
tion, 2001). Mashima and colleagues (2003) and Tindall and colleagues (2008) reported
that voice intervention via videophone yielded voice outcomes similar to conventional
voice therapy at a significant financial savings to the voice client.

VOICE THERAPY FACILITATING APPROACHES

In this text, we call our therapy approaches Voice Facilitating Approaches (VFAs).
That is, the selected therapy technique facilitates a “target” or a more optimal vocal
response by the patient. The VFAs are used with patients having various kinds of
voice disorders: functional, organic, or neurogenic. Part of voice therapy is search-
ing with patients to find the VFA that seems to help them produce the desired vocal
response. Many patients with the same voice disorder, such as muscle tension dyspho-
nia, may require different therapy approaches for the same problem. For example, in
the same afternoon, we may see a patient who finds focus, or resonant voice therapy,
effective in reducing vocal fold overvalving, while the next patient finds inhalation
phonation and pitch shift up the keys to a less effortful voice. It is important to
remember that, because a person’s voice problem is often a combination of behav-
ioral, emotional, physical, and structural issues, no one specific therapy approach
is facilitative for all patients with the same voice problem. The experienced voice
clinician has many voice therapy techniques to use for particular voice problems
with certain patients. In addition to the current list of 25 approaches in this edition
of The Voice and Voice Therapy, the SLP should be aware of the many other man-
agement and therapy approaches described in the literature: Titze (2006), Colton
and colleagues (2006), Andrews and Summers (2002), Boone and Wiley (2000),
Case (2002), Stemple (2000), Patel and colleagues (2011), and Denizoglu and Sihvo
(2010). Smartphone and computer tablet software applications have made it even
easier to use accessible and low-cost clinical tools with our voice patients. Angadi
and Stemple (2012) list just a few of these apps, which includes virtual keyboards,
pitch matchers, stopwatches, dB meters, voice recorders, and metronomes.

The VFAs in Table 7.1 are listed alphabetically. After each approach, a nota-
tion (X) indicates the voice parameters that the particular VFA has the potential to
influence. For example, VFA #1, auditory feedback, can have an impact on both
vocal loudness and quality, with less influence on voice pitch.

Accordingly, for the three columns in Table 7.1 (pitch, loudness, and quality)
only the loudness and quality columns are marked with (X). Other techniques, such
as yawn-sigh (VFA #25), influence all three parameters of pitch, loudness, and qual-
ity, and each column is marked with (X).

Experienced voice clinicians often combine therapy approaches in their search
with the patient to find the target voice. Each of the 25 VFAs in Table 7.1 is pre-
sented from the following four perspectives: (1) kinds of problems for which the
approach is useful, (2) procedural aspects of the approach, (3) typical case history
showing utilization of the approach, and (4) evaluation of the approach.
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TABLE 7.1 Twenty-Five Facilitating Approaches in Voice Therapy

Parameter of Voice Affected

Facilitating Approach Pitch Loudness Quality
1. Auditory feedback X X
2. Change of loudness X X X
3. Chant-talk X X
4. Chewing X X X
5. Confidential voice X X
6. Counseling (explanation of problem) X X
7. Digital manipulation X X
8. Elimination of abuses X X
9. Establishing a new pitch X X

10. Focus X X X

11. Glottal fry X X X

12. Head positioning X X

13. Hierarchy analysis X X X

14. Inhalation phonation X X

15. Laryngeal massage X X

16. Masking X X

17. Nasal/glide stimulation X

18. Open-mouth approach X X

19. Pitch inflections X

20. Redirected phonation X X X

21. Relaxation X X X

22. Respiration training X X

23. Tongue protrusion /i/ X X

24. Visual feedback X X X

25. Yawn-sigh X X X

New to this ninth edition of The Voice and Voice Therapy is the addition of evi-
dence-based practice (EBP) that supports each VFA. Evidence-based practice (EBF),
for the purpose of this chapter, combines the information gleaned from all levels
of evidence, ranging from the expert opinion of respected authorities to system-
atic reviews and randomized controlled clinical studies. Readers are encouraged to
investigate these EBP resources further for at least a couple of reasons: (1) to gain an
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appreciation of the converging evidence for each of these approaches and (2) to use
as rationales when generating goals and objectives for the VFAs.

1. Auditory Feedback

Kinds of Problems for Which the Approach Is Useful. The shift from analog to digital
analysis in the late 1980s and 1990s revolutionized voice analysis and therapy. This
certainly applies to immediate auditory feedback (and visual biofeedback later in
this chapter) afforded by digitized instrumentation. Many voice patients profit from
using some kind of auditory feedback in and out of voice therapy. Patients who dis-
played a window of voice improvement during the evaluation session (such as when
masking was used as a diagnostic probe resulting in an immediate improvement
in voice) often benefit from the use of auditory feedback during therapy sessions.
Regardless of the causal factor of the disorder (organic, neurogenic, or functional),
the patient’s voice may improve with such feedback.

Auditory feedback is supported by motor planning and programming theory
(Duffy, 2005; Callan and colleagues, 2000; Hodson, 1992). In a nutshell, this theory
suggests that humans are able to alter and adapt motor-equivalent voice and speech
production through integration of sensory information from peripheral mechano-
receptors, one of those being acoustic feedback. Different kinds of auditory feed-
back may enhance patient response, such as using real-time amplification and letting
patients hear themselves on headphones as they are speaking. The slight amplification
is thought to bridge the gap between the disordered kinesthetic model and the correct
one while using the auditory feedback loop. Voice improvement is best secured by
listening in real time on amplification equipment that ensures a speech—voice range
focus. Numerous smartphone apps and devices are available for these purposes.

Some patients with movement disorders might profit from the use of an audi-
tory metronome that can pace either an increased or decreased rate of speaking for
the patient. For example, a metronome set at about 60 words per minute can result in
a marked slowing down of the Parkinson’s patient’s speech rate, which may improve
voice quality, loudness and speech intelligibility. Others have been reported to benefit
from delayed or frequency altered feedback, which serves to feed the voice back into
the auditory system (McNeil, 2009; Yorkston, 2004). Some of those devices are manu-
factured by KayPENTAX Corp. (Montvale, New Jersey), Casa Futura Technologies
(Boulder, Colorado), and Griffin Laboratories (Temecula, California).

Most voice patients profit from auditory modeling: hearing either his or her
own voice on auditory playback or an external model (perhaps a speaking pitch
note or the clinician’s voice). Auditory modeling, to be effective, must be immediate.
The clinician must stop recording, and play back for the patient the recording of the
model and the patient response. The auditory playback is easy to achieve on most
digital recorders or smartphones. It is important that the recording device have at
least two ports for a speaker, or headphones, so that the client and clinician can hear
the production immediately after generating it.

Procedural Aspects of the Approach. Let us separate the application approaches for
three forms of auditory feedback: real-time amplification, metronome pacing, and
loop playback.

1. Real-time amplification of speech and voice enables one to hear oneself more
clearly than would be possible without such self-amplification and auditory focus.
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Real-time amplification requires the clinician to use a device that features good qual-
ity amplification and playback.

a. The patient listens closely on the headphones to what he or she will be saying.
Usually another voice is used, such as chanting or focus, which the patient will
use while speaking. The patient then listens closely to the sound of the voice or
speech while he or she is using the approach.

b. The patient evaluates the appropriateness of his or her response. If adjust-
ments are needed, the patient listens with real-time amplification again.

2. The clicks or beats of a metronome may provide good auditory pacing for
patients who need to decrease or increase their rate of speech.

a. The rate of clicks per minute is set on the instrument. All windup or elec-
tronic metronomes have a setting switch. The Auditory Feedback module by
KayPENTAX Corp. (Montvale, New Jersey) offers variable rates, as do many
smartphone apps.

b. The best pacing practice is achieved by the patient matching the clicks by shorten-
ing or prolonging the vowel duration of the practice material. Changing vowel
duration is a preferred way to change rate rather than altering pause duration
between words or phrases. Reducing the temporal length of the vowel is often sug-
gested for individuals presenting with spastic or ataxic dysarthia (see Chapter 5).

3. Loop playback allows the patient to hear immediately what was just said. Early-
generation instruments include the Phonic Mirror, the Language Master, and the
Facilitator (1998). More current technology features digitized recorders that are
stand-alone or embedded in smartphones as applications.

Typical Case History Showing Utilization of the Approach. Josie, a 49-year-old social
worker, had a two-year history of functional dysphonia. At the time of the initial
interview, it was found that elevating her pitch slightly at the end of a phrase or sen-
tence seemed to eliminate all hoarseness. Immediate digitized auditory playback was
very effective in helping her realize that raising pitch slightly in an upward inflection
cleared the hoarseness from her voice. Working with her SLP using auditory play-
back, she practiced repeating sentences in two different ways: one, with the usual
downward inflection (which caused hoarseness), and two, with an upward inflec-
tion. Using immediate auditory feedback in a few practice sessions appeared to be a
primary approach in developing better functional voice outside the clinic, especially
in her work as a social worker.

Evaluation of the Approach. Voice improvement is often enhanced by listening closely
to one’s voice. The use of auditory feedback is often an important step in therapy
for articulation, language, fluency, and voice disorders. Real-time amplification, loop
playback, and external metronomic pacing can be effective auditory aids in voice
therapy. A holistic approach to correcting a voice disorder, such as listening to one’s
voice, is often preferred over fractionating various voice components (breathing,
pitch, loudness, etc.) with separate practice for each component.

2. Change of Loudness

Kinds of Problems for Which the Approach Is Useful. Some patients have voices that have
inappropriate loudness: a voice that is too loud or too soft. Many of the vocal pathologies
experienced by children are related to excesses of loudness such as screaming and yelling.



Voice Therapy Facilitating Approaches

Weak, soft voices may develop as a consequence of the prolonged hyperfunctional
use of the vocal mechanism that results in the eventual breakdown of glottal approx-
imation surfaces, for example, a patient with vocal nodules who loses much airflow
around the nodules and is unable to produce an intense enough vocal fold vibra-
tion to achieve a sufficiently loud voice. Some speaking environments require a loud
voice, and untrained speakers or singers may push for loudness at the level of the
larynx rather than adjust their respiration. Inappropriate loudness of voice is most
often not the primary causative factor of a voice problem, but rather a secondary,
if annoying, symptom. Less common etiologies include motor speech disorders,
including spastic and ataxic dysarthria (see Chapter 5). Reducing or increasing
the loudness of the voice lends itself well to direct symptom modification through
exercise and practice and, if other VFAs are being used, often does not even require
the use of loudness techniques.

Procedural Aspects of the Approach
1. For a decrease in loudness:

a. See that the patient has a thorough audiometric examination to determine
adequacy of hearing before any attempt is made to reduce voice loudness. Once it
has been established that the patient has normal hearing, the following steps may
be taken.

b. For young children, age three through 10, the change of loudness steps in The
Boone Voice Program for Children (Boone, 1993) is useful. Ask the child to
develop awareness of five different voices:

e Voice 1 is presented as a whisper.

e Voice 2 is presented as the voice to use when not wanting to awaken a
sleeping person, a quiet voice.

e Voice 3 is the normal voice to use to talk to family and friends.

e Voice 4 is the voice to use to talk to someone across the room.

® Voice 5 is the yelling voice to call someone outside.

c. With patients over 10 years old, discuss with the patient the observation that
he or she has an inappropriately loud voice. The patient may be unaware of
the loud voice and should listen to digitized samples of his or her speech. The
best demonstration for loudness variations include both the patient’s voice and
the clinician’s, to provide contrasting levels of loudness. Then ask the patient,
“Do you think your voice is louder than mine?”

&

Focus on making the patient aware of the problem. Once the patient becomes
aware that his or her voice is too loud, ask, “What does a loud voice in another
person tell you about that person?” Loud voices are typically interpreted to mean
that the speaker feels “overly confident” or “sure of himself”; or that the speaker
is putting on a confident front when he or she is really scared; or that he or she is
mad at the world, impressed with his or her own voice, trying to intimidate listen-
ers, and so on. Some discussion of these negative interpretations is usually suf-
ficient to motivate the average patient to learn to speak at normal loudness levels.

Practice using a quiet voice (voice 2 in section b). The practice for the quiet
voice can be facilitated by using digital recorders or other instruments that
provide biofeedback for amplitude. Keeping the sound-level meter at a fixed
distance, the patient can quickly learn to keep his or her voice at a lower inten-
sity level to prevent the light (all or a few) from coming on.

o
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2. For an increase in loudness:

a.

=

o

Determine first that the inappropriate softness of the voice is not related to
hearing loss, general physical weakness (deconditioning), or a personality
problem; for these cases, a symptomatic approach is not indicated. The steps
that follow are for voice patients who are physically and emotionally capable
of speaking in a louder voice.

Discuss the soft voice with the patient. A digitized recording playback of the
patient’s and clinician’s voices in conversation usually illustrates for the patient
the inadequacy of the loudness. After the patient indicates some awareness
of his or her soft voice, ask, “What does a soft, weak voice tell us about a
person?” Inadequately loud voices are typically interpreted to mean that the
speaker is afraid to speak louder, is timid and shy, is unduly considerate of oth-
ers, is scared of people, has no self-confidence, and so on. Some discussion of
these negative interpretations is usually helpful.

By exploring pitch level and fundamental frequency, try to achieve a pitch level
at which the patient can, with some ease, produce a louder voice. If the patient
habitually speaks near the bottom of his or her pitch range, a slight elevation
of pitch level will usually be accompanied by a slight increase in loudness. The
Visi-Pitch IV, Sona-Speech, and even a musical keyboard or pitch-matching
app have been useful in helping patients associate changes in pitch with rela-
tive changes in intensity. Certain frequencies produce greater intensities. When
the patient finds the “best” pitch level, he or she should practice sustaining an
/a/ at that level for five seconds, concentrating on good voice quality. He or she
should then take a deep breath and repeat the same pitch at a maximum loud-
ness level. After some practice at this “home base” pitch level, ask the patient
to sing /a/, up the scale for one octave, at one vocal production per breath;
then have him or her go back down the scale, one note per breath, until he or
she reaches the starting pitch.

Explore with the patient his or her best pitch, that is, the one that produces
the best loudness and quality. Auditory feedback devices should be employed
so that the patient can hear what he or she is doing. Some counseling may be
needed about the practice pitch used because the patient may resist using a
new voice amplitude and pitch level. Note that the practice amplitude level
may well be only a temporary one and not necessarily the amplitude level the
patient will use permanently. It is important that the work be pursued both in
and outside therapy. A change in loudness cannot be achieved simply by talk-
ing about it. It requires practice.

Sometimes respiration training (which we discuss later in the chapter) is nec-
essary for a patient with a loudness problem. Remember, however, that even
though loudness is directly related to the rate of airflow through the approxi-
mated vocal folds, little evidence indicates that any particular way of breath-
ing is the best for optimum phonation. Any respiration exercise that produces
increased subglottal air pressure may be helpful in increasing voice loudness.

For patients who seem unable to increase voice loudness, we might employ the
Lombard effect (Lau, 2008). The Lombard effect is observed when patients
reflexively voice at louder levels when reading or speaking against increas-
ing competing noise. For example, as the patient reads aloud, the clinician
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introduces about 75 dB of speech-range masking (see voice FA called Masking
for application procedures).

3. Patients or people wanting to improve their voices sometimes demonstrate little
or no loudness variation. Fluctuation in loudness can be helped by:

a. Make a digitized recording of the patient’s voice. Ask the patient how he or
she likes the voice on playback. People who become aware of the monotony
of their voices and who are concerned about it can usually develop loudness
variation (and pitch inflection) with practice.

b. Use an auditory playback system. Record speech or oral reading and then lis-
ten back immediately. Ask the patient about the relative appropriateness of
loudness or loudness variation.

¢. Most voice and diction books include practice materials for developing loud-
ness variation in the voice.

Typical Case History Showing Utilization of the Approach. Curtis, a 31-year-old teacher,
complained for more than a year of symptoms of vocal fatigue, that is, pain in the
throat, loss of voice after teaching, and so on. Laryngoscopy revealed a normal larynx,
and the voice evaluation found that the man spoke at “a monotonous pitch and low
loudness level, with pronounced mandibular restriction, at times barely opening his
mouth.” Early efforts at therapy included the chewing approach, with special emphasis
given to varying pitch level and increasing voice loudness using a sound-level meter. The
patient was highly motivated to improve the efficiency of his phonation; he requested
voice therapy three times a week and supplemented the therapy with long practice
periods at home. After nine weeks of therapy, pre-therapy and post-therapy digitized
recordings were compared, and the patient agreed with the clinician that he sounded
“like a new man.” Speaking in a louder voice for this patient seemed to have an imme-
diate effect on his overall self-image, resulting in an almost immediate increase in his
total communicative effectiveness. Not only did the patient achieve a better-sounding
speaking voice, but he reported no further symptoms of vocal fatigue.

Evaluation of the Approach. Inappropriate loudness of voice penalizes the patient.
Many of the VFAs described in this chapter have an effect on voice loudness, and
inadequate loudness is also highly modifiable. This was demonstrated in a study by
Schneider-Stickler and colleagues (2012). These researchers found that voice pitch
ranges and amplitudes of call center agents were easily modified using biofeedback
software. Results suggest that controlling amplitude can result in the treatment and
prevention of abused and misused voices. Having immediate access to biofeedback
allowed subjects to adjust for voicing made with appropriate amplitude, as well as
pitch and speaking rate. The authors concluded that the use of a comfortable speak-
ing voice, notably with respect to amplitude, is one of the most important factors in
preventing vocal disorders.

3. Chant-Talk

Kinds of Problems for Which the Approach Is Useful. Voice problems related to hyper-
function are often helped by the chant approach. The chant in music is character-
ized by reciting many syllables on one continuous tone, creating, in effect, a singing
monotone. We hear chanting in some churches and synagogues, performed by clergy
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and select groups. The words run continuously together without stress or a change
in prosody for the individual word segments. In singing, the legato is very similar
to the chant we use in voice therapy. A common dictionary definition of legato is
“smooth and connected with no break between tones.” The chant in therapy is char-
acterized by an elevation of pitch, prolongation of vowels, lack of syllable stress, and
an obvious softening of glottal attack. Once a patient can produce the chant in its
extreme form (such as in a Gregorian chant), it can usually be modified to resemble
conversational phonation. We have used chanting with other VFAs, such as chewing,
open-mouth, and yawn-sigh.

Procedural Aspects of the Approach

1. The chant-talk approach is explained to the patient as a method that reduces the
effort in talking. It is important to point out to the patient that the method will be
used temporarily only, as practice, and will not become a permanent and different
way of talking. Demonstrate chant-talk by playing a recording of a religious chant.
Then imitate the recording by producing the same voicing style while reading any
material aloud.

2. Urge the patient to imitate the same chant voicing pattern. Most patients are
able to do this with some degree of initial success. For those who cannot chant in
initial trials, present a chant recording again and then follow it with the patient’s
own chant production. Some lighthearted kidding is useful to tell the patient that the
chant is a different way of talking and will be used only briefly as a voice training
device. If the patient cannot chant after several attempts, use another VFA. For those
patients who can chant, go on to step 3.

3. The patient should now read aloud, alternating the regular voice and the chant
voice. Twenty seconds has been found to be a good time for each reading condition.
Ask the patient to read aloud first in the normal voice, then in a chant, then back to
normal voice, then in a chant, and so on.

4. Record the patient’s oral reading. On playback, contrast the different sound of
the normal voice with the chanted voice. Discuss the pitch differences, the phona-
tory prolongations, and the soft glottal onset.

5. Once patients are able to produce chant-talk with relative ease, they should try to
reduce the chant quality, approximating normal voice production. Slight prolonga-
tion and soft glottal onset should be retained as the patient reads aloud in a voice
with only slight chant quality remaining.

Typical Case History Showing Utilization of the Approach. Clara was a 28-year-old woman
who worked at a call center selling telephone directory advertising. She began to
experience increased dysphonia and “dryness of throat,” particularly toward the end
of a busy day of calling on customers. On endoscopic examination, she was found
to have bilateral vocal nodules with unnecessary supraglottal participation during
phonation. She spoke at an inappropriately low pitch, with mandibular restriction
and noticeable hard glottal attack. Twice a week she received voice therapy designed
to “take the work out of phonation.” The chewing approach, coupled with the chant-
talk approach, dramatically changed her overall voicing style. She was able early in
therapy to incorporate the soft glottal attack of the chant into her everyday speak-
ing voice. Other approaches, such as open mouth and yawn-sigh, were added with
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various self-practice materials she could use. The patient reported that she practiced
throughout the day in her car, driving between appointments. In about twelve weeks,
videoendoscopy revealed that the nodules had disappeared and that her supraglot-
tal larynx stayed open during normal voicing. There was no evidence of hard glottal
attack at the time of her clinic discharge.

Evaluation of the Approach. The chant-talk approach is easy for most patients to
use. In addition to our experiences, McCabe and Titze (2002) also recommend the
approach. These researchers introduced chant therapy and a placebo to public high
school teachers who complained of vocal fatigue. Based on the changes of the sub-
jects’ responses to a fatigue task after the delivery of chant therapy, the research-
ers concluded that the principles learned by the subjects using chant-talk helped to
reduce vocal fatigue. It is important to let the patient know that chanting is only a
temporary behavior, designed to take the work out of phonation. We have found
that the method works well with children, who seem to enjoy the “different” way
of talking. For those patients who need to reduce hard glottal attack, the chanting
approach seems to produce dramatic results for softening voicing onsets.

4. Chewing

Kinds of Problems for Which the Approach Is Useful. We see many people with vocal
hyperfunction who appear to speak through clenched teeth with very little mandibu-
lar or labial movement. Such patients profit from using the chewing approach. We
often kiddingly ask such patients, “Have you ever been a ventriloquist?” We then
reply to their usual answer in the negative with “You certainly could be because you
barely move your mouth when you speak.” Many hyperfunctional voice patients,
after being asked the ventriloquist question, develop immediate insight into their rela-
tive lack of mouth opening. Chewing is helpful for the patient who speaks with great
tension and hard glottal attack. During simultaneous voicing and chewing, we often
hear less strain in the voice, easier glottal attack, and an improvement in voice quality.

Procedural Aspects of the Approach

1. We first do what is necessary to help the patient become aware of the need for
greater mouth opening while speaking. Following the ventriloquist question, we
may ask the client to speak while in front of a mirror. Mirror intervention is a good
method for instructing the patient specific to the relative amount of mouth opening
he or she is using.

2. The clinician and patient look in a mirror as the clinician demonstrates exaggerated
chewing. Care is given to have both good vertical and horizontal movements of the
mouth. We pretend that we are chewing a stack of three crackers or a wad of French
bread at one time with an open mouth. Ask the patient to imitate exaggerated chew-
ing as has been demonstrated. Point out to the patient the amount of mouth opening
by saying something like, “You see that we let our jaw drop down with our lips open
wide. If we were actually chewing crackers, the crumbs would all drop out of our open
mouth.” Spend as much time as needed to develop good open-mouth chewing.

3. We now add light voice to the chewing. Here we have to be careful to avoid the same
kind of monotonous sound, like “yam-yam-yam,” that can come from chewing in the
same pattern while voicing. To mix the sounds (and the mouth movements) a bit, we
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may have the patient say in a chantlike way nonsense words such as “ah-la-met-erah”
or “wan-da-pan-da.” Stay with such nonsense words until the patient masters the simul-
taneous chewing and speaking. It should be noted here that most children like to do
chewing and take easily to the approach. Some adults may resist doing it or be unable
to do it; if so, the approach should be abandoned and other approaches used, such as
the open-mouth approach.

4. Once simultaneous chewing and speaking is established, ask the patient to count and
chew. It will take several practice attempts before the patient can do it. Listen and watch
the first attempts on video playback. Tell the patient at this point that the chewing is “a
means to the end of producing a more relaxed voice.” The patient should be counseled
that the exaggerated chewing is used only temporarily and that we will soon cut down
the movements to resemble more “the mouth movements of normal speakers.”

5. Now use words and phrases for practice chewing. When the patient can do this,
we then practice sentences. Avoid going too fast. Go back to earlier levels if the
amount of chewing seems to be fading.

6. After the patient has mastered step 5, she or he should be taught how to diminish
the exaggerated chewing to resemble more normal mouth movements. Practicing
oral reading with chewing is a good final step. Video-recording the practice session
allows the patient to study his or her success on video playback.

7. Ultimately, the patient just “thinks” the chewing method. By this time, the patient
has developed an awareness of what oral openness and jaw movement feel like and
has experienced the vocal relaxation that accompanies the feeling.

Typical Case History Showing Utilization of the Approach. Sara, a 44-year-old realtor,
began to experience extreme vocal fatigue toward the end of her working day. At
the voice evaluation, she reported, “Sometimes I lose my voice altogether at the end
of the day, or after I talk a lot, it hurts right here” (she pointed to the general hyoid
area). As she volunteered her history, little mouth opening was observed with her
voice sounding at an inappropriate high pitch and the ends of sentences character-
ized by “squeezed phonation.” On endoscopy, her vocal folds showed “posterior
redness, suggestive of reflux with no middle or anterior pathology noted.” A diagno-
sis of muscular tension dysphonia was made with a special notation made relative
to speaking through clenched teeth. Early in voice therapy, the patient worked on
developing better respiration skills for voicing and developing more natural oral
movements (less mandibular restriction). There was some initial resistance by the
patient to using the chewing approach, but after she began to experience increased
oral relaxation as she practiced the chewing, she incorporated greater oral move-
ments into her everyday speaking pattern. The patient experienced a very good voice
result from both reduction of her reflux by a medical regimen and eliminating her
dysphonia and vocal fatigue from voice therapy (with early emphasis given to using
the chewing approach).

Evaluation of the Approach. The chewing approach is not a panacea for all voice
problems, but its positive effectiveness in reducing muscular tension dysphonia or
vocal hyperfunction is observed soon after it is applied. It appears that when oral
structures are involved in the automatic function of chewing, according to Brodnitz
and Froeschels (1954) who first introduced the technique, these oral structures (facial
muscles, mandible, tongue) appear capable of “more synergic, relaxed movement.”
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It appears that relaxing the overall vocal tract while chewing also relaxes the pho-
natory function of the larynx and pharynx. By employing a commonly used action,
such as chewing, the patient is able to achieve relaxation of the vocal tract from
a holistic or gestalt point of view, without attempting to relax particular muscles.
For the voice patient who appears to be talking between clenched teeth, the chew-
ing approach is a good way to develop more open, natural oral movements. This
approach may be contraindicated for the patient with temporomandibular joint
(TM]) syndrome. Chewing was listed as one of the VFAs studied by McCory (2001)
in a retrospective audit of voice therapy outcomes in vocal nodules. Results revealed
that this approach was consistent with best practice and that voice therapy is effec-
tive in the reduction, and in some cases elimination, of vocal nodules.

5. Confidential Voice

Kinds of Problems for Which the Approach Is Useful. Using a soft, confidential voice
as an alternative to using a voice produced by much effort and hyperfunction was
first described as the confidential voice by Colton and Casper (1996). Confidential
voice has subsequently been studied by a number of researchers, who report that the
approach is effective in reducing loudness, excessive vocal use, and abusive vocal
patterns (Berhrman and colleagues, 2008). Confidential voice is similar to the soft
voice recommended for children to use as the quiet voice, the second voice level of
loudness that allows voicing at a quiet level “not loud enough to awaken someone
sleeping nearby” (Boone, 1983). Both children and adults seem to be able to speak
in the easy, confidential voice, which makes the approach useful in reducing over-
all vocal hyperfunction. The confidential voice, with its increased breathiness, not
only reduces voice loudness, but also affects breath control; slows down speaking
rate; and seems to create a more open, relaxed airway. The technique employs light
voice (not whispering) and is used in a prescribed time period for reducing hyper-
function in functional dysphonia and in vocal hyperfunction resulting in vocal fold
thickening and vocal nodules. The confidential voice is explained to both children
and adults as a temporary way of talking, a means to an end for developing a bet-
ter voice. In some populations, though, it is suggested as a long-term approach to
be used with other technologies, such as portable amplification devices. Roy and
colleagues (2002) found that teachers who employed portable amplification devices
reported more clarity in their speaking and singing voice, greater ease of voice pro-
duction, and greater compliance with the treatment program.

Procedural Aspects of the Approach. Much time can be saved in voice therapy by first
seeing if the child or adult can imitate the SLP in producing the breathy, confidential
voice. If this easy voice can be produced, the clinician explains how it will be used,
as follows:

1. Repeat the confidential voice model and be sure the client understands how to
produce it, a breathy voice with less loudness, as if one doesn’t want to awaken a
person sleeping nearby. We do not want a whisper, but a breathy, light voicing.

2. The breathy, light voice uses up more air. The slightly parted vocal folds and the
open airway allow a greater volume of air to pass through than is normally expe-
rienced. Therefore, we explain that fewer words are said on one expiration when
using the easy voice.

kg Clients with vocal

hyperfunction may
demonstrate a voice
that is too loud. The
prolonged use of
inappropriate loud-
ness levels may result
in pathologies of the
vocal folds, such as
nodules or polyps.

As explained by the
clinician on the video,
confidential voice is
not a whisper; it is not
elevating or lowering
the pitch. Itis simply a
reduction of loudness
in the voice. Grand
Rounds: Describe
how confidential voice
might change the
open-closed phases of
vocal fold vibration.
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3. Its temporary use is then explained. As often as one can find settings to use the
breathy, confidential voice, the client should be encouraged to use it. There will
be situations where such a light voice cannot be used, such as with a salesperson
explaining a product to a customer. As soon as possible, however, the client should
revert back to using the easy voice. It is important to let the client know about the
temporary use of the confidential voice, perhaps by saying, “We will use this confi-
dential voice only for a few weeks, or for as long as it seems to take to break up the
effortful, hyperfunctional voice you have been using.”

4. Specific instruction should be given for set time periods when the client does oral
reading in the confidential voice.

It has been the authors’ experience that both children and adults are able to
produce the confidential voice with relative ease and soon enjoy voicing without all
the work they previously used in voice production. For children and adults who can-
not imitate the clinician easily in producing the confidential voice, we use the steps,
listed here, for developing a soft voice from The Boone Voice Program for Children
(Boone, 1993) or The Boone Voice Program for Adults (Boone and Wiley, 2000).

1. The patient is taught to be aware that voice loudness is divided into five levels:
(1) whisper; (2) soft voice; (3) normal conversational voice; (4) louder, projected
voice, and (5) yelling. Using the voice examples and cartoons from either the child-
or adult-level programs, we select the second level, soft voice, as our target voice.

2. The clinician then reads aloud the voice examples at the second level of loudness,
producing in effect the confidential voice. The client imitates the clinician, which
may require some individualized coaching. Phrases and sentences are then practiced
aloud at the soft voice level.

3. Once the client can produce the breathy, light voice with consistency, we follow
the four steps described above in therapy.

Typical Case History Showing Utilization of the Approach. Dora was a 40-year-old
teacher who taught computer science and computer applications. She experienced
an increasing hoarseness that began to interfere with her teaching effectiveness. On
endoscopy, she was found to have small bilateral vocal nodules. Following a 14-day
period of voice rest, enforced by her laryngologist, she began voice therapy. The
confidential voice was one of the first voice therapy techniques introduced, with
which she had initial success. She found that she could use the easy, breathy voice in
all situations, including in her computer classes when using a portable voice ampli-
fier. Other voice therapy approaches were combined with confidential voice, includ-
ing work on improving respiration, improving her head-neck posture, increasing
greater mouth opening, increased hydration, and elimination of her tendency to
clear her throat. After seven weeks, her voice therapy regimen (including the use of
the confidential voice) was terminated, with her vocal nodules remarkably reduced
and with the patient experiencing a normal voice in and outside the classroom.

Evaluation of the Approach. The use of the confidential voice replaces the hyperfunc-
tional behaviors that the patient has been using in most voicing attempts. While
using the confidential voice, nasoendoscopic viewing confirms that the vocal folds
are slightly apart yet relaxed in their total anterior-posterior length, the laryngeal
body remains lower, and the supralaryngeal mechanisms are relaxed and open.
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The voice sounds free of squeezing or tightness. The easy, breathy voice was one
of several techniques used to reduce vocal hyperfunction in 39 adults with func-
tional dysphonia; 23 subjects (59%) experienced voice improvement (Boone, 1974).
The results of using the confidential voice by five patients with vocal nodules was
compared with five nodule patients in a control group not using confidential voice
(Verdolini-Marston and colleagues, 1995). The confidential voice group improved in
both voice quality and in reduction of the vocal nodules. Behrman and colleagues
(2008) found that confidential voice is effective in reducing loudness, excessive vocal
use, and abusive vocal patterns. Our clinical experience has found that the use of
the confidential voice breaks up the hyperfunctional set the patient has been using
for voicing, giving time for the elimination of undesirable vocal events and replacing
them with more optimal vocal behaviors.

6. Counseling (Explanation of Problem)

Kinds of Problems for Which the Approach Is Useful. One cannot easily separate the
person from his or her voice. Some voice problems may be among the visible symp-
toms of someone with serious personality problems, or sometimes the voice prob-
lem may be the cause of psychological maladaptive reactions. Counseling the voice
patient, including direct explanations of the voice problem, may be more effective
with the patient than applying various symptomatic voice therapy techniques. It is
also important to be familiar with variables that may be more conducive to success-
ful therapy.

Putting the voice problem in its proper perspective can often free the patient
from overwhelming concern. Patients with hyperfunctional voice disorders, in par-
ticular, profit from hearing the clinician describe the voice problem in words they
can understand. Clinical experience has taught us that if counseling can help indi-
viduals know why they have the voice problem, sometimes nothing more is needed
to change a phonation style or to curb vocal abuse-misuse (Zraick, 2009). In the
case of those dysphonias that are wholly related to functional causes (such as hyper-
function), it is important that clinicians not confront patients with the implication
that they “could talk all right if they wanted to.” Instead of saying, “You are not
using your voice as well as you could,” a clinician might say, “Your vocal folds are
coming together too tightly.” The latter statement absolves the patient of the guilt he
or she might experience if the clinician indicated that the patient was doing things
“wrong.” Patients are more likely to be more receptive to a statement that puts the
blame on the vocal folds. For patients with structural changes of the vocal folds,
such as nodules or polyps, it may be necessary to explain that the organic pathology
may well be the result of prolonged misuse, and that by eliminating the misuse, the
patient will eventually experience a reduction of vocal fold pathology.

Procedural Aspects of the Approach. Counseling the patient is highly individualized.
One of the most common counseling approaches in voice therapy is helping the
patient to put his or her voice problem in its proper perspective. For some patients,
the voice problem is the cause of all of their ills, such as poor job performance,
social inadequacy, or general unhappiness. The clinician must have some sensitivity
to the depth of the patient’s overall attitude and self-image. We find that the Voice
Handicap Index (Jacobson and colleagues, 1997) and the Voice Handicap Index—
Partner (Zraick and colleagues, 2006) (see Chapter 6) are effective scales to begin
to define and quantify patients’ and family members’ feelings about the dysphonia.
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If the clinician senses psychological or social problems well beyond his or her
counseling-psychological training to deal with such problems, referral should be
made to professional counselors, psychologists, or psychiatrists. More often than
not in voice therapy, a direct explanation of the patient’s problem proves to be most
effective.

In voice problems related to vocal hyperfunction, it is important to identify for
the patient those behaviors that maintain the dysphonia. No exact procedure can
be laid down, however; each case has its own rules. For problems related to abuse
and misuse of the voice, identify the inappropriate behavior and demonstrate to the
patient some ways in which it can be eliminated. In the vocal abuse reduction sec-
tion of our voice program for children (Boone, 1993), we put much focus on having
the child cognitively approach the problem of vocal abuse. By using comic pictures
with an accompanying story text, we help the child understand the consequences of
continued abuse and emphasize what can be expected (a better voice) if he or she
reduces or eliminates such abuses. A voice program for adults (Boone and Wiley,
2000) provides descriptions of vocal hyperfunction and resulting voice problems of
functional dysphonia and dysphonia related to vocal nodules or vocal polyps. Excel-
lent animations of normal voice and maladaptive behaviors can be found at Blue
Tree Publishing, either in educational modules or through software apps.

For truly organic problems, such as unilateral adductor paralysis, the same
explanations must be made, but in terms of inadequate and adequate glottal closure.
Most voice patients want to understand what their problems are and what they can do
about them. Make use of medical and diagnostic information, but explain in language
the patient can understand. Such imagery as “your vocal cords are coming together
too tightly” or “you seem to place your voice back too far in your throat” may lack
scientific validity but may help the patient understand the problem. Make explana-
tions brief and to the point, but take care not to put the patient psychologically on the
defensive during the first visit. If, after the evaluation, it appears that some psychologi-
cal or psychiatric consultation is necessary, further diagnostic—therapy sessions may
have to be held before the patient can agree to find out more about his or her feelings.

Typical Case History Showing Utilization of the Approach. Cora, a 62-year-old widow,
came to the clinic with a voice problem that first resembled spasmodic dysphonia. As
she volunteered her history, her voice sounded tight, strangled; it sounded as if she
were crying. She differed from the typical patient with spasmodic dysphonia in the
diagnostic session and early therapy periods by demonstrating normal voice repetition
skills, and she could count or read aloud with normal phonation. Spontaneous nar-
ratives, however, about her former work as a department store buyer or details about
her personal life were portrayed vocally with great struggle, sometimes accompanied
by actual weeping. Early in voice therapy, her SLP was sensitive to the continuous
observation that her voice symptoms were part of an overall picture of loneliness and
general unhappiness about life. The woman was referred to a counseling psychologist,
who, together with the SLP, has helped the patient make a happier life adjustment and
consequently experience a better-sounding voice for most situations.

Evaluation of the Approach. With a little guidance by the clinician in helping the
patient understand his or her voice problem, what causes it, and what can be done
about it, the typical voice patient can often make progress in overcoming the voice
problem. Both children and adults profit from an explanation of their voice problem
and from understanding how particular behaviors, like yelling or clearing one’s throat
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excessively, keep their voices in trouble. Sometimes an explanation of the problem is
the primary treatment, with no other VFAs required. For patients who need much
practice with various approaches, they seem to make better progress when they under-
stand the rationale behind what they are practicing. Voice clinicians must remain sen-
sitive to the psychological needs of voice patients and recognize that some of their
patients have personal needs greater than improving their voices per se. Such patients
should be referred appropriately to other counseling or psychological professionals.

7. Digital Manipulation

Kinds of Problems for Which the Approach Is Useful. Finger pressure on the thyroid
cartilage can be applied by the clinician in different ways for different problems. For
males who, for functional reasons, are using higher F( values than they should, light
pressure anteriorly on the thyroid cartilage appears to nudge the thyroid cartilage
back slightly, shortening the overall length of the vocal folds. This shortening thick-
ens the folds, resulting in a lower Fy. This anterior pressure approach is particularly
effective for postadolescent males whose pitch levels seem to remain at prepubescent
levels (see Chapter 8).

Another form of digital manipulation is placing the fingers lightly on the thy-
roid cartilage to assess the vertical positioning of the larynx. During the swallow, in
a fear—tension state, or when singing notes toward the upper end of one’s singing
range, the larynx appears to rise. Lowell and colleagues (2012) reported that radio-
graphic findings revealed that the hyoid and laryngeal positions during phonation
were more elevated in patients with primary muscle tension dysphonia than in those
with no voice disorders.

Lowering of the larynx is achieved during the yawn-sigh (Boone and McFarlane,
1993) or singing at the lower end of one’s range or during a very relaxed state. The
digital monitoring of laryngeal height is a good technique for anyone who appears
to have excessive laryngeal vertical movement or who is concerned about laryngeal
posturing at high or low levels. Analysis of voice therapy effectiveness for patients
with unilateral vocal fold paralysis (McFarlane and colleagues, 1991, 1998) is another
form of digital manipulation found to be effective. McFarlane and colleagues found
that finger pressure on the lateral thyroid cartilage wall can often produce better
vocal fold approximation, resulting in stronger phonation.

Procedural Aspects of the Approach. The three digital procedures used in voice ther-
apy are quite distinct from one another, both in the procedural steps used and the
kind of voice problems for which they are helpful. We list the steps separately for
each of the three procedures.

Digital Pressure for Lowering Pitch

1. With the exception of some men with falsetto voices, patients respond to digital
pressure by producing a lower voice pitch. Ask the patient to prolong a vowel (/a/ or
/i/). As the vowel is prolonged, apply slight finger pressure on the thyroid cartilage.
The pitch level will drop immediately.

2. Ask the patient to maintain the lower pitch after the fingers are removed. If the
patient can do this, he or she should continue practicing the lower pitch. If the high
pitch quickly reverts back, repeat the digital pressure.
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3. If the method is used to let the patient hear and feel a lower pitch, the patient
should practice producing the lower pitch with and without digital pressure on the
thyroid cartilage.

Monitoring the Vertical Movements of the Larynx

1. For a patient with excessive pitch variability and tension related to much vertical
movement of the larynx, demonstrate how to place the fingers on the thyroid carti-
lage and monitor laryngeal vertical movement while phonating.

2. Ask the patient to produce a pitch level several full musical notes off the bottom
of his or her lowest note. Keeping the fingers on the thyroid cartilage, ask the patient
to lower pitch one note at a time to the lowest note in his or her pitch range. Usu-
ally, the larynx will lower its position in the neck at the low end of the pitch range.
Then ask the patient to sing one note at a time up to the top of the singing range,
exclusive of falsetto. Toward the top of the scale, the patient should feel (through the
fingertips) a slight elevation of the larynx. Review both the lowering and rising of
the larynx at the extremes of the pitch range.

3. Once the patient has experienced vertical movement in the preceding steps, point
out that, in production of a speaking voice that is relatively free of strain, no vertical
movement of the larynx should be felt during digital monitoring. Oral reading and
speaking should be developed with little or no vertical laryngeal movements. Prac-
tice in oral reading with encouraged pitch variability can then be monitored by slight
digital pressure of the thyroid cartilage, with the patient confirming (hopefully) no
vertical movement.

Unilateral Digital Pressure for Patients with Unilateral Vocal Fold Paralysis

1. There appears to be a slight phonation improvement by pressing on the thyroid
lamina on the side of the paralysis, but this is not always found. We begin, how-
ever, by having the patient posture the head straight forward (looking slightly down
rather than upward). The patient phonates and extends a vowel. While the patient
phonates, the clinician exerts medium finger pressure on the lateral thyroid wall on
the side of the vocal fold paralysis. If a louder, firmer voice is produced with this
pressure, continue various phonation tasks, coupled with finger pressure on the thy-
roid cartilage on the side of the involvement.

2. If a louder voice was not achieved in step 1, the patient continues to look for-
ward while the clinician applies pressure to the opposite side of the thyroid carti-
lage (pressing the side opposite the vocal fold paralysis). Attempt various phonation
tasks while exerting this lateral finger pressure.

3. If lateral pressure to either thyroid lamina while the patient looks ahead has not
produced an improvement in voice, provide lamina pressure with the head turned
to one side. If the head is turned to the left, first apply pressure to the left lamina; if
unsuccessful, keep the head turned left with pressure then given to the right lamina.
If this produces better voice, continue phonation tasks with the head turned to the
left and finger pressure on the side that seems to produce the best voice.

4. The last posture is for the head turned to the right with each side pressed in an
attempt to find the better, more functional voice.
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5. It has been our experience that one cannot predict which head posture (straight
ahead or turned laterally) and/or which side receiving finger pressure produces a
better-sounding voice, whether or not the left or right vocal fold is paralyzed. More
often than not, however, digital manipulation, following steps 1 to 4, often provides
for the patient a better, more functional voice.

Typical Case History Showing Utilization of the Approach. Jeff was a 17-year-old male
who had been raised exclusively by his mother until her sudden death about a year
before. Since that time, he had lived with a maternal uncle who was concerned about
the boy’s effeminate mannerisms and high-pitched voice. Laryngeal examination
revealed a normal adult male larynx. The boy was found to have a habitual pitch level
of around 200 Hz, well within the adult female range, but below the level of falsetto.
The most effective facilitating VFA for producing a normal voice pitch was to apply
digital pressure on the external thyroid cartilage. The young man was able to prolong
the lower pitch levels with good success, but any attempt at conversation would be
characterized by an immediate return to the higher pitch. After three therapy sessions,
he was able to read aloud using the lower pitch but was unable to use the lower
voice in conversation except with his male clinician. Subsequent psychiatric evaluation
and therapy were initiated for “identity confusion and schizoidal tendencies.” Voice
therapy was discontinued after two weeks, when it was clearly demonstrated that the
patient could produce a good baritone voice (125 Hz) whenever he wanted. Unfortu-
nately, follow-up telephone conversations several months after therapy revealed that
he was using his high-pitched pretherapy voice exclusively.

Evaluation of the Approach. The effectiveness of any one of the three digital manipula-
tion approaches can be determined immediately. Either the anterior digital pressure to
the thyroid cartilage lowers voice pitch or it does not. If the speaking pitch is lowered
with digital pressure, it affords an excellent “window” for the patient (such as a young
man with puberphonia) to experience producing a lower-pitched voice. Tracking the
vertical movements with light finger pressure can often help the patient appreciate the
amount of unnecessary laryngeal movement he or she may be experiencing (Lowell
and colleagues, 2012). In the search for a more functional voice after unilateral vocal
fold paralysis, digital pressure on the thyroid lamina with or without head turning may
uncover a functional voice. Developing such an uncovered voice in the patient with uni-
lateral vocal fold paralysis may obviate the need for various surgical procedures in the
quest for restoring a functional voice (McFarlane and colleagues, 1991, 1998).

8. Elimination of Abuses

Kinds of Problems for Which the Approach Is Useful. Many functional voice disorders are
associated with behavior that can damage laryngeal structures and ultimately vocal per-
formance. Learning to recognize and eliminate these behaviors helps maintain a func-
tioning larynx and improve vocal performance (Stemple and Thomas, 2007). The voice
can be abused or misused in many ways. Vocal abuse comprises various behaviors and
events that have some kind of deleterious effect on the larynx and the voice, such as:

1. Yelling and screaming
2. Speaking against a background of loud noise
3. Coughing and excessive throat clearing
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4. Smoking

. Excessive talking or singing

6. Excessive talking or singing while having an allergy or upper respiratory
infection

7. Excessive crying or laughing

8. Weight lifting with effortful grunts

W

Vocal misuse means improper use of voice, such as:

. Speaking with hard glottal attack

. Singing excessively at the lower or upper end of one’s range

. Increasing vocal loudness by squeezing out the voice at the larynx

. Speaking at excessive intensity levels

. Cheerleading (Case, 2002)

. Speaking over time at an inappropriate pitch level

. Speaking or singing (such as a prolonged show rehearsal) for excessively long
periods of time

N Kbk W=

We could add other abuses and misuses to such lists. Identification and reduc-
tion of vocal abuse-misuse are primary goals in voice therapy for hyperfunctional
disorders such as functional dysphonia with or without physical changes such as
vocal nodules, polyps, or contact ulcers. Therapy cannot be successful until contrib-
utory vocal abuse-misuse can be drastically reduced. Figure 7.1 shows a vocal abuse
graph that plots the number of abuses a young patient had recorded over a period of
two weeks. Keeping such a chart may help the patient become more aware of his or
her vocal behavior. Optimum usage of the voice, such as the vocal hygiene program
outlined in Chapter 8, also requires identifying possible abusive voice situations and
making deliberate efforts to minimize their occurrence.

FIGURE 7.1 A Vocal Abuse Graph
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Procedural Aspects of the Approach

1. Time must be given early in voice therapy to identifying possible vocal abuse.
Once a particular vocal abuse is identified, the patient and clinician should develop a
baseline of occurrence. This will often require that the clinician hear and observe the
patient in and outside the clinic environment, such as on the playground, at the pulpit,
or in a nightclub. The number of times the particular event occurred must be tallied.

2. Children with vocal abuse must become aware of the impact of such abuses on
their voices. With children, we use the “Vocal Abuse Reduction Program” (Boone,
1993), which recommends the following: an explanation of how additive lesions
occur, using the story “A Voice Lost and Found”; a review of the child’s abuses;
and a systematic reduction of the child’s abuses, using the voice tally card, the voice
counting chart, and the hot-air balloon race (p. 7). The focus of the reducing abuse
program is to make the child aware of the relationship of vocal abuse-misuse to
increasing symptoms of voice. The story in the program is pictorially illustrated with
various vocal behaviors related to changes of “the little bumps on the vocal cords.”

3. Discuss identified vocal abuses with the patient, emphasizing the need to reduce
her or his daily frequency. Assign to the patient the task of counting the number of
times each day he or she engages in a particular abuse. Perhaps a peer or sibling
could be brought in, told about the situation, and asked to join in on the daily count.
Depending on the age of the patient, a parent, teacher, spouse, or business associate
might be asked to keep track of the number of abuses that occur in his or her pres-
ence. At the end of the day, the abuses should be tallied for that day.

4. Ask the patient to plot his or her daily vocal abuses on a graph. Along the vertical
axis, the ordinate, the patient should plot the number of times the particular abuse
occurred; along the base of the graph, the abscissa, the individual days are plotted,
beginning with the baseline count of the first day. Instruct the patient to bring these
graphs to voice therapy sessions. Keeping a graph usually increases the patient’s
awareness of what he or she has been doing and results in a gradual decrease in the
abusive behavior. The typical vocal abuse has a sloping decremental curve, indicating
its gradual disappearance. Greet any decrease in the plots of the people observing
the patient, but particularly in those compiled by the patient, with obvious approval.

Typical Case History Showing Utilization of the Approach. Joyce was a 27-year-old
secretary who complained of a voice that was often hoarse and that tired easily
every day. Subsequent indirect laryngoscopy confirmed a slight bilateral thicken-
ing at the anterior-middle third junction. A detailed history and observation of the
patient found that she constantly cleared her throat. The throat clearing had become
a habit. She rarely felt that she was able “to bring up any mucus” but just cleared her
throat in an attempt to make her voice clearer. A high-speed motion picture depict-
ing throat clearing was shown to the patient. She was counseled to try to reduce its
occurrence. The patient subsequently began to tally her throat clearing and cough-
ing as they occurred, plotting them on a graph at the end of the day. Within two
weeks, she was able to change her throat-clearing habit. Her vocal quality improved
immediately and she never needed formal, long-term voice therapy.

Evaluation of the Approach. ldentifying vocal abuses and attempting to eliminate them
by plotting their daily frequency on a graph are effective in helping young children
with voice problems. Adolescents are equally guilty of vocal abuses and profit from
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keeping track of what they are doing. Typical adult abuses, such as throat clearing,
are often eliminated after a week or two of graph plotting by motivated patients. The
effectiveness of this approach, in fact, is highly related to the skill of the clinician in
motivating the patient to eliminate the abusive behavior. The value of the plotting
is more in developing awareness of the frequency of the problem than in the actual
count per se. Reduction of vocal abuse has become a primary part of most voice
therapy programs for children (Lee and Son, 2005; Andrews and Summers, 2000;
Boone, 1993; Stemple and colleagues, 1994) and for adults (Boone and Wiley, 2000;
Case, 2002; Stemple and Thomas, 2007).

9. Establishing a New Pitch

Kinds of Problems for Which the Approach Is Useful. Although it is well established
that there is no absolute optimum pitch at which a particular person should speak,
some people with voice problems may profit from speaking at a different pitch level.
A change of pitch often has positive effects on voice, such as improving vocal quality
and loudness. Speaking at the very bottom of one’s pitch range requires too much
force and effort. Similarly, speaking habitually toward the top of one’s range can be
vocally fatiguing. Because a number of instruments available today can portray fun-
damental frequency in real time (while one is phonating), awareness and feedback of
one’s ongoing pitch level play prominent roles in establishing new pitches through
therapy (Watts and colleagues, 2003).

Procedural Aspects of the Approach

1. If pitch needs to be raised or lowered, describe where the patient is and where
the target pitch is. The methods for determining habitual pitch and pitch range
described in Chapter 6 can be applied here. Make a digital recording of the patient
producing various pitches, including feedback about the old pitch and the projected
target pitch. The playback should always be followed by some discussion comparing
the sound and the feeling of the two pitches.

2. Most voice patients can imitate their own pitch models once they have been pro-
duced by the appropriate VFA. Occasionally patients cannot initiate a pitch to match
a model, as Filter and Urioste (1981) found in testing college women with normal
voices. A useful model can be produced by having the patient extend an /i/ at the
target pitch level for about five seconds and recording the phonation. The patient
will immediately hear the target production. The playback provides the patient with
a continuous playback of his or her own voice model of the target pitch. Using the
patients’ own voices as their voice models has many advantages because they already
have voicing experience producing the sounds they are now trying to match. Remain
with the model /i/ for considerable practice before introducing a new stimulus.

3. Several excellent instruments available today can provide real-time display of
fundamental frequency, both with a digital readout and on a monitor’s display
screen. Usually, these instruments permit the clinician to display patient voice values
specific to frequency and intensity. The Visi-Pitch™ (KayPENTAX Corp., Montvale,
New Jersey) offers split-screen capabilities, whereby a voice model can be put on an
upper screen and the patient’s production displayed on a lower screen, permitting
comparisons between model and trial productions. Any instrument that can dis-
play fundamental frequency information can provide valuable feedback to a patient
attempting to establish a new voice pitch.
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4. Using any of the instruments described in step 3, the patient can receive exact
feedback relative to the frequency he or she is using. Any deviation below or above
the target Fj can be given in immediate feedback. Of great benefit for the patient is
developing the immediate awareness when he or she is producing the target F,.

5. Establishing a new pitch is facilitated by working first on single words, preferably
words that begin with vowels. Each word is repeated in a pitch monotone (using the
target pitch). Occasionally a patient has more difficulty using the new pitch with cer-
tain words. Any such trouble words should be avoided as practice material because
what is needed at this stage of therapy is practice in rapidly phonating a series of
individual words at the new pitch level.

6. Once the patient does well at the single-word level, introduce phrases and short
sentences. It is usually more productive at this stage to avoid practice in actual con-
versation because the patient is better able to use the new phonation in neutral
situations such as reading single words, phrases, and sentences. When success is
achieved at the sentence level, assign the patient reading passages from various voice
and diction books. Success in using the new pitch level can be verified by using the
instruments described earlier in step 3.

7. After reading well in a monotone, the patient may try using the new pitch in some
real-life conversational situations. In the beginning, he or she may have more success
talking to strangers, such as store clerks; patients often find it difficult to use the new
pitch level with friends and family because their previous behavioral mindset may
prevent them from utilizing their new vocal behavior. Whatever conversational situ-
ation works best for the individual should be the one used initially.

8. It is helpful in therapy to record the patient’s voice as he or she searches to establish
a new and different pitch level. When the patient is able to produce a good voice at
the proper pitch level, his or her own “best” voice can then become the therapy model.

Typical Case History Showing Utilization of the Approach. John, a 10-year-old boy, was
referred by his public school speech-language clinician for a laryngeal examination
because of a six-month history of hoarseness. The findings included a normal larynx
and a “low-pitched dysphonic voice.” John could readily demonstrate a higher pho-
nation, which was characterized by an immediate clearing of quality. In the discus-
sion that followed the audio-recorded playback of his “good” and “bad” voice, John
stated that he thought he had been trying to speak like his older brother. The clini-
cian pointed out to him that his better voice was more like that of other boys his age,
and that the low-pitched voice he had been using was difficult for others to listen to.
In subsequent voice therapy with his school clinician, John focused on elevating his
voice pitch to a more natural level. His success was rapid, and therapy was termi-
nated after six weeks.

Evaluation of the Approach. The pitch of the voice changes constantly, according
to the speaker’s situation. In some patients, however, the pitch level appears to be
too high or too low for the overall capability of the laryngeal mechanism. In other
people, an aberrant pitch level is just one manifestation of the total personality.
Patients with additive masses to the folds (nodules, papilloma, polyps, etc.) may have
lower pitch levels than normal because the thicker vocal folds vibrate more slowly,
emitting a lower fundamental frequency. As the lesion is reduced or eliminated, the
frequency of the voice becomes higher, perhaps approaching normal limits. For
patients with additive laryngeal lesions due to vocal hyperfunction, it is often best
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to work slowly toward increasing pitch level to approximate levels of the patient’s
age and sex peers. Some patients use aberrant pitch levels because of personality fac-
tors. Counseling such patients and helping them want to change pitch levels might
well have to precede actual symptomatic therapy to alter pitch. Typically, however,
voice patients who may need to change pitch levels can do so rather quickly, after
experiencing marked improvement in overall voice quality because of pitch change
(Schneider-Stickler and colleagues, 2012).

10. Focus

Kinds of Problems for Which the Approach Is Useful. Good focus of the voice is charac-
terized by the voice coming “from the middle of the mouth, just above the surface of
the tongue” (Boone, 1997, p. 71). Problems in “horizontal” voice focus occur when
the tongue is too far forward or too far backward within the mouth. The “thin”
or baby-sounding voice is produced by carrying the tongue high and forward. The
back-focused voice is produced by carrying the tongue elevated in the back of the
mouth.

The most common focus problem we see in patients with voice disorders is the
voice sounding as if it were deep in the throat. Many patients focus on their throats
as the anatomical site of their problem. Such patients profit from resonant therapy
or the front-focus approach because it shifts their mental imagery from the throat
to the upper vocal tract, that is, the face, cheeks, and the bridge of the nose (Boone,
1997; Verdolini, 2000).

Numerous intervention approaches employ focus or resonance as the primary
or secondary treatment variable (Verdolini, 2000; Titze, 20065 Chen and colleagues,
2007). Common to them all is what Perkins (1983) wrote: a “voice that feels focused
high in the head” is a more efficient voice, and it can survive extensive vocalization.

The clinician helps the patient focus on the area of his or her face under the
cheeks and across the bridge of the nose. Most patients with chronic dysphonia
experience both difficulty finding their voices and continued expectancy of vocal
failure. They clear their throats continually, make phonation rehearsals, and worry
about the poor vocal quality they are likely to have the next time they attempt to
speak. For these patients, successful voice clinicians often employ two techniques—
respiration training and placing the voice in the facial mask—for two reasons: (1) to
improve respiratory control and resonance, and (2) to transfer the patient’s mental
focus away from the larynx and place it with the activator (respiration) and the
resonator (supraglottal vocal tract).

Readers should note that focus is a successful approach for voice disorders
beyond muscle tension dysphonia. Individuals with dyphonias secondary to unilat-
eral vocal fold paralysis, or spastic dysarthria and ataxic dysarthria, have employed
this approach successfully to balance oral-pharyngeal resonance for conversational
speech (see Chapter 5).

Procedural Aspects of the Approach

1. An explanation of focus is facilitated by having the patient review Figure 7.2
with the clinician. Determination is first made about what kind of remedial focus is
needed: Is the voice too far forward, too far back, or sounding deep in the throat?
(Although mentioned in the line drawing in Figure 7.2, a nasal focus is not presented
in this chapter as a focus problem.)
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FIGURE 7.2 Voice Focus Sites

Voice Focus Sites

X = Normal Focus

2. For anterior focus, the clinician points to the left side, labeled “A = front” in Figure
7.2, saying to the client, “It appears that your voice sounds too far forward in your
mouth. This seems to be caused by carrying your tongue high and forward in your
mouth. This makes the voice sound babyish or thin.” If possible, the clinician should
imitate a thin, front-sounding voice, commenting afterward, “I made the thin voice
with my tongue carried forward.”

a. Front-of-the-mouth focus can often be corrected by producing back-of-the-mouth
sounds in rapid succession. We ask the patient to repeat “kuh-kuh-kuh-kuh” in a
rapid series, stressing the back consonant /k/ and other low back vowel sounds
like “kah,” “guh,” and “gah.”

b. Compare the old thin voice with the back voice, using some kind of immediate
audio feedback.

3. For posterior-focused voice, the clinician points to the right side, labeled “B =
back” in Figure 7.2. We say to the patient, “Your voice sounds back in your mouth,
which seems to come from your tongue placed too far back. We can bring your
tongue forward by practicing some front-of-the-mouth sounds.”

a. We seem to get posterior-to-anterior shift of focus quicker when only whisper
is used on the first practice words. The patient is instructed to repeat front-of-
the-mouth words like peep, pipe. Each word is said rapidly four or five times,

like “peep-peep-peep-peep-peep.”
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b. Voiceless or th words like this or that are whispered in rapid succession, four
or five times.

c. /s/ words like see and sat are whispered in a rapid series.

d. The whispered series for each word is then repeated with a light voice. Poste-
rior focus exercises may be found in Boone (1997, pp. 80-81).

4. Poor vertical focus, with the voice sounding as though it is focused down deep
in the throat, produces poor vocal quality. Of the three focus problems (front, back,
and throat), the throat focus voice is the most common problem seen in the voice
clinic. Getting the voice “out of the throat” is a problem of mental imagery. Although
the clinician and the patient can hear the low-throat voice focus, it is not possible
to find an exact anatomic site where the low voice is produced. Rather, we use the
imagery of “placing the voice in the facial mask” or in the middle of the face. Or
we tell the patient, while referring to Figure 7.2, “Your voice should sound like it’s
coming from the X, where the two lines cross, or from the surface of your tongue.”

a. Time should be devoted to developing the imagery of taking the voice “out”
of the throat and “placing” it in the front of the face, or the facial mask
(Verdolini, 2000). Many clinicians and voice scientists profess skepticism over
the construct of focus; functionally, however, a change of focus can produce
an immediate and dramatic change in the sound of the voice. While we cannot
demonstrate focus physiologically, its immediate sound effects produce mea-
surable changes in voice (less perturbation, formant shifts, quality differences).

=

Devote as much time as possible to step a. A good way to begin higher focus
is with increased nasalization. Have the patient say “one-a-one-a-one” with
exaggerated nasality. Place the fingers along the bridge and sides of the nose to
feel the sound vibrations in the nose. Use other monosyllabic nasal words like
mom, me, and many, and exaggerate their nasality.

If the patient confirms feeling the vibrations of the nasal consonants and the
nasalized vowels, practice reading short nasal sentences with exaggerated nasal
resonance, such as “many men want some money.” Practice reading /m-n-ng/
phrases and sentences. Contrast the feeling of the higher-focused nasal voice
with the lower throat voice. The two voices should sound and feel different.

o

d. If the nasal consonants have facilitated a higher focus from the throat focus,
introduce some high front vowels and words like baby, beach, and take,
emphasizing the resonance in the facial mask.

o

This is a good time to listen critically to the higher-focused resonance. Use
the audio playback or listen to the voice and look at the tracings on the Visi-
Pitch. Contrast the old lower focus with the higher mouth focus, contrasting
the sound and the “feel” of the two voices. Oral reading and conversation in
the voice clinic should emphasize the feeling of higher focus and the “set” the
patient assumes to achieve it.

Typical Case History Showing Utilization of the Approach. Lilly was a 49-year-old finan-
cial planner who decided that her voice was “too small for the kind of work I do.” A
subsequent voice evaluation found her to have a habitual voice pitch around 260 Hz
(near middle C) with a thin, front-of-the-mouth resonance. An endoscopic examina-
tion found her to have a normal larynx. When she listened to her voice on audio
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playback, she commented, “That’s the kind of baby voice I always seem to have.” Our
subsequent voice therapy emphasized developing a more posterior focus to her voice.
In a few therapy sessions, she developed a voice that sounded like it came from “fur-
ther back,” with a noticeable improvement in overall voice resonance. She was also
able to lower her voice pitch two full notes to 195 Hz (near an A3). After eight ther-
apy sessions, she consistently showed a more mature voice with normal resonance.
On a two-year follow-up interview, she continued to demonstrate a normal voice.

Typical Case History Showing Utilization of the Approach. ].J. was a high school
teacher who had “lost her voice” after a serious bout of coughing and throat clearing
during a particularly virulent upper respiratory infection (URI). When the infection
cleared, she found she had no voice. A full endoscopic evaluation at the University
of California at San Francisco found a normal laryngeal anatomy, but when J.]J. tried
to phonate, the true focal folds were unable to vibrate because the false vocal folds
came together at the midline. It was explained to J.J. that the supraglottic structures
in the larynx were assuming a protective posture secondary to the irritation that had
accompanied the URL. J.J. was instructed to place her fingers lightly up to the bridge
of the nose and lips and to produce nasals, such as “maninthemoon.” Almost imme-
diately she achieved easy phonation. She was instructed to attend to the “focus” of
the energy, which she reported had transferred from the larynx to the lips. Nasals
were transitioned into liquids and glides and finally to normal speech. A digitized
recording was transferred to a DVD so that she could follow these steps at home in
case she reverted to the protective laryngeal habit.

Evaluation of the Approach. For the patient with a thin, front voice; a back voice; or a
low-in-the-throat voice, changing one’s voice focus appears to be an easy goal to attain.
Contrasting the sound of the voice from front, back, or low with a voice that sounds like
it is coming from the middle of the mouth or higher in the facial mask is a vital step in
using focus in therapy. If the patient can change the sound focus of his or her voice after
clinician instruction and modeling, the impact on improving voice is almost immedi-
ate. Successful use of focus can be coupled with other VFAs, such as auditory feedback,
establishing a new pitch, nasal-glide stimulation, and the open-mouth approach.

11. Glottal Fry

Kinds of Problems for Which the Approach Is Useful. As we learned in Chapter 2, the
larynx vibrates in different ways to adjust airflow. This normally creates three types
of vocal registers: falsetto or loft for the highest vocal frequencies, modal, and glot-
tal fry. Blomgren (1998) writes that the fundamental frequency in the modal register
is approximately 86 to 170 Hz for males and 175 to 276 Hz for females. This differs
from the F in the glottal fry register, which ranges from 24 to 72 Hz for both males
and females, with the average fry at 48 Hz. We can actually hear each cycle of vocal
fold vibration during glottal fry.

True glottal fry is produced in a relaxed manner with very little airflow and very
little subglottic air pressure (Blomgren and colleagues, 1998; Zemlin, 1998). Glot-
tal fry shortens the thyroarytenoid muscles and the vocal ligaments, which reduces
the rate of vocal fold vibration. Glottal fry, considered a normal voice register, is
valuable for patients with vocal nodules as well as for patients with other hyperfunc-
tional problems such as polyps, cord thickening, functional dysphonia, and even spas-
modic dysphonia and ventricular phonation. Although glottal fry can be an extremely
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powerful facilitating technique to improve voice in the dysphonic patient and is a
useful diagnostic vocal probe, it has a second use, as well: It can be an index of vocal
fold relaxation. To produce a glottal fry of 65 to 75 Hz, which is desirable, the vocal
folds must be relaxed. A patient may not always be able to achieve this fry in the first
session, but the accomplishment of a “good fry” of about 70 or 75 Hz is an indication
that the larynx has been relaxed. The glottal fry can be produced on either inhalation
or exhalation. After producing glottal fry phonation for 5 to 10 seconds and then
being asked to say a phrase such as “easy does it,” a patient with nodules often experi-
ences normal or near-normal vocal quality for the first time in months.

Boone (1988) stated that the glottal fry is a successful VFA for treating puber-
phonia. It teaches the client to produce a lower pitch by relaxing and lowering the
larynx, thus changing the features of the vocal folds. Fawcus (1986) suggested that
the glottal fry might also be used to treat ventricular phonation, which occurs when
the false vocal folds “ride” on the true vocal folds. The glottal fry discourages the
tight and raised larynx phonations in vocal hyperfunction, thus encouraging the
larynx to sit lower in the neck.

Procedural Aspects of the Approach

1. A common pencil eraser or a very dry, hard raisin can represent a vocal nod-
ule. When placed between the pages of a hardcover book, the eraser keeps the
pages apart with a gap on either side of the eraser; likewise, nodules produce a gap
between the vocal cords. If the eraser is placed between two marshmallows instead
of between the pages of a book, the marshmallows “wrap around” the mass of the
eraser. In glottal fry, the compliant vocal cords can “wrap around” the nodules and
improve approximation. A clinician can see this with stroboscopic videoendoscopy
and demonstrate it to the patient.

2. Ask the patient to let out half of his or her breath and then say /i/ softly, holding it
until it fades away slowly. Encourage the patient to stretch the /i/ as long as possible.

3. Once the patient has a well-sustained /i/ in the glottal fry mode, have him or her
open the mouth medium wide and protrude the tongue. Then have the patient make
the tone “larger” by “opening the throat.” The desired tone is a deep, resonant, slow
series of individual pops, which we describe as sounding “like dragging a stick along
a picket fence.”

4. Have the patient attempt to produce the same tone on inhalation as on exhala-
tion. Some people are better able to produce the glottal fry on inhalation. Also have
the patient alternately reverse the tone—first on exhalation, then on inhalation. Next,
have the patient say words such as o7 and off and iz and out in the glottal fry mode.
Suggest that the patient slightly prolong these words and say them on both inhala-
tion (on, in) and exhalation (off, out), alternately back and forth between ingressive
and egressive airflow. Record the glottal fry so the patient has a model or target.

5. When the patient is able to produce these words well and can produce the sus-
tained /i/ or /a/ in glottal fry, ask him or her to say, “easy does it,” “squeeze the
peach,” or “see the eagle” in a normal voice. These are almost always produced with
greatly improved or normal vocal quality. The patient will generally be able to say
only a few words with the improved quality and will then need to go back to the
glottal fry mode. Record these phrases and contrast them with the patient’s typical
voice. Also, ask the patient to judge the two ways of speaking.
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6. When the correct glottal fry is learned, instruct the patient to practice for a few
minutes several (10 or more) times each day. To assist the patient in practice, sug-
gest that he or she tie practice to the environment—for example, by producing the
fry each time he or she sees a bus or a red car, or during the last two minutes of
each hour. The patient must be producing the fry appropriately before you allow
practice.

Typical Case History Showing Utilization of the Approach. Mark, a 10-year-old boy,
and Brian, an 11-year-old boy, were referred for voice evaluation by an otolaryn-
gologist who had diagnosed bilateral vocal nodules. Both boys had low-pitched,
hoarse voices with frequent phonation breaks during connected speech. They had
had these voices for nearly one year. After teaching glottal fry as just described,
we had contests to see who could fry the longest and at the slowest rate. We had
the boys say words in the fry mode back and forth to each other. We saw each
boy twice a week, once together and once individually, for 45-minute sessions. In
three months, their voices were normal, and the nodules were completely gone. We
should note that with one boy, we reduced vocal abuses during his soccer activity
as well.

Evaluation of the Approach. The approach appears to work because very little
subglottic pressure and very little airflow are required to produce the glottal fry.
Therefore, there is little stress on the folds. The compliant folds seem to reduce the
amount of friction as they meet during phonation, which allows the nodules to be
reduced or reabsorbed even though the patient continues to talk. The new talking is
produced with far less vocal fold tension.

12. Head Positioning

Kinds of Problems for Which the Approach Is Useful. Basic to good vocal performance
(acting, lecturing, singing) includes good posture and head positioning. Also, chang-
ing head position may facilitate a better voice in patients with various kinds of voice
problems (Aronson, 1990). In their study on interventions to reduce moderate to
severe vocal hyperfunction, Van Lierde and colleagues (2004) included correction
of head position prior to introducing subsequent intervention approaches. These
researchers provided a table of various muscles and muscle groups that were influ-
enced by head positioning changes.

Patients with unilateral vocal fold paralysis sometimes demonstrate a stronger
voice by lateralizing head position, with or without digital pressure on the lateral
lamina of the thyroid cartilage (see VFA #7, digital manipulation). Finding opti-
mum head positioning has been found to be helpful in chewing and swallowing with
patients with various neurological disorders (McFarlane and colleagues, 1998). The
symptoms of dysarthria involving both speech and voice may be minimized in a
particular patient by a specific head position. We find that a patient with symptoms
of vocal hyperfunction can often experience a better, more relaxed voice by plac-
ing the head in a different position. Several distinct head positions can be tried in
therapy in an attempt to find one that facilitates better voice:

1. Normal, straight ahead
2. Neck extended forward with head tilted down, face looking up
3. Neck flexed downward with head tilted down, face looking down
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4. Neck flexed unilaterally with head tilted to either the left or right, with tilted
face looking forward
5. Head upright and rotated toward the left or right, face looking in that direction

Any one head position may change pharyngeal-oral resonating structures so that a
change in vocal quality (either better or worse) may occur.

Procedural Aspects of the Approach

1. Introduce the approach by demonstrating various head positions, either by pho-
tograph, video, or live demonstration. A simple explanation of the technique should
accompany the demonstration: “Sometimes changing the positions of our heads can
improve the sound of our voices. The head can be tilted either down or back, or to
the left or right. Sometimes we can improve the sound of our voices simply by turn-
ing our heads to one side or the other. No one head position seems to help everyone.
Let us try a few and listen to any changes in voice we hear.”

2. The best voicing task to use to search for head position influence is the prolonga-
tion of vowels, such as /i/, /1/, /&/, /o/, or /u/. Once a helpful position is discovered,
any kind of voice practice material can be used.

3. Many gradations in positioning are possible between the normal head position
and one of the extreme head positions described previously. For example, when
flexing the neck and bringing the head down in a gradual movement, perhaps at the
beginning of the movement, a voice change can be noted. As soon as a change (if it
occurs) can be noted, the head should be kept at that position without going to the
full range of the movement.

4. Neurologically impaired patients may experience some oral-pharyngeal asym-
metry from their disease; that is, one side of the neck or oral cavity may function
better than the other side. A particular lateral movement of the head may make a
sudden and noticeable improvement in voice in such patients. If so, ask the patient
to practice voice material with the head in the lateral position. Head positioning,
particularly to one side, is often effectively combined with lateral digital pressure
(VFA # 7) on the thyroid lamina. Search with the patient to find the position that
seems to increase subglottal pressure, resulting in a louder, more functional phona-
tion (McFarlane and colleagues, 1998).

5. Patients with vocal hyperfunction, that is, patients who use too much effort to
talk, often profit most from neck flexion with the chin tucked down toward the
chest. Such downward carriage of the head seems to promote greater vocal tract
relaxation. If an easy, target voice is achieved with neck flexion, this head-down posi-
tion should be held during voice practice attempts.

Typical Case History Showing Utilization of the Approach. Mary was a 55-year-old
wife and mother who had had vocal difficulties for the past five years. A subse-
quent voice evaluation found that she had a moderately severe functional dysphonia
accompanied by neck tension with severe mandibular restriction, hard glottal
attack, and an inappropriately high voice pitch. Voice therapy was scheduled twice
weekly, with therapy focus on increasing her mouth opening and developing an
easy glottal attack with “a legato phonatory style.” The chewing and open-mouth
approaches were unsuccessful until changing head position was added to the therapy.
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Mary was instructed to “tuck in her chin,” flexing the anterior neck muscles with
her face looking downward. Keeping her chin down, she was able to reduce neck
tension; she experienced immediate improvement in vocal quality. In subsequent
therapy sessions, she developed an awareness that much of her past vocal strain was
related to her tendency to hyperextend her neck; by using the opposite head position
with anterior neck flexion, she was able to produce voice with relatively little strain.
This change of head position, coupled with other therapy techniques designed to
promote greater oral openness and ease of vocal production, helped Mary reestab-
lish a normal voice.

Evaluation of the Approach. Changing to another head position by flexing or extend-
ing the neck can have an immediate positive effect on voice quality (Van Lierde and
colleagues, 2004). Such an approach is seldom used in isolation; rather, it is usu-
ally combined with other voice therapy approaches, such as using the open-mouth
approach or digital manipulation. Patients such as Mary with severe functional ten-
sion often profit from anterior neck flexion; however, voice problems caused by
some neurogenic diseases are often minimized by using some of the other head posi-
tions described earlier in this section. Lateralization of the head by looking to one
side or the other can often produce a stronger voice in patients with unilateral vocal
fold paralysis. Changing head positions to facilitate better voice requires much trial
and error. If a particular head position works, it should be used; if not, other head
positions should be tried.

13. Hierarchy Analysis

Kinds of Problems for Which the Approach Is Useful. In hierarchy analysis, the patient
lists various situations in his or her life that ordinarily produce some anxiety and
arranges those situations in a sequential order from the least to the most anxiety
provoking. Individual patients may instead prepare a hierarchy of situations, rang-
ing from those in which they find their voices best to those in which they find them
worst. This technique is borrowed from Wolpe’s (1987) method of reciprocal inhi-
bition, which teaches the patient relaxed responses to anxiety-evoking situations.
After identifying a hierarchy of anxiety-evoking situations, the patient begins by
employing the relaxed responses in the least anxious of them and, in therapy, works
his or her way up the hierarchy, thereby eventually deconditioning his or her pre-
viously established anxious responses. The identification of hierarchical situations
(less anxiety—more anxiety; worst voice-best voice) is a useful therapeutic device for
most patients with hyperfunctional voice problems, which by definition imply exces-
sive overreacting. Patients with functional dysphonia, or with dysphonias accom-
panied by nodules, polyps, and vocal fold thickening, frequently report that their
degrees of dysphonia vary with the situation. Such patients may profit from hierar-
chy analysis. Case (2002) reports effective use of hierarchy analysis for particular
aspects of voice, such as pitch or loudness.

Procedural Aspects of the Approach

1. Begin by developing in the patient a general awareness of the hierarchical behav-
ior to be studied. If, for example, the patient is asked to identify situations in which
he or she feels most uncomfortable, discuss with the patient the symptoms of being
uncomfortable. Or if the patient is going to develop a hierarchy of situations in which
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he or she experiences variation of voice, discuss and give examples of a good voice or
a bad voice. Explain that the patient must develop a relative ordering of situations,
sequencing them from “good” to “bad.” Some patients are initially resistant to this
sort of ordering, perhaps because they never realized that there are relative grada-
tions to their feelings of anxiety or relative changes in their quality of voice. They
may not be aware that the degree of their anxiety or hoarseness is not constant.

2. Although the majority of voice patients are soon able to arrange situations into a
hierarchy, a few require practice sequencing some neutral stimuli. On one occasion,
a woman was taught the idea of sequential order by arranging five shades of red tiles
from left to right, in the order of the lightest pink to the darkest red. Having done
this, she was then able to sequence her voice situations, proceeding gradually from
those in which her voice was normal to those in which it was extremely dysphonic.

3. As a home assignment, have the patient develop several hierarchies with regard
to his or her voice. One hierarchy might center on how the patient’s voice holds up
with the family, another on how it is related to work situations, and a third on what
happens to it in varying situations with friends. After these hierarchies have been
developed by the patient at home, review them in therapy.

4. In therapy, use the “good” end of the hierarchical sequence first. That is, begin by
asking the patient to recapture, if possible, the good situation. The goal of therapy
is to duplicate the feeling of well-being or the good voice that the patient experi-
enced in the situation rated as best. Efforts should be made in therapy to recall the
good factors surrounding the more optimum phonation. If the patient is successful
in re-creating the optimum situation, his or her phonation will sound relaxed and
appropriate. The re-created optimum situation thus serves as an excellent facilitator
for producing good voice. After some success in re-creating the first situation on the
hierarchy, capturing completely his or her optimum response (whether this is relax-
ation, phonation, or both), the patient will then be able to continue with the second
situation. Again the goal is to maintain optimum response. The rate of movement
up the hierarchy depends entirely on how successfully the patient can re-create the
situations and maintain optimum response. By using the relaxed response in increas-
ingly more tense situations, the patient is conditioning him- or herself to a more
favorable, optimum behavior.

5. Although some patients can re-create situations outside the clinic with rela-
tive ease, some cannot. As soon as possible, have the patient practice the optimum
response outside the clinic under good conditions so that he or she will eventually
be able to use it in the real world in more adverse situations. The patient must not
lose sight of the goal of maintaining the good response in varying situations outside
the clinic.

6. Not all patients can go all the way up the hierarchy, maintaining good voice at
each level. Such patients should be counseled that most people experience anxiety or
poorer voice in some situations, such as at the highest level of the hierarchy. Some
practice might be given at one step lower in the hierarchy where good performance
is still maintained.

Typical Case History Showing Utilization of the Approach. Jamie was a 28-year-old
transsexual who was in counseling for gender transference from male to female.
As part of her overall gender-change program, it was recommended that she
“receive speech—voice therapy to develop a more feminine speaking style.” In voice
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therapy, Jamie reported that her out-of-clinic voicing was continually changing,
“very dependent on what kind of situation I find myself in.” Jamie was employed
full-time as a secretary-receptionist in an area agency for aging. Her SLP worked
with her to develop this nine-step hierarchy, in which she found she had the best
female voice all the way down to the level where it seemed hardest to convey her
femininity:

Best Voice

. I always have my best new voice with my mother.

. The director of our agency. She is always a great listener to everyone.

. I answer the phone at work with a very good voice.

. The doctor at the clinic doesn’t listen as well as he should. He wants me to try
harder to be a woman.

. Some salespeople are hard to talk to, especially car mechanics.

. I think some people at the church are bigots.

. Istill date my old girlfriend who doesn’t understand me anymore.

. Meeting new men tends to make me nervous and my speech breaks down.

. Talking with my dad is hardest. He won’t accept me and still calls me Jim.

W =
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Worst Voice

Evaluation of the Approach. Most voice patients report great variability in voice qual-
ity, depending on how much they have been using the voice, the time of day, and the
psychodynamics of the speaking situations. Hierarchy analysis is often helpful for
dealing with vocal inconsistencies experienced while talking with different people
in various situations (Hapner and Johns, 2004). By analyzing the hierarchical situ-
ations in which voice deteriorates or improves, the patient develops an awareness
of the situational cues that are causing voice changes. Perhaps for the first time, the
patient realizes that voice quality is not a constant and that vocal quality fluctua-
tions are somewhat dependent on how relaxed one feels or how comfortable one is
with his or her listeners. Therapy then focuses on using the best voice found low on
the hierarchy. The patient attempts to use that optimum voice in situations in which
he or she has previously experienced difficulty. Hierarchy analysis is consistently
useful in voice therapy.

14. Inhalation Phonation

Kinds of Problems for Which the Approach Is Useful. Patients who have functional
aphonia and functional dysphonia often profit from inhalation phonation. This can
be a helpful technique for the patient who perseverates using ventricular phonation
and often demonstrates difficulty “getting out of it.” Likewise, it can be helpful for
the patient with functional dysphonia who has developed some maladaptive voice
that seems to resist change. On videoendoscopy, when the voice patient is asked to
produce an inhalation voice, we see the true folds in a stretched position (length-
ened in their respiratory length) suddenly adducted and set in vibration. It is the
relative thinness of the folds on inspiration that seems to produce the high-pitched
voice. The ease with which most patients can produce the technique (inhaling with
voice and exhaling with a near-matched voice) makes the approach readily use-
ful in establishing or reestablishing true vocal fold vibration. Inhalation phonation
as a therapy technique for hyperfunctional phonation has been explored by Kelly
and Fisher (1999), Orlikoff and colleagues (1997), and Lehman (1965). Robb and
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colleagues (2001) suggested that vowel articulation associated with reverse phona-
tion did not differ from expiratory phonation for the production of the /i/, although
it was affected for the production of the high and low back vowels. Therefore, it is
suggested that training be performed with the /i/. See the VFA tongue protrusion [i/
for additional benefits of the high-front tongue position in voice therapy.

Procedural Aspects of the Approach

1. This particular approach, which is similar to masking, is perhaps better dem-
onstrated than explained. Demonstrate inhalation phonation by phonating a high-
pitched sound with your palms upturned. It is important to time the initiations of the
inhalation with palms upturned. Turn them up so you can mark for the patient the
contrast between inhalation (palms upturned) and exhalation (palms turned down).

2. After demonstrating several separate inhalations with phonation, say, “Now, I’ll
match the high-pitched inhalation voice with an expiration voice.” Inhale and then
exhale in a high pitch several times.

3. Ask the patient to make an inhalation phonation. He or she should repeat the
inhalation phonation several times. Now again repeat the inhalation-exhalation
matched phonation, taking care to make the associated palms-up and palms-down
movements.

4. After the patient has produced the matching hum, say, “Now, let us extend the
expiration like this.” Demonstrate a continuation of the high pitch, sweeping down
from your falsetto register to your regular chest register on one long, continuous
expiration. Repeat this several times. Then say to the patient, “Once I’ve brought my
vocal cords together at the high pitch, I then sweep down, keeping them together, to
the pitch level of my regular speaking voice.”

5. If the patient is unable to produce this shift from high to low, repeat the first four
steps. If the patient can make the shift down to the regular speaking register, say,
“Now you’re getting your vocal cords together for a good-sounding voice.” Take
care at this point not to rush the patient into using the “new” voice functionally.
Rather, have the patient practice some similar hum phonations. After some practice
just phonating the hum, give the patient a word list containing simple monosyllabic
words for “true” voice practice.

6. Once the patient is able to produce inspiration—expiration without difficulty, he
or she should be instructed to stop using the pronounced palms-up and palms-down
movements.

7. Stay at the single-word practice level until normal voicing is established. We often
spend several therapy periods practicing the new phonation as a motor practice drill
without attempting to make the voice conversationally functional. You might say,
“Now we’re getting the vocal folds together the way we want them.” This places
the previous aphonia or ventricular phonation “blame” on the mechanism rather
than on the patient. Counseling with the patient at this time is important. The mo-
tor practice gives the patient time to adjust to the more optimum way of phonating.

Typical Case History Showing Utilization of the Approach. Derek, a five-year-old boy,
was found to have small bilateral vocal nodules. His speech clinician placed him on
complete voice rest, which unfortunately was enforced for five continuous months.
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At the end of five months, the nodules had disappeared, and Derek was instructed by
both the physician and the speech pathologist to resume normal phonation. Despite
all his efforts, Derek could only whisper. He became completely aphonic but whis-
pered easily to all people with much animation and relative comfort. This functional
aphonia remained for two months, after which he was instructed, “Go back and talk
the normal way.” Derek gestured that he wanted to use his voice but could not “find
it.” Therapy efforts for restoring phonation were begun about seven months after
Derek’s phonations had ceased. Inhalation phonation was initiated, and at the first
therapy session Derek was able to produce a high-pitched inhalation sound and to
follow his clinician well by matching the inhalation with an expiration sound. He was
able to use an expiration phonation, appropriate in both quality and pitch, by the end
of the first therapy session. He was scheduled for two other appointments within a
24-hour period, during which he practiced producing his regained normal voice. He
was counseled that his “voice is working now and you’ll never have to lose it again.”
The boy has had normal phonation since his voice was restored using the inhalation
phonation technique. Counseling to curb yelling and other vocal abuses appeared to
be successful because Derek has experienced no return of the bilateral vocal nodules.

Evaluation of the Approach. Some patients who experience either aphonia, dyspho-
nia, or ventricular phonation for any length of time lose their ability to initiate nor-
mal true fold phonation. The longer the aphonia or dysphonia persists, the harder it
might be to use normal voice. Inhalation phonation is a simple way to produce true
cord approximation and voicing. The high-pitched voice on inhalation probably
results from the folds being longer in their inhalation posture, and even though they
may adduct on command, they remain in their longer configuration. This elongated
posture thins them, resulting in the higher-pitched phonation (Robb and colleagues,
2001). The important part of the approach, however, is matching the inhalation
voicing with exhalation voicing. Once the patient can produce the exhalation voice
without the inhalation prompt, the inhalation practice is no longer needed.

15. Laryngeal Massage

Kinds of Problems for Which the Approach Is Useful. This particular approach follows the
procedures, modified slightly, for manual circumlaryngeal therapy, as first presented by
Aronson (1990), and further organized by Roy (2008) and Van Lierde and colleagues
(2004), among others. Laryngeal massage involves the gentle manipulation and mas-
sage of the larynx. The approach is recommended for use with patients with functional
voice disorders in which structural or neurogenic causal factors cannot be identified.
While the most commonly used professional term for such voice disorders is functional
dysphonia, a few authors have recommended that these functional disorders be clas-
sified as psychogenic dysphonia (Aronson, 1990) or muscle tension dysphonia (Mor-
rison and Rammage, 1994). As introduced in Chapter 3, we use the term functional
dysphonia generically to include hoarseness without identified structural or organic
cause, ventricular dysphonia, puberphonia, falsetto, and voicing with discomfort (pain,
scratchy throat, etc.). Stress, psychological conflict, and overall systemic tension often
appear to worsen the symptoms of functional dysphonia. Manual circumlaryngeal
therapy offers gentle laryngeal manipulation and massage, resulting in lower laryngeal
carriage and greater intrinsic—extrinsic laryngeal muscle relaxation.

A number of studies in the literature report reductions of hyperfunctional voice
symptoms and normal vocal quality after a single therapy session using this laryngeal
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manipulation-massage therapy. Although the present authors can report good results
with this technique, we have also achieved lower laryngeal posturing with greater
muscle relaxation using the yawn-sigh technique (Boone and McFarlane, 1993).
Therefore, in our clinical practice, we employ the yawn-sigh first for the patient with
a high larynx and laryngeal tension. If the patient is not successful employing the
yawn-sigh followed by focus, our next approach is the use of manual circumlaryn-
geal massage (VFA1S).

Procedural Aspects of the Approach

1. The first step is a screen for a high larynx and likely excessive laryngeal-neck
muscle tension. If neither of these are present, other VFAs are used. If either one or
both are present, we continue.

2. The Yawn-sigh (see VFA 25) is attempted first. If a lower larynx and greater
muscle relaxation are achieved by using the yawn-sigh, we do not apply laryngeal
manipulation and massage.

3. We follow Aronson’s (1990) procedures for reducing “musculoskeletal tension
associated with vocal hyperfunction”:

a. Encircle the hyoid bone with the thumb and middle finger. Work back posteri-
orly until the major horns are felt.

b. Apply light pressure with the fingers in a circular motion over the tips of the
hyoid bone.

c. Repeat this procedure with the fingers from the thyroid notch, working
posteriorly.

d. Find the posterior borders of the thyroid cartilage (medial to the sternocleido-
mastoid muscles) and repeat the procedure.

e. With the fingers over the superior borders of the thyroid cartilage, begin to
work the larynx gently downward and laterally at times.

f. Ask the patient to prolong vowels during these procedures and note changes in
quality or pitch. Clearer voice quality and lower pitch indicate relief of tension.
Because of possible fatigue, rest periods should be provided.

g. Improvement in voice is immediately reinforced. Practice should be given in
producing voice in vowels, words, phrases, and sentences.

h. Discuss with the patient how voice tension has been reduced. Repeat the pro-
cedures. Can the patient maneuver his or her own larynx to a lower position?

4. We find out whether the patient can experience the same lowering of the larynx
with muscle relaxation by producing the yawn-sigh (VFA25). We discuss how both
can be used when excessive laryngeal tension is experienced.

Typical Case History Showing Utilization of the Approach. Carl was a 23-year-old grad-
uate student in speech and hearing sciences who complained to his clinical supervisor
that in certain situations he experienced “such tightness in my throat, I can hardly
get my voice out.” A subsequent voice evaluation found him to have unnecessarily
high carriage of his larynx accompanied by some evidence of functional dysphonia.
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He was asked to read Aronson’s description of therapy for “musculoskeletal tension
(vocal hyperfunction)” (Aronson, 1990, p. 339). Subsequently, the supervisor con-
ducted a full one-hour manual circumlaryngeal therapy session with Carl that had
an immediate result of lowering his laryngeal posture and relaxing his voice, result-
ing in “a voice that was always there with greater intensity and less perturbation.”
Carl was followed over an 18-month period (while in graduate school) and was able
to maintain a normal voice following the one session of laryngeal manipulation and
massage.

Evaluation of the Approach. One only has to see a demonstration of this manipulation—
massage technique to be impressed with its sudden effectiveness in reducing muscular
tension and producing a more relaxed, lower-pitched, resonant voice. We have been
impressed with the results of laryngeal massage. Aronson has described his approach
as “maneuvering the patient’s laryngeal and hyoid anatomy,” which fits the term
massage, described as “the act of rubbing, kneading, or stroking the superficial parts
of the body with the hand” (Blakiston, 1985, p. 913). Later studies by Van Lierde
and colleagues (2004) and Roy and Leeper (2003) continue to support the role of
manual circumlaryngeal techniques in the assessment and management of musculo-
skeletal tension in hyperfunctional voice disorders.

16. Masking

Kinds of Problems for Which the Approach Is Useful. Patients with functional aphonia
are often able to produce normal phonation under conditions of auditory masking.
Using masking with patients who have functional dysphonia often reveals a “win-
dow” of improved phonation. It appears that many such patients produce faulty
voices because of poor real-time auditory monitoring. The use of masking in both
diagnostic testing and therapy often reveals changed phonation states that can then
be recorded and used as voice models in subsequent therapy. The masking VFA uses
a voicing-reflex test, which audiologists administer as the Lombard test (Newby,
1972). The Lombard effect is believed to be an unconscious reflex that occurs
when a speaker is trying to make him- or herself more intelligible by becoming
(unconsciously) louder to listeners in a speaking situation with a loud background,
such as a noisy restaurant (Lau, 2008). The normal hearing patient increases voice
loudness reflexively when hearing a masking noise. In fact, the Lombard test was
first introduced as a method of finding voice in patients with functional aphonia.
When asked to phonate in a loud-noise background, patients with functional apho-
nia sometimes used light voice. In the voice—reflex situation, the patient wears ear-
phones and is asked to read a passage aloud. As the patient is reading, a masking
noise is fed into the earphones. The louder the masking, the louder the patient’s
voice. At loud masking levels, the patient cannot monitor well either the loudness or
the clearness of his or her voice. Some patients with functional dysphonias actually
experience clearer voices when they cannot monitor their productions because of
loud masking. Some care should be given to the amount of masking intensity that
is used, particularly when using white or pink noise masking (American Speech-
Language-Hearing Association, 1991). The use of speech-range masking permits
effective masking at relatively low intensity levels. Masking devices include the sine
wave masking option on the Casa Futura, and the Computerized Speech Lab™
(CSL) by KayPENTAX Corp.

221



222

Chapter 7 Voice Facilitating Approaches

Procedural Aspects of the Approach. The masking approach is best used without any
prior explanation. The increased voicing experienced under masking conditions is
produced on a reflexive, nonvolitional basis.

1. Masking should be presented with the patient wearing headphones and not pre-
sented in an open-air field. The patient is seated by a masking source, such as the
white noise of an audiometer or the speech-range masking of the Facilitator. The
patient is asked to read aloud and to keep reading no matter what kind of interrup-
tion he or she may hear. We typically have the patient read (or very young children
are asked to count) about 10 seconds, introduce masking for five seconds, go back
to reading without masking, then reintroduce masking. We record the patient’s oral
reading, and on playback we can hear the changes in voice that are introduced when
masking occurs.

2. A recording should be made as the patient reads aloud. An aphonic patient’s
whisper may change to voice under conditions of masking. It is important to have
recorded the emergence of voice, which the patient can use in step 5. The dysphonic
patient (functional, ventricular, or puberphonic) should also be recorded while using
the masking approach. Marked differences in voice quality between the absence and
presence of masking conditions will probably be evident.

3. Five- or ten-second exposures to masking are introduced to the patient bilaterally.
The intensity levels should be in excess of 70 dB sound pressure level SPL, which is
sufficiently loud to mask out the patient’s own voicing attempts. Whenever an apho-
nic patient hears the loud masking, he or she may attempt some feeble vocalization.
Under masking, a dysphonic patient will produce a louder voice and often a voice
with more normal vocal quality as well.

4. Do not use the masking method beyond the trial stage with those few voice
patients who do not demonstrate the voice-reflex effect. If it works well and pro-
duces voice improvement, the method may be used as part of every therapy period.
One might then experiment by having the patient listen to recordings of him- or her-
self to see whether the patient can match volitionally his or her voice under masking
conditions. Recordings can then be made contrasting the voice without masking
(attempting to re-create the same voice as heard under masking) and the voice with
masking. Try to have the voices sound alike.

5. A patient may profit from reading aloud under masking conditions, and then hav-
ing the masking abruptly ended to see if he or she can maintain the better voice. Many
other variations using the masking noise can be initiated by inventive clinicians.

Typical Case History Showing Utilization of the Approach. Lillian was a nine-year-old
girl who had a history of vocal nodules that had been previously treated successfully
with voice therapy. Several months after therapy had been terminated (because it
was successful: no nodules, normal voice), Lillian developed a severe influenza that
left her with no voice. She was completely aphonic and could communicate only by
whispering and using good facial expressions and gestures. The aphonia continued
for one month (over the December holiday break) before she returned to the voice
clinic. The masking approach was used with Lillian after attempts at modeling and
request for voice failed. Lillian was asked to read aloud under conditions of
70-dB masking. Her reading attempts were recorded on a digital recorder. As soon
as masking was introduced, light phonation was heard and recorded. The masking



Voice Therapy Facilitating Approaches 223

and oral reading were stopped, and Lillian was asked to hear her good voice on the
digital playback. The child clapped her hands in joy that she now had a returned
voice. Further masking followed by ear training was used as her voice became
stronger. After two follow-up therapy sessions, Lillian was discharged with a normal
voice and provided with a DVD of her in-clinic intervention. She was encouraged
to play this DVD should she again experience aphonia. Studies have suggested that
target behaviors often improve with visual feedback when modeled by the patients
themselves (Bandura, 1986, 1997).

Evaluation of the Approach. The masking approach is most helpful with aphonic
patients. It is also helpful for patients with some form of functional dysphonia,
young men with puberphonia, and clients presenting with dysarthria, notably of
the hypokinetic type. If the masking noise is loud enough, in excess of 70 dB SPL,
patients cannot hear their voices to monitor phonation. If required to continue
speaking by reading aloud under conditions of masking, patients often produce rela-
tively normal voices. Clinicians should use some care in confronting the patients
on audio playback with their “good” voices. Improved voices under conditions of
masking should be used as the patients’ models for their own imitation phonations.
Clinicians should use the masking approach with some degree of eclecticism—that
is, if the approach works, use it; if it does not, quickly abandon it. Masking has been
supported by EBP for decades. More recent findings that advocate masking come
from Coutinho and colleagues (2009), who found that masking in the voice of indi-
viduals with Parkinson’s disease (PD) revealed improvement in vocal quality and an
increase in loudness.

17. Nasal-Glide Stimulation

Kinds of Problems for Which the Approach Is Useful. Clinicians frequently note that in
voice therapy, certain stimulus sounds seem to facilitate an easier-produced, often
better-sounding voice. If we harken back to our phonetics textbooks, we recall that
nasals and glides are classified as sonorants. Sonorants entail little to no obstruction
of voiced energy in the nasal and oral cavities; therefore, these sounds are very easy to
produce. This is particularly true with children and adults having problems of vocal
hyperfunction. Watterson and colleagues (1993) have found, in studying 15 adult
voice patients with vocal hyperfunction and 15 matched control subjects, that nasal
and glide consonants facilitated better voicing patterns and were judged by the hyper-
functional subjects as “easier” to produce. The concept of differences in vocal effort
has been also investigated by Bickley and Stevens (1987) and Baken and Orlikoff
(1988), generally finding that supraglottal resonance-articulatory postures have a
direct relationship to laryngeal physiology and function. Using words that contain
many nasal and glide consonants, usually coupled with other therapy techniques, often
helps the patient produce desired “target” vocalizations. Using nasal-glide consonants
as therapy stimuli is particularly useful for patients with functional dysphonia, spas-
modic dysphonia, and dysphonias related to fold thickening, nodules, and polyps.

Procedural Aspects of the Approach. Most therapy techniques require the patient to
say something. For example, in the open-mouth approach or in practicing focus, the
patient is given a few stimulus words to say. Words that contain nasal or glide conso-
nants often produce the best-sounding voice or the voice that appears made with the
least amount of effort (as compared with words containing other consonants).

e Nasals, glides, and

liquids are phonemes
that take little effort
to produce, unlike
fricatives, affricates,
and stops. They are
voiced and produced
with a relatively open
vocal tract and they
are easy to sustain.
Using words that con-
tain many nasals and
glides/liquids, usually
coupled with other
techniques, helps the
clients in the video
produce desired target
vocalizations (e.g., my
name means money).
Grand Rounds: The
m, n, ny, and w
sounds also have a
forward focus. How
might these forward
produced sounds help
reduce muscle tension
at the larynx?
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1. The clinician can find a number of monosyllabic and polysyllabic words contain-
ing nasal consonants for the patient to practice saying as the response when using
various VFAs. Here are a few examples: man, moon, many, morning, many men,
moon man, manual lawnmower, Miami millionaire, morning singing.

2. A variation of the technique is to use nasal monosyllabic words and introduce an
/a/ between each word. Ask the patient to say three words in a row with the neutral
/a/ between each word. For example, “man a man a man” or “wing a wing a wing.”

3. We use the same procedure for words containing glide consonants. It has been
found, however, that nasal consonants combine very well with the /I/ and /r/ pho-
nemes, and many of our glide words contain nasal consonants: loll, lil, rare, rah, lilly,
arrow, marrow, married, married women, one lonely memory, Laura ran around,
remember many lawmen.

4. Using monosyllabic /I/ and /r/ words with an /a/ between them, such as “lee a lee
a lee” or “rah a rah a rah,” seems to produce good voice.

Typical Case History Showing Utilization of the Approach. Louise was a 66-year-old
housewife who was forced to divorce her husband of some 42 years. She expe-
rienced a number of somatic symptoms following the divorce, including a severe
functional dysphonia. Endoscopic—stroboscopic examination revealed a high car-
riage of the larynx with moderate vocal fold compression. The yawn-sigh approach
was found to be effective in lowering her larynx and encouraging a more optimal
vocal fold approximation. Under the sigh condition, she was asked to say various
words. It was found that words with many nasal and glide consonants facilitated the
easiest to produce and best-sounding voice. Intensive self-practice and twice weekly
voice therapy for nine weeks, supplemented by concurrent psychological counseling,
resulted in a good functional return of normal voice.

Evaluation of the Approach. Clinicians are always looking for voicing tasks that facil-
itate good voice production. Recent research has validated that certain sounds, par-
ticularly nasal and glide consonants, facilitate easy voice production. Titze (2006)
suggested that the semi-occluded vocal tract configuration of nasals and glides
results in lower vibrational amplitudes at the glottis. This may be beneficial at reduc-
ing tension at the level of the glottis (Titze, 2006). Among patients with vocal hyper-
function, nasal-glide consonant words are perceived by patients as producing voice
with less effort. Word stimuli containing many nasal-glide consonants appear to
facilitate in voice therapy a voice that sounds better and is produced (according to
patient self-evaluation) with less effort.

18. Open-Mouth Approach

Kinds of Problems for Which the Approach Is Useful. Some individuals may under-
estimate to what degree the mouth needs to be open for speech. Encouraging the
patient to develop more oral openness often reduces generalized vocal hyperfunc-
tion. Increasing mouth opening can also reduce oral resistance and increase oral
resonance (Kummer, 2001) The open-mouth approach promotes more natural size—
mass adjustments and more optimum approximation of the vocal folds, and this
helps correct problems of loudness, pitch, and quality. Opening the mouth more is
also recommended to increase oral resonance and to improve overall voice quality.
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The voice also sounds louder. Developing greater openness should be part of any
voice therapy program wherein the patient is attempting to use the vocal mecha-
nisms with less effort and strain. This approach is often combined in treatment with
other VFAs.

Procedural Aspects of the Approach

1. Have the patient view him- or herself in a mirror (or on a video playback, if
possible) to observe the presence and absence of open-mouth behavior. Identify any
lip tightness, mandibular restriction, or excessive neck muscle movement for the
patient.

2. Children seem to understand quickly the benefits of opening the mouth more to
produce better-sounding voices. In our voice program for children (Boone, 1993),
we use a brief story that illustrates two boys, one who talks with his mouth closed
and one who speaks with his mouth open. We then introduce a hand puppet and ask
the child if he or she has ever been a ventriloquist. The ventriloquist is described as
someone who does not open the mouth, in contrast to the puppet, who makes exag-
gerated, wide-mouth openings.

3. The ventriloquist—puppet analogy also works well with adults. Let the patient
observe the marked contrast between talking with a closed mouth and talking with
an open one. Ask the patient to watch him- or herself speak the two different ways
in a mirror. Instruct the patient that what he or she is attempting will at first feel
foreign and inappropriate. The initial stages of letting the jaw relax are frequently
anything but relaxed.

4. To establish further this oral openness, ask the patient to drop the head toward
the chest and let the lips part and the jaw drop open. Once the patient can do this,
have him or her practice some relaxed /a/ sounds. When the head is tilted down and
the jaw is slightly open, a more relaxed phonation can often be achieved (Boone and
Wiley, 2000).

5. For patients to develop a feeling of openness when listening, and as a preset
to speaking, they must first develop a conscious awareness of how often they find
themselves with tight, closed mouths. One way to develop this awareness is to have
patients mark down, on cards they carry with them, each time they become aware
that their mouths are closed unnecessarily. The marking task itself is often enough to
increase a patient’s awareness. Over a period of a week, the number of mouth clos-
ings should decrease notably. Another way of developing an awareness of greater
orality is to have patients place in their living environments (on a dressing table,
desk, or car dashboard) a little sign that says “OPEN” or perhaps has a double
arrow or any other code that might serve as a reminder.

6. Greater oral openness requires a lot of self-practice to overcome the habit of talk-
ing through a restricted mandible. Steps 3 and 4 facilitate greater mouth opening
and are good practice tasks. After some practice in using greater mouth opening,
the patient should confirm what it looks like by viewing video playback in practice
sessions. Practice materials for improving greater mouth opening may be found in
practice kits for children (Blonigen, 1994; Boone, 1993) and in voice books such as
Andrews (2006), Boone (1997), Brown (1996), Case (2002), Colton and colleagues
(2011), and Stemple and colleagues (2010).
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Typical Case History Showing Utilization of the Approach. Jennifer, a 17-year-old high
school girl, was examined by an ENT physician about one year after an automobile
accident in which she had suffered some injuries to the head and neck. Laryngoscopic
examination found all visible laryngeal structures normal in appearance and function,
despite the fact that, since the accident, the girl’s voice had been only barely audible.
The speech pathologist was impressed “with her relatively closed mouth while speak-
ing, which seemed to result in extremely poor voice resonance.” Voice therapy com-
bined both the chewing and the open-mouth VFAs. It was discovered in therapy that,
for three months after the automobile accident, the girl had worn an orthopedic col-
lar that seemed to inhibit her head and jaw movements. It appeared that much of her
closed-mouth, mandibularly restricted speech was related to the constraints imposed
on her by the orthopedic collar. When using the open-mouth approach with her head
tilted down toward her chest, she was immediately able to produce a louder, more
resonant voice. The open-mouth approach was initiated before beginning chew-
ing exercises, and both achieved excellent results. Therapy was terminated after six
weeks, with much voice improvement in both loudness and quality.

Evaluation of the Approach. The end point of the vocal resonator is the open oral
cavity, which contributes acoustically to the formation of the majority of phonemes
(Sundberg, 1997). The voice, both normal and dysphonic, improves in quality with
greater mouth opening. On opening the mouth a bit more, the voice usually improves
immediately. Besides opening the mouth more while speaking, the approach also
encourages slight mouth opening while listening. A gentle opening of less than one
finger wide between the central incisors keeps the teeth apart and generally fosters a
relaxed oral posture. The open-mouth approach has been particularly effective with
performers who often open their mouths well during performance (acting, singing)
but may forget the importance of opening their mouths during conversation.

19. Pitch Inflections

Kinds of Problems for Which the Approach Is Useful. The prosodic and stress patterns
of the normal speaking voice are characterized by changes in pitch, loudness, and
duration. In some individuals, the lack of pitch variation is noticeable because the
resulting voice is monotonous and boring to listeners. Speaking on the same pitch
level with little variation, which for the average speaker is impossible to maintain,
requires the inhibition of natural inflection. It is usually observed in overcontrolled
people who display very little overt affect. Fairbanks (1960), who describes pitch
variation as a vital part of normal phonation, defines inflection and shift: “An inflec-
tion is a modulation of pitch during phonation. A shift is a change of pitch from
the end of one phonation to the beginning of the next” (p. 132). Voice therapy for
patients with monotonic pitch seeks not only to establish more optimum pitch lev-
els, but also to increase the amount of pitch variability. Any voice patient with a
dull, monotonous pitch level will profit from attempting to increase pitch inflections.
Many patients with functional dysphonia related to vocal hyperfunction appear to
speak with little pitch fluctuation, often part of a pattern of oral and mandibu-
lar tightness, with the lips and mandible in a fixed, nonmoving pattern. The SLP
typically combines work on increasing loudness (intensity) with efforts to increase
pitch variability; working on pitch alone is difficult without influencing loudness
variations. Another population that may benefit from pitch inflection intervention
is male-to-female transexuals who seek the experienced voice clinician to increase
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the naturalness of their prosody. Wolfe and colleagues (1990) found that female
speakers had a higher percentage of upward intonation and downward shifts in
conversational speech.

Procedural Aspects of the Approach

1. The patient must first become aware of his or her vocal monotony via digitized
playback on a recorder or audiovisual instrument. Play samples that lack pitch vari-
ability and follow with samples of good pitch variability, as provided by the clinician.
Follow the listening with evaluative comments.

2. Begin working on downward and upward inflectional shifts of the same word, exag-
gerating in the beginning the extent of pitch change. Helpful sources for increasing
pitch variation may be found in Boone (1997), Boone and Wiley (2000), Brown (1996),
McKinney (1994), Morrison and Rammage (1994), and Stemple and Holcomb (1988),
among many others.

3. Using the same practice materials, have the patient practice introducing inflec-
tional shifts within specific words, keeping loudness levels about the same.

4. Pitch inflections can be graphically displayed on many instruments, such as the
Visi-Pitch IV or Sona-Speech (KayPENTAX Corp., Montvale, New Jersey). Set tar-
get inflections for the patient to see if the patient can make his or her pitch level
reach the same excursions or movement as the target model on the monitor.

5. Record and play back for the patient various oral reading and conversational
samples, critically analyzing the productions for degree of pitch variability.

Typical Case History Showing Utilization of the Approach. Tyrone, a 51-year-old eco-
nomics professor, received severe course evaluations from his students, who com-
plained of his “monotonous” voice. On a subsequent voice evaluation, during both
conversation and oral reading, he used “the same fundamental frequency with only
minimal excursion of frequency.” His voice was indeed monotonous, not only in pitch
but in loudness, too. He also used the same duration characteristics for most vowels.
Tyrone was highly motivated to improve his speaking voice and manner of speaking.
Subsequent therapy focus was on increasing pitch inflections and improving loudness
variations. He was provided with digital recordings, which he practiced daily, match-
ing the target model productions with his own voicing attempts. After six weeks of
voice therapy and intensive self-practice, Tyrone demonstrated improvement in both
his conversational and lecture voices. Unfortunately, his lack of overall animation
and boring affect still resulted in poor course evaluations. However, his conversa-
tional voice with increasing pitch inflections appeared to make a much more favor-
able impression on those around him.

Evaluation of the Approach. Voice quality in functional dysphonias is often improved
when overall effort in speaking is reduced. Speaking for an extended period of time
in a monotone is tiring (to both the speaker and the listener). People who wish to
improve the quality of their speaking voices can often profit from increasing pitch
variability as they speak. Using auditory feedback, listening to one’s voice on play-
back, and having naive listeners judge the quality of inflection in a speaker’s voice
appears to be a good way of improving pitch variability in one’s voice. At our clin-
ics, we often record the patient’s voice during speaking tasks, then randomize the
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recordings and present them to listeners who are not familiar with the patient. The
listeners’ judgments are powerful biofeedback to the patient. To judge the record-
ings, clinicians can use the GRBAS or the CAPE-V instruments (see Chapter 6).

20. Redirected Phonation

Kinds of Problems for Which the Approach Is Useful. Some children and adults with
voice problems experience difficulty “finding” their voices. This is particularly more
common among patients with functional aphonia or functional dysphonia in their
attempts to find interactive phonation. In redirected phonation, the SLP searches with
the patient to find some kind of vegetative phonation (coughing, gargling [Boone,
1983], laughing, throat clearing) or some kind of intentional voicing (“playing” the
comb or kazoo, humming, singing, trilling [Colton and Casper, 1996], or saying
“um-hmm” [Cooper, 1990]). If the patient has the capability of voicing one or more
of these noncommunicative (other than “um-hmm?) sounds, the sound(s) might be
redirected into production of the speaking voice. After hearing the unintended pho-
nation for speaking, the clinician counsels the patient, “Now your vocal folds sound
like they are coming together well when you make that sound on the kazoo [or other
voiced production].” This is usually followed by recording the phonation, such as
the gargle or the “um-hmm,” and then using it as the patient’s beginning intentional
voicing model.

Procedural Aspects of the Approach. The search for key phonations that can be redi-
rected to the speaking voice for patients with functional aphonia or functional
dysphonia is obviously highly individualized. While some patients will “uncover”
phonation on nontalking tasks, many patients are never able to reveal any phona-
tion, no matter what the task may be. Because there appears to be no preference for
introduction of particular behaviors that may reveal phonation, we are listing alpha-
betically nine phonatory behaviors that have been reported as useful for redirecting
phonation to the speaking voice:

1. Coughing. Asking the functional aphonic patient to cough has long been used
to uncover a vegetative phonation that might be redirected to the “lost” speaking
voice (Van Riper and Irwin, 1958). The patient produces a cough on command and
is then instructed to prolong the cough with an extended vowel. See Chapter 3 for
further description of ways to use the cough in searching for the voice in functional
aphonia.

2. Gargling. The voice used in gargling can often be extended after the gargling ceases.
During the gargle, the patient places the gargle solution in the mouth, tilts the head
back, and agitates the solution in the back of the throat by making a prolonged expira-
tory phonation. The patient is asked to hold the gargle expiration for five seconds. Back
vowels /k/ and /g/ are then introduced “on top” of the gargle. Keeping the same tilted
upward head position, the patient is then asked to produce a “dry” prolonged gargle
sound, using these back phonemes. The gargle voice is then redirected to communicative
phonation practice materials.

3. Humming. An occasional dysphonic patient may develop a voice with less pertur-
bation by humming a song. The clinician explains to the patient that “we are going
to listen to a certain song you may know, and as we hear it, we’ll hum together the
tune we hear.” If the patient can hum along, the humming should be recorded and
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used as a possible target voice. In searching for the patient’s best voice, we have on
occasion found the voice during humming (and immediately afterward) as the best
voice to build on in therapy.

4. Laughing. Humor and laughing can play an important part in voice therapy,
particularly with the patient who displays excessive muscular tension while voicing.
The typical patient does not realize that his or her laughter is a form of voicing. The
laugh is recorded; presented on playback; and discussed from the points of view of
pitch, loudness, and quality. Spontaneous laughter is usually relaxed and can pro-
vide for the patient a sharp contrast to a hyperfunctional voice, both in sound and
overall body tension.

5. Playing the comb or kazoo. Occasionally, a patient with functional aphonia can
produce voice while playing on a comb or blowing a tune through a kazoo. The
aphonic patient may be unaware that his or her musical attempts when playing the
comb or kazoo are producing vocal fold vibration, or voicing. The skilled SLP does
not confront the patient with the discrepancy of a musical sound (voice) with no
speaking voice. Instead, the patient is instructed to articulate a word (using nasal-
glide words) “on top of” the tune being played. If this can be done, attempts are
made to produce the same sounds without the tune of the comb or the kazoo.

6. Singing. Singing can sometimes be redirected as speaking voice phonation. Some
patients with functional dysphonia present clearer voices with less perturbation
while singing. If this can be demonstrated, an early therapy task is to combine sing-
ing and speaking by singing practice sentences. Similar to procedures used during
chant-talk, the goal is to phase out the singing as a prelude to using the speaking
voice. Efforts should be made, however, to continue using the improved breath con-
trol, ease of production, and better vocal quality that was used while singing.

7. Throat clearing. Many voice patients clear their throats continually in their search
for clearer phonation. In fact, typical vocal hygiene programs eliminate habitual
throat clearing as part of the program. For the functional aphonic patient, however,
we may use throat clearing in our search for a speaking voice. If the aphonic patients
can clear their throats, we ask them to do it with intention. Toward the end of the
throat clearing, the patient is asked to continue the effort by prolonging a low back
vowel. This vocalization is then used as a “starter sound” for production of mono-
syllabic words beginning with low back vowels. We have redirected a vegetative
phonation into a speaking voice.

8. Trilling. For the typical person, producing a trill is a difficult task. If a voice patient
can produce the trill, it can be a most helpful technique for developing a better voice.
The trill is produced by the tongue tip on the alveolar ridge with the anterior tongue
oscillating in the outgoing airstream. Colton and Casper (1996) have written, “The
trill appears to jump start’ the vibratory behavior of the vocal folds” (p. 289). For
most voice patients, the trill seems to produce the best voice they are capable of
making and is therefore useful in voice therapy for functional dysphonia and in
improving the sound of the injured voice.

9. Um-hmm. We call um-hmm the voice of agreement. When person A is listening to
person B in conversation, person A may agree with speaker B by saying “um-hmm”
in an automatic, natural way. Much of Cooper’s (1990) direct voice rehabilitation
and training focuses on redirecting the patient’s utterance of um-hmm into an easy
and improved speaking voice. The voice produced by the um-hmm voice is reported
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by Cooper to be spoken at an appropriate pitch level with good facial mask reso-
nance. We redirect this automatic phonation with dysphonic patients, using the um-
hmm as a starter phonation, followed by other nasalized words, such as um-hmm
one, um-hmm man, um-hmm many, on the same breath. Let the patient have an
immediate auditory feedback of his or her um-hum productions by using a digitized
playback system. Introduce phrases and sentences, monitoring the patient’s produc-
tions to have the same pitch and quality heard on the single words.

Typical Case History Showing Utilization of the Approach. Sister Catherine was a
42-year-old nun who lost her voice while on a month-long renewal tour, during
which she had to give daily lectures at a number of parochial schools. Subsequent
laryngoscopy found her to have a normal larynx, and the speech-language patholo-
gist found her to have “functional aphonia.” Attempts at coughing and inhalation
phonation were unsuccessful in early therapy attempts to help her “find” her voice.
The gargle approach was introduced with immediate results. She was able to pro-
duce an expiratory phonation while gargling, with her head tilted back and her
mouth wide open. The clinician rewarded her early gargle phonations with com-
ments like “Now your cords are coming together.” Catherine was reassured that her
vocal folds could come together well and produce voice on expiration. After several
repetitions with the gargle, voice was sustained without the need of gargling water.
At the first therapy session, when gargle was successfully introduced, counseling
and explanations about voice were all provided. Toward the end of the session,
Catherine was able to produce good voice consistently by coupling her phonation
attempts with chanting and the open-mouth approach. Within four therapy sessions,
she reported having her normal voice back.

Evaluation of the Approach. In redirected phonation, the clinician searches with the
patient to find some kind of voicing, such as coughing or playing a kazoo, then takes
that phonation and redirects it into the speaking voice. For the patient with func-
tional aphonia, the search for any kind of vocal fold vibration is often the first step
in voice therapy. Any phonation uncovered is then applied to the speaking voice.
The dysphonic patient has often adapted a number of poor voicing behaviors that
might be better replaced by “um-hmm” or one of the other eight nonverbal phona-
tions described here. Each behavior is made automatically by the patient, and once it
has been redirected to the speaking voice, it is no longer needed. The search for non-
verbal phonations is often part of the voice evaluation and is frequently used in the
early phases of voice therapy. Once the patient resumes normal phonation, we find it
very important to provide an audiovisual sample of the therapeutic intervention to
the patient as soon as possible. We encourage the patient to use her smartphone to
film the therapeutic session with the clinician. The patient performing the maneuvers
him- or herself that is even more powerful (Bandura, 1986, 1997). If the patient does
not have a smartphone, we film the session with a digital camera and provide a DVD
of the session at the subsequent visit.

21. Relaxation

Kinds of Problems for Which the Approach Is Useful. It is not possible for most students,
working adults, and retirees to have a world that is free of tension. As Eliot (1994) has
written in describing the need for relaxation and a reduction in life’s stresses, “When
you can’t change the world, you can learn to change your response to it” (p. 87).
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Because encountering stress is part of the human condition, what becomes important
is how we react to stress. Our patients with hyperfunctional voices often develop
vocal symptoms as part of their stress reaction. Among the particular voice symp-
toms Boone (1997) related to stress are diplophonia, dry throat and mouth, harshness,
elevated pitch, functional dysphonia, and shortness of breath. Accordingly, a frequent
goal in voice therapy is to take the work out of phonation by using voice therapy
techniques such as the open-mouth and yawn-sigh approaches along with symptom-
atic relaxation.

Symptomatic relaxation methods might well relax components of the vocal
tract, but they may not lead to overall relaxation from stress reduction (Feldman,
1992). It is usually useless to imply to voice patients that if they would “just relax,”
their voice symptoms would lessen and their voices would improve. If our patients
could relax, they would! The clinician must recognize that a certain amount of
psychic tension and muscle tonus is normal and healthy; however, some individu-
als overreact to their environmental stresses and live with “a fast idle,” expending
far more energy and effort than a situation requires. When such psychic effort is
causative or coupled with voice symptoms, some encouragement for increasing the
patient’s relaxation abilities is in order. By relaxation, we mean a realistic respon-
siveness to the environment with a minimum of needless energy expended.

Procedural Aspects of the Approach

1. For children, we develop an understanding of principles of relaxation, following
some of the recommendations and materials offered by Wilson (1987) or Andrews
and Summers (2002). For adults, it is helpful to have voice patients read the chapters
on stress management and methods for reducing stage fright in Boone (1997) or
read about posture and release in Brown (1996).

2. Introduce to the patient the concept of differential relaxation as outlined by
Feldman (1992). The classical method of differential relaxation might be explained
to the patient and applied. Under differential relaxation, the patient concentrates
on a particular site of the body, deliberately relaxing and tensing certain muscles,
discriminating between muscle contraction and relaxation. The typical procedure is
to have the patient begin distally, away from the body, with the fingers or the toes.
Once the patient feels the tightness of contraction and the heaviness of relaxation
at the beginning site, he or she moves “up” the limb (on to the feet or hands, and
thence to the legs or arms), repeating at each site the tightness—heaviness discrimi-
nation. Once the torso is reached, the voice patient should include the chest, neck,
“voice box,” throat, and the mouth and parts of the face. With some patients, we
start the distal analysis with the head, beginning with the scalp and then going to the
forehead, eyes, facial muscles, lips, jaw, tongue, palate, throat, larynx, neck, and so
on. Some practice in this progressive relaxation technique can produce remarkably
relaxed states in very tense patients.

3. Various biofeedback devices can help the patient develop a feeling of relaxation.
Feedback such as galvanic skin response, pulse rate, blood pressure, and muscle
responsiveness through electromyographic tracings all seem to correlate well with
patients’ feelings of anxiety and tension. By performing a particular relaxed behav-
ior, such as yawning, a patient can confirm his or her particular arousal state by the
biofeedback data. Using such biofeedback devices, the patient can soon learn what it
feels like to be relaxed or free of tension.
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4. Wolpe (1987) combines relaxation with hierarchy analysis. The patient responds
to particular tension-producing cues with a relaxed response, such as feeling a heavi-
ness or warmth at a particular body site, and maintains a relaxed response in the
tension situation. The patient may instead develop a situational hierarchy specific to
tension and voice by attempting to use a relaxed voice at increasingly tense levels of
the hierarchy, as outlined in the adult voice program by Boone and Wiley (2000).

5. Head rotation might be introduced as a technique for relaxing components of
the vocal tract. The patient sits in a backless chair, dropping the head forward to the
chest. The patient then “flops” his or her head across to the right shoulder, then lifts
it, then again flops it (the neck is here extended) along the back and across to the left
shoulder. He or she then returns to the anterior head-down-on-chest position and
repeats the cycle, rolling the head in a circular fashion. A few patients will not find
head rotation relaxing, but most will feel the heaviness of the movement and experi-
ence definite relaxation in the neck. Once a patient in this latter group reports neck
relaxation, he or she should be asked to phonate an “ah” as the head is rolled. The
relaxed phonation might be recorded and then analyzed in terms of how it sounds in
comparison to the patient’s other phonations.

6. Open-throat relaxation can also be used. Have the patient lower the head slightly
toward the chest and make an easy, open, prolonged yawn, concentrating on what
the yawn feels like in the throat. The yawn should yield conscious sensations of an
open throat during the prolonged inhalation. If the patient reports that he or she can
feel this open-throat sensation, ask him or her to prolong an “ah,” capturing and
maintaining the same feeling experienced during the yawn. Any relaxed phonations
produced under these conditions should be recorded and used as target voice models
for the patient. Encourage the patient to comment on and think about the relaxed
throat sensations experienced during the yawn.

7. Wilson (1987) includes an excellent presentation on various relaxation proce-
dures for use with children, which seem to have equal applicability to adults. Most
of the procedures described can immediately increase relaxation and reduce tension
associated with speaking.

8. Ask the patient to think of a setting he or she has experienced, or perhaps imag-
ined, as the ultimate in relaxation. Different patients use different kinds of imagery
here. For example, one patient thought of lying in a hammock, but another person
reacted to lying in a hammock with a set of anxious responses. Settings typically
considered relaxing are lying on a rug at night in front of a blazing fire, floating on a
lake, fishing while lying in a rowboat, lying down in bed, and so on. The setting the
patient thinks of should be studied and analyzed; eventually, the patient should try
to capture the relaxed feelings he or she imagines might result from, or may actually
have been experienced in, such a setting. With some practice—and some tolerance
for initial failure in recapturing the relaxed mood—the average patient can find a
setting or two that he or she can re-create in his or her imagination to use in future
tense situations.

Typical Case History Showing Utilization of the Approach. Mike, a 34-year-old missile
engineer, developed transient periods of severe dysphonia when talking to certain
people. At other times, particularly in his professional work, he experienced normal
voice. Mirror laryngoscopy revealed a normal larynx. During the voice interview, the
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clinician noted the man’s general nervousness and apparently poor self-concept. In
exploring the area of interpersonal relationships, the patient confided that, in the
past year, he had seen two psychiatrists periodically but had experienced no relief
from his tension. Further exploration of the settings in which his voice was most
dysphonic revealed that his biggest problem was talking to store clerks, garage
mechanics, and persons who did physical labor; some of his more relaxed experi-
ences included giving speeches and giving work instructions to his colleagues. Sub-
sequent voice therapy included progressive relaxation. Once relaxed behavior was
achieved, the patient developed a hierarchy of situations, beginning with those in
which he felt most relaxed (giving instructions to colleagues) and proceeding to those
in which he experienced the most tension (talking with car mechanics). After some
practice, the patient was able to recognize various cues that signaled increasing ten-
sion. Once such a cue occurred, he employed a relaxation response, which more often
than not enabled him to maintain normal phonation in situations that had previously
induced dysphonia. As this consciously induced response continued to be successful,
the patient reported greater confidence in approaching the previously tense situa-
tions, knowing he would experience little or no voice difficulty. Voice therapy was
terminated after eleven weeks, when the patient reported only occasional difficulty
phonating in isolated situations and increased self-confidence in all situations.

Evaluation of the Approach. The popularity of many relaxation and stress-reduction
programs today is probably due in part to their offering people with excessive ten-
sions some relief from their agonies. Symptomatic voice therapy focuses on faulty
voices and sometimes the tensions associated with (if not the cause of) the vocal
problems. A number of experienced voice clinicians (Glaze, 1996; Roy, 2008) have
suggested that direct symptom modification, such as teaching relaxed responses to
replace previously tense responses, breaks up the circular kind of response that often
keeps maladaptive vocal behaviors “alive.” In effect, we talk the same way today
that we talked yesterday until we learn a better way to talk. Using the voice in a
more relaxed manner with less competitive tension is a “better way to talk.”

22. Respiration Training

Kinds of Problems for Which the Approach Is Useful. Singing teachers and vocal
coaches often put more emphasis on respiration training for singers and actors than
speech-language pathologists do for patients with voice disorders. While training
in breath support is vital for the extremes of vocal performance produced by sing-
ers and actors, the typical patient with a functional voice disorder may need only
some instruction for developing expiratory control (such as avoiding “squeezing”
out final words of an utterance because of lack of adequate breath). Hoit (1993), in
an excellent article summarizing studies of diaphragmatic—abdominal muscle physi-
ology, makes a strong point for recognizing the difference in muscle function spe-
cific to whether the student or patient’s body is supine or vertical. It would appear
that increasing abdominal muscle participation while the patient is either sitting or
standing has some relevance to the voice patient with vocal hyperfunction. Manage-
ment of respiratory limitations related to neurogenic voice disorders and pulmonary
disease are discussed in Chapters 5 and 8 of this text. The following procedures are
useful with functional voice disorders when there is a demonstrated need to improve
respiratory function for voice.
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Procedural Aspects of the Approach

1. Provide the patient with a simple demonstration on how expiratory air can set up
vibration. For example, place your lips gently together and blow through them, set-
ting up a visual-aural demonstration. If the clinician has difficulty doing this, moist-
ening the lips often facilitates the vibration and its audible sound. Continue with
the explanation by discussing with the patient how outgoing air passes between the
vocal folds, setting them into vibration, which we hear as voice.

2. After the patient is aware that the outgoing airstream sets the vocal folds in vibra-
tion to produce voice, a brief explanation of respiratory physiology is presented in
words the patient can understand. For example, Case (2002) begins by saying in
effect that as the chest gets bigger, the air comes into the lungs. As the chest becomes
smaller, the air comes out, passing through the larynx. The steps for “getting bigger”
and “getting smaller” are then described, often combined with demonstrations, with
the patient practicing taking in a breath and letting the breath out slowly.

3. Demonstrate a slightly exaggerated breath, as used in sighing. The sigh begins
with a slightly larger than usual inhalation (like a yawn) followed by a prolonged
open-mouth exhalation, usually with light, breathy voice. Describe the type of
breath used to produce the sigh as the “breath of well-being,” the kind of easy breath
one might take when comfortable or happy—the sigh of contentment. One of the
authors (DRB) tells his patients to replicate “the kind of noise you make when you
first see the Grand Canyon!”

4. Demonstrate the quick inhalation and prolonged exhalation needed for a nor-
mal speaking task. Take a normal breath and count slowly from one to five on
one exhalation. See if the patient can do this; if he or she can, extend the count by
one number at a time, at the rate of approximately one number per half-second.
This activity can be continued until the patient is able to use the “best” phonation
achieved during the number counts. Any sacrifice of voice quality should be avoided,
and the number count should never extend beyond the point at which good quality
can be maintained (Boone, 1997).

5. Various duration tasks, such as prolonging vowels, provide excellent practice in
expiratory control. Prolonging an /s/, /z/, /a/, /&/, /®/, or [i/ for as long as possible
provides an expiratory measure that can be used for comparison. Take a baseline
measurement in the beginning, such as number of seconds a particular phonation
can be maintained, and see whether this can be extended with practice. Avoid asking
the patient to “take in a big breath”; rather, ask him or her to take in a normal breath
of well-being, initiating a lightly phonated sigh on exhalation. See if the patient can
extend this for five seconds. If he or she can, progressively increase the extension
to eight, 12, 15, and finally 20 seconds. The voice patient who can hold on to an
extended phonation of a vowel for 20 seconds has certainly exhibited good breath
control for purposes of voice. Such a patient would not have to work on breath con-
trol per se, but he or she might want to combine work on exhalation control with
approaches such as hierarchy analysis (to see if he or she can maintain such good
breath control under varying moments of stress) or breath-phrase coordination (that
is, ensuring that the speaker takes in enough air to support a typical phrase without
squeezing the glottis toward the end). It might help the patient to know that average
spoken phrases are about eight words (Goldman-Eisler, 1968).

6. From various voice and articulation books, select reading materials designed
to help develop breath control. Give special attention to the patient’s beginning



Voice Therapy Facilitating Approaches

phonation as soon after inhalation as possible to avoid wasting a lot of the outgo-
ing airstream before phonating. Encourage the patient to practice quick inhalations
between phrases and sentences, taking care not to take “a big breath.”

7. With young children who need breathing work, begin with nonverbal exha-
lations. One way to work on breathing exhalation with little children is to use a
pinwheel, which lends itself naturally to the game “How long can you keep the pin-
wheel spinning?” With practice, a child will be able to extend the length of his or her
exhalations (the length of time the pinwheel spins). Another method of enhancing
exhalation control is to place a piece of tissue paper against a wall, begin blowing
on it to keep it in place when the fingers are removed, and keep blowing on it to
see how long it can be kept in place. Both the pinwheel and tissue-paper exercises
lend themselves to timing measurements. These measurements should be made and
plotted graphically for the child; when a certain target length of time is reached, the
activity can be stopped.

8. When working with a singer, actor, or lecturer who needs some formal respira-
tion training, you might take the following steps:

a. Avoid having the patient lie supine on his or her back for the purpose of observ-
ing abdominal protrusion on inhalation and abdominal retraction on expira-
tion. As Hoit (1995) summarized, chest wall-abdominal muscle movements
while supine are not the same as when sitting or standing in a vertical position.
The only time we recommend watching supine abdominal movements is when
the patient appears very tense; the tense patient may profit from watching
the passive movements of the abdomen because the diaphragm’s displacement
moving toward the feet works to protrude the abdominal wall.

b. Formal work on respiration requires good patient posture. Have the patient
stand against a wall, with the buttocks and shoulders making some wall contact.
Have the patient “stand tall,” with the chin slightly tucked in as if the top of the
head were suspended by a rope attached to the ceiling.

c. Have the patient place one hand on the central abdomen and one hand later-
ally low on the rib cage (ninth through twelfth ribs). Instruct the patient to feel
the abdomen and rib cage getting larger on inhalation. On exhalation, have
them feel the abdomen tightening and the rib cage getting smaller. This exer-
cise should be repeated as often as required to give the patient the awareness
that the chest gets bigger on inhalation and it gets smaller on exhalation.

d. The patient is encouraged to feel the abdomen tightening on expiration.
Some practice should be given to following inhalation (accomplished primar-
ily through chest wall expansion) by gradual tightening (contraction) of the
abdominal muscles. As soon as the patient demonstrates some ability to con-
tract the abdominal muscles on expiration, add phonation activities. The voice
patient who has been speaking from the level of the throat, without adequate
breath support, will feel the difference that a bigger breath makes when pho-
nation is desired. The voice patient who needs respiration training in the first
place must have respiration and phonation combined into practice activities as
soon as possible.

e. Ask the patient to prolong vowel sounds coupled with continuant-type con-
sonants with and without abdominal muscle support. Provide immediate
auditory feedback, such as by using a digital recorder, so that the patient can
contrast the voice differences produced with and without abdominal support.
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f. Develop with the patient the concept of increasing one’s air volume by
increasing chest expansion. Explain that with greater air volume available for
expiration—-phonation, it will be possible to say or sing more words per breath
without squeezing or straining at the end of a phrase or sentence. It has been
demonstrated (Plassman and Lansing, 1990) that subjects with perceptual cues
(such as feeling chest wall expansion) can soon develop strategies to reproduce
desired and greater lung volumes.

9. For serious problems in respiration, which are often related to diseases such as em-
physema or bronchial asthma, the clinician should enlist the help of other specialists to
help the patient improve efficiency. Physical therapists, respiratory therapists, and pul-
monary medical specialists may have the expertise and pharmacologic means required
to assist the patient. The voice clinician can often offer the patient ways of phrasing
and using expiratory control to better match what the patient is trying to say and thus
can supplement the intervention by these other specialists. For example, we have coor-
dinated a breathing-for-speech program for quadriplegic patients, in which the speech
pathologist and the physical therapist work closely with the patient to improve both
general respiration and expiratory control for speech phrasing and better voice.

Typical Case History Showing Utilization of the Approach. Libby was a 45-year-old spe-
cial education teacher who complained of vocal fatigue as a regular part of her teaching
day. She felt that when she was not working, her voice was not a problem. Observa-
tion of Libby during her voice evaluation revealed that she often began to speak con-
versationally without an adequate inspiration. After five or six consecutive spoken
words, her voice would become dysphonic and strained. Her voice problems seemed
to occur when her air volumes were low and she was experiencing inadequate trans-
glottal airflow. Subsequent voice therapy was designed to reduce the amount of work
she was putting into vocalization and gave some priority to increasing her inspiratory
volumes, reducing the number of words she attempted to speak on one breath, and
teaching her to take catch-up breaths when she needed them. Loop recordings were
used in therapy to monitor her breath support; she would read a 10-word sentence
aloud and then immediately listen to a loop playback of the utterance, judging it for
respiratory adequacy and lack of strain. After five weeks of twice-weekly voice therapy
working on better respiratory control, Libby developed an easy phonatory style and a
voice that served her well in her various life situations, including her teaching.

Evaluation of the Approach. A number of voice patients may profit from some kind
of respiration training (Xu and colleagues, 1991; Silverman and colleagues, 2006;
Van Lierde and colleagues, 2004). At the time of the initial voice evaluation, such
patients may have done poorly on air-volume and pressure tests or exhibited poor
expiratory control. Vocal attempts by such patients are often strained and involve
too much effort; symptoms of vocal hyperfunction are common. A slight increase of
inspiratory volume may produce an immediate effect of reducing vocal strain and
improving overall vocal quality.

23. Tongue Protrusion /i/

Kinds of Problems for Which the Approach Is Useful. Many hyperfunctional voice prob-
lems are improved by the tongue-protrusion approach. This approach is especially
helpful for patients with ventricular phonation (dysphonia plicae ventricularis) or
“tightness” in the voice, such as when the laryngeal aditus (laryngeal collar) is held
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in a somewhat closed position. When the tongue is held in a posterior position or
the pharyngeal constrictor muscles are contracted to constrict the pharynx, the voice
sounds strained or “tight.” A patient with such symptoms is asked to produce /i/
with the tongue extended outside the mouth (but not far enough to cause discom-
fort). This tongue-protrusion /i/ approach capitalizes on the physiology of the pro-
duction of the /i/, whereby the tongue is shifted forward and raised toward the hard
palate (Edwards, 2003). This works to offset the squeezing of the pharynx. The
tongue must not protrude so far outside the mouth that it causes muscle strain in
the area under the chin. The /i/ is produced in a high pitch either at the upper end
of the patient’s normal pitch range or at the lower end of the falsetto register. This
approach can be used simultaneously with the glottal fry or the yawn-sigh.

Procedural Aspects of the Approach

1. Demonstrate to the patient what is expected by opening the mouth and protrud-
ing the tongue while producing a high-pitched, sustained /i/. Stress that the jaw is
to drop open comfortably and that the tongue is to be extended comfortably. Many
patients are reluctant, at first, to stick out the tongue in the presence of a stranger, so
demonstrate and reassure them that this is just what you want. You may touch the
patient’s chin with the index finger to encourage a little wider jaw opening and say,
“Roll the tongue out a little farther.”

2. The patient should go up and down in pitch while sustaining the /i/ vowel, with
the mouth open and the tongue out. Listen for improved vocal quality. When this is
achieved, ask the patient to sustain the tone.

3. Have the patient chant “mimimimi” at this level with the tongue still out of the
mouth. Then instruct the patient to slowly slip the tongue back into the mouth while
continuing to produce the “mimimimi.”

4. At this point, the pitch is usually still high. Demonstrating a sustained /i/ lowered
by three steps from the pitch that the patient was producing often achieves a good
quality on the first step or the first two steps, but a return to the poor voice may
occur on the third step. Repeat the procedure, but only go down two steps. Sustain
the second step. Repeat until the tone is established. You may need to return to the
original open mouth and tongue protrusion if the target tone is lost.

5. When the new tone is established, gradually add words and phrases, for example,
be, pea, me, see the peach, and easy does it, to the sustained /i/.

Typical Case History Showing Utilization of the Approach. Tammy, a 15-year-old girl,
was referred with ventricular phonation of more than 18 months’ duration. Her
voice, which was consistently hoarse, rough, and low in pitch, was effortful to pro-
duce and made her sound like an older male speaker. Tammy had undergone a pro-
longed bout of flu prior to the onset of the ventricular voice, and she frequently
coughed and cleared her throat violently. Strong glottal valving could be heard at
times during connected speech. After seven sessions of individual voice therapy using
the tongue-protrusion approach just described, Tammy’s voice was normal in all
situations at home, in school, and at work for the first time in more than 18 months.

Evaluation of the Approach. The tongue-protrusion /i/ approach appears to work
because the tongue, when protruded, pulls its root out of the pharynx and opens the

237



238

Chapter 7 Voice Facilitating Approaches

laryngeal aditus (Edwards, 2003). Also, the high pitch is made with a light, breathy
approximation of only the true vocal cords. The production of voice with the tongue
outside the mouth is sufficiently novel that it does not trigger the typical pattern of
phonation that may have become habituated.

24, Visual Feedback

Kinds of Problems for Which the Approach Is Useful. With the advent of digitized
audio-video feedback, there is great reliance on the device screen as a feedback
device. For example, the patient can have a target F line fixed on the screen, and
the therapy task is to attempt to match the line with his or her same Fj production.
Converging of the lines is visual reinforcement of a “correct” production.

When we used various forms of auditory feedback as a VFA, we recognized that
the auditory system may well depend on auditory feedback as a primary mode for
modifying speech-language—voice behaviors. However, most voice patients also profit
from receiving visual feedback relative to respiratory physiology, acoustic parameters
of voice, and various digital feedback values (air volumes, pressure flow, F, percent-
age of nasal resonance, and so forth). For example, patients working on nasalance
problems often profit from using the Nasometer™ (KayPENTAX Corp., Montvale,
New Jersey), which provides real-time audiovisual feedback relative to the acoustic
balance between oral and nasal resonance; the data generated by the Nasometer™ II
can provide visual feedback specific to the success of increasing or decreasing one’s
nasal resonance. Visual feedback can provide the patient with data specific to his or
her voice measurements, compared with the data found on the same vocal behaviors
in the normal population. Visual feedback is valuable in voice therapy with any kind
of patient who is working to improve or optimize vocalization.

Any of the evaluation instruments we use in our diagnostic voice evaluations
that have visual screens, reference lines, or readouts can be used for visual feedback.
In addition, with the client’s permission, we regularly film the therapeutic part of the
session using a digital camera or our laptops or smartphones, and send the session
home with the client either via a DVD or a YouTube™ video. Audiovisual access to
the intervention session provides good feedback for the patient or for the parents
of a child with a voice problem who may see the child’s voice progress as depicted
visually. Providing visual feedback for the patient can play a prominent role in voice
therapy.

Visual feedback has been studied scientifically by a number of researchers and
is yielding promising results. Van Leer and Connor (2011) found increased client
self-efficacy and compliance with intervention employing video augmentation.

Procedural Aspects of the Approach

1. Visual feedback instruments should be introduced to the patient. For respiration,
any of the measuring devices for air volume and pressure flow described in Chapter
6 may be useful, particularly in comparing early performance with performance
after therapy. Real-time measurements of respiration, such as how long one can pro-
long /s/, can be useful. Flexible videoendoscopy can provide the patient with visual
confirmation of adequacy of velopharyngeal closure, pharyngeal and supraglottal
participation during voicing, and/or detailed visualization of vocal fold move-
ments. Stopping and restarting video playback provides visual feedback of actual
oropharyngeal physiology.
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2. The term feedback implies ongoing monitoring of some kind, giving back per-
formance information to the patient as he or she is performing. Biofeedback (moni-
toring galvanic skin response, blood pressure, stress, etc.) is generally fed back to
the patient visually, providing changing numeric values or changes in the pitch and
amplitude traces on the screen. Some forms of biofeedback include tactual or pro-
prioceptive monitoring, both of which have little relevance to voice feedback because
both the pharynx and larynx are not particularly endowed with tactual or proprio-
ceptive receptors. Acoustic and laryngeal physiology monitoring, when converted
to visual images, can provide useful feedback, particularly when used jointly with
another VFA. For example, look at Visi-Pitch tracings and perturbation numeric
values when visually tracking voice production under deliberate changes in loudness
(VFA number 2). Ask patients to match the visual feedback they may be seeing with
the auditory feedback of what they have just said.

3. Real-time visual feedback of patient posture, head position, mouth opening, and
other body positioning can be viewed in a mirror. Prior to the advent of computer-
ized digitized feedback, much voice therapy was done with the clinician and the
patient side by side in front of a mirror. Real-time posturing feedback can also be
done with a video camera with a direct feed into a playback monitor, perhaps with
a zoom close-up or a side view, which couldn’t be accomplished by looking directly
into a mirror. The best postural visual feedback is video playback. Particular posture
positions, such as verticality of head or degree of mouth opening, are recorded and
either played back immediately or deferred as feedback later in the therapy session.

4. Many computer-assisted clinical software programs have vital visual feedback
available for patients of all ages. For example, the KayPENTAX Corp. (Montvale,
New Jersey) software modules provide real-time portrayals (digital, line tracings,
and animations) for voice parameters such as pitch or loudness. Among many other
acoustic modules is the visual feedback available in the Computerized Speech Lab™
(CSL) software programs (KayPENTAX, Montvale, New Jersey), which permit
looking at 22 parameters of a single vocalization and then comparing the data with
built-in threshold results.

5. The SLP can find an endless number of software programs that provide visual
feedback on some aspect of voice performance. However, try to use only those pro-
grams that provide some ongoing auditory feedback coupled with visual feedback.

Typical Case Showing Utilization of the Approach. Bill was a 21-year-old college stu-
dent with vocal nodules and a severe dysphonia. At the time of his voice evaluation,
it was found that he spoke at the very bottom of his pitch range. When he elevated
pitch two or three notes, his voice became remarkably clearer. Using the Visi-Pitch,
we were able to set pitch boundaries within which we wanted him to practice. If
he dropped his voice too low, he could see his tracing go below our target lines.
Jitter and shimmer values dropped considerably near B2 on the virtual keyboard
app, which we used as a target pitch. Bill profited from his clinical practice on the
Visi-Pitch, which provided him with immediate visual feedback relative to both his
pitch usage and the perturbation values that shifted with the pitch of his voice.
Audio-video feedback, as provided by a smartphone app, was also effective for Bill
in practicing an easy glottal attack with a slightly higher voice pitch. At the end of
eight weeks of twice-weekly voice therapy, endoscopic examination found Bill to
have “a normal larynx, free of vocal nodules.”
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Evaluation of the Approach. As instrumentation is developed that can portray various
aspects (respiration—-phonation—resonance) of voice, it can play an important role in
providing visual feedback to patients (see Ju and colleagues, 2011; Rizzo and Kim,
2005). Once a target behavior has been isolated for a patient, such instrumenta-
tion can provide ongoing feedback on the appropriateness of patient production.
Feedback presents various visual portrayals (values of frequency, jitter, shimmer, and
so forth) of what the patient is hearing. Various facilitating efforts in therapy often
produce changes in the sound of voices that are confirmed by different feedback
devices. Not to be forgotten for visual feedback is the mirror, especially for those
who have adopted a limited mouth-opening manner of voicing and speaking. Once
an optimal voicing pattern has been established, the use of feedback devices is no
longer necessary.

25. Yawn-Sigh

Kinds of Problems for Which the Approach Is Useful. The yawn-sigh is one of the most
effective therapy techniques for minimizing the tension effects of vocal hyperfunc-
tion. In vocal hyperfunction, we characteristically see the larynx rise, the tongue
lifted high and forward, the vocal folds tightly compressed, and the pharynx con-
stricted (Boone and McFarlane, 1993). The yawn-sigh provides a dramatic contrast:
The larynx drops to a low position, the tongue is more forward, there is a slight
opening between the vocal folds, and the pharynx is usually dilated. The yawn-sigh
is frequently combined with other therapy approaches for problems such as func-
tional dysphonia; spasmodic dysphonia; and dysphonias related to thickening, vocal
fold nodules, and polyps. Any patient who might profit from a lower, more relaxed
carriage of the larynx is a candidate to receive laryngeal massage as outlined in
VFAL1S or to use the yawn-sigh approach. The yawn-sigh approach also allows the
patient to become more independent in reducing vocal hyperfunction because once
the client has demonstrated independence with this approach, he or she does not
require clinician intervention, as do a number of the laryngeal massage maneuvers
described previously.

Procedural Aspects of the Approach

1. With children, explain this approach using the pictures and narrative from Boone
(1993). Showing a child the appropriate pictures, we read:

This girl usually has a tight mouth. She uses too much effort when she
speaks. Her voice does not sound good. (Demonstrate) This girl is open-
ing her mouth wide and yawning. She is very relaxed. When she sighs at
the end of the yawn, it will be her best voice. (p. 141)

2. With teenagers and adults, explain generally the physiology of a yawn; that is, a
yawn represents a prolonged inspiration with maximum widening of the supraglot-
tal airways (characterized by a wide, stretching opening of the mouth). Then demon-
strate a yawn and talk about what the yawn feels like.

3. After the patient yawns, following your example, ask the patient to yawn again
and then to exhale gently with a light phonation. In doing this, many patients are
able to feel an easy phonation, often for the first time.



Voice Therapy Facilitating Approaches

4. Once the yawn—phonation is easily achieved, instruct the patient to say words
beginning with /h/ or with open-mouthed vowels, one word per yawn in the begin-
ning, eventually four or five words on one exhalation.

5. With teenage and adult clients, yawn-sigh exercises are available, with explana-
tions that the patient can read in Boone (1997, pp. 121-126).

6. Demonstrate for the patient the sigh phase of the exercise, that is, the prolonged,
easy, open-mouthed exhalation after the yawn. Then, omitting the yawn entirely,
demonstrate a quick, normal, open-mouthed inhalation followed by the prolonged
open-mouthed sigh.

7. As soon as the patient can produce a relaxed sigh, have him or her say the word
hah after beginning the sigh. Follow this with a series of words beginning with the
glottal /h/. Additional words for practice after the sigh should begin with middle and
low vowels. Take care to blend in, toward the middle of the sigh, an easy, relaxed,
relatively soft phonation. This blending of the phonation into the sigh is often dif-
ficult for the patient initially, but it is the most vital part of the approach for the
elimination of hard glottal contacts.

8. Once the yawn-sigh approach is well developed, have the patient think of the
relaxed oral feeling it provides. Eventually, he or she will be able to maintain a
relaxed phonation simply by imagining the approach.

Typical Case History Showing Utilization of the Approach. Jerry, a 47-year-old manufac-
turer’s representative, had a two-year history of vocal fatigue. He often lost his voice
toward the end of the workday. After a two-week period of increasing dysphonia
and slight pain on the left side of the neck, an ENT physician found that Jerry had
“slight redness and edema on both vocal processes.” The subsequent voice evalua-
tion also found that he spoke with pronounced hard glottal attack in an attempt to
“force out his voice over his dysphonia.” Using the yawn-sigh approach, Jerry was
able to demonstrate a clear phonation with relatively good resonance. His yawn-
sigh phonations were recorded on loop and fed back to him as the voice model he
should imitate. Because Jerry reported some stress in certain work situations, the
hierarchy analysis approach was used to isolate those situations in which he felt
relaxed and those in which he experienced tension. Thereafter, whenever he was
aware of tense situational cues, he employed the yawn-sigh approach to maintain
relaxed phonation. Combining yawn-sigh with hierarchy analysis proved to be an
excellent symptomatic approach for this patient because his voice cleared markedly,
and no recurrence of the periodic aphonia was evident. Twice-weekly therapy was
terminated after 12 weeks, and the patient demonstrated a normal voice and a nor-
mal laryngeal mechanism.

Evaluation of the Approach. The yawn-sigh is a powerful voice therapy technique
for patients with vocal hyperfunction (Blonigen, 1994; Brewer and McCall, 1974;
Xu and colleagues, 1991; Boone and McFarlane, 1993). During the yawn-sigh, the
pharynx is dilated and relaxed. When the patient is asked to sigh an /i/ or an /a/,
the voice comes out with little effort and sounds relaxed. For some patients with
continued vocal hyperfunction, the voice produced on the sigh will feel relaxed, in
dramatic contrast to the patient’s normally tense voice.
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SUMMARY

We have included 25 Voice Facilitating Approaches (VFAs) that can be used in
symptomatic voice therapy. We have provided extensive documentation of peer-
reviewed evidence to support each approach. Most VFAs can be used individually;
there is clinical advantage to combining certain approaches together with particu-
lar patients. For example, a typical voice therapy session might include counseling,
use of the confidential voice, head positioning, visual feedback, and the yawn-sigh,
combined or used sequentially. Voice therapy for most voice problems requires con-
tinuous assessment of what the patient is able to do vocally. The selection of which
therapy approach to use is highly individualized for the particular patient, and no
one approach is helpful for the same voice problem with every patient.
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After reading this chapter, one should be able to:

e Understand the laryngeal and voice

characteristics of the aging voice and
describe its management.

Understand the laryngeal and voice
characteristics of pediatric dysphonia,
and describe its management.

List the professional voice use
populations who are at risk for
dysphonia, and describe the management

LEARNING OBJECTIVES ]

Describe the speech and voice
characteristics of the Deaf and Hard of
Hearing populations and approaches to
these behaviors.

Discuss the speech and voice management
approaches to the transgender populations.

Describe respiratory-based voice
problems and management.

Describe paradoxical vocal fold

of dysphonia in these populations. movement and its management. .

We have reviewed various voice disorders in Chapters 3 through 5: functional/
behavioral, organic, and neurogenic. In this chapter, however, we consider special voice
conditions and their treatment that do not necessarily fall under the headings provided in
previous chapters. We will provide descriptions of the voice problems, with focus given
to management strategies and the use of possible Voice Facilitating Approaches. Laryn-
geal cancer and its management by the speech-language pathologist (SLP) is presented
in Chapter 9. Resonance disorders and their management are presented in Chapter 10.

VOICE THERAPY FOR PARTICULAR POPULATIONS

The Aging Voice

About one in every eight Americans is 65 years or older, and this number is increas-
ing as the baby boom generation grows older (U.S. Bureau of the Census, 2010).
This group represents the fastest growing segment of the U.S. population, with the
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over-85 group showing the largest percentage increase of any population segment
(Barry and Eathorne, 1994). It has been estimated that elderly clients with commu-
nication impairments constitute 19% of the caseloads of SLPs (Slater, 1992). By the
year 2050, it is expected that people over age 65 will constitute 39% of the speech-
language impaired population. Therefore, SLPs must continually seek new methods
of prevention, differential diagnosis, and intervention with older adults (Shadden
and colleagues, 2011).

There are very few epidemiologic studies of the prevalence, risk factors, and
psychosocial impact of dysphonia in the elderly. Studies of the epidemiology of dys-
phonia in this population have been restricted solely to investigations of those seeking
treatment; thus, the true prevalence of voice disorders in the general elderly popula-
tion remains largely unknown. Roy and colleagues (2007) interviewed 117 people
over age 65 using a questionnaire that addressed three areas related to voice disor-
ders: prevalence, potential risk factors, and psychosocial consequences/effects. They
reported that the lifetime prevalence of a voice disorder in this population was 47 %,
with 29% of participants reporting a current voice disorder (Roy and colleagues,
2007, p. 628). The majority of respondents (60%) reported chronic voice problems
persisting for at least four weeks. Seniors who had experienced esophageal reflux,
severe neck/back injury, and chronic pain were at increased risk. Voice-related effort
and discomfort, increased anxiety and frustration, and the need to repeat oneself
were specific areas that adversely affected quality of life. In a similar epidemiologic
study of persons under the age of 65, Roy and colleagues (2005, p. 1998) reported
that the lifetime prevalence of a voice disorder was 30%, with 6% of participants
reporting a current voice disorder (see also Cohen and Turley, 2009; Golub and col-
leagues, 2006). Cohen and colleagues (2012a) reported that adults over the age of 70
years were two and a half times more likely than those under the age of 70 years to
be diagnosed with a voice disorder; in fact, adult males over the age of 70 years were
the most likely persons to experience a voice disorder. The risk of an elderly person
having a voice disorder is greater if the person also has a hearing loss, and having
either disorder is more likely to lead to depression (Cohen and Turley, 2009).

The term presbyphonia refers to the clinical condition of elderly patients
presenting to the otolaryngologist (ENT) with gradual weakening of the voice
(Kendall, 2007, p. 137). Patients complain of an inability to project their voice over
background noise and of a hoarse voice quality that deteriorates throughout the day.
Visual examination of the larynx may reveal mild bowing of the vocal fold margins,
a spindle-shaped glottis, prominent arytenoid cartilage vocal processes, and vocal
fold edema (Bloch and Behrman, 2001; Pontes and colleagues, 2005). Laryngostro-
boscopy may reveal asymmetry of vocal fold vibration, and electroglottography may
reveal predominance of the open phase (Winkler and Sendlmeier, 2006). High-speed
digital imaging reveals more anteriorly placed glottal gaps (Ahmad and colleagues,
2012). Presbyphonia is correlated with poorer health-related quality of life and a
tendency to avoid social situations (Costa and Matias, 2005; Golub and colleagues,
2006; Verdonck-de Leeuw and Mahieu, 2004; Plank and colleagues, 2011).

Presbyphonia is not the most common cause of dysphonia in the elderly. Possible
other causes of dysphonia include: vocal fold atrophy (with or without vocal fold
bowing), benign vocal fold lesions, laryngitis, malignant vocal fold lesions, muscle
tension dysphonia, tremor, spasmodic dysphonia, and vocal fold immobility. A recent
examination of 775 patients over the age of 65 years with dysphonia by Davids and
colleagues (2012) indicated that vocal fold atrophy was the most common cause
of dysphonia, comprising 25% of cases, followed closely by spasmodic dysphonia
(23%) and vocal fold immobility (19%). A thorough evaluation is warranted in any
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elderly patient presenting with hoarseness. Poor general health correlates to nega-
tive objective vocal and laryngeal changes, showing that physiologic age may be a
greater factor than chronologic age in some patients with dysphonia. Considering
this information, one might well conclude that management and therapy should be
more focused on various disease processes than on aging per se.

Because the acoustic features of voice are affected by respiratory, phonatory,
and resonance events, each must be appreciated when developing an understand-
ing of the presbyphonia voice (Baken, 2005; Ringel and Chodzko-Zajko, 1987).
The first comprehensive studies reporting age-related changes in speech breathing
were conducted in the late 1980s by Hoit and colleagues (1987; 1989). Across these
two seminal studies the investigators examined speech breathing in 30 males and
30 females in three age groups (25, 50, 75 years). Speech breathing changes were
assessed both from extemporaneous speech and reading. The major findings of Hoit
and Hixon (1987) were that elderly males demonstrated larger rib cage volume ini-
tiations, larger lung volume excursions, and larger lung volume expenditures per syl-
lable than younger men, particularly during extemporaneous speaking. The major
findings of Hoit and colleagues (1989) were that, compared to younger women,
elderly females demonstrated larger rib cage excursions during reading, increased
frequency of inhalation during reading, increased air expenditure during unpho-
nated intervals during reading, and larger lung volume initiations during extempora-
neous speaking. The speech breathing changes reported by Hoit and her colleagues
correspond with reports that changes in general pulmonary functioning with aging
become measurable at around age 40 years (Rochet, 1991).

Much of what we know about the acoustic characteristics of the voice of older
speakers comes from the work of Linville and her colleagues (see Linville, 2001) and
Mueller and his colleagues (see Caruso and Mueller, 1997) (see Table 8.1). Many of
their findings correlate well with what we know about the effects of aging on the

TABLE 8.1 Synopsis of Voice Changes with Advanced Age
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Finding Literature Source

Speaking fundamental frequency (SFF) raises in ~ Awan (2006); Brown, Morris, Hollien, and Howell (1991); Linville (1996); Xue

men and lowers in women. and Deliyski (2001).

Maximum phonational frequency range Hollien, Dew, and Phillips (1971); Linville (1987); Ptacek and Sander (1966);
(MPFR) is reduced in men and women. Ramig and Ringel (1983).

SFF is less stable in men and women. Linville, Skarin, and Fornatto (1989); Xue and Deliyski (2001).

Amplitude is less stable in men and women. Linville (1996); Linville, Skarin, and Fornatto (1989); Xue and Deliyski (2001).
Standard deviations of SFF and amplitude Linville and Fisher (1985); Orlikoff (1990); Xue and Deliyski (2001).

increase in men and women.

Maximum intensity of vowel productions is Morris and Brown (1994).
reduced in men and women.

Perturbation increases (jitter, shimmer, spectral ~ Awan (2006); Decoster and Debruyne (1987); Ferrand (2002); Linville
noise) in men and women. (2002); Linville, Skarin, and Fornatto (1989); Xue and Deliyski (2001)

Formant frequencies are lowered in men. Benjamin (1997); Linville (2002); Linville and Fisher (1985); Linville and Rens
(2001); Liss, Weismer, and Rosenbek (1990); Rastatter and Jacques (1990);

Scukanec, Petrosino, and Squibb (1991).
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larynx and supraglottal vocal tract. See Kahane and Beckford (1991) for extensive
review of this topic.

In both men and women, speaking fundamental frequency (SFF) changes as
an individual moves from young adulthood into old age. However, the pattern of
change is quite different for the two genders: SFF in men lowers from young adult-
hood into middle age and then rises again into old age; in women, SFF remains
fairly constant into middle age, then drops slightly and remains unchanged through
old age. Maximum phonational frequency range (MPFR) also appears to be altered
by the process of aging. Postmenopausal (presumably, middle-age) women are able
to produce lower basal tones than their younger or older counterparts; however,
this does not significantly expand total MPFR capabilities. At the other end of the
MPFR, a reduction in the ceiling tone is a well-known finding in female speakers,
even for those who have had professional voice training. In men, there does not
appear to be an effect of aging on MPFR. Fundamental frequency and amplitude are
reported to be less stable in older speakers; the standard deviations of these mea-
sures also tend to increase with age. Increased perturbation (that is, jitter, shimmer,
spectral noise) in the voice of aging speakers has also been reported. Speech intensity
has also been reported to change with aging. Vocal intensity during conversational
speech has been reported to increase with aging in men, but not in women, and
in both genders, reductions of maximum intensity of vowel productions has been
reported.

Resonance characteristics of voice vary as a function of aging as well. Cen-
tralization of vowels is reported to be a common tendency of older speakers, and
as a result, formant frequencies of vowels have been shown to differ in older ver-
sus younger speakers (Liss and colleagues, 1990). Lengthening of the vocal tract
in older speakers is also thought to contribute to changes in formant frequencies
(Kahane, 1981), chiefly a lowering of these frequencies across vowels (Linville and
Rens, 2001). In addition to investigations into the effects of aging on formant fre-
quencies, the effect of aging on nasal resonance has been investigated, though not as
extensively. Hutchinson and colleagues (1978) reported that nasalance (see Chap-
ter 10) in 50- to 80-year-old speakers is higher than the norms of younger speak-
ers reported by Fletcher (1973). Scarsellone and colleagues (1999) reported slightly
lower nasalance in elderly speakers when their maxillary dentures were removed
versus when these dentures were in place, leading these investigators to conclude
that existing normative data for nasalance could be applied to elderly speakers
regardless of the status of their maxillary dentition.

Some general characteristics of the voices of elderly people lead to their iden-
tification as older speakers. A number of studies going back to the 1960s have dem-
onstrated a relationship between older speakers’ chronological age, sex, and vocal
characteristics, and listener perceptions of their vocal age (Linville and Fisher, 1985;
Ryan and Burk, 1974; Shipp and Hollien, 1969). From this clinical literature, a
number of conclusions can be drawn. First, young adult listeners are capable of dis-
criminating between younger and older adult voices with a high degree of accuracy
(Huntley and colleagues, 1987; Ptacek and Sander, 1966), though listeners tend to
slightly overestimate the age of younger speakers and underestimate the age of older
speakers (Ryan and Capadano, 1978). Second, young adults are also quite good at
distinguishing relatively minor differences in ages of older speakers, for example,
distinguishing among 60-, 70-, and 80-year-olds (Hummert and colleagues, 1999).
Third, young adults have a better than chance ability to estimate within five years a
speaker’s chronological age (Hollien, 1987). Fourth, listeners are able to reasonably
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estimate an older speaker’s weight and height from their voice, and can do so almost
as well as they can from viewing facial photos (Krauss and colleagues, 2002). Listen-
ers perceive older speakers more negatively than younger speakers, particularly on
competence dimensions (Hummert and colleagues, 1999).

Tremor, hoarseness, breathiness, voice breaks, decreased loudness, slower speak-
ing rate, and a change in habitual pitch are specific acoustic characteristics that have
been identified in perceptual studies of the elderly voice of both males and females
(see Ramig and Ringel [1983] and Gorham-Rowan and Laures-Gore [2006] for
reviews). The changes in habitual pitch, however, appear to be sex-dependent. In mid-
dle-age males, an increase in habitual pitch seems to signal advancing age, while in
middle-age (postmenopausal) women, a decrease in habitual pitch signals advancing
age. These acoustic cues are likely the product of age-related physiological changes to
the vocal tract. Some of the physiological changes that have been identified include
the lengthening of the vocal tract or oral cavity, reduction in pulmonary function,
laryngeal cartilage ossification, increased stiffening of the vocal folds, and reduction
in vocal fold closure (see Zraick and colleagues [2006] for a review).

Management of presbyphonia can involve three treatment approaches, either sin-
gly or in combination: (1) laryngoplasty, (2) thyroplasty, and (3) voice therapy (Johns
and colleagues, 2011). Voice therapy is usually the first-line approach. Strengthening
exercises for respiratory and phonatory control likely increase neuromuscular coordi-
nation. Stemple and Thomas (2007) have reported that vocal function exercises may
improve a patient’s laryngeal physiology, potentially improving voice. Counseling the
patient about the need for good vocal hygiene may be helpful. Direct work on improv-
ing respiratory efficiency can help the older person develop better expiratory control,
perhaps saying more words per breath. Direct work on increasing the speed of one’s
speech can have a “rejuvenating” effect on the sound of the older patient’s voice. Among
other VFAs we have found useful are auditory feedback, focus, glottal fry, masking,
respiration training, and visual feedback (see Chapter 7). Berg and colleagues (2008)
have reported that voice-related quality of life improves in patients with age-related
dysphonia who participate in voice therapy. If a patient fails voice therapy, procedures
to improve glottic closure may be employed. Such procedures are often used to man-
age vocal fold paralysis (see Chapter 5) and include laryngoplasty and medialization
thyroplasty. Future treatments holding promise include the use of gel-based injectable
materials for vocal fold regeneration (Bartlett and colleagues, 2012).

CHECK YOUR KNOWLEDGE

1. List three age-related anatomical/physiological changes that account for the sound of the

aging voice.
2. Describe four auditory-perceptual features of the older person’s voice.

Pediatric Voice Problems

As noted in Chapter 1, it is estimated that more than 7.5 million American children
have some trouble using their voices (National Institute for Deafness and Other
Communication Disorders, 2007). Dysphonia can be detrimental to children both
psychosocially and academically. In the psychosocial realm, studies have revealed
that childhood dysphonia has an adverse effect on the listener’s perception of the
child: Children are judged more negatively with regard to their physical appearance,
their personality, and their cognitive skills by peers and adolescent and adult judges
(Ruscello and colleagues, 1988), including teachers (Ma and Yu, 2009). It is possible
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for children to express themselves about the impact of their voice disorder (Ver-
duyckt and colleagues, 2011). Connor and colleagues (2008, p. 197) have shown
that the attitudes of children and adolescents with dysphonia can be negative. In
their interviews with children with dysphonia, these clinical researchers discovered
that children and adolescents often felt that their dysphonic voice received undue
attention; anger, sadness, and frustration were also expressed.

Academically, some adverse effects of dysphonia on a child’s educational per-
formance can include limited participation in speaking activities, fear of participating
in oral reading activities, and limited participation in classroom discussion with peer
groups. To address reduced academic performance as a function of dysphonia, Hoff-
man and colleagues (2004) describe eligibility decisions for students with dysphonia
in school-based settings that fall within the framework of the Individuals with Dis-
abilities Education Act (IDEA). These authors outline six school-based service deliv-
ery options for the voice-disordered child that are effective under IDEA guidelines
(see also Chapter 6).

Children differ from adults in the way they produce their voice because pedi-
atric laryngeal anatomy is distinct from adult laryngeal anatomy. As described in
Chapter 2, among those differences are the size of the larynx; the proportion of
membranous versus cartilaginous structure; and the position of the larynx, which in
the child lies between the first and third cervical vertebrae, descending to between
the sixth and seventh cervical vertebrae in the adult. The differences in anatomy are
evident in the physiology of the voice. The child may find that his or her smaller
lung capacity and resonating chambers in relation to an adult’s render a voice that
is softer and less versatile than the adult’s (Sapienza and Stathopoulos, 1994). The
child may try to compensate for this by placing excessive demands on the voice, thus
beginning a cycle of muscle tension dysphonia, potentially leading to vocal nodules
(Schalen and Rydell, 1995; Boyle, 2000).

Medical Factors Associated with Pediatric Voice Disorders. Most etiologies underlying
dysphonia in children are benign and generally easy to treat (McMurray, 2003);
however, children presenting with hoarse voices must have a thorough voice evalu-
ation because some voice disorders are life-threatening (see Chapter 4 and Voice
Therapy for Respiratory-Based Voice Problems later in this chapter). Dysphonia,
such as that experienced from laryngeal papilloma, can present a significant and
fatal airway obstruction. Cysts, while not life-threatening, can cause dysphonia by
increasing the mass of the vocal fold. Chapter 6 features a medical history checklist
to help the clinician zero in on the factor or factors that might underlie a dysphonia.
For example, repeated otitis media and sinusitis might underlie allergies or laryngo-
pharyngeal reflux. In fact, laryngopharyngeal reflux disease (LPRD) is increasingly
recognized as a factor underlying pediatric dysphonia (Block and Brodsky, 2007).
Laryngeal symptoms associated with pediatric LPRD include chronic cough, globus
sensation, throat clearing, and laryngospasm (Karkos and colleagues, 2006). More
atypical reflux symptoms reported in the literature are stridor (Heatley and Swift,
1996), paradoxical vocal fold motion (Wilson and colleagues, 2009), sinus infection
(Phipps and colleagues, 2000), otitis media (Kotsis and colleagues, 2009), and sub-
glottic stenosis. Even though accurate diagnosis of LPRD in children is challenging
(Theis and Heatly, 2009), LPRD should be considered by ENTs, pulmonologists,
gastroenterologists, and SLPs in the differential diagnosis and subsequent manage-
ment of pediatric voice disorders (Ford, 2005).

The SLP should also ask about the amount of hydration the child is taking
in because poor water intake in combination with caffeinated beverages may pull
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fluid from the body (Glaze, 1996). Any psychosocial and emotional aspects affecting
the child at home, in school, or elsewhere also need to be addressed because there
are links between psychological and musculoskeletal stress (Russell and colleagues,
2010). We once encountered a young teen who developed significant hypertension
of the lips, cheeks, and neck muscles and larynx each time her mother changed her
work schedule and left the teen in charge of her younger siblings. The Voice Facili-
tating Approaches in Chapter 7 were effective in rediscovering the voice within the
first few minutes, but it was the underlying psychosocial demands on the teen that
were the major issue. In this case, we referred the family to a child psychiatrist for
counseling.

Functional Factors Associated with Pediatric Voice Disorders. Once a medical cause is
ruled out, and the child has been diagnosed with a voice disorder of a functional
nature, it is the realm of the SLP, the family, educators, and other individuals impor-
tant to the child’s life to identify the environments in which the abuse-misuse occurs
and to develop strategies to reduce these instances of misuse (see Chapter 7). If the
child is very young, say, younger than 5 years of age, parent counseling may be in
order. Direct voice therapy with the child may be deferred until the preschooler is
cognitively able to understand the importance of curbing particular hyperfunctional
behaviors, such as yelling and making continuous “funny” noises. The primary voice
management role in the preschool child is the identification and possible treatment
of laryngeal disease rather than as a preliminary evaluative step for voice therapy.

For older children, successful voice clinicians must build into their schedules
actual visits to playgrounds, music rooms, churches, and other venues where the
child spends his or her day. The overall thrust of voice therapy for vocal hyperfunc-
tion in school-age children is identifying their voice abuses and voice misuse (see
VFA #8 in Chapter 7) and reducing the occurrence of such behaviors. More than
once, we have discovered that the vocal misuse originates in the child’s classroom
itself. Much has been written about the occupational hazards of teaching; it comes
as no surprise that vocal abuse and overuse might be identified in classrooms, which
are notorious for poor acoustics and robust dynamics (McAllister and colleagues,
2009). When we encounter a classroom situation that appears to be contributing
to a dysphonia, we contact the teacher and ask him or her to enlist as a partner
in a vocal education and hygiene program. The teacher often views this program
as an immediate benefit for all concerned, and we help the teacher adapt a list of
behaviors and rationales that discourage vocal abuse and encourage just right voice,
the child’s equivalent of confidential tone. One classroom teacher even allowed our
graduate students to enter the classroom and engage the children in a play depicting
healthy and unhealthy voices. The play concluded with the following list of remind-
ers to maintain a healthy voice in the future:

1. Build quiet times into one’s day.

2. Walk over to a friend to talk.

3. Drink plenty of water.

4. Select a just right voice buddy to help maintain those good vocal habits.

In our voice clinics, we review the anatomy and physiology of the laryngeal
mechanism using DVDs and Internet-based content, although still photographs are
also powerful visual tools to aid the patient’s comprehension. We use age-appropriate
descriptive terminology to discuss the mechanics of normal voice and vocal abuse.
Some examples we use are discussing the soreness and redness of palms after clapping

@ We often pair children
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hands forcefully and asking the child to describe what his or her vocal folds would
feel like if they clapped all day. We attempt to video-record the child interacting with
his family in free play or discussion. We review the video and discuss pitch, loudness,
and vocal quality. This audio and video feedback indirectly draws everyone’s atten-
tion to the distinctive qualities of voice, and the child and the family can begin to talk
about voice using the same language.

A specific approach that we have found successful with children is making
every attempt to pair child voice clients in therapy (Von Berg and McFarlane, 2002a).
This arrangement has been found to be conducive to early and lasting success. At the
beginning of the therapy session, unstimulated acoustic measures are collected from
each child using the Visi-Pitch (KayPENTAX Corp., Montvale, New Jersey) or simi-
lar instrumentation. If the clinic does not have this type of instrument, a digital voice
recorder or smartphone application is sufficient. The children listen to their voices
and discuss any changes from the previous session. The children discuss vocal param-
eters using the same terminology developed during the audio- and video-recording
of the family session discussed earlier. Each child is challenged to describe techniques
that might move the voice closer to a just right voice. Voice Facilitating Approaches
are introduced, and each is followed by a child production, using a novel phrase-gen-
erating task. The children analyze each other’s productions, which is a powerful way
to increase each child’s understanding of her or his dysphonia and how to improve
vocal quality. We often audio-record and immediately replay these sessions because
the children are motivated to critique and repair their own dysphonia.

In Chapter 7, we identify the various biofeedback technologies currently avail-
able to support voice intervention in the general population; these technologies are
also available for pediatric voice intervention. Readers are encouraged to investigate
innovative approaches that employ virtual reality (Hapner and Johns, 2004; King
and colleagues, 2011) and video self-modeling (Bandura, 1997).

CHECK YOUR KNOWLEDGE

1. List and describe three medical factors that can contribute to a child having a voice disorder.

2. List and describe three environmental factors that can contribute to a child having a voice
disorder.

Professional Voice Users

The professional user of voice exerts unusual demands on respiration, phonation,
and resonance. We use the term professional voice user for the actor, singer, teacher,
salesperson, minister, telemarketer, politician, broadcaster—people whose primary
occupational competence (and probable success) is shaped by their voices. Their
success in using their voices is always competing with demands of excessive phona-
tion, background noise, and environmental pollution (Bovo and colleagues, 2007).
The SLP may begin a vocal hygiene program designed for awareness of avoiding
excessive phonation time and making attempts to reduce competing background
noise. However, Holmberg and colleagues (2001) have found that a vocal hygiene
program alone is not always associated with a good voice. It appears that a vocal
hygiene program needs to be coupled with some vocal instruction provided by a
vocal coach, singing teacher, or SLP to help the professional voice user maintain a
functional professional voice (Hazlett and colleagues, 2011).

One of the obstacles we experience in working with the professional voice user
is the relative “performance innocence” of the teacher or clinician. The professional
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uses his or her voice often beyond the normal limits we generally associate with
heavy voice use. The SLP who has never performed beyond these supposed limita-
tions may experience difficulty convincing the performer about what to do to cor-
rect a voice problem. Similar to the voice clinician who wants to communicate with
the voice scientist or the scientist who likes to dabble clinically, the SLP’s “perfor-
mance naiveté” may be revealed to the professional performer once the SLP strays
beyond his or her zone of training and competence.

Another obstacle to working successfully with the professional voice user is
the lack of meaningful language between the performer and the SLP. For example,
the actor or singer may have been taught a way of breathing for performance that is
at variance with new voice science findings specific to respiration. Imagery abounds
with performers, and the clinician cannot take away this imagery without replac-
ing it with descriptions that will enhance performance and encourage using vocal
mechanisms in a healthy manner. The skillful clinician can often use performers’
imagery about what they are doing by not attacking it directly, but by modifying
it by demonstration of less muscle effort producing similar vocal output. Excesses
in muscle tension while performing have been categorized by Koufman and col-
leagues (1996), finding that much unnecessary supraglottic muscle tension occurs,
particularly among “bluegrass/country and country/western and rock/gospel sing-
ers.” When excessive muscle tension appears to cause laryngeal problems, voice ther-
apy directed toward decreasing the excessive glottal and supraglottal muscle tension
can be effective (Lowell, 2012). Excessive muscle tension can be reduced by using
VFAs such as auditory feedback, change of loudness, chant talk, chewing, counsel-
ing, focus, changing glottal attack, laryngeal massage, open-mouth, relaxation, and
yawn-sigh (see Chapter 7).

Most professional voice users have auditory recordings of their voices. At the
first meeting between the performer and the SLP, an audio recording is made. It is
sometimes useful to compare the client’s previous recordings with the new one made
at the time of evaluation. Part of the initial voice evaluation requires close listening
to playback, possibly stopping and restarting to identify possible problem areas.
Auditory feedback may play an important role in helping the performer identify
what needs to be accomplished in future voice therapy situations. The SLP may
use helpful auditory modeling in future therapy sessions (Boone, 1998), employing
one or more applications available for playback listening and imitation. Perhaps
the most effective auditory feedback is providing the client with real-time playback
of what the client just said, and then comparing it with some kind of desired voice
target. Fortunately, the myriad of handheld electronic devices, such as the iPad™
or iPod™, offer the performer many auditory feedback applications that may be
recommended by the SLP (van Leer and Connor, 2012).

In many professional voice situations, the performer must speak above unrea-
sonable background sound levels. Clinically, it has been found that hard rock concert
performers and classroom teachers are the two performer groups who most frequently
use their voices in excessive noise background settings. Among the many research stud-
ies looking at noise-level impact on vocal performance, Ferrand (2006) and Stathopou-
los and Sapienza (1993) have found that excessive noise may compromise respiratory
function, pitch changes, voice quality, and overall phonatory stability.

When actors, public speakers, politicians, ministers, and broadcasters consult
with the SLP for problems with voice, the SLP should have them first complete ques-
tionnaires regarding their use of voice and their perceived voice-related quality of
life (Portone and colleagues, 2007; Zraick and Risner, 2008) (see also Chapter 6).
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Questionnaire and voice evaluation data should be reviewed to determine what type
of voice therapy is indicated. The services of either the SLP or the vocal coach (VASTA,
2012) may then be provided. A blend of both specialties is often an ideal combination
for the professional user of voice who is experiencing some vocal difficulties (Zeine and
Walter, 2002; Hazlett and colleagues, 2011). Consideration is often given to providing
vocal hygiene counseling and information along with voice therapy, although there is
some research that finds equivocal value of vocal hygiene alone (Roy and colleagues,
2001); however, combining vocal hygiene and voice exercises for teachers with self-
reported voice symptoms has been found to produce significant voice improvement
(Gillivan-Murphy and colleagues, 2006). Following simple vocal hygiene guidelines
often produces immediate benefit for the professional user of voice.

Singers often experience functional and/or organic problems of voice, and they
are often referred to the SLP for consultation and possible voice therapy (Boone and
Wiley, 2000). A special voice handicap scale for singers has been developed (Cohen
and colleagues, 2007) that provides information relative to the constancy and impact
of the problem on singing performance. For the SLP with a limited background in
music performance and singing, consideration should be given to consultation with
a singing teacher (NATS, 2012). The SLP often finds with professional singers that
their vocal problems seem to originate from things they do when not singing, such
as excessive throat clearing, smoking, lack of hydration, or talking too much before
and after performance (Boone, 1997).

Of all professional performance groups, teachers appear to be the professional
group experiencing the most vocal problems (Ferrand, 2012). Looking at voice dis-
orders in a population of 550 primary school teachers, Munier and Kinsella (2008)
found that “27% suffered from a voice problem, 53% reported an ‘intermittent’
voice problem, while only 20% had no voice problem.” Summarizing multiple stud-
ies on voice problems in teachers, Grillo and Fugowki (2011, p. 149) reported that
“between 15% and 32% of teachers reported experiencing a voice disorder in their
teaching careers.” Roy and colleagues (2004, 2005) have found an overwhelming
prevalence of voice disorders in teachers compared with other adults in the same-
age population. A large epidemiologic study in Brazil (Behlau and colleagues, 2012)
of 1,651 teachers compared with 1,614 nonteachers found the prevalence of voice
disorders among teachers was 11.6% versus 7.5% for nonteachers. Prolonged voic-
ing times and talking against noisy backgrounds were identified as frequent causes
of teacher voice problems. Among research studies looking at effectiveness of voice
disorder prevention programs for teachers, Duffy and Hazlett (2004) and Bovo and
colleagues (2007) report significant voice improvement for experimental subjects
(versus control groups) in the programs.

The individual teacher, when consulting with the SLP, sometimes benefits from
a classroom visit by the SLP to see and hear the teacher in action. The SLP may
find the teacher in the classroom using much vocal hyperfunction while teaching, in
sharp contrast to normal voicing efforts observed in the voice clinic. The SLP who
hears high noise levels in the classroom may recommend that the teacher use a voice
amplifier. Also, the teacher may profit from vocal training that uses both respiration
support training and resonant voice therapy. In a study reviewing outcome effects
of three treatments (using a voice amplifier, resonant therapy, or respiratory muscle
training) for teachers with voice disorders, Roy and colleagues (2003) found that
post-treatment results on the Voice Handicap Index (VHI) yielded positive support
for teachers with voice problems using some kind of portable voice amplifier in
the classroom. Teachers with clinical voice problems require a full medical and SLP
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diagnostic evaluation, followed by appropriate medical management and individu-
alized voice therapy designed by the SLP for that particular teacher.

CHECK YOUR KNOWLEDGE

1. Which population of professional voice users is most at risk for developing a voice disorder?

Explain.
2. What interventions might help a teacher with chronic job-related dysphonia?

Deaf and Hard of Hearing

Speech and voice characteristics in the absence of auditory feedback have been
described in individuals with severe to profound hearing loss. Allegro and col-
leagues (2010), citing the work of others, describe the specific characteristics related
to voice, including alterations in fundamental frequency, formant frequency transi-
tions, phonation range, and vocal intensity. They also describe changes in speech,
including difficulties with articulatory placement and precision, prolonged vowel
durations, reduced speaking rate, and deviations in voice-onset timing. Nasality is
more prominent in profoundly deaf children and adults. The earlier the onset of
deafness or profound hearing loss, the more severe the aforementioned voice and
speech symptoms are likely to be.

Voice production following cochlear implantation (CI) has been an area of
emerging study in recent years, both in children and adults. In an early study of
adult cochlear implant (CI) recipients, Svirsky and colleagues (1992) used an on-off
study of auditory deprivation on voice. They found that when the CI was turned
off for 24 hours, participants demonstrated elevated fundamental frequency (FO),
increased intraoral pressures, and lowering of the second formant. With the restora-
tion of auditory input via the CI, these voice parameters began to normalize. More
recently, Ubrig and colleagues (2011) compared the vocal characteristics of postlin-
gually deaf adults before and after CI. These clinical researchers reported a signifi-
cant reduction in perceived overall voice severity, strain, loudness, and instability; a
significant reduction in F( in male speakers; and F variability in both genders.

In an early study of pediatric CI users, Seifert and colleagues (2002) found
positive changes in voice pitch, elevated second formant, resonance, and rate of
speech in older children who underwent CI. Campisi and colleagues (2005) identi-
fied unique voice characteristics in pediatric unilateral CI recipients related to the
long-term control of vocal pitch and intensity. Their study cohort contained both
pre- and postlingually deafened users of CIs. They reported that long-term control
of amplitude variation improved to normal levels postimplantation, but long-term
control of F( variation remained impaired. No significant differences were found
between the results of the pre- and postlingually deafened CI users (see also Allegro
and colleagues, 2010). Holler and colleagues (2010) reported a similar finding in
their study of children with bilateral cochlear implants.

Although elevated voice pitch and excessive pitch variability are common find-
ings in those with severe hearing loss, the anatomy and physiology of the larynx and
vocal folds are the same as those of the normal hearing population. Children who
are hard of hearing profit from developing an awareness of other voices, as well as an
awareness of their own pitch levels, by using amplification feedback and instrumen-
tal tracings of pitch. Instrumental and software programs that provide good visual
feedback of pitch and pitch variability may play primary roles in voice training.
Such computer programs can also provide real-time feedback relative to excesses in
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voice loudness (too loud or not loud enough). The SLP provides display boundaries
on the screen for pitch, pitch variability, and loudness; the child must keep his or her
voice values within these boundaries.

A useful voice training method by the SLP is to provide “cue arrows” pointing
in the desired direction of pitch change. For a typical Deaf child attempting to lower
the voice, for example, cards should be printed with a down arrow. These cards
should be placed wherever possible in the child’s environment—in the backpack, on
the bureau or desk, and so on. Also, the classroom teacher and voice clinician can
give the child finger cues by pointing toward the floor. Another method for devel-
oping an altered pitch level is to place the fingers lightly on the larynx and feel the
downward excursion of the larynx during lower pitch productions and the upward
excursion during higher ones. The ideal or optimum pitch is produced by minimal
vertical movement of the larynx. Any noticeable upward excursion of the larynx,
except during swallowing, immediately signals that the voice may be at an inappro-
priately high pitch level. Once an appropriate pitch level has been established, the
child may read aloud for a specified time period, placing the fingers lightly on the
thyroid cartilage to monitor any unnecessary vertical laryngeal movement.

The typical voice of a Deaf child who has had no training in developing a good
voice is characterized by alterations in nasal resonance, often accompanied by excessive
pharyngeal resonance, which produce a cul-de-sac voice. The major contributing factor
to these resonance alterations is the excessive posterior posturing of the tongue in the
hypopharynx, which markedly lowers the second format (Wirz, 1986; Monsen, 1976).
The tongue is drawn back into the hypopharynx and creates the peculiar resonance
heard in Deaf speakers; this back resonance sounds similar to the resonance sometimes
heard in speakers with athetoid cerebral palsy or oral verbal apraxia. The cul-de-sac
voice has a back focus to it. In addition, the hearing-impaired child or adult may dem-
onstrate marked variations in nasal resonance: too much nasal focus (hypernasality)
or insufficient nasal resonance (hyponasality). Such nasal resonance variations may be
due in part to the posterior carriage of the tongue, as well as to the inability to monitor
acoustically the nasalization characteristics of the normal speaker.

Altering the tongue position to a more forward carriage and tongue protru-
sion (see Chapter 7) can contribute greatly to establishing more normal oral reso-
nance in the voice. In addition to the procedures outlined in Chapter 7 for altering
tongue position, more detailed procedures and therapy materials for both children
and adults are available in The Boone Voice Program for Children (Boone, 1993)
and The Boone Voice Program for Adults (Boone and Wiley, 2000). Once the tongue
has been placed in a more neutral setting (Laver, 1980), the patient needs to practice
making vocal contrasts between back-pharyngeal resonance and normal oral reso-
nance. The patient needs to develop an awareness of what it feels like to use the lips,
the tongue against the alveolar processes, the tongue on the hard palate, and other
front-of-the-mouth postures. Such front focus seems to develop only after intensive
practice doing tasks that encourage anterior tongue carriage.

For severely Hard of Hearing children and young adults who have had Cls or
who wear hearing aids, computer programs and workbooks are designed for audi-
tory processing and for developing listening skills These same materials are avail-
able for working on speech and voice (Erlmer, 2003; Mokhemar, 2002). Innovative
software programs are also available for children and adults from CTS Informatica
(Parena, Brazil) and Griffin Laboratories (Temecula, California).

An innovative approach to improving the voice of CI users was explored by
Holt and Dowell (2011). In their study of adolescent CI users, participants received
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vocal actor training. The workshop training focused on activities such as breath con-
trol, appropriate modulation of the voice, articulation of speech sounds, use of the
soft palate, resonance, expressivity, and becoming aware of vocal habits that may
impede speech. Voice and psychosocial variables were compared pre- and post-train-
ing. Increased pitch range and variability, decreased speaking rate, and decreased stress
levels were reported post-training.

CHECK YOUR KNOWLEDGE

1. Describe four auditory-perceptual features of the hearing-impaired voice.

2. How does the voice change after cochlear implantation?

Transgender Patients

SLPs are seeing an increased number of transgender clients desiring to changing
their past communication styles to match their new gender identities. Most are
going through a male-to-female (MtF) transition, with a desire to develop a more
feminine voice and communication style. The fewer female-to-male (FtM) clients
wish to acquire a more masculine speaking style. The World Professional Associa-
tion for Transgender Health (WPATH, 2012), working to improve the living condi-
tions of persons with gender identity change, recognizes the benefits of changing
one’s speech, voice, and general communication style (Cohen-Kettenis and Plafflin,
2010). For a strict definition of changing one’s gender to that of the opposite sex, the
term franssexual (TS) is more accurate, but WPATH recognizes that the descriptive
term transgender (TG) is now more commonly used.

The effectiveness of SLP services in enabling MtF transgender clients to pro-
duce their new gender speaking targets has been well-established in several studies
described by Dacakis and colleagues (2012). SLPs working in less-dense population
areas, compared to SLPs working in large cities, usually see fewer TG persons. An
actual prevalence or incidence figure in the United States for the TG population in
2012 has not been established. One potential barrier to service delivery is the per-
ception of bias of SLPs against TG individuals with communication impairments
(Kelly-Campbell and Robinson, 2011). Clinicians may need to establish contact
with the TG community in their area to understand how to meet their needs.

Though there is a growing literature base for speech/voice change in the TG
patient (Adler and colleagues, 2012), much of what is done clinically is related to posi-
tive outcome data where the patient performs more like the target gender, and the TG
patient is pleased by his or her therapy outcome (shown by comparing pre- and post-
VHI scores, for example). Group-evidence-based practice data are difficult to generate
because of the relative scarcity of TG patients in one clinical setting, costs, the fragil-
ity of the social-psychological situation emerging around the patient, the influence of
other associated treatments (such as hormone therapy), and so on (Oates, 2006).

The ten communication behaviors listed below appear to be behaviors that are
most different between the sexes:

language/lexicon pitch

breathiness pitch flexibility

facial expression rate

gesture volume and loudness

intonation vowel prolongation
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The language difference between the sexes can be quite striking. The female may
use more adjective-adverb descriptors than her male counterpart does. Males tend
to use more controlling direct sentences with less conditional words like I believe or
maybe or perbaps (Hooper, 2006). Males tend to use shorter spoken sentences than
do females. The breathiness heard in many female voices (Van Borsel and colleagues,
2009) can often be modeled and taught in MtF therapy. Facial expression needs to
be increased for the MtF client, often developing a more consistent smile. A more
feminine speaking pattern requires greater use of intonation, such as letting the pitch
rise more toward the end of sentences (Wolfe and colleagues, 1990).

Elevating voice pitch is an obvious goal for the biologic male desiring to
develop a feminine speaking style. Speaking pitch elevation in MtF clients has
received extensive study (Mayer and Gelfer, 2008; McNeill and colleagues, 2008).
In TG voice changes, the average F shift in adult males is from 120 Hz (B2) to a
desired female F;, of approximately 170 Hz (F3) (Boone and Wiley, 2000). Biologic
males show less pitch variability than do adult females. The SLP develops pitch
variability lessons for the MtF client (Boone and colleagues, 2009). Prolongation of
vowels is often a characteristic of female speech, which seems to result in a slower
rate of speech. Both decreasing rate of speech and increasing volume and loudness
appear to be useful in establishing a more feminine communication style (Boonin,
2006). Vowel prolongation appears to be the primary speaking characteristic for
slowing down rate of speech when comparing biologic males and females with
transgender females (Van Borsel and De Maesschalek, 2008).

These ten communication behaviors have been integrated into a graphic scale
that portrays a visual display of the TG client’s talking/voicing style (see Figure 8.1).
The TG client and the SLP watch and listen to the playback. In our practices, we
spend the balance of the time reviewing each of the ten variables, circling the variable

FIGURE 8.1 Gender Speech-Voice Presentation

Altered Lexicon
Breathiness

Facial Expression
Gesture

Intonation

Pitch

Pitch Flexibility

Rate

Volume and Loudness
Vowel Prolongation

Summary/Plan:

Date:

M Target F Comments
1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 S 6 7 8 9

A rating scale used in an SLP private practice for documenting communication style for transgender clients (MtF) and (FtM).
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performance number in black ink. The target value for each variable is in the middle
of the scale, the 5 value. The MtF client is scored on the left side of the scale, 1 to
§; the FtM scale is on the right, 9 down to 5. For example, a very masculine client
desiring to move toward femininity would score many 1 or 2 values in the beginning.
With some therapy and much practice, TG clients move toward the § value. During
selected future therapy sessions, the scale is readministered and values are circled in
different ink colors. Thus, successful therapy outcome can be seen and heard, and
also illustrated by visible changes on the rating scale.

The typical TG client is most concerned about his or her voice pitch. At the
initial therapy session, clients may wish to demonstrate their self-taught attempts at
changing pitch to better represent their new gender identity. Also, the typical listener
to TG speech and voice identifies pitch as the biggest variable to change. The FtM
client can lower voice pitch from taking male androgen hormones, causing other mas-
culinizing effects like increased muscle definition, increased appetite, and increased
body and facial hair. The estrogen hormones taken by the MtF have no effect on vocal
folds, with no contributing changes to pitch or voice quality. Voice presents the “great-
est challenge for up to 90% of transitioning MtF clients” (Bowers and colleagues,
2006, p. 96). In voice therapy for the MtF client, we concentrate on elevating voice
pitch (often up to F3 or G3) and on increasing pitch variability and intonation, such
as raising pitch at the end of a phrase or sentence (Gelfer and Schofield, 2000).

In initial therapy sessions, attention is given to pitch followed by speaking
rate and voice volume, both of which have a primary gender-marking function in
communication (Boonin, 2006). The adult female speaks at a slower rate than her
male counterpart. In our therapy with the MtF client, we work to prolong vowels
and take intra-phrase pauses to slow overall speaking rate slightly under the normal
speaking rate of 145 to 175 words per minute (wpm) (Fitzsimmons and colleagues,
2001). A slightly faster rate is encouraged for the FtM client. Voice volume is slightly
higher for adult males than for females. In our therapy with TG clients, we have
success encouraging voice intensity levels that are consistent with the target gender
(Oates and Dacakis, 1983).

We discuss in therapy how the overall gender presentation is affected by the
language and gestures that the client uses in conversation, at work, and at play. The
SLP interested in language differences (Hooper, 2006) between the sexes can iden-
tify some of the polarities that can be avoided or incorporated by persons in gender
transition. Language pragmatics is accompanied by typical nonverbal behaviors that
are somewhat different between the sexes, such as body posture, facial expression,
eye contact, or hand gestures (Hirsch and Van Borsel, 2006).

Pre- and postadministration of the VHI (Jacobson and colleagues, 1997) can
offer powerful data indicating the success of changing one’s communication style to
match one’s new gender identity (Hancock and colleagues, 2011). The TG person in
transition is usually experiencing difficult psychological and social problems. These
problems often outweigh the patient’s need for voice change. Accordingly, the SLP
must look at the transgender patient from a counseling perspective, with the need
to provide strong psychological support. When the patient is ready to change com-
munication style to match his or her desired target gender, the SLP has much to offer
with voice therapy (Adler and colleagues, 2012).

CHECK YOUR KNOWLEDGE

1. List five communication behaviors that differ between the sexes.

2. List four areas of speech-voice change with the MtF transgender client.
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VOICE THERAPY FOR RESPIRATORY-BASED
VOICE PROBLEMS

Respiratory problems often influence how a child or adult is able to use voice. Severe
problems in respiration often require life-saving medical-surgical intervention. In
milder breathing problems, the SLP can often play both a diagnostic and therapeutic
role, working closely with the pulmonary medicine physician and the respiratory
therapist. Let us consider a few respiratory problems and their overall management,
including possible voice therapy.

Airway Obstruction

The voice clinician may encounter a number of children and adults with voice prob-
lems related to airway obstruction. Although obstructive airway problems require
medical-surgical intervention and management, the SLP may play an important part
in both identification and management of the disorder. Airway obstruction has two
basic contributing causes (O’Hollaren, 1995): (1) structural and lesion mass airflow
interference and (2) abnormal laryngeal movement interference.

Airflow Interference

Laryngeal-mass obstruction to airflow can have both infectious and noninfectious
causes. Severe involvement of the epiglottis and supraglottal structures is almost
always the result of a bacterial infection, treatable with appropriate antibiotic
therapy. Depending on the size of the supraglottal swelling, inspiratory and expira-
tory breathing can be seriously compromised. Subglottal obstruction from disease
is most often seen in croup, a viral disease that is usually characterized by inhala-
tion stridor. Once croup is differentiated from problems such as paradoxical vocal
fold dysfunction (which is often confused with asthmatic stridor), effective treat-
ment includes “hydration, humidification, racemic epinephrine, and corticosteroids”
(O’Hollaren and Everts, 1991). Airway obstruction can be caused by space-occupy-
ing lesions such as papilloma, granuloma, carcinoma, or large cysts—all described
in Chapter 4. Once such lesions are identified as compromising the airway, effective
medical management may include radiation therapy to reduce the lesion size, or sur-
gical reduction or removal of the lesion. The obstructive lesion is watched closely;
when it becomes too large, such as is often observed in juvenile papilloma, a surgical
approach restores required airway competence. The voice clinician often plays an
important role with the postsurgical, mass-lesion patient, establishing the best voice
possible with voice therapy (despite a scarred and abnormal glottal margin).

Vocal Fold Paralysis

The most common laryngeal movement obstruction to air movement within the
airway is laryngeal paralysis, unilateral or bilateral. In Chapter 5, we looked at the
possible causes of vocal fold paralysis, and surgical and voice therapy management;
thus, we will not repeat that information here. Suffice it to say that, while unilat-
eral vocal fold paralysis contributes to some compromise of the open airway, bilat-
eral abductor paralysis produces a life-threatening obstacle to air passage, requiring
immediate surgical intervention.
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Asthma

In asthma, the patient experiences a narrowing of airway tubes, particularly in the
bronchi and bronchioles, which limits the free passage of air. Spasms of the airway
can be caused by the external smooth muscles going into spasm, causing a narrow-
ing of the opening (Berkow and colleagues, 1997). This causes the inner lining of
mucosa tissue to become compressed and inflamed, resulting in some mucosal swell-
ing and irritation, and causing some production of mucus (which further obstructs
the passageway). The patient struggles to take in a breath. The asthmatic spasms can
be triggered by stimuli such as pollens, dust mites, animal dander, cold air, smoke,
and exercise. The asthmatic symptoms may be chronic (they come and go) or part
of a sudden and severe reaction that may require immediate medical intervention.

The SLP does not usually encounter the patient during severe respiratory
obstruction. Patients with asthma sometimes complain of voice symptoms, which
are usually attributed to treatment with inhaled corticosteroids (Stanton and col-
leagues, 2009). Asnaashari and colleagues (2012) recently evaluated the quality of
phonation in a group of 34 adults with untreated mild to severe persistent asthma
and compared these participants to a group of nonasthmatic, age- and sex-matched
healthy controls. These clinical researchers found that lower airway diseases such
as asthma can impair voice quality. When dysphonia is chronic and interferes with
quality of life, patients may seek the help of the voice clinician.

The SLP must first differentiate true subglottal asthma from parodoxical vocal
fold movement (PVFM). In the asthmatic patient, the primary management step is
treating the spasms and inflammation that interrupt the patient’s natural breathing.
Oral corticosteroids (Djukanovic and colleagues, 1997) appear to be the most effec-
tive treatment for asthma symptoms and airway inflammation; these authors con-
cluded that “a moderate dose of oral corticosteroids leads to a marked reduction in
airway inflammation . . . resulting in reduced airway hyperresponsiveness” (p. 831).
Another form of steroid application is the use of aerosolized albuterol (Strauss and
colleagues, 1997), which appears to reduce airway inflammation experienced by the
asthmatic patient. Reduction of airway inflammation appears primary for increasing
airway dilation and thus allowing a greater passage of air into and out of the lungs.

When respiratory symptoms are under some control, the voice clinician may
help the patient develop and use a functional voice. Phonation can often be helped
by reducing the number of syllables the patient says on one breath. A baseline mea-
surement should be taken. The patient should then be instructed to cut the total
number in half. For example, if a patient says 20 syllables on one expiration, the
patient should be instructed to limit utterances to half that number, or 10 syllables
per breath. This seems to prevent vocal fold squeezing, which makes the last words
of the phrase or sentence sound squeezed or dysphonic. Help the person to develop
methods of renewing breath while speaking. Good posture with the head not tilted
upward or downward, the open-mouth approach, vocal hygiene, and the yawn-
sigh approach have all been found helpful for the asthmatic patient who wishes to
improve vocal efficiency (see Chapter 7).

Emphysema

Among various chronic pulmonary diseases experienced by the adult population,
emphysema is the most common. Emphysema is a type of chronic obstructive pul-
monary disease involving damage to the air sacs (alveoli) in the lungs. As a result,
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the body does not get the oxygen it needs. The primary cause of emphysema is
smoking or from continuous exposure to smoke-laden dust. The continuous smoke
exposure in the lungs causes the alveolar walls to lose their elasticity, collapsing on
pulmonary expiration (Berkow and colleagues, 1997). This collapse of the alveoli in
turn causes the bronchioles (the airway conduits to and from the alveoli) to collapse.
The result of this alveoli-bronchiole collapse is difficulty in emptying the lung during
expiration (Sataloff, 1997a). Consequently, the high residual air volumes preclude
taking in adequate oxygen renewal on inspiration. The patient with moderate to
severe emphysema struggles to get sufficient breath to sustain his or her life. Voice
abnormality is of secondary concern.

Up to 30 million people in the United States suffer from an emphysema-related
illness, making it the fourth largest cause of mortality in the United States (National
Emphysema Foundation, 2007). Because the primary cause of emphysema is cigarette
smoking, the first mandatory treatment step is to stop smoking. Mild emphysema can
begin to show after only five or seven years of continuous, heavy smoking. It is the
mildly involved patient, often a professional user of voice, whom we often see with a
voice problem.

Voice management can begin only after the patient stops smoking. Formal
respiratory therapy for these patients is better off left in the hands of the respira-
tory therapist or other pulmonary specialists. For example, the patient might be
using prescribed bronchodilators, inhaled steroids, or even supplemental oxygen.
The voice clinician often begins intervention by taking voice measurements specific
to air volume and available pressures for voicing, measures of duration, and sound
pressure level of the voice. Observation of the patient during speaking, oral reading,
and singing tasks may also reveal some unnecessary postural-skeletal behaviors the
patient is using to maintain breathing, movements that may be inefficient and coun-
terproductive to good voice control.

Some directed practice in diaphragmatic-abdominal breathing in the sitting or
standing (vertical) position may be useful, as well as practice in counting syllables
per utterance in an attempt to become more aware of when to renew breath. Short-
ening the length of phonation can help the patient have more control over voice
loudness. The emphysema patient can sometimes improve voice quality by speaking
at a slightly higher voice pitch. Other VFAs, such as focus, gottal attack changes,
masking, and pitch inflections, might be tried in the search for a stronger functional
voice (see Chapter 7).

Faulty Breath Control

Many children and adults appear in the clinic with faulty breath control, either
caused by some organic disease or from functional misuse, or both. That is, there
may be a functional overlay to an organic respiratory disease that can be treated
directly to improve overall respiratory function as well as provide better breath sup-
port for voice. There are an endless number of respiratory diseases, most of which
may have some impact on voice. The SLP who works with voice patients soon learns
to consult with physicians and therapists who work with patients with respiratory
diseases.

What we do with voice problems related to respiratory problems must be con-
sistent with the limitation imposed by various respiratory diseases and the treat-
ments the patient may be receiving from other professionals. The clinician should
not be preoccupied with the presenting disease problem, but face the patient
more generically, as a person with a voice disorder that shows itself in various
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pitch-loudness-quality dimensions. In fact, faulty breath control may show itself
more as a functional problem than as an organic one. For most patients, the voice
clinician should assess respiratory-voice function following many of the evalua-
tion procedures presented in Chapter 6. The voice evaluation should supplement
any other respiratory assessment information. We use the management and therapy
suggestions developed in the VFAs called respiration training for developing better
breath support for patients with faulty breath control (see Chapter 7).

Paradoxical Vocal Fold Movement

Paradoxical vocal fold movement (PVFM) is inappropriate adduction of the vocal
folds during inspiration. It can be seen in both children and adults. PVFM has been
known as paroxysmal vocal cord dysfunction (PVCD), episodic laryngospasm, and
irritable larynx syndrome (Maturo and colleagues, 2011). PVFM is recognized in
the medical community as a disorder to consider when symptoms of respiratory
distress do not respond to treatment for asthma (see Case Study 3 in Chapter 6).
Trudeau (1998) suggested three possible etiologies of PVFM: (1) psychogenic, as
in conversion reaction; (2) visceral, related to upper airway sensitivity; and/or (3)
neurological, a form of laryngeal dystonia. These categories need not be mutually
exclusive. A number of studies of PVFM strongly suggest a psychogenic basis, but
others have reported no psychogenic basis in about one in four patients (Altman
and colleagues, 2000; Forrest and colleagues, 2012); this suggests that the basis for
PVFM may be multifactorial and is not strictly of a psychological origin.

As described by Vertigan and colleagues (2006), triggers for PVFM are classified
as (1) inhaled (smoke, fumes, or steam), (2) temperature (cold air or high humidity),
(3) activity (talking, laughing, deep breathing, swallowing, or exercise), and (4) intrin-
sic (throat sensations, shortness of breath, or stress). Chronic cough has been described
in approximately 80% of patients with PVFM (Newman and colleagues, 1995) and is
often the primary symptom (Murry and colleagues, 2004). PVFM often masquerades
as asthma in young athletes (Sullivan and colleagues, 2001), with the prevalence as
high as 5% in Olympic-level athletes (Rundell and Spiering, 2003). Therefore, it is
helpful to monitor the patient during physical activity with flow-volume loop test-
ing (Gallivan and colleagues, 1996). However, the patient is usually asymptomatic
during the time of evaluation, so a good case history and interview is mandatory.
With respect to the asymptomatic patient, Guss and Mirza (2006) have suggested that
PVFM can be elicited and observed with methacholine challenge testing (MCT), that
is, an aerosol that stimulates bronchoconstriction.

In the largest study to date on pediatric PVFM (Maturo and colleagues, 2011),
59 children with PVFM were evaluated. Speech therapy as an initial treatment
resulted in a 63% success rate after four treatment sessions, and it was a more
successful treatment than anti-reflux therapy. Eighteen of the children were diag-
nosed with a psychiatric condition. Children with inspiratory stridor at rest had a
lower initial success rate with speech therapy; a higher rate of underlying psychiatric
disorders; and a high rate of success after psychiatric treatment that required, on
average, three sessions over a two-month period.

While most treatment regimens for PVFM employ voice therapy and intensive
use of laryngeal videoendoscopic biofeedback, Altman and colleagues (2000) offer
the use of Botox and video feedback as viable treatment options for the problem.
The long-range efficacy of using Botox for the treatment of PVFM is not clearly
determined, though it has been shown to be effective in patients with refractory
cough (see the next section in this chapter).

261



262

Chapter 8 Therapy for Special Patient Populations

Trudeau (1998), Blager (1995),Von Berg and colleagues (1999), Mathers-Schmidt
(2001), Case (2002), and Murry and colleagues (2004) report good success in their
respective laryngeal control programs that minimize the airway obstruction experi-
enced by the patient with PVFM. Their programs place emphasis on helping the patient
to become aware of aberrant and normal vocal fold positioning during both inspira-
tion and expiration. Some of these programs use video feedback. We use extensive
videoendoscopy of correct and abnormal vocal fold postures for both phonation and
quiet respiration for the PVEM patient to both observe and produce. Patients become
aware of how to produce vocal fold configurations in their own larynx, showing them
what to do to “open the airway when you take in a breath.” We have found the use of
the yawn-sigh to be a useful technique for opening the vocal folds and creating a more
open airway (see Chapter 7). Other therapy procedures described by Trudeau (1998)
include nasal inspiration, working on /s/ duration (not to maximum levels), and the
use of diaphragmatic-abdominal breathing. Murry and colleagues (2010) report suc-
cessfully treating chronic cough in patients with PVEM with a combination of anti-
reflux treatment (use of proton-pump inhibitors [PPIs]) and respiratory retraining.

CHECK YOUR KNOWLEDGE

1. List and describe three etiologies for PVFM.
2. List and describe four triggers for PVFM.

Chronic Cough

Chronic refractory cough is a significant clinical problem and a common reason for
patients to present to ENT clinics. It may occur with PVFM, LPRD, and muscle ten-
sion dysphonia (MTD), or it may be independent of these conditions. Chronic cough
has physical side effects, such as laryngeal trauma (Colton and colleagues, 2011);
social consequences, such as embarrassment and negative impact on quality of life
(Ma and colleagues, 2009); and financial consequences, such as expensive medica-
tions and lost work productivity.

Chu and colleagues (2010) report the use of Botox in successful treatment of
patients with chronic cough in a small series of cases. Even with aggressive medical
management by the ENT and/or pulmonologist, however, cough persists in approxi-
mately 20% of patients (Haque and colleagues, 2005). This group of patients, with
refractory or idiopathic cough, may respond to treatment by the SLP. In their recent
tutorial on the role of speech pathology in the management of patients with chronic
refractory cough, Vertigan and Gibson (2012, p. 36) outline four components to
speech pathology treatment for cough: education, cough control techniques, vocal
hygiene training, and psycho-educational counseling. A handful of studies have
reported the outcome of speech pathology treatment for cough (see Vertigan and
Gibson [2012] for a summary). In general, it appears that there is a role for the SLP
in the management of refractory cough. The goals of speech pathology intervention
should be reduced cough reflex sensitivity, improved voluntary control of cough,
and reduced laryngeal irritation (Vertigan and Gibson, 2011).

Tracheostomy

A tracheostomy, or external opening into the trachea, may be necessary when an
individual experiences respiratory difficulties due to an obstruction of the upper
airway, has problems with pulmonary toilet (managing secretions), or requires
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mechanical ventilation to maintain adequate respiration. A tracheostomy funda-
mentally alters the physiology of voice and swallow because the stoma is below the
level of the larynx, thereby bypassing the upper airway. Decisions regarding the type
and size of the tracheostomy tube will be made by the ENT, based on the individu-
al’s diagnosis, physical status, and medical needs. The SLP is also a core member of
the evaluation team, with clearly established roles and responsibilities (Kazandijian
and Dikeman, 2008).

Depending on the type of tracheostomy tube the individual receives, he or
she may or may not be able to use a tracheostomy speaking valve, which is a one-
way removable valve that is attached to the open end of the tracheostomy tube.
Specific indications and therapy for children and adults with tracheostomy tubes
are discussed by Mason (1993). In addition to providing direct services, SLPs are
also responsible for patient and family counseling and investigation of support ser-
vices. Several organizations provide support to specific tracheostomy and ventila-
tor-dependent populations.

SUMMARY

In this chapter, we have presented voice disorders in children and adolescents, older
adults, those with hearing impairment, those who are transgendered, and those with
a variety of respiratory-based conditions. We also discussed the professional voice
user and the management of dysphonia in this population of patients, whose num-
bers are increasing. While patients from the aforementioned groups may also have
primary or concomitant functional, organic, or neurogenic contributors to their dys-
phonia, they each present unique management challenges (see Chapter 7 for case
studies).

CLINICAL CONCEPTS

The following clinical concepts correspond with many of the objectives at the begin-
ning of this chapter:

1. In the geriatric patient with dysphonia, the voice problems are sometimes due
to normal age-related changes, while other times the voice problems are some-
times due to pathologic changes that are more a consequence of disease pro-
cess. You may see a speaker with Parkinson’s disease (PD) who has a soft voice
(see Chapter 5); a speaker with weak respiratory muscles who has to take more
frequent breaths during talking; a speaker with hearing loss who has difficulty
monitoring and adjusting his or her voice, resonance, and speech output; and a
speaker with dysarthria who cannot control the flow of air through the glottis,
resulting in changes in pitch, loudness, and voice quality (see Chapter 3).

2. Many voice-disordered patients will come to you because of changes to the
voice related primarily to youth. Some examples include a preschool-age child
who is in a loud daycare center and has to raise his or her voice to be heard;
an elementary-age child who participates in extracurricular activities such as
cheerleading, glee club, or debate team and uses his or her voice excessively
throughout and beyond the school day; and an adolescent in high school who
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cannot participate in extracurricular activities such as being on a sports team
because of his or her dysphonia and the social stigma that it brings.

. Some voice-disordered patients will come to you because they are profes-

sional voice users. Some examples include a school teacher whose voice does
not hold up throughout the day and who uses a lot of her sick days because
of chronic dysphonia, a singer who overuses or misuses his voice and whose
performances thus suffer, a call center operator whose dysphonia interferes
with her effectiveness in helping callers and thus misses out on potential job
advancement opportunities, a salesperson whose dysphonia is distracting and
a barrier to closing deals successfully, and a minister whose “message is lost in
the messenger” because of a distracting voice quality.

. Some voice-disordered patients will come to you because of hearing impair-

ment. They may be adults or children, and the hearing loss may have been
prelingual or postlingual. Such patients will need counseling and intervention
to learn how to make their voices sound more natural given their decreased
auditory self-feedback. In some cases, voice therapy may occur after cochlear
implantation, when auditory self-feedback has been improved.

. Some voice-disordered patients will come to you because they suffer from par-

adoxical vocal fold movement (PVFM), with our without chronic cough. Voice
therapy can be an important adjunct to medical management and may include
the use of many of the VFAs outlined in Chapter 7.

GUIDED READING

Read the following articles.

Hazlett, D. E., Duffy, O. M., & Moorhead, S. A. (2011). Review of the
impact of voice training on the vocal quality of professional voice users:
Implications for vocal health and recommendations for further research.
Journal of Voice, 25, 181-191.

Forrest, L. A., Husein, T., & Husein, O. (2012). Paradoxical vocal cord
motion: Classification and treatment. Laryngoscope, 122, 844-853.

Using the information reported in the two articles, identify three clinical research
questions that still need to be answered related to therapy interventions.

PREPARING FOR THE PRAXIS™

Directions: Please read the case studies and answer the questions that follow. (Please
see page 319 for the answer key.)

Vivienne is a 77-year-old telephone receptionist at a busy state govern-
ment office. She reports talking on the phone for at least 30 minutes out
of each hour and talking in person to local citizens for 15 minutes out of
the hour. Her chief voice complaints are harsh voice quality, poor voice
durability, and laryngeal pain upon phonation. She saw an otolaryngolo-
gist (ENT), who diagnosed her with presbyphonia.



Preparing for the PRAXIS™

1. As the voice clinician, you review the ENT report and find that laryngoscopic

examination most typically reveals:

A. Space-occupying lesions at the anterior third of both vocal folds
B. Mild bowing of the vocal fold margins

C. Focal adductory dystonias of the true vocal folds

D. A full unilateral vocal fold paralysis

. You telephone Vivienne to schedule her for her first voice appointment. You are
not surprised to hear speech and voice that are:

A. Normal in pitch

B. Normal in amplitude

C. Breathy and hoarse

D. Normal in number of words per phrase

. Vivienne presents with no systemic diseases, and she is very willing to comply

with your recommendations for increased vocal quality and amplitude. Suggested

intervention techniques would include:

A. A personal amplification system to use with patrons and co-workers at the
office

. Complete voice rest for at least a week

. A rigorous vocal hygiene program only

. Exploring techniques to improve respiratory and vocal efficiency

. Both A and D

moOw

Stefanie is a male-to-female transgender client who has been referred
to you. She has begun hormone treatment and is seeking direction with
respect to voice and pragmatic speech and language.

. As a novice clinician in the area of transgender intervention, it is important for
you to know that:

A. Males typically show a slower rate of speech than females do

B. Females tend to use fewer adjective-adverb descriptors than males do

C. Males tend to generate greater inflection toward the ends of phrases

D. Typical transgender voice client is very concerned about his or her pitch

Marti is a female adolescent high school athlete who has been referred
to the emergency room (ER) on several occasions for respiratory distress.
A well-informed ER physician makes the diagnosis of paradoxical vocal
fold movement.

. As the SLP who received the consult for voice therapy with Marti, it is important
for you to know that PVFM is best managed through:
A. Botox
B. Surgery
C. Behavioral intervention
D. Asthma intervention
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o Define the inclusions important in

i : and tracheoesophageal speech.
preoperative counseling.

H ead and neck cancer strikes at some of the most basic human functions, includ-
ing verbal communication, eating, and breathing. In this chapter, we review the risk
factors and epidemiology of head and neck cancer. We also provide a historical and
contemporary review of medical-surgical management. Case examples demonstrate
the intervention approaches taken by the speech-language pathologist (SLP).

RISK FACTORS, INCIDENCE, AND DEMOGRAPHICS
IN HEAD AND NECK CANCER

Head and neck (H&N) cancer is the fifth most common cancer worldwide (Parkin
and colleagues, 2002). Global cases of laryngeal cancer are approximately 160,000.
The highest rates of H&N cancer occur in Southeast Asia and central and south-
ern Europe (Boyle and Levin, 2008). H&N cancers account for approximately
3 percent of all cancers in the United States (Jemal and colleagues, 2010). More than
50,000 men and women in this country are expected to be diagnosed with H&N
cancers in 2013 (American Cancer Society, 2011). In terms of costs, H&N cancers
are responsible for $3.2 billion dollars in healthcare expenditures and approximately
4.4% of all cancer treatment expenditures each year (Jemal and colleagues, 2010).

266



Historical Review

In the United States, the risk for a man developing cancer over his lifetime is one in
two; for a women, it is one in three (American Cancer Society, 2011). H&N cancer
is diagnosed most often in people over the age of 50. Alcohol and tobacco (including
chewing tobacco) account for approximately 75% of oral, oropharyngeal, hypopha-
ryngeal, and laryngeal cancers (Gandini and colleagues, 2008). The combined effects
of these two agents substantially increase this risk. The human papilloma virus
(HPV) has been more recently linked to the development of oropharyngeal cancers
(tonsillar and base of tongue) in younger and younger Americans (Chaturvedi and
colleagues, 2011). Over 90% of H&N cancers fall under the category of squamous
cell carcinoma (Sano and Myers, 2009).

CHECK YOUR KNOWLEDGE (=

1. Why are men more likely than women to develop H&N cancer?

2. Why are older adults more likely than younger adults to develop H&N cancer?

HISTORICAL REVIEW

A surgeon by the name of Billroth performed the first total laryngectomy in 1873.
Even at that time, there were concerns about the rehabilitation of communication.
The artificial larynx (AL), invented in 1874 by Gussenbauer, has seen numerous
changes and technologic advances over the years. Versions of these instruments are
used in rehabilitation today.

Remarkably, the first tracheal puncture, a precursor to the present-day prosthetic
voice restoration (Blom and Singer, 1979), was performed by a patient on himself in
1932. This interesting individual used a hot ice pick to create a tract between the tra-
chea and hypopharynx, thus facilitating sound production within the oral cavity and
allowing the production, by report, of a good voice (Guttman, 1932).

Laryngeal transplant surgery’s first success came in 1969 with a physician
named Kluyskens. His patient had a cancer history but survived for eight months
before a second tumor took his life. It has been surmised that immunosuppressive
therapy predisposed this patient to the second cancer. Laryngeal transplant surgery
must overcome four major hurdles in order to prove successful: resolving blood
supply, resolving reinnervation issues, preventing transplant rejection, and justify-
ing the procedure. The first successful transplant of the larynx was performed in
1998 at the Cleveland Clinic on a patient who sustained extensive laryngeal trauma
in years prior (Strome and colleagues, 2001). This patient survives after 15 years
(Knott and colleagues, 2011). In 2010, successful laryngotracheal transplantation
was performed at the University of California at Davis in a patient who had sus-
tained complete stenosis of her larynx and proximal trachea 12 years prior to her
transplant. According to one of the surgeons, D. Gregory Farwell (personal com-
munication), she still presents with an excellent voice and enjoys a normal diet. She
also remains tracheotomy-dependent despite an attempt at selective reinnervation
of her left vocal fold. Her endoscopy demonstrated a normal-appearing larynx with
vocal folds in the midline position and with little volitional movement but intact
motor and sensory reinnervation. At last follow-up, she had no evidence of rejection
and an excellent quality of life. In spite of these successes, full laryngeal transplants
remain rare. Current guidelines suggest that laryngeal transplantation should be
considered a viable option for those with laryngeal trauma that cannot be surgically
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repaired, for those with bulky benign laryngeal lesions who would otherwise require
a total laryngectomy, for those who have had other organ transplants and a current
advanced-stage laryngeal cancer, and for those who are cancer-free for five years
postlaryngectomy. More recently, scientists have been exploring the development of
a bioengineered human larynx (Baiguera and colleagues, 2011).

MODES OF CANCER TREATMENT

Each cancer treatment mode—radiation therapy (RT), surgery, and chemotherapy
(CT)—presents some complications to the voice. For example, irradiation can cause
swelling of the mucosa in the early stages of treatment, followed by dryness and
stiffness of the vocal fold cover weeks and even months after treatment. The long-
term effects of radiation therapy involve the fibrosis of soft tissue, which limits the
normal range of muscle motion (Leonard and Kendall, 1997).

When surgery is among the treatment options, the extent and location of the
tumor dictates the extent of surgery. If the tumor crosses the midline, then total or
near-total (or subtotal) laryngectomy may be indicated; if the tumor is located on
only one side of the larynx, then hemilaryngectomy or other partial laryngectomy
may be an option. Surgery can leave a tissue deficit following tumor removal, and
stiffness due to scarring may follow healing. The tissue deficit may also leave a gap
in the glottal area when the folds approximate. This gap may cause air wastage and
a breathy vocal quality, and may result in inadequate vocal loudness and short pho-
nation times. In addition, the gap in tissue and the stiffness of the surrounding tissue
may lead to irregular vocal fold vibration due to impaired mucosal wave motion.
Many individuals experience moderate to severe side effects with chemoradiation
intervention. In sum, dryness, inadequate tissue mass, irregular vocal fold edges, and
stiffness can all make vibration of the vocal fold cover extremely difficult or impos-
sible. This will render the voice abnormal in one or more vocal parameters.

CHECK YOUR KNOWLEDGE

1. How does radiation therapy for H&N cancer affect the larynx?
2. How does radiation therapy for H&N cancer affect the voice?

CASE EXAMPLES

The picture of a larynx in Figure 9.1 shows a lack of tissue mass due to surgery for
removal of a laryngeal cancer. There is a gap between the vocal folds even in full
adduction. The voice is breathy, low in loudness, and rough in quality. The breathy
quality results from the air wastage through the glottal gap, while the low loudness
level is due to inadequate medial compression required for louder voice produc-
tion. The rough vocal quality is due to two factors: (1) unequal mass between the
right and left vocal folds, and thus an irregular vocal fold vibrator pattern, and
(2) an attempt to compensate for the excessive glottal gap by hyperactivity of the
false vocal folds, which weight the vocal folds unequally. A third factor, for which
the effect is difficult to estimate, is the scarring following surgery. On laryngostro-
boscopy, the vocal folds appear unevenly stiff, likely due to scarring that produces
adynamic segments in the vocal folds in the area where tissue has been excised. In



FIGURE 9.1 Lack of Tissue Mass in Right Vocal Fold After Surgical Removal of Laryngeal
Cancer

voice therapy for this patient, we need first to eliminate the excessive vocal effort,
thus reducing the false fold activity. We began with the VFA of inhalation phonation,
which retracts the false folds (see Chapter 7). We gradually shifted from inhalation
to exhalation phonation using the /i/ vowel because it is produced with the root of
the tongue elevated and out of the hypopharynx. The next step in voice therapy was
to use an upward pitch shift to slightly increase vocal fold tension and gain slightly
better approximation (reducing the glottal gap) of the postsurgical vocal folds.
The upward pitch could be only slight due to some vocal fold scarring. Greater
shifts upward produced too much tension of the vocal folds, and phonation breaks
occurred due to stiffness of the vocal fold cover. A shift of 20 to 25 Hz was desirable
in this case. The improved approximation from increased vocal fold tension during
pitch shift increased vocal loudness. Subglottic air pressure was increased slightly
as well. This case demonstrates how the treatment (surgery) for cancer produced a
dysphonia as a by-product of treatment for the disease. Voice therapy was based on
achieving the necessary vocal adjustments using VFAs that would alter the effects of
postsurgical anatomy and physiology of the larynx and also counter the inappropri-
ate compensatory behaviors the patient had developed.

The second case addresses voice therapy for stiffness of the vocal fold cover
due to fibrotic changes secondary to radiotherapy. For this case, we instructed the
patient to shift his pitch downward to take advantage of the greater mucosal wave
that occurs in lower pitches and also to decrease subglottic air pressure so the folds
were not overdriven. We used this therapy approach in a patient who had irradiation
treatment for a superficial bilateral cancer of the vocal fold cover. He was able to
return to teaching with a much improved voice and a voice that would last through-
out the teaching day. The pre-therapy voice was very weak, extremely breathy, and
of very short duration of phonation. This was due to a more or less uniform bilateral
stiffness of the entire vocal fold area. The effect is very much like that produced by
surgical stripping of the vocal fold to remove vocal fold cancer.

A third case illustrates another role of the SLP in the follow-up and manage-
ment of patients treated for laryngeal cancer. A 26-year-old female was seen for eval-
uation of voice following surgical removal of superficial squamous cell cancer. The
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@ Inhalation Phonation

is a helpful Voice Facil-
itating Approach for
any patient presenting
with ventricular dys-
phonia. This section
of the text applies
inhalation phonation
to a voice user who
presents with uneven
vocal fold edges due
to surgery; however,
other patients featured
on the video present
with supralaryngeal
hyperfunction due

to a number of func-
tional and neurogenic
reasons. Inhalation
phonation helps
encourage elonga-
tion of the true vocal
folds and discourages
the medialization of
the false vocal folds.
Grand Rounds: Why is
inhalation phonation
best facilitated with
the phoneme /i/?
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@ We use Glottal Fry as

a diagnostic probe
for patients who need
to reduce laryngeal
hyperfunction and
increase the opportu-
nity for relaxed vocal
fold vibration. In the
case of irregular vocal
fold vibration due to
scarring, Glottal Fry
encourages easy and
relaxed vibration while
reducing demands on
breath support. Note
on the video segment
that Glottal Fry is used
as a probe for patients
presenting with vocal
hyperfunction for
reasons ranging from
vocal overuse to spas-
modic dysphonia (see
Differential Diagnosis
of a Complex Voice
Disorder, Chapter 6).
Grand Rounds: What
is the average fre-
quency of glottal fry?
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patient is a nonsmoker, does not use alcohol, and is a vegetarian and marathon run-
ner. She is in excellent shape but has cancer of the larynx. The cancer has returned
three times in less than two years and has been removed three times. The decision
of a team of ENT physicians is to continue to monitor the return of the cancer and
remove it before it becomes deeply embedded in the vocal folds. The speech pathol-
ogy clinic is to evaluate the patient every four to six months, along with evaluations
by the ENT team. The SLP provides videostroboscopic monitoring of the larynx and
acoustic evaluation of the voice as a means of tracking the cancer regrowth. Figure 9.2
is a picture of the larynx of this young adult female patient with laryngeal cancer.
In addition, the SLP provides ongoing voice management so the patient is using the
larynx optimally and does not engage in vocal abuse, which may make the voice
poorer in quality and contribute to edema, a condition that can make obtaining an
accurate status of the cancer more difficult. While this is a very unusual case, the
monitoring role of the SLP is not unusual and has been applied in cases of contact
ulcer, papilloma, and polyps and polypoid cord degeneration.

We cannot overstate the important role of laryngeal endoscopy in the case
of differentially diagnosing laryngeal cancer. For example, a 72-year-old man was
referred to our clinic for voice therapy to treat hypophonia because of Parkinson’s
disease. Because this patient had been diagnosed with PD years before, he was
referred to our clinic without an imaging study of the larynx. Instead of reveal-
ing bowed vocal folds bilaterally, rigid endoscopy at our clinic revealed a unilateral
space-occupying lesion that was whitish and irregular at the edges. A referral to an
ENT physician and subsequent biopsy rendered a diagnosis of T1 glottic cancer;
this patient was successfully treated with laser surgery and radiation.

VOICE FACILITATING APPROACHES

Our clinical experience with postsurgical and postradiotherapy treatment of dys-
phonia has demonstrated some success using the following approaches, which were
discussed in Chapter 7:

FIGURE 9.2 Four Views of the Larynx of a 26-Year-Old Female with Recurring Squamous
Cell Carcinoma, Followed over a Two-Year Period




. Inhalation phonation using the vowels /i/, /u/, and /o/.

. Pitch shifts upward and downward based on the patient’s vocal response.

. Glottal fry if vocal fold stiffness is not too great.

. Nasal-glide stimulation.

. Head turned to the side and lateral digital pressure applied to the thyroid
cartilage.

. Loudness change, usually lower.

7. Tongue protrusion /i/.

8. Glottal fry to tone.
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Patients with postsurgical and/or postirradiation dysphonia are a challenging vocal
population. The critical factor in success with voice therapy is the degree to which
the mucosal wave has been preserved. More often than not, we have been able to
improve the voice of these patients through voice therapy, but we have not always
been successful due to too much vocal fold stiffness or scarring or the absence of
tissue (postsurgically), creating irregular vocal fold medial edges. These patients
may also have difficulty swallowing and thus may benefit from swallowing therapy
(Logemann, 1998).

VOCAL HYGIENE

In addition to the techniques listed above to improve the voice, we have also noted
the need for additional attention to vocal hygiene, such as avoiding excessive strain
when trying to talk over noise and increasing water intake. Increased hydration is a
key component in these often dry patients. Reduction of alcohol intake, which also
is dehydrating, and substitution of silent cough and sniff swallow (Zwitman and
Calcaterra, 1973) for voiced coughing and throat clearing, respectively, are crucial
for these patients. Because their anatomy and physiology is often altered by treat-
ment of the disease, these patients have less latitude or tolerance for vocal abuse and
their mode of vocal fold vibration is less robust.

LARYNGECTOMY

The anatomic and physiologic changes involved in a total laryngectomy are
described well in the literature (Blom and colleagues, 1998; Keith and Darley, 1994).
In short, the laryngeal and hypopharyngeal cartilages are removed, along with the
hyoid bone, all extrinsic and intrinsic muscles of the larynx, and the upper rings of
the trachea. The uppermost portion of the trachea is brought forward and fit flush
with the neck. An external stoma (mouth) is created, which permanently serves as
the patient’s new airway. Figures 9.3 and 9.4 show pre- and postlaryngectomy head
and neck anatomy.

CHECK YOUR KNOWLEDGE

1. Describe three changes to the head and neck postlaryngectomy.
2. What changes in lifestyle do you think occur as a result of having a stoma?
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ﬁ‘ Tongue Protrusion i/

appears pretty bizarre
on the video, but it

is an effective voice
technique. When pro-
truded, the back of the
tongue is pulled out of
the oral pharynx, and
the pharynx and laryn-
geal additus are open
to produce easy, clear
voice. The production
of the voice with the
tongue protruded is
sufficiently novel to
break maladaptive
(bad) vocal habits
often associated with
hyperfunction.



272 Chapter 9 Management and Therapy Following Laryngeal Cancer

FIGURE 9.3 Normal Vocal Tract Anatomy

mr'—'-\

E iy

&

Speech

Vocal Cords

Operative Site
(larynx) - =

Esophagus

TUMOR STAGING

The tumor, node, metastasis (TNM) clinical staging system defines the extent of
disease, with variations depending on the location of the cancer (breast, colon, lung,
liver, prostate, and head and neck). This section will focus on H&N disease and
its TMN staging criteria. Tumor staging is critical for establishing the disease sta-
tus and patient prognosis, and for selecting the most effective treatment paradigm.
When staging an H&N tumor, information gleaned from the physical examination,
radiographic studies (CT scans, MRIs, PET scans), and operative and pathologic
findings are included in this process. The SLP should have an understanding of the
TNM criteria in order to appreciate patient management implications. Correct stag-
ing is critical for optimizing treatment and maximizing outcome. TNM staging in
the H&N may encompass tumors involving the nasal cavity; nasopharynx; parana-
sal sinuses; oral cavity; salivary glands; oropharynx; hypopharynx; and supraglottic,
glottic, and subglottic larynx (American Joint Committee on Cancer, 2010). The
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FIGURE 9.4 Vocal Tract Anatomy After a Total Laryngectomy
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presenting stage of the cancer is the most important prognostic indicator for patient
survival.

e T (primary tumor: extent, size, invasiveness):Tis = “in situ” small surface lesion,
noninvasive, dysplasia. T1 = small tumor very localized. T2 = more penetrating
and larger tumor. T3 = penetrating lesion of muscle and possibly cartilage, move-
ment of a vocal fold is impaired because of cartilaginous invasion. T4 = very
large, highly invasive and penetrating tumor. The size and extent of the primary
tumor increases from Tis through T4. The higher the corresponding number, the
greater the risk for local, regional, and distant spread (see Figures 9.5 to 9.8).

® N (regional lymph node involvement):NO = no spread to the neck lymph
nodes. N1 = spread to one lymph node (ipsilateral). N2 = spread to one lymph
node ipsilateral measuring more than 3 cm, or multiple contralateral or bilat-
eral neck lymph nodes. N3 = spread to one or more lymph nodes measuring
more than 6 cm. Regional spread equates to a poorer prognosis, and the site of
the primary tumor is a major determining factor in this metastasis.

e M (distant spread):MO0 = no evidence of distant spread. M1 = distant spread.
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Distant spread of the cancer from the primary tumor in the H&N to other
organ sites (lung, bone, liver). This is more common in late stage, advanced
cancers and carries a survival expectancy of two to four years (Lyden and
colleagues, 2011).

FIGURE 9.5 T1 Glottic Cancer

FIGURE 9.6 T2 Glottic Cancer

FIGURE 9.7 T3 Glottic Cancer
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Preoperative Counseling

FIGURE 9.8 T4 Supraglottic and Glottic Cancer

SURGICAL ADVANCES AND ORGAN
PRESERVATION PROTOCOLS

The surgical management of head and neck cancer is evolving secondary to the intro-
duction of robotic assisted surgery, less invasive endoscopic procedures, and laser
microsurgery (Xu and Fung, 2012). These techniques preserve surrounding healthy
tissue by approaching an organ transorally or through a small incision rather than
the more traditional open procedures (partial or total laryngectomy). The desire to
reduce the need for major surgical resections without compromising oncologic control
is possible with advances in both radiation therapy (RT) and chemotherapy (CT).
Preserving an organ without sacrificing survival is changing the landscape in head and
neck cancer management (Haigentz and colleagues, 2010). Organ preservation, which
on the surface may be an exciting alternative, does 7ot guarantee a functional organ
and is not without toxic side effects (Xu and Fung, 2012). Despite treatment advances,
the total laryngectomy is the most common procedure for advanced laryngeal cancer.

PREOPERATIVE COUNSELING

Because laryngectomy alters respiration, swallowing, and speech, it is essential that
the patient understand the concept of laryngectomy and details about the surgery
and speech rehabilitation. Therefore, a presurgical counseling session is recom-
mended for the patient and his or her family. Typically, in larger medical or teaching
institutions, counseling would involve an interdisciplinary team. Members of such a
team may include ENT physicians, nurses, social workers, SLPs, oncologists, prosth-
odontists, and dentists. In a smaller or more rural environment, the SLP may be the
sole provider of information. Regardless of the setting or facility, the SLP should
illustrate and describe the changes that occur in the speech mechanism as a result
of laryngectomy. Written information, illustrations, and films about various alaryn-
geal communication options should be provided. The SLP should also demonstrate
artificial larynges and address patient concerns and questions. Information may be
accessed through the Internet from organizations such as the International Asso-
ciation of Laryngectomees (IAL) or WebWhispers. The booklet Self-Help for the
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Laryngectomee (Lauder, 2001) can be reviewed with the patient. Whenever possible,
it is recommended that a laryngectomized patient-visitor, one who has successfully
completed medical-surgical treatment and speech rehabilitation, be included. This
provides a unique opportunity for personal contact with an experienced mentor.

Over the years, we have observed, and it is well reported in the literature,
that laryngectomees have psychological profiles similar to amputees. Naturally, their
primary concern is their immediate health prognosis. We address these concerns by
explaining that surgical and ancillary intervention are state of the art, and that head
and neck cancers are among the more curable cancers. A checklist for pre- and post-
operative consultation is found in Keith and Darley (1994, pp. 144-145) and in
Doyle and Keith (2005, pp. 372-373).

POSTLARYNGECTOMY COMMUNICATION OPTIONS

The laryngectomee has three general communication options, none of which is mutu-
ally exclusive. In esophageal speech (ES), air is “inhaled” into the pharyngoesophageal
segment (PE) and then expelled, setting the tissue of the PE segment into vibration for
a voice source. The second option is the electrolarynx, which falls under the general
category of artificial larynx (AL). This method introduces sound for speech through an
instrument externally placed against the throat or oral structures, or through a fitted
prosthetic electrolarynx inserted into the mouth while speaking. The third option is tra-
cheoesophageal (TEP) voice restoration surgery, which may be performed at the time of
the total laryngectomy (primary) or sometime after surgery (secondary). An opening or
puncture is made through the posterior wall of the trachea, extending through the ante-
rior wall of the esophagus. A prosthesis inserted into the puncture shunts pulmonary
air into the esophagus, causing the upper esophageal sphincter and surrounding tissues
to vibrate. This creates the sound that can be used for TE speech.

Numerous studies have reviewed patterns of vocal rehabilitation preferences
and use among laryngectomees. A study by Hillman and colleagues (1998) revealed
that a small percentage of laryngectomees developed usable ES (6%) or remained
nonvocal (8%). The predominant method of choice was an AL (55%), while 31%
opted for TEP speech. These patterns of use are quite different from the findings of
Ward and colleagues (2003), who followed 55 total laryngectomees over a five-year
period. Although an electrolarynx was introduced as the initial communication mode
directly after surgery, 74% of the patients developed TEP speech as their primary
mode of communication. Compared with electrolarynx users, TEP speakers reported
significantly lower levels of disability, handicap, and distress. ES was not an option
in this study. Researchers in Japan (Koike and colleagues, 2002) reported outcomes
of speech therapy for 65 laryngectomees who were offered ES and AL options only.
Forty-two percent of the patients acquired practical ES and 91% acquired both ES and
AL speech. On the flip side, 151 experienced SLPs ranked their preference for voice
rehabilitation methods for laryngectomy patients. TEP speech was the most preferred
method and the AL was the least preferred (Culton and Gerwin, 1998). Laryngectomy
patients were asked to rate levels of satisfaction with their method of alaryngeal com-
munication (Clements and colleagues, 1997). Patients were divided into four groups,
by method of communication: tablet writers, ES, AL, and TEP speech. Compared with
the other groups, the TEP speakers expressed more satisfaction with their speech qual-
ity, ability to communicate over the phone, and ability to interact with others. Similar
to the Ward and colleagues (2003) study, TEP speakers also rated their overall quality



The Artificial Larynx

of life higher. These findings are of interest because, unlike previous studies focusing
on the intelligibility of speech judged by listeners (Doyle and colleagues, 1988; Max
and colleagues, 1997; Sedory and colleagues, 1989), this study polled patients on their
own perceptions of speech. The remaining sections in this chapter address these three
communication modes—the artificial larynx (AL), traditional esophageal speech (ES),
and tracheoesophageal puncture (TEP) speech—for the postlaryngectomy patient.

THE ARTIFICIAL LARYNX

We frequently encourage the use of an AL during the first few days, weeks, or months
following surgery. When healing is still incomplete and swelling may be significant, we
may introduce the patient to a Cooper-Rand intraoral AL, commonly used in years past
and still available. This device is shown in Figure 9.9 with other ALs. Any intraoral AL
such as the Cooper-Rand or orally adaptable neck instrument does not require pressure
to the neck and thus works when fistulae or swelling are problems. Older models such
as the Western Electric and Aurex (also presented in Figure 9.9) have been superseded
by technologically more advanced options such as the Servox Digital, Servox Inton,
NuVois, SolaTone, and TruTone. Their operational concept remains unchanged, and
familiarity with both older models and current versions is beneficial for any practic-
ing clinician. Currently available ALs and a review of features are easy to find online
through the TAL website, WebWhispers, or specific manufacturer sites.

FIGURE 9.9 Seven Artificial Devices

Top left: Cooper-Rand electrolarynx. Top center: Memacon artificial larynx DSP8 pneumatic.
Top right: Western Electric neck device. Bottom left: Park Jed-Com electrolarynx. Bottom
center: Tokyo reed-type pneumatic artificial larynx. Center right: Servox neck device. Bottom
right: Aurex neck-held electrolarynx NeoVox.
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Watterson and colleagues (1998) investigated the speech intelligibility (for
vowels and sentences) of four different electronic neck ALs. Among other findings,
the vowel /a/ was most intelligible and /u/ was the least intelligible. On a scale of
1to 5 (5 being highly intelligible), the mean sentence intelligibility rating for all ALs
combined was found to be 2.98. Even if the laryngectomee uses TEP speech, the use
of an AL is a good alternate mode of phonation should the other mode fail or the
external environmental factors (e.g., background noise) dictate a shift to another
mode of speech.

In looking at alternative types of ALs, one should not overlook the various
pneumatic types of artificial devices. (Two examples of pneumatic types may be seen
in Figure 9.9.) These devices are simple and easy to use, and remain quite affordable.
One end of the device is placed over the stoma, and the other end has a mouthpiece
that contains a diaphragm sound generator that is activated when the user exhales
through the stoma. They produce a satisfactory form of alaryngeal speech. Indeed,
we have had professional voice users such as a preacher and athletic coach who
used the pneumatic type of AL quite successfully. In our experience, this category of
device has seen a dramatic decline in use over the years in the United States. Today,
the pneumatic typically is not even presented as a postoperative option. Even though
cost effectiveness and good intelligibility are afforded by these instruments, their
visual appearance seems prohibitive. Obviously, patient choices appear to be driven
by more than just cost and speech intelligibility (Ik and colleagues, 2009).

In the course of rehabilitation and beyond, a patient often chooses more than
one communication method. Typically, an AL is the initial option and by choice may
be used exclusively. Conversely, the AL may be abandoned altogether or relegated as
a backup to another method such as esophageal speech (ES) and/or tracheoesopha-
geal puncture (TEP) speech.

ESOPHAGEAL SPEECH (ES)

While the development of TEP speech has made the use of ES less frequent, the SLP
should know something about this form of speech and how to teach it if the need
arises. At the very least, one needs to know where to find information on the teaching
of ES. We provide this information in this chapter based on our experience with teach-
ing hundreds of laryngectomees. Also, many of the techniques for development of ES
are good principles to follow in the development of other types of alaryngeal speech.
Following a conventional laryngectomy, two methods of teaching ES may be
employed: injection and inhalation. We usually begin with the injection method,
which is the easiest to teach and is quite compatible with the articulation practice
the patient may have used with the artificial larynx. Both methods, however, employ
the same basic principle of compressing air within the oropharynx and injecting
this denser air into the more rarefied (less dense) space of the esophagus. Denser air
within a body moves in the direction of the less dense body of air whenever the two
bodies are coupled. Some of the compressed air within the oral cavity undoubtedly
escapes through the lips, some through the velopharyngeal port, and some (par-
ticularly if the esophagus is open) into the esophagus. Both methods for ES bring
compressed air into the esophagus; once the air is in the esophagus, external forces
compress the air within it and expel it. It is hoped that the esophageal expulsion sets
up a vibration of the pharyngoesophageal (PE) segment, and the patient experiences
an eructation or “voice.” We consider separately the procedures for teaching the
injection method and the inhalation method (sometimes combined with injection).



Esophageal Speech (ES)

The Injection Method

Certain consonants appear to have a facilitating effect in producing good ES. Indi-
viduals may have their own favorite facilitating sounds, but more often than not
these are plosive consonants (/p/, /b/, /t/, /d/, /k/, and /g/) or affricatives containing
plosives (/t/ or /d/). Hudgins and Stetson (1937) reported many years ago that /p/,
/t/, and /k/ were the easiest sounds for the new laryngectomee to use; Moolenaar-Bijl
(1953) reported that the same phonemes produced esophageal speech faster in most
patients than the traditional swallow method of teaching. Specific steps for teaching
injection might include the following:

1. Discuss with the patient the dynamics of airflow, explaining that compressed,
dense air always flows in the direction of less dense, rarefied air. Explain how the
movements of the tongue in the injection method increase the density of the air
within the mouth, enabling the air to move into the esophagus. Then demonstrate
how the whispered articulation of a phoneme, such as a /t/ or a /k/, is the kind of
tongue movement that produces the injection of air into the esophagus. After pro-
ducing the whispered /t/, demonstrate for the patient an esophageal voice for words
such as tot or talk.

2. Now ask the patient to produce the phoneme /p/ by intraoral whisper. Care must
be taken that the sound is made by good firm compression of the lips, with no
need for stoma noise. Make sure that the patient avoids pushing out the pulmonary
exhalation or using tongue and palatal-pharyngeal contact as the noise source. The
intraoral whisper can be taught effectively by having the patient hold his or her
breath and then attempt to “bite off” a /p/ by compressing the air caught between
his or her abruptly closed lips. The patient should continue practicing this until true
intraoral articulation is clearly grasped. This is demonstrated when he or she is con-
sistently able to produce a precise /p/. Once the patient can do this, he or she should
move to the next voiceless plosive, /t/. Here, the tongue tip against the upper central
alveolar process is the site of contact, and practice should be continued until the
patient can produce a precise, clear /t/. The same procedure should be repeated for
/k/, again first demonstrating for the patient the different site of contact.

3. When good intraoral voiceless plosives have been produced, the patient is ready
to add the vowel /a/ to each plosive. With /p/, for instance, he or she makes the
plosive, and then immediately attempts to produce an esophageal phonation of /a/,
producing in effect the word pa. If this is successful, the patient may combine the
/p/ with a few other vowel combinations before going on to the /t/ and /k/. If the
patient fails to produce the esophageal voice at this point, he or she should go back
and work for even crisper articulation of the plosive sounds. If the patient is still
unsuccessful after increased practice in articulation, he or she should attempt the
inhalation method as the primary means of air intake.

4. Introduce the words pat, pip, pack, pot, and pop. The task is now to say each
word, one at a time, renewing the esophageal air supply as the patient speaks, which
is an obvious advantage of using the injection method. It is through the mere process
of articulation that the patient takes in air. After the patient has demonstrated suc-
cess with these phonemes, introduce their voiced cognates, /b/, /d/, and /g/.

5. Additional phonemes, such as /s/, /z/, /f/, /t/, /z/, and /d/, may be introduced for
practice. As the patient gains phonatory skill with each new consonant, he or she
must spend extra time learning to improve both the quickness and the quality of
production. Too many patients err in trying to develop functional conversation too
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early. Considerable time should be spent at the monosyllabic word level practicing
one word at a time and making constant efforts to produce sharp articulation and a
good-sounding voice.

6. Practice with basic control techniques is essential for developing successful and
fluent esophageal speech. Therefore, we have the patient practice several skills
directly in each speech session:

a. Rapid production (one-half second or less) of esophageal phonation can
improve response. If we call for ten productions of the /a/ vowel, the patient
must respond with ten productions.

b. Ability to sustain a tone for two and a half to three seconds or longer.
c. Ability to interrupt the tone into three or four segments.

d. Ability to stress the first or second syllable on command, such as in the word
chipper (for first-syllable stress) and above for (second-syllable stress).

e. Ability to make a soft or loud tone on command.

7. At this point, if the patient has been successful, the inhalation method can be intro-
duced to improve air intake and esophageal phonation. The patient should produce
a normal inhalation and, at the initial moment of exhalation, produce the consonant
and say the word. Beyond the single words alone, we often couple the words together
in phrases, such as bake a cake, stop at church, park the black cart, and so on. Once
plosive-laden phrases are mastered, we then use the oral reading materials from voice
and diction books, including, when possible, the facilitative consonants we have been
using.

The Inhalation Method

The flow of air in normal respiration is achieved by the transfer of air from one source
to another because of the relative disparity of air pressure between the two sources.
For example, when the thorax enlarges because of muscle movement, the air reser-
voir within the lung increases in size, rarefying (decreasing) the air pressure within
the lung. Because the outside atmospheric air pressure is now greater, the air rushes
in until the pressure within equals the outside pressure. The flow of air is always from
the more dense to the less dense air body, and the flow continues until the two bod-
ies are equal in pressure. By this same airflow mechanism, the esophagus inflates in
the inhalation method of air intake. The patient experiences a thoracic enlargement
during pulmonary inhalation, which reduces the compression on all thoracic struc-
tures, including the esophagus. If the cricopharyngeus opening into the esophagus is
slightly open at the time of the slight increase in the size of the esophagus, air from the
hypopharynx flows into the esophagus. During the exhalation phase of pulmonary
respiration, when there is a general compression of thoracic structures, the esophagus
also experiences some compression, which aids in the expulsion of the entrapped air.
As this air passes through the approximated structures of the PE segment, a vibration
is set up, producing esophageal phonation. The advantage of the inhalation method
of esophageal air intake is that it follows the patient’s natural inclination pulmonary
inhalation followed by exhalation-phonation. Simply to take a breath and then talk
is the most natural way of speaking, and for this reason the inhalation method offers
the patient learning esophageal speech some early advantages.



Esophageal Speech (ES)

The following steps for teaching the inhalation method are best used in combi-
nation with the injection method:

1. Explain and demonstrate to the patient some aspects of normal respiration. Many
normal speakers, for example, have never thought much about normal respiration,
and many do not know that their voicing has always been an exhalation event.
Explain to the patient that when the chest is enlarged by muscle action, the air flows
into the lungs; in the laryngectomee’s case, the air comes through the stoma opening
in the trachea and down into the lungs. Point out that the chest enlarges by muscle
action, not by air inflation; thus, the air comes in as the chest enlarges. When the
laryngectomee’s chest enlarges, a concomitant enlargement of the esophagus usu-
ally takes place. When the esophagus is enlarged, there is a greater chance for air to
flow in. When the chest becomes smaller, the pulmonary air is forced out, and the
air within the esophagus is also more likely to be expelled. If possible, demonstrate
esophageal voice using this method.

2. Before attempting to produce voice, the patient should practice conscious relax-
ation and correct breathing methods. He or she should become aware of thoracic
expansion and abdominal distention on inhalation and of thoracic contraction on
exhalation. Respiration practice should only be long enough to permit the patient
to develop this kind of breathing awareness because patients do not seem to benefit
much from extended breathing exercises per se.

3. Now the patient should attempt to add air into the esophagus during his or her
pulmonary inhalation. Diedrich and Youngstrom (1966) recommended that “the
patient be told to close his mouth and imagine that he is sniffing through his nose,
and to do so in a fairly rapid manner” (p. 112). Even though the sniff is basically
a constricted inhalation, it is frequently accompanied by esophageal dilation (the
normal person often swallows what he or she sniffs). As an extension of the sniff, the
patient should be asked to take a fairly large breath (through the stoma, of course).
When his or her lungs appear to be about half inflated, the patient should say “up”
on exhalation. This procedure can be repeated until the patient experiences some
phonatory success.

4. For the patient who does not experience success in step 3, the following variation
of the inhalation method sometimes produces good esophageal air. Ask the patient
to take a deep breath, and, as he or she begins the inhalation, to cover the stoma.
While the muscular enlargement of the thorax continues (despite the patient’s lack of
continuing inhalation), there will be a corresponding enlargement of the esophagus,
perhaps permitting air to flow into the esophagus. For the patient who can get air
into the esophagus but cannot produce the air escape necessary for phonation, the
same mechanism applies in reverse. Here, the patient takes a deep inhalation and,
as he or she begins to exhale, occludes the stoma. As the thorax begins to decrease
in size, pressure increases on the esophagus, which might well result in expulsion of
esophageal air (and phonation).

5. If esophageal phonation is achieved by either of the last two steps, the patient
should proceed from his or her “up” response to single monosyllabic words be-
ginning and ending with voiceless plosives. Time should be spent practicing at this
single-word level until the technique is mastered in terms of loudness, quality of
sound, and articulation. The patient who masters the basic techniques of air intake
and phonation at the single-word level may become the best esophageal speaker.
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TRACHEOESOPHAGEAL PUNCTURE (TEP)

Today, most laryngectomees are candidates for the tracheoesophageal puncture
(TEP) and the prosthetic approach to alaryngeal speech rehabilitation. In many
patients, the TEP will be performed at the same time as the total laryngectomy
(Hamaker and Hamaker, 1995), which is called a primary TEP. Also, a cricopharyn-
geal myotomy (weakening the PE segment by surgically cutting all the muscle fibers)
is often performed at the time of laryngectomy. This is done to create a PE (pharyn-
goesophageal) segment that does not present excessive resistance to the outward
flow of air during phonation and allows for adequate vibration of the PE segment
during alaryngeal voice production.

A number of researchers have described candidacy requirements for suc-
cessful TE speech regardless of the timing of the procedure. First, the patient must
have adequate pulmonary support to shunt air from the lungs and trachea to the
esophagus (Panje, 1981). Therefore, individuals with lung cancer, asthma, or other
severe lung disease may not be appropriate candidates for this mode. Second, the
patient must possess the necessary cognitive and sensorimotor skills to occlude
the stoma for speech (or manipulate a tracheostoma valve) and to remove and clean
the prosthesis (Bosone, 1994). These two criteria have been superseded in impor-
tance, however, secondary to the introduction of low-pressure prostheses options
requiring reduced pulmonary support, and the advent of indwelling prostheses that
are placed by either an ENT physician or an SLP. The patient must have a PE seg-
ment that vibrates adequately to generate a sound source for speech. This is per-
formed via insufflation testing, a diagnostic procedure that transfers air from the
stoma site to below the PE segment through a transnasally placed catheter. If the PE
segment does not adequately vibrate via insufflation testing, alternative intervention
techniques may be applied. Techniques currently include Botox injections, myotomy,
and pharyngeal plexus neurectomy. For details of these techniques, see American
Speech-Language-Hearing Association (2004a).

Research by Knott and Lewis (2012) report that the traditional TEP guideline
hierarchy should be restructured to include the following: severe dysphagia, radia-
tion fibrosis, stoma and or tracheal stenosis, esophageal stricture, and extensive flap
reconstruction. All of these factors carry a substantial risk to limit TEP candidacy.

Consensus appears to support no substantial outcome differences between
primary versus secondary TEP placement (Boscolo-Rizzo and colleagues, 2008;
Chone and colleagues, 2005). The obvious advantages of the primary procedure are
more rapid communication rehabilitation and the elimination of a second surgical
procedure. If the TE prosthesis has not been inserted at the time of the primary or
secondary puncture, the patient will be ready for prosthesis insertion five to seven
days after fistula creation. It is important to understand that there are two major
types of prostheses: those that the patient can insert and manipulate (traditional)
and those that are inserted and removed by the physician or the SLP (indwelling).
Although a variety of prostheses are available, they have in common a silicone
tube, a one-way valve, and a tracheal flange (Keith and Darley, 1994). The fistula
is dilated and the prosthesis is inserted. A good description and pictures of these
procedures is provided by Blom (1995) and McFarlane and Watterson (1995b). The
fitting of the correct length of the prosthesis is critical for the best TE voice result.
A prosthesis that is too short may be expelled during forceful coughing, and there is
a substantial risk for distal tract closing even if the prosthesis remains in place. One
that is too long makes contact with the posterior esophageal wall, thus interfering



Tracheoesophageal Puncture (TEP)

with voice production and causing a leak due to malfunction of the one-way valve
or fistula enlargement. The correct length is determined by placing the measuring
device (Figure 9.10) into the stoma and through the punctured fistula. This pro-
cedure allows one to gauge the distance from the posterior wall of the trachea to
the posterior wall of the esophagus. When the correct prosthesis is selected, the TE
puncture fistula must be dilated with the dilator (Figure 9.11). With an inserting
device and a gel cap for an indwelling prosthesis in this case, constant firm pres-
sure is applied until the prosthesis slips into place. The gel cap eases the insertion
of the prosthesis by reducing friction and providing lubrication for the surrounding
skin. The stoma is then occluded by the thumb or the finger and voice production
is tested. If the prosthesis is in place and the back wall of the esophagus is not in
contact with the prosthesis, then the air is shunted into the esophagus and the PE
segment is set into vibration.

The patient who is a TEP speaker is generally able to develop good esophageal
voice more quickly than the patient with a conventional laryngectomy. On expira-
tion, by shutting off the open stoma with a finger or by using a one-way stoma valve,
the patient can divert tracheal air directly into the esophagus. Being able to do this
negates the need for teaching the patient to trap air in the esophagus by either the
injection or the inhalation method. In addition, the TEP speaker has a much larger

FIGURE 9.10 Measurement of Tracheoesophageal Puncture Tract Length Using the
Blom-Singer Measurement Device
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FIGURE 9.11 A Blom-Singer Tracheoesophageal Dilator Is Inserted Through the Stoma
into the Esophageal Puncture
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air reservoir with which to speak (up to 3,000 cc of pulmonary air versus approxi-
mately 80 to 100 cc of air trapped in the top of the esophagus).

Two types of TE prostheses are shown in Figure 9.12. The patient may also wish
to wear a one-way valve fastened over the stoma. This valve permits air to come in from
the outside on inspiration but shuts off on expiration, allowing air to travel through
the shunt into the esophagus (Blom and colleagues, 1998; Lewin and colleagues, 2000).
Fujimoto and colleagues (1991) looked at the effect of the valve on developing good
voice as opposed to using finger closure of the stoma and found that there were no real
differences in quality of voice between the two methods. The patient who must use his
or her hands in work might profit from wearing the stoma valve; otherwise, occluding
the open stoma when one wants to speak might be best achieved by using one’s finger. It
appears that research favors the low-pressure prosthesis (see Figure 9.13) over the duck-
bill prosthesis for developing the best speaking voice (Pauloski and colleagues, 1989).

FIGURE 9.12 Insertion of a Blom-Singer Low-Pressure Voice Prosthesis on a Safety Lock
Inserter

The top larger prosthesis is a modification of the original duckbill prosthesis inserted via a
shunt through the trachea into the esophagus. The lower slightly smaller prosthesis is the
newer low-pressure voice prosthesis.
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The teaching steps below are designed for the patient with a tracheoesophageal shunt
and who uses finger occlusion of the stoma to speak:

1. The SLP should review the procedures the patient has had. The article by
Hamaker and Hamaker (19935) is helpful because it summarizes most of the surgical
procedures available.

2. A review of how normal voice is produced is helpful for the patient who may
never have realized, for example, that all speech in English is produced on pulmonary
expiration.

3. Practice should be given to producing precise articulation. The patient should be
encouraged to practice intraoral whispers so that the words are distinct and clearly
understandable to listeners.

4. The patient is asked to take in a normal breath, occlude his or her stoma with
a thumb or finger, and say a monosyllabic word on expiration. It is important that
the patient be counseled to use the thumb or finger only as a diverting body to the
airstream. Sending the air through the shunt (or the appliance in the shunt) does not
require heavy finger pressure. Only a very light touch is required to divert the air from
the stoma on expiration. If voice is achieved on the single word, the patient can pro-
ceed to the next step. If not, the patient should practice the timing of inspiration (open
stoma) and expiration (closed stoma) in synchrony with saying one word. Trial-and-
error repetitions may be needed here. Most patients can produce an effortless esopha-
geal voice with very little difficulty. It has been our observation that patients who
cannot successfully divert tracheal air through the shunt are pushing too hard with
their fingers. Only light touch on the stoma opening is needed. Because many patients
undergo a cricopharyngeal myotomy to weaken the muscle of the PE segment, only
modest air pressure is required to set the segment into vibration.

5. Move from single words to phrases as soon as the patient is able. It is important to
keep the inspiratory breath a normal one. The patient needs no more breathing effort
than he or she ever did. It takes some practice to time the inspiratory—expiratory
phonation to match the words or phrases one is attempting to say.

6. Once the patient can say phrases, it has been our observation that, by using
natural articulation, he or she begins injecting air into the esophagus from above
and using the pulmonary air passing out through the esophagus. Therefore, some
patients can speak some words and phrases without occluding their stomas, obvi-
ously renewing the air reservoir within the esophagus by injection. Extended daily
practice of several hours for a week or two is required before a patient with a TE
shunt is able to use his or her new esophageal voice conversationally.

7. Review with the patient that the best voice seems to be produced with the least
amount of effort; that is, a normal speaking breath, light finger touch, and so on.

8. The patient should be instructed in how to change, clean, maintain, and care for
his or her own prosthesis(Blom, 1995; Blom and colleagues, 1998).

Anyone who is attempting to assist a patient to develop TEP speech should
become thoroughly familiar with the devices, procedures, and materials involved.
Blom (19935) provides guidance in patient selection, esophageal insufflation testing,
indwelling prostheses, and prosthetic fitting. This information is updated occasion-
ally (ASHA,2004a).
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OVERVIEW OF THE PHARYNGOESOPHAGEAL (PE)
SEGMENT

When discussing alaryngeal speech, it is just as important to appreciate the anatomy
and physiology of the PE segment as it is to understand the larynx when learning about
voice. The name of the PE segment essentially defines its location. This segment is also
known as the neoglottis (or new glottis); following a total laryngectomy, it is bounded
by the pharynx superiorly and the esophagus inferiorly. It is comprised of three distinct
muscles: the inferior pharyngeal constrictor (IPC), cricopharyngeus (CPM), and upper-
most esophageal muscle (UES). This segment is highly variable in location, length,
shape, and tone among individuals (Lundstrom and colleagues, 2008); it is tonically
contracted at rest and relaxes only during swallowing, vomiting, and burping.
When discussing the PE segment, the following are true:

e The PE segment is typically visible through an endoscope.

o There are numerous shapes (circular, triangular, split side to side, split anterior
to posterior, irregular) as defined by its open phase configuration.

e This segment is capable of vibration (vibration is defined by site, e.g., posterior

wall, anterior wall, left or right wall, or all walls).

Saliva may be visible (none, slight, moderate, severe).

A traveling wave may be seen.

Vibration may be regular or irregular.

There is a predominating phase (open, closed, equal).

These descriptors are similar to observation made in true vocal fold vibration using
stroboscopy or high-speed digital imaging (HSDI). Because this PE segment is surgi-
cally created at the time of the total laryngectomy, understanding its shape, configu-
ration, and vibratory characteristics may promote optimal alaryngeal voice in the
future. This advancement appears likely only through future research utilizing HSDI
of the PE segment.

To afford the reader a better understanding of the PE segment and how and
why it is capable of producing sound, three distinct images of PE segment vibration
during stroboscopy are presented in Figures 9.14, 9.15, and 9.16.

FIGURE 9.14 Vibrating Neoglottis During Stroboscopy in TEP Speech
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FIGURE 9.15 Vibrating Neoglottis During Stroboscopy in TEP Speech

SUMMARY

In this chapter, we considered the types or modes of cancer treatment (radiation, sur-
gery, and chemotherapy) and their effect on the voice. Some case examples that dem-
onstrate the voice treatment approach used with patients undergoing each method
of treatment were considered. Factors such as vocal fold dryness and stiffness as well
as absence of tissue post-treatment were discussed. Voice Facilitating Approaches,
which have been successful in producing vocal improvement in patients who have
been treated for laryngeal cancer, were listed.

The importance of topics such as vocal hygiene and preoperative teaching for
patients who have been diagnosed with laryngeal cancer was presented. The treat-
ment approaches for patients who underwent total laryngectomy were also pro-
vided. The methods used and references for further information on these approaches
were covered. A variety of ALs both past and present were presented. Methods of
ES, and TEP speech production were provided in detail.
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GUIDED READING

Read the following articles.

D’Alatri, L., Bussu, F., Scarano, E., Paludetti, G., & Marchese,
M.R. (2012). Objective and subjective assessment of tracheoesophageal
prosthesis voice outcome. Journal of Voice. Epub ahead of print.
doi:10.1016/j.jvoice.2011.08.013

Bussian, C., Wollbriick, D., Danker, H., Herrmann, E., Thiele, A., Dietz,
A., & Schwarz, R. (2010). Mental health after laryngectomy and partial
laryngectomy: A comparative study. European Archives of Otorbinolar-
yngology, 267, 261-266.

Describe four ways in which the information reported in the articles might influence
your clinical practice.

Ly

PREPARING FOR THE PRAXIS™

Directions: Please read the case study and answer the five questions that follow.
(Please see page 319 for the answer key.)

Mr. O presents with a squamous cell carcinoma tumor of the larynx that
is described by his ENT physician and oncologist as large and penetrating.
In addition, CT scans have identified multiple lymph node involvement.

1. This cancer would be described as:
A. T1,N3
B..T2, N1
C. T4,N3
D. T2, N2

2. Due to the advanced stage of the CA, the gold standard for intervention is:
A. Radiation only
B. Laryngectomy
C. Hemilaryngectomy
D. Chemotherapy only

3. Preoperative laryngectomy counseling should:
A. Include the patient and his or her family, and provide contact with an experi-
enced laryngectomee mentor
B. Provide illustrations and films about the respiration, phonation, and swallow-
ing changes post-surgery
C. Provide all postlaryngectomy communication options

D. All of these

4. Which of the following statements is true concerning the three major communi-
cation options available to Mr. O postlaryngectomy?
A. They are mutually exclusive.
B. Research has found that ES is easy to learn and use by most laryngectomees.
C. Only ES employs the PE segment.
D. TEP employs lung air.
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5. The attribute that would render Mr. O a likely candidate for successful TEP use
would be:
A. Little to no fibrosis
B. A history of multiple radiation interventions
C. Extensive flap reconstruction
D. Esophageal stricture
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After reading this chapter, one should be able to:

Resonance
Disorders

Describe the differences among hyper-,
hypo-, and assimilative nasality.

Define two clinical probes that can be
used to assess hypernasality, and explain
physiologically what is occurring during
these probes.

Discuss why stimulability testing is so
important.

Explain what can be determined

regarding velopharyngeal function during
an oral examination.

LEARNING OBJECTIVES mam

o Describe the various instrumental
assessments of velopharyngeal
function, and cite their advantages and
disadvantages.

o Explain what kinds of testing can
differentiate between hyper- and
hyponasality.

o Explain why the Voice Facilitating
Approach of yawn-sigh is effective for
reducing stridency.

Using a source-filter approach, we treat the disorders of resonance in this text

separately from the disorders of voice that result from the larynx being misused or
from laryngeal lesions. Many of the neurological disorders discussed in Chapter 5
have a nasal resonance component; these disorders are treated separately in that
chapter. The nasal resonance disorders of hypernasality, hyponasality, and assimila-
tive nasality, and the oral-pharyngeal resonance disorders of stridency, thin voice
quality, and cul-de-sac voice are the focus of this chapter.

RESONANCE DEFINED

Resonance may be defined as selective amplification and filtering of the complex
laryngeal tone by the cavities of the vocal tract after that tone has been produced by
the vibration of the vocal folds. Stated another way, vocal resonance is the perceptual
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increase in loudness of the laryngeal tone due to the concentration and reflection of
sound waves by the oral, pharyngeal, and nasal cavities during voice production.
The vocal folds provide the source of vibration that gives rise to the complex sound
waves. These periodic vibrations, characteristic of the normal voice, are filtered in
the supraglottal space of the pharyngeal, oral, and nasal cavities, or the upper air-
way. Our discussion of resonance in Chapter 2 showed that the F-shaped upper
airway amplifies and filters the sounds coming into it from the larynx, depending
on the frequency of the sound waves and the shape and size of the particular cavity.
The pharyngeal cavities constantly change their horizontal and vertical dimensions
by active movement of muscles, which in turn alters the overall configuration (Kent
and Read, 2002; Pershall and Boone, 1986; Watterson and McFarlane, 1990). The
open coupling between the pharyngeal cavity and the oral cavity (particularly when
the velopharyngeal [VP] mechanism is closed) enables the traveling sound wave to
be filtered even more by the continuous modifications of oral cavity size that occur
during speech by the movements of the tongue and jaw. What emerges as voice
resonance is the fundamental frequency (laryngeal vibration) modified by the natu-
ral resonant frequencies occurring at the various supraglottal sites (above the vocal
folds), within the pharynx, and through the oral cavity. When the VP port is open,
the pharyngeal-oral coupling with the nasal cavity is then possible so that sound
waves are further absorbed and filtered as they pass through the chambers of the
nasal cavity (for example, for the production of /m/, /n/, and /n/ in English). For
the remaining sounds of English, however, the VP port is closed, or nearly so, and
the impedance is high for the transmission of sound waves into the nasal cavities
(McWilliams and colleagues, 1990).

DISORDERS OF NASAL RESONANCE

There are three types of nasal resonance disorders: hypernasality, hyponasality, and
assimilative nasality. Although individuals listening to speakers with these disorders
might only be able to say, “The voices all sound nasal,” distinct differences among
the three types call for differential diagnosis and management and different voice
therapy approaches. As a prelude to our discussion of separate approaches, let us
define hypernasality, hyponasality, and assimilative nasality.

Hypernasality

Hypernasality is an excessively undesirable amount of perceived nasal cavity reso-
nance during the phonation of normally non-nasal vowels and non-nasal voiced
consonants. Voiced consonants and vowel production in the English language are
primarily characterized by oral resonance, with only slightly nasalized components
being acceptable. If the oral and nasal cavities are coupled to one another by lack of
VP closure (for whatever reason), the periodic sound waves carrying laryngeal vibra-
tion receive heavy resonance within the nasal cavity. Velopharyngeal dysfunction
(VPD) is the term for inappropriate transmission of the sound wave into the nasal
cavities. VPD may be caused by impaired motion of the VP mechanism (incompe-
tence), a tissue deficiency (insufficiency), or a mixture of both (inadequacy). The
speech characteristics of VPD are audible nasal air emission, reduced intraoral air
pressure, and hypernasality.
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Hyponasality

Hyponasality is reduced or completely lacking nasal resonance for the three normally
nasalized English phonemes: /m/, /m/, and /n/. Hyponasality is usually the result of
anatomical obstructions within the nasal cavity. Hyponasality can be categorized as an
articulatory substitution disorder for which the nasal consonants are usually perceived
as their voiced, non-nasal cognates (/b/, /d/, /g/). Hyponasality may be associated with
abnormally large adenoids and tonsils, a deviated nasal septum, an obstructed naris,
choanal atresia, nasal turbinate swelling, or allergic rhinitis. In a study by Andreassen
and colleagues (1994), 14 children were seen prior to adenoidectomy and at intervals
of one, three, and six months following surgery. Aerodynamic, acoustic, and percep-
tual measures were obtained at each visit. Andreassen and colleagues reported (p. 263)
a significant reduction in nasal airway resistance, coupled with a significant increase in
nasalance values, following surgery. Perception of hyponasality did not change signifi-
cantly, however. This underscores the fact that nasal resonance (in this case, hypona-
sality) is a phenomenon of auditory perception.

Assimilative Nasality

With the case of assimilative nasality, the speaker’s vowels or voiced consonants
sound nasal when adjacent to the three nasal consonants. The VP port is opened
too soon and remains open too long, so that vowel or voiced consonant resonance
preceding and following nasal consonant resonance is also nasalized. Dworkin and
colleagues (2004) report that this type of nasality may be a result of exposure to
faulty speech models or exaggerated regional dialect patterns that may normally
have subtle nasal (twang) characteristics. This type of voice disorder is considered
functional, and speech and voice intervention is warranted and very effective.

Normal English consonants are produced with high intraoral pressures (3 to
8 cm H,O) with essentially no nasal airflow except for the three nasal consonants,
which have low intraoral pressures (0.5 to 1.5 cm H,O) and high rates of nasal
airflow (100 to 300 cc sec), as reported by Mason and Warren (1980). Aerodynamic
studies of cleft palate speakers and speakers with resonance imbalance have pro-
vided some needed quantification to help differentiate patients with excessive nasal
resonance from patients lacking sufficient nasal resonance (Warren, 1979). From his
studies of air pressures and airflow patterns, Warren has estimated the size of the VP
port for various speaking activities. Although most normal speakers demonstrate
tight VP closure with no air leakage, speakers with VP openings as small as 5 mm or
less may still have voice quality that is perceived by listeners as normal (Mason and
Warren, 1980). Patients with nasal voices who produce high nasal airflow rates are
perceived (we stress perceived because hypernasality is a perceptual phenomenon
that can only occur on voiced sounds) as having hypernasality, whereas hyponasal-
ity is perceived as a speaker with a cold or stuffed-up nose and is accompanied by
low nasal airflows due to an occluded nasal passage (e.g., nasal polyps or swollen
turbinates) or a closed VP mechanism. Probably no area of voice therapy is more
neglected or more confusing than therapy for nasal resonance problems.

EVALUATION OF NASAL RESONANCE DISORDERS

There are more similarities than differences between patients with resonance disor-
ders and those with phonation disorders. For this reason, many of the evaluation
procedures outlined in Chapter 6 are equally relevant here. In addition to obtaining
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the necessary medical data (such as what treatment has already been provided),
clinicians must pursue case history information (description of the problem and its
cause, description of daily voice use, variations of the problem, onset and duration
of the problem, and so on). Clinicians must observe closely how well the patients
seem to function in and outside the clinic. Considering how subjective our judg-
ments of resonance disorders are, it is crucial that clinicians know how their patients
perceive their own voices. A mild resonance problem, for example, can be perceived
by a patient and/or others as severe, but a severe resonance problem, at times, may
be ignored. We have known of adults with unrepaired clefts of the palate that had
markedly severe hypernasality and had come to accept their vocal quality as normal.
Indeed, some consider the legendary country and western singers Willie Nelson and
George Jones as hypernasal, whereas others think that they sing with an “authentic
regional twang.”

Perceptual Analysis of Speech

An obvious way to begin the evaluation of someone with a nasal resonance disor-
der is to listen carefully to his or her voice during conversation. This can provide a
gross indication of what the problem may be (assimilative nasality, hypernasality,
or hyponasality). The perceptual aspect of nasal resonance disorders is extremely
important. It is difficult, however, to make a clinical judgment about nasality by lis-
tening to someone as he or she speaks; in fact, such a judgment is likely to be wrong.
For example, Bradford and colleagues (1964) found that neither a group of four
experienced judges nor a group of four inexperienced judges could reliably judge the
recorded voice samples of children producing /a/ and /i/ with nares open and closed
(by digital pressure). This may not be too surprising because both vowels are basi-
cally non-nasal in English. The judges were similarly unreliable when judging nasality
from conversational speech samples. Although the casual judgment that “something
is nasal about the speech” is usually correct, not all examiners can quickly and reli-
ably differentiate the type of nasality (hypernasality, assimilative nasality, hypona-
sality) on the basis of such a conversational sample alone. Voice quality judgments
are more accurate if made on the basis of recorded samples of a patient’s conver-
sational speech, his or her vowels in isolation, and his or her sentences (some with
only oral phonemes and some loaded with nasal phonemes). Loading sentences with
nasal phonemes is helpful for making judgments of hyponasal speech. By carefully
structuring the test samples, rather than relying on conversation, one can control
the phonemes used and their order, which is helpful in detecting assimilated nasal-
ity. The recorded sample also allows the clinician repeated playback. Focusing on a
specific parameter (loudness, pitch, quality, hypernasal versus hyponasal) on each
playback may increase the clinician’s objectivity. To counter the “halo” effect—the
influence of a speaker’s articulation on the judgment of his or her nasality—Sherman
(1954) developed a procedure of playing the connected speech sample backward
on the tape recorder, thus precluding the identification of any articulation errors.
Reverse playback is most helpful in differentiating between hypernasality and hypo-
nasality. Spriestersbach (1955) found that the reverse playback of speech samples of
cleft palate subjects reduced the correlations between articulation proficiency-pitch
level and judgments of nasality.

We have found that asking patients to repeat or read aloud passages that are
totally free of nasal consonants, such as “Betty takes Bob to the show” (Boone,
1993), or passages that are loaded with nasal consonants, such as “many men in
the moon” (Boone, 1993), helps us differentiate hypernasality, hyponasality, and
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assimilative nasality from one another. It is important to note that hypernasality
occurs only on vowels, semivowels, and voiced consonants. Phrases loaded with
nasal consonants are used only to demonstrate hyponasality. The absence of normal
nasal resonance on these nasally loaded phrases is diagnostic of hyponasality.

We have also found that if we use the following simple screening procedures,
we get a good, quick clinical classification of the type of resonance disorder present.
These quick tests are simple and require no instruments to perform.

We begin the screening by having the patient say these two sentences while
gently pinching the nares: “My name means money” and “Mary made lemon jam.”
If these sound “plugged” both when the nares are pinched and when the nares
are released, the problem is hyponasality. In other words, if there is no difference
between the nose-held and nose-released conditions, the problem is hyponasality.
If there is a big difference between the nose-held and nose-released conditions, then
the problem is likely hypernasality.

Another simple clinical technique is called the snap release /s/. We have the
patient sustain a loud /s/ while the nares are pinched and then quickly released. If
a “snap” is heard on releasing the nares, this means the VP mechanism is partially
open and the problem is probably hypernasality. The snap is actually nasal air emis-
sion, but it gives a clue of the status of the VP mechanism. While hypernasality is
a phenomenon of voiced sounds only, this technique uses a nonvoiced sound /s/
to test the adequacy of closure of the VP mechanism. This is done because there
is more intraoral breath pressure required for a voiceless consonant, /s/, than a
voiced consonant, and this greater pressure is a better test of the adequacy of the
VP mechanism.

Next, we have the patient say, “This horse eats grass” and “I see the teacher
at church.” If we hear any “snorting” back in the pharynx, we can assume that it is
probably due to inadequate closure of the VP port and that the problem with this
speaker’s voice is hypernasality. We next ask the patient to say, “Maybe baby, maybe
baby.” If there is no difference between the /m/ in maybe and the /b/ in baby, and
both sound like maybe, the problem is hypernasality; however, if both words sound
like baby, the problem is hyponasality. Finally, we ask the patient to sustain the /i/
and the /u/ vowels while we gently flutter the nose (nasal flutter test) by rapidly
pinching and releasing the nares with the thumb and forefinger. If we hear a pulsing
change in the acoustic signal, the problem is hypernasality.

Hoarseness

It would seem that individuals with hypernasality are at increased risk for hoarse-
ness associated with vocal hyperfunction. McWilliams and colleagues (1969) endo-
scopically evaluated 32 children with cleft palate and hoarseness and reported that
84% of the children had vocal fold abnormalities. The most common problem was
bilateral vocal fold nodules. In a follow-up study, McWilliams and colleagues (1973)
reevaluated 27 of the original subjects. Seventy percent continued to present with their
original vocal fold abnormalities, and it was suspected that the hoarseness was associ-
ated with VP dysfunction. Indeed the authors reported that surgical removal of the
vocal nodules was not effective unless attention was also given to the faulty underly-
ing VP mechanism. In light of these and later findings (see Lewis and colleagues, 1998;
D’Antonio and colleagues, 1988), the clinician must not only make judgments about
resonance, but he or she must also listen closely to and make observations about vocal
quality for problems of hoarseness, loudness, and breathiness.
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CHECK YOUR KNOWLEDGE

1. Which utterances can you use to help differentiate hypernasality from hyponasality?

2. What s the likelihood that your client with velopharyngeal dysfunction might be dysphonic?

Simple Clinical Instrumental Assessment

For testing beyond these clinical techniques, we recommend a few additional strate-
gies to assess nasal air emission and hypernasality using some relatively inexpensive
but effective instruments. Place a fogging mirror (a mirror capable of being fogged)
under a naris and instruct the client to repeat a non-nasal sentence, such as, “Buy
baby a bib.” Ensure that the mirror is deflected away from the naris when the client
is quietly breathing and at the ends of productions. Also, the mirror must not touch
the nose or face of the patient. The mirror will fog if the VP mechanism is open dur-
ing non-nasal productions. The mirror is also effective for detecting nasal energy
during sustained non-nasal phonemes, such as /s/.

Another effective low-tech instrument is a listening tube, or what we call an
octopus. By fitting nasal olives at the ends of hollow rubber tubing, the clinician is
able to detect puffs of nasal emission or hypernasality by placing one olive at the
patient’s naris and the other at the clinician’s ear. The See-Scape™ (Pro-Ed Inc.,
Austin, Texas) device has a small Styrofoam disk encased in a clear plastic tube that
floats when a patient demonstrates nasal airflow. The airflow is detected in much the
same manner as with the listening tube. A nasal olive is placed at the patient’s naris.
If the patient exhibits nasal energy during non-nasal sentences, the float rises from
the bottom toward the top of the tube.

Perhaps the most inexpensive instrument is a simple straw. As described by
Kummer (2011), placing the short end of the bending straw at the tip of the child’s
nostril and the other end near the examiner’s ear can help detect even mild hyperna-
sality and emission of air.

The SLP may also be able to “feel” hypernasality as vibrations on the side of
the nose. Nasal emission of air can often be felt by placing the index fingers lightly
in the area of the cartilage.

These simple instruments, while diagnostic, are also used for feedback during
therapy for hypernasal individuals, with or without excessive nasal air emission.

CHECK YOUR KNOWLEDGE

1. List three low-tech, low-cost instruments for detecting hypernasality and nasal air emission.
2. List one commercially available device that might help you detect hypernasality and nasal air
emission.

Stimulability Testing

Originally, stimulability testing was designed for use with problems of articulation;
however, it is also effective for use with problems of voice. The basic purpose of
stimulability testing, as first described by Milisen (1957), was to see how well the
patient can correctly produce a sound made in error when he or she is repeatedly
presented with the correct sound through both auditory and visual stimuli. One
way of distinguishing between true problems of VP insufficiency (the mechanism is
incapable of adequate closure) and VP inadequacy (the mechanism has the capabil-
ity of closure) is to determine whether the patient can produce oral resonance under
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stimulability conditions (Morris and Smith, 1962). Obviously, the patient’s success
in producing oral resonance is a strong indication that VP closure is possible. Shelton
and colleagues (1968) have observed:

If repeated stimulation consistently results in consonant productions which
are distorted by nasal emission and vowels which are unpleasantly nasal,
the inference can be drawn, at least tentatively, that the individual is not
able to change his speaking behavior because of VP incompetence (p. 236).

Another simple stimulability test is to elevate the patient’s velum with a tongue
depressor while fluttering the nose during the patient’s production of a sustained
/i/ vowel. Next, remove the tongue depressor and repeat the process listening for a
difference in resonance. If the difference is dramatic, the patient will likely not be
able to benefit from voice—speech therapy alone but will require a palatal lift, speech
obturator, or surgical management. Watterson and McFarlane (1990) describe five
classes of VP function based on videoendoscopic observations during speech testing:
(1) normal VP function, (2) consistent VP incompetency (VPI), (3) task-specific VPI,
(4) irregular VPI, and (5) abnormal resonance without VPIL.

Articulation Testing

Articulatory proficiency can provide a good index of a patient’s VP closure. Nasal
emission of air, the escape of air through the nose, is a common articulation error
on plosive affricate and fricative phonemes among subjects with VPD. Even though
a patient may have his or her articulators in the correct position (place of articula-
tion) in relation to their lingual-alveolar-labial contacts, the error occurs because
increased oral pressure escapes nasally through the VP port. The presence or absence
of nasal emission, therefore, is an important diagnostic sign of VP adequacy. It is
important in articulation testing to distinguish between errors that result from faulty
articulatory positioning and errors related to dysfunction of the VP structure.

An excellent articulation test for assessing competency of VP closure is found in
the 43 special test items from the Templin-Darley Tests of Articulation (Templin and
Darley, 1980), known as the Iowa Pressure Articulation Test (IPAT). This subtest of
the Templin-Darley Test is particularly sensitive for identifying the presence of nasal
emission during the production of certain consonants. However, any standardized
articulation test is useful for determining those phonemes that are distorted because of
inadequate VP closure. The clinician must closely assess the identified errors to deter-
mine if lingual placements are adequate to make the target phoneme correctly. Many
younger children with VP problems exhibit sound substitutions and omission errors
(compensatory articulation) in addition to the nasal emission and nasal snort distor-
tions. Older children and adults with nasal emission problems may well have correct
articulatory lingual placements, and their distortions are products of posterior nasal
escape of the airstream. Following successful pharyngeal flap surgery or the proper
fitting of a speech appliance, nasal emission and compensatory errors sometime con-
tinue until they are addressed through speech remediation. This is why therapy aimed
at correct place of articulation is usually appropriate for children with cleft palate.
General intervention strategies for compensatory articulation have been reported by
Trost-Cardamone (1990), Kummer and Lee (1996), and Golding-Kushner (2001).

The so-called pressure consonants provide the best test of the adequacy of the
VP mechanism. These 16 consonants—/p/, /b/, /k/, /9/, /t/, /4], [f], IV], Is], Iz], If],
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3/, 1%/, /4], 18/, /8/—should be included in any testing of the adequacy of the VP
port mechanism because these sounds require the greatest degree of VP closure and
the greatest intraoral air pressure. On the other end of the spectrum, hyponasality, in
its purest and most overt form, would be exhibited on an articulation test with these
oral substitutions for the nasal phonemes: /b/ — /m/, /d/ — /n/,and /g/ — /n/. The
sentence “My name means money” would be produced, for example, as “By dabe
beads buddy.” Assimilative nasality would be observable only for vowels or voiced
consonants in words containing nasal phonemes.

CHECK YOUR KNOWLEDGE

1. Why is articulation testing important in the assessment of persons with resonance disorders?

2. List one commercially available articulation test that might be clinically useful in assessment of
persons with resonance disorders. Without the benefit of a commercially available articulation
test, describe how you would test for hypernasality versus hyponasality.

THE ORAL EXAMINATION

As important as the oral examination is in patients with articulation disorders, it
is less so for most patients with VP disorders. Oral examination provides a limited
amount of information about the strength, range of motion, and degree of VP func-
tion because the anatomic point of closure is superior to the lower border of the
velum. That is, the clinician cannot actually see the nature of velar and pharyngeal
function simply by viewing the mechanism through the oral cavity. For example, poor
uvular-tip contact with the posterior pharyngeal wall does not indicate lack of closure
more superiorly in the pharynx, where closure may actually occur. Conversely, the
contact of the uvula to the posterior pharyngeal wall is not necessarily an indication of
adequate VP function. A markedly short, sluggish, or flaccid soft palate can certainly
be noted on direct inspection of the oral cavity, and such a notation is a diagnosti-
cally important indicator for further evaluation of VP function. To truly determine
the degree, speed, accuracy, and range of motion of the velopharynx, however, direct
observation of the entire system is necessary.

By direct visualization of the oral structures, the clinician can make a gross
observation of the relationship of the velum to the pharynx; note the relative size
of the tongue; make a judgment about maxillary-mandibular occlusion; view the
height and width of the palatal arch; survey the general condition of mucosa, faucial
arches, and dentition; and determine if there are any clefts, open fistulas, or evidence
of submucous cleft. Oral inspection of the tongue is critical because some problems
of functional nasality may be related to inappropriate size of the tongue in relation
to the oral cavity, poor or posterior tongue carriage, or irregular tongue movement
due to an upper or lower motor neuron lesion.

The clinician should make a thorough search for any openings of the hard or
soft palate that might contribute to an articulation distortion or to some problem
of nasal resonance. Some patients have small openings (fistulas) or lack of fusion
around the border of the premaxilla, particularly in the area of the alveolar ridge. In
some individuals, such fistulas may produce airstream noises, creating articulatory
distortion (by loss of intraoral air pressure), but almost never do such isolated open-
ings this far forward on the maxilla produce nasal resonance. The more posterior
the palatal fistula, the greater its effect on nasal resonance.
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The absence or presence of soft-palate and hard-palate clefts should be noted;
if such clefts have been previously corrected surgically, the degree of closure should
be noted. In the case of a bony-palate defect, for example, sometimes the bony open-
ing has been covered by a thin layer of mucosal tissue that is not thick enough
to prevent oral cavity sound waves from traveling into the nasal cavity. This same
observation applies to the occasional submucosal cleft at the midline of the junction
of the hard and soft palates. The major signs of a submucosal cleft are bifid or split
uvula, inverted A-shape defect in the velum, lack of a palpable posterior nasal spine,
or a thin soft palate (which may appear darker in color) in the midline portion. Any
other structural deviations—of dentition, occlusion, labial competence, tongue con-
trol, and so on—should be noted and considered with regard to their possible effects
on speech production and nasal resonance.

LABORATORY INSTRUMENTATION

Many instruments available today can help the clinician evaluate various aspects of
nasal resonance. These instruments can also be valuable in the process of managing
the patient with a nasalization problem. We consider separately instruments that
provide aerodynamic data, acoustic information, radiographic visualization, and
visual information.

Aerodynamic Instruments

Pressure transducers and pneumotachometers are instruments of choice for measur-
ing the relative air pressures and airflows emitted simultaneously from the nasal
and oral cavities during speech (Leeper and colleagues, 1998; Warren, 1979). Other
instruments are available that measure pressure and flow. As mentioned in Chapter 6,
the Phonatory Aerodynamic System™ (PAS) (KayPENTAX Corp., Montvale, New
Jersey) is a good instrument for airflow measures and can be used with a tube in
the mouth or with a face mask. The PAS is a device that combines airflow and air
pressure measurement capabilities. Pressure and flow data are measured from the
two channels simultaneously, which permits relative comparisons. Normal speakers,
except during the production of nasal consonants, exhibit relatively no nasal pres-
sure or flow. Speakers with nasality problems show deviations in the relative amount
of nasal and oral flows, as is well documented in the work of Mason and Warren
(1980) and Warren (1979). The aerodynamic procedures basically provide the clini-
cian information about possible leakage through the nose when the VP mechanism
should be closed. Manometers have also been useful for measuring relative nasal-
oral airflow. Manometers measure the amount of pressure of the emitted airstream
and do not measure resonance per se. Manometers are discussed in Chapter 6.

Nasometry

The Nasometer™ II (KayPENTAX Corp., Montvale, New Jersey) is a noninvasive
microcomputer-based system that developed from earlier work by Fletcher (1978)
to measure the relative amount of oral-to-nasal acoustic energy in an individual’s
speech. An adaptation of the original Tonar II (Fletcher, 1972), the Nasometer col-
lects oral and nasal sound intensity simultaneously using two microphones located
on either side of a nasal separator. The sound separator rests against the upper lip of
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the subject and is held in place by headgear (see Figure 10.1). The Nasometer com-
puter digitizes, filters, and then compares the separated signals in a ratio. The prod-
uct, called nasalance, increases as nasal intensity increases relative to oral intensity.
In addition to providing nasalance data, the Nasometer provides visual feedback on
a computer screen for the patient. The feedback allows the clinician to set a prede-
termined level of acceptable nasalance. This feature adds another feedback dimen-
sion in real time to the client when attempting to alter oral-nasal ratios in therapy
sessions.

Three passages are commonly used to obtain nasalance scores: the Zoo Passage,
which contains no nasal phonemes; the Rainbow Passage, which contains 11% nasal
phonemes; and the Nasal Sentences, which contain approximately 35% nasal pho-
nemes. Each of these passages can be easily accessed at the ASHA website (www.asha.
org). Fletcher and colleagues (1989) obtained nasalance scores from 117 children
with no history of resonance disorders. The mean nasalance scores for each stimulus
were significantly different from the others, indicating that nasalance scores are sensi-
tive to the proportion of nasal phonemes in each speech sample.

Using the Nasometer in a study of 20 children with normal VP function and
20 children at risk for VP insufficiency, Watterson and colleagues (1996) constructed
and tested two novel stimuli for obtaining nasalance measures from young children
in an attempt to establish a cutoff score between normal and excessive nasalance.
The new passages constructed and studied were the Turtle Passage and the Mouse
Passage. The Turtle Passage contained no normally nasal consonants; the Mouse
Passage contained about 11% nasal consonants. They concluded that “[c]linicians

FIGURE 10.1 The Nasometer™ Il in Clinical Use

Source: Courtesy of KayPENTAX®.
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should have least confidence in nasalance scores for patients who are borderline
normal. Because borderline normal patients are difficult to classify, however, abso-
lute nasalance cutoff scores may never be a reality” (p. 72). Watterson and col-
leagues (1998) used the Nasometer to study nasalance in low- and high-pressure
speech. They concluded from their study of 20 children with managed clefts and
five children without clefts that “[s]ensitivity and specificity scores indicated that
the Nasometer™ was reasonably accurate in distinguishing between normal and
hypernasal speech samples.”

The NasalView™ (Tiger DRS, Inc., Seattle, Washington) is another microcom-
puter-based system that measures oral-nasal resonance. Lewis and Watterson (2003)
compared nasalance scores from the Nasometer and NasalView via five sentences
produced by 50 elementary school children with no history of resonance disorders.
They found that the speech stimuli weighted with different vowel types were dif-
ferentially affected by the different acoustic filtering used in the Nasometer and the
NasalView. They suggested that the two instruments provide different information
and that scores are not interchangeable.

Spectrography

It has been demonstrated spectrographically that speakers with increased nasalization
demonstrate more prominent third formants with an increase in formant bandwidth,
accompanied by a rise in fundamental frequency. In his acoustic study of nasality using
the spectrograph, Dickson (1962) concluded that there was no way to “differentiate
nasality in cleft palate and non—cleft palate individuals either in terms of their acoustic
spectra or the variability of the nasality judgments” (p. 111). It is doubtful that the
visual printout provided by the spectrograph can provide the clinician with any more
information about the type of nasality he or she hears than does listening carefully to
the same samples. This is not surprising because nasalance is a perceptual phenom-
enon. The spectrograph and the Computerized Speech Lab™ (CSL) (KayPENTAX
Corp., Montvale, New Jersey) can help identify the aperiodic noise of nasal emission,
but differentiating between spectrograms of speakers with hypernasality and those
with hyponasality or assimilative nasality is most difficult and not clinically practical.
As clinicians learn to use the spectral analyses provided by the spectrograph and CSL,
however, these instruments may well become most useful tools for studying various
parameters of nasality. (The CSL was discussed in Chapter 6.)

Radiography

Radiographic studies of the VP mechanism during speech provide ready infor-
mation about structural and physiological limitations of the mechanism in those
patients who demonstrate VP incompetence. For example, through a lateral-view
film, we can determine the relative amount of VP opening during speech, the length
of the velum and relative movements of the velum, and the posterior pharyngeal
wall (Bowman and Shanks, 1978). There are limitations to the use of lateral views
attempting to view closure, however, because lateral wall movement of the pharynx,
which may contribute heavily to VP closure, cannot be visualized. Sometimes the
patient is asked to swallow barium and, as the barium passes through the pharynx,
measurements are made of the relative pharyngeal opening as it relates to the VP
closing mechanism (Skolnick and colleagues, 1980). The most useful radiographic
views of VP closure require the patient to make some speech utterances, including
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phrases and sentences that include high-pressure consonants. The SLP needs to work
closely with the radiologist, presenting the speech tasks as the films are made and
“reading” the films when they are completed. Sometimes a radiographic display can
demonstrate a problem in VP closure that cannot be detected by any other method
except for nasoendoscopy. Exposure to radiation is still a concern that must be con-
sidered in risk-benefit decisions.

Endoscopy

Shelton and Trier (1976) have written that direct measures of VP competence through
the use of “endoscopes, nasopharyngoscopes, and ultrasound apparatus” offer some
advantages in making treatment decisions. The oral endoscope (Zwitman and col-
leagues, 1976) has been a useful instrument for determining the degree and type of VP
closure, as shown in Figure 10.2. The body of the oral endoscope is extended above the
tongue within the oral cavity so that the lighted tip and viewing window lie just below
the uvula and within the oropharyngeal opening. By turning the viewing window up
toward the VP area, the velum, the lateral pharyngeal walls, and the posterior pharynx
may be visualized. Two views of varying degrees of VP closure in the same subject are
shown in Figure 10.2. One important disadvantage of the oral endoscope is that one
can observe only vowel or limited consonant and vowel combinations such as /pa/ or
/ba/. This is due to the unnatural introduction of the oral endoscope into the oral cavity
and its effect on articulation and connected speech (McFarlane, 1990).

For many of us who work in the area of cleft palate or who work with those
who have VP inadequacy due to structural defects (such as postcancer surgery) or
neurological defect (such as one of the dysarthria subtypes discussed in Chapter 5),
the use of video nasoendoscopy of the VP mechanism has become the gold standard.
For example, with a nasal fiberoptic endoscope, which places a small flexible scope
through the nose and down into the pharynx, the clinician can observe VP closure
(during connected speech) from above the closure site (Miyazaki and colleagues,

FIGURE 10.2 Velopharyngeal Closure

This oral videoendoscopic view of velopharyngeal closure demonstrates two degrees of closure in a
sequence, from an open velopharyngeal mechanism in (A) through the bulging of Passavant’s Pad with

posterior and lateral pharyngeal wall movement and the velar movement in (B).
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1975; Watterson and McFarlane, 1990) and the dynamics of VP function can be
studied. The primary advantage of the flexible endoscope is that it is not invasive
to the oral cavity and consequently does not impede tongue, lip, or jaw movements
during dynamic articulation (a limitation of the oral endoscope). The oral and nasal
endoscopic probes are effective instruments for assessing VP competence in patients
with nasal resonance problems because they offer direct observation of velar length
and movement, degree of lateral and posterior pharyngeal wall movement, and
the type of VP closure the patient is using. Perhaps most important, this examina-
tion allows the clinician and the patient to see the various types and degrees of VP
closure during a variety of phonetic contexts.

Watterson and McFarlane (1990) discuss in detail the use of transnasal vid-
eoendoscopy of the VP port mechanism. They discuss the use of sustained vowels,
sustained consonants, single words and sentences, and phrases as speech stimuli in
speech testing for VP competency. The use of high vowels such as /i/ and /u/ as well
as stops (/p/, /k/, /t/), fricatives, and affricates allows the examiner to make impor-
tant statements about the ability of the VP mechanism to manage complex speech
tasks successfully. The information gained by using such stimuli guides therapy and
management decisions. For example, it is important to know whether the patient
consistently experiences nasal air escape on a particular phoneme, such as /s/; if
there is a breakdown of VP function only at the phrase level; or if the particular
phoneme, such as /s/, occurs in the context of a blend.

As McFarlane (1990) and Boone and McFarlane (1994) have shown, even
children can be examined with nasoendoscopy without the use of any topical anesthet-
ics. Figure 10.3 shows a patient being examined with rigid endoscopy, and Figure 10.4

FIGURE 10.3 Oral Videoendoscopy

This patient is examined by oral videoendoscopy. Children and adults are routinely evaluated
in this manner without the use of any topical anesthetic.
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FIGURE 10.4 Nasoendoscopy of a Child with a Voice Disorder

shows a child being examined with nasoendoscopy, both without the aid of topical
anesthesia. Indeed, in a prospective, double-blind study, Leder and colleagues (1997)
concluded that “speech-language pathologists can perform independent and com-
fortable transnasal endoscopy without administration of any substance to the nasal
mucosa” (p. 1352).

Distinct variations in patterns of VP closure have been demonstrated by Zwitman
and colleagues (1974) and Zwitman (1990). Some subjects have only velar movement
without associated pharyngeal wall movement, some subjects primarily have lateral
and posterior pharyngeal wall constriction, and some achieve closure by a combination
of velar and pharyngeal movements. Watterson and McFarlane (1990) have described
five useful classes of VP function and provide a basis for making recommendations for
clinical treatment.

TREATMENT OF NASAL RESONANCE DISORDERS

Hypernasality

The presence of excessive nasal resonance (hypernasality) is relatively dependent on
the judgment of the listener. That is, some languages and regional dialects require
heavy nasal resonance and therefore consider pronounced nasalization of vowels
to be normal. Others, however, such as Standard U.S. English, tolerate little nasal
resonance beyond the three nasal consonants. Thus, a native New Englander with
a nasal twang exhibits normal voice resonance in Portland, Maine, but when he or
she travels to New Knoxville, Ohio, the people there may perceive his or her voice
as excessively nasal. Variations do exist in the degree of nasality among the voices of
the people in Ohio, of course, but a certain amount of resonance variability can exist
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among any particular population without anyone being bothered by it. If, however,
a particular voice in Ohio (or any other place) stands out as “excessively nasal,” then
that voice is considered to have a resonance disorder. The judgment of hypernasality,
then, is as dependent on the speech-language milieu of the speaker and his or her
listeners as it is on the actual performance of the speaker.

The speaker who is judged to be hypernasal increases the nasalization of his or
her vowels and voiced consonants by failing to close his or her VP port. This failure
to close the VP opening may be related to neurological or structural-organic defects,
or it may have a functional etiology. Hypernasality frequently accompanies unre-
paired cleft palate and the accompanying short palate (inadequate tissue). Among
other causes of the disorder are surgical trauma (e.g., postadenoidectomy), acciden-
tal injury to the soft palate, and impaired innervation of the soft palate as a result of
poliomyelitis or some other form of upper or lower motor neuron disease or trau-
matic brain injury(incompetent movement). Sometimes temporary hypernasality
may follow surgical removal of the adenoids and tonsils as the patient attempts to
minimize the pain by not moving his or her VP mechanism. But when hypernasality
persists for two or three months or more following adenoidectomy or tonsillectomy,
the adequacy of the VP mechanism must be suspected and evaluated.

Some people speak with hypernasal resonance for purely functional reasons,
perhaps to maintain a lingering internal model of a previously acceptable form of
resonance, or perhaps to imitate the voice of someone they admire (such as a famous
political figure or performer). Although the majority of people with hypernasal
voices probably have some structural or neurological basis for their lack of VP com-
petence, the ease of imitating a hypernasal voice tells us that it could be relatively
easy to become hypernasal with perfectly adequate and normal VP anatomy and
physiology. Hypernasality is one voice problem in which the distinction must be
made between organic and functional causes because the treatment recommended is
quite specific to the diagnosis.

If there are any indications of physical inadequacy of the VP closure, the pri-
mary role of the SLP is to refer the patient to a specialist who can provide the needed
physical management: a plastic surgeon, say, or a prosthodontist. The SLP makes
the determination of the mechanism’s adequacy for speech purposes, and the patient
and other professionals together determine the best corrective approach. If surgery
is selected, the SLP shares the results of the speech-voice evaluation to aid with the
selection of an appropriate surgical procedure. Postsurgically, the SLP evaluates the
repaired VP mechanism to determine its adequacy for speech-language production.

If dental appliances are to be selected, the SLP suggests the type of appliance,
lift, or prosthesis with a bulb, and assists with the design and fitting of the appliance.
If a prosthetic form of management is used, then the SLP is involved in the initial
fabrication and fitting of the velar lift or obturator. Subsequent modifications of
these devices are directed by the SLP based on the results of his or her speech testing
and the patient’s response to clinical speech stimulation.

There is no evidence that voice therapy to improve resonance has any posi-
tive effect in the presence of physical inadequacy. In fact, there is some indication
that voice therapy to improve the oral resonance of patients with palatal insuffi-
ciency (those who lack the physical equipment to produce closure) usually fails;
in addition, such attempts are usually interpreted by the patient as his or her own
fault—as a defeat indicating low personal worth—and thus take an obvious toll on
the patient’s self-image. An example of the ineffectiveness of speech therapy in the
presence of a severe inadequacy of VP closure is provided by this case of a teenage
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girl with VP dysfunction who had received speech therapy for both articulation and
resonance for a period of seven years:

Barbara, age 14, had received seven years of group and individual speech
therapy in the public schools and in a community speech and hearing
clinic for “a severe articulation defect characterized by sibilant distortion,
and for a severely nasal voice.” Barbara’s mother became upset because of
Barbara’s continued lack of progress and her tendency to withdraw from
social contact with her peers, which, the mother felt, was related to her
embarrassment over her continued poor speech. Barbara was evaluated by
a comprehensive cleft palate team, which, after reviewing her history, found
that her nasality dated from a severe bout of influenza when she was six
years old. The influenza had been followed immediately by a deterioration
of speech. Subsequent speech therapy records were incomplete, although
the mother reported that the therapy had included extensive blowing
drills, tongue-palate exercises, and articulation work. Physical examina-
tion of the velar mechanism found that Barbara had good tongue and
pharyngeal movements, but bilateral paralysis of the soft palate; even on
gag reflex stimulation, only a “flicker” of palatal movement was observed.
Lateral cinefluorographic films confirmed the relatively complete absence
of velar movement. The examining speech pathologist found that Barbara
had normal articulation placement of the tongue for all speech sounds,
despite severe nasal emission of airflow for fricative and affricate pho-
nemes. Low back vowels were relatively oral in resonance, whereas middle
and high vowels became increasingly nasal. It was the consensus of the
evaluation team that, with the presenting movement incompetency that
Barbara was (and had been) a poor candidate for speech therapy. It was
recommended that she receive a pharyngeal flap and be evaluated again
several weeks after the operation. The surgery was successful and had an
amazingly positive effect on Barbara’s speech. Although hypernasality dis-
appeared, some slight nasal emission remained. Barbara was subsequently
enrolled in individual speech therapy, where she experienced total success
in developing normal fricative-affricate production.

Barbara’s case dramatically shows the futility of continued speech therapy when real
VP dysfunction exists. Without the operation, Barbara could have received speech
therapy for the rest of her life, with no positive effect whatsoever on her voice.

VP dysfunction has two primary alternatives for treatment: surgical or dental.
When structural adequacy is achieved, the remediation services of the SLP can pro-
duce further changes in the patient’s speech and resonance.

Surgical Treatment for Hypernasality

The evaluation of the oral and VP mechanism may reveal the existence of struc-
tural inadequacies such as open fistulas, open bony and soft tissue clefts, submucosal
clefts, and short or relatively immobile or stiff soft palates. The plastic surgeon is
usually the medical specialist most experienced in making decisions about when
and if surgical closure of palatal openings is required based on the recommenda-
tion of the SLP. The SLP is best able to assess the adequacy of the VP port mecha-
nism during speech. Usually, the major reason (often the only reason) for surgical or
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prosthetic treatment in these patients is to improve speech, but swallowing almost
always improves, too.

When the diagnostic tests have been completed, the SLP and surgeon must
arrive at the plan for management. The SLP should be familiar with available
options for anatomic correction and should participate in the decision for surgery.
“The surgeon must know the alternative treatments and anticipated results of his
operations. The timing of surgery can be a mutual decision” (Grace, 1984, p. 152).
For those individuals who have cleft palate, the primary surgical procedure usually
involves closing the cleft and still maintaining adequate palatal length. Most patients
with cleft palate, however, require multiple secondary surgical procedures at later
times, such as rebuilding structures or eliminating earlier surgical scars (Peterson-
Falzone and colleagues, 2001). Many patients with hypernasality have a velum that
is too short for closure or a velum that does not move adequately for closure. Such
patients often profit from a surgically constructed pharyngeal flap.

In the procedure for surgically constructing the pharyngeal flap, the surgeon
takes a small piece of mucosal tissue from the pharynx and uses it to bridge the
excessive VP opening, attaching the tissue to the soft palate. This tissue acts as a
substitute structure for an inadequate velum by deflecting both airflow and sound
waves into the oral cavity and allowing the walls of the pharynx to close adequately
onto the lateral margins of the pharyngeal flap. Bzoch (1989), discussing the physi-
ological and speech results for 40 patients who had received pharyngeal flap surgery,
reported that the procedure was most effective in reducing both hypernasality and
nasal emission (if present) in most of the subjects. Although pharyngeal flap surgery,
or any other form of palatal surgery, must not be considered a panacea for all reso-
nance problems, it often helps align oral-nasal structures (allowing open or closed
coupling of the nasal and oral cavity) so that, for the first time, speech and voice
therapy can be effective.

Regarding the use of surgical methods to correct speech problems, Grace
observed:

Postoperative speech testing is mandatory to objectively evaluate the
results of surgery and reassess speech goals. The surgeon may profit from
observing a postoperative evaluation, much as the speech pathologist
would profit from seeing surgery. All too often there is a tendency for the
surgeon to divorce the patient when the surgery is completed, with the
expectation that the battle will be won or lost by the speech pathologist.
(Grace, 1984, p. 154)

When speaking of surgery in cleft palate patients, Grace went on to say, “In truth, the
success of surgery varies widely from patient to patient, and it cannot be assumed that
anatomy is restored to normal upon completion of the operation” (p. 154). This reality
is reflected in the ongoing exploration for improved surgical techniques in pharyngo-
plasty, such as sphincter pharyngoplasty (Witt and colleagues, 1999), and covering the
exposed muscular surface of the flap with nasal mucosa (Stoll and colleagues, 2001).

Dental Treatment of Hypernasality

Both orthodontists and prosthodontists can play important roles in treating individ-
uals with hypernasality, particularly those with cleft palate. The orthodontist may
have to expand the dental arches so that the patient can experience more normal
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palatal growth and dentition. The prosthodontist, by constructing various prosthetic
speech appliances and obturators, may be able to help the patient preserve his or
her facial contour and, by filling in various maxillary defects with prostheses, may
cover open palatal defects such as fistulas and clefts. The prosthodontist may also be
able to build speech-training appliances to provide posterior VP closure. In evaluat-
ing 21 adults with acquired or congenital palate problems, Arndt and colleagues
(1965) found that both groups made significant “articulation and voice gains with
obturation.” These findings have subsequently been confirmed by Tachimura and
colleagues (2000) and by Konst and colleagues (2003). These researchers found that
children with unilateral cleft lip and palate who used a prosthesis during the first
year of life followed a more normal path of phonological development between two
and three years of age. Many cleft palate subjects are fitted with appliances featuring
acrylic bulbs that are fitted into the VP port space. If the bulbs are well positioned
near the posterior and lateral pharyngeal walls, there is often a noticeable reduction
of both nasality and air escape. Articulation, which depends on adequate intraoral
air pressure and normal resonance, may be achieved with speech—voice therapy in
conjunction with a properly fitted speech appliance such as an obturator or palatal
lift. Two lateral views of obturators are shown in Figure 10.5. Figure 10.6 shows a
palatal lift prosthesis designed for an adult male with a paralyzed palate following
traumatic brain injury in an accident.

When commenting on the role of the SLP in the prosthodontic management of
patients with VP inadequacy, Ahlstrom (1984), a prosthodontist, stated, “One of the
primary diagnostic services that an SLP can offer is the determination of VP com-
petence in patients; this helps the prosthodontist in determination of what type of

FIGURE 10.5 Obturators

This photo features two different sizes of obturators. The obturator in (A) was made for an
adult: (1) is the palatal part and (2) is the pharyngeal part. The obturator in (B) was made
for a five-year-old girl with structural (cleft palate) hypernasality and with an extremely short
velum following surgical repair.
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FIGURE 10.6 Palatal Lift Device

B

A superior or top view is shown in (A); a lateral or side view is shown in (B). This palatal
lift was designed for an adult with a neurogenic (dysarthria) problem of hypernasality
(velopharyngeal incompetency). Note the fluke-shaped lift that elevates the palate, which
is quite different from the obturator in Figure 10.5 and is designed to occlude part of the
velopharyngeal port for velopharyngeal insufficiency.

appliance or procedure may be necessary” (p. 150). Many patients with dysarthria,
which may include a hypernasality component, have an immobile velum and thus
lack sufficient velar movement to achieve closure. Such patients, who experience
weakened or paralyzed soft palates, might well profit from consulting a prosthodon-
tist about being fitted with a lift appliance to hold the immobile palate in a higher
position so that some pharyngeal contact is possible (Mazaheri, 1979). The palatal
lift in Figure 10.6 was made for just such a patient, who now has normal resonance
with the device. For nasality problems related to VP inadequacy, SLPs should freely
consult both orthodontists and prosthodontists for their ideas on how to achieve
adequate functioning of the oral structures.

Voice Therapy for Hypernasality

Any attempts at voice therapy for hypernasality should be deferred until both
the evaluation of the problem and attempts at physical correction (surgical or
prosthodontic) have been completed. The primary requirement for developing
good oral voice quality is the structural adequacy of the VP closing mechanism.
Ruscello (2008) clearly advises that any attempts to improve VPI using exercises
such as blowing, sucking, or other nonspeech activities are ineffective. Articula-
tion therapy for children who present with pharyngeal fricatives and glottal stops
or other errors of place and manner may benefit from such instruction (Golding-
Kushner, 2001). Without adequate closure, voice therapy is futile. For individuals
who speak with hypernasality for functional reasons, however, voice therapy can
help develop more oral resonance. Added to this group are occasional patients
who have had surgical or dental treatment that has left them with only a marginal
VP closing mechanism; in voice therapy, this mechanism may be trained to work
more optimally. Watterson and colleagues (1994) studied nasalance in the speech
of 30 normal young adults and found that, while there was no statistical differ-
ence in nasalance scores under three different loudness levels, there was a strong
systematic trend for the lowest nasalance scores to occur in the loudest condi-
tions, while the highest nasalance scores occurred under the softest conditions.
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The implication is to experiment with increased loudness levels in cases of mini-
mal or borderline VPI.

The Nasometer computer display gives the patient instant feedback infor-
mation about the peak nasalance level, the target level of oral-nasal ratio, and the
moment-to-moment level of nasalance. If the patient is capable of developing greater
oral resonance, he or she works incrementally, using the Nasometer feedback system,
toward goals of acceptable oral resonance. Various Voice Facilitating Approaches
(described in Chapter 7) may be used successfully with the Nasometer, nasal lis-
tening tube, See-Scape™ (Pro-Ed, Inc., Austin, Texas), nasal mirror, or stethoscope.
They can even be used with a digital recorder or the unaided ear. Kuehn (1997)
has experimented with the use of continuous positive airway pressure (with sleep
apnea equipment) as a possible means to reduce hypernasality. To date, studies of
the approach seem to indicate that the levator veli palatini muscle works harder and
contracts with more force when presented with positive airway pressure. This seems
to be true for both normal people and those with repaired cleft palates.

Here are some approaches that have been helpful clinically:

1. Altering tongue position. A high, forward carriage of the tongue sometimes
contributes to nasal resonance. Efforts to develop a lower, more posterior car-
riage may decrease the perceived nasality.
Change of loudness. A voice that has been perceived as hypernasal is sometimes
perceived as more normal if some other change in vocalization is made. One
change that often accomplishes this is an increase in loudness; by speaking in
a louder voice, the patient frequently sounds less hypernasal (Watterson and
colleagues, 1994). One should try both increased and decreased loudness levels
with each patient to determine which condition best reduces nasality.
Auditory feedback. 1f the patient is motivated to reduce his or her hypernasal-
ity, a great deal of therapy time should be spent learning to hear the differences
between his or her nasal and oral resonances.
Establishing new pitch. Some patients with hypernasality speak at inappropri-
ately high pitch levels, which contribute to the listener’s perception of nasality.
Speaking at the lower end of one’s pitch range seems to contribute to greater
oral resonance.
Counseling. No voice therapy should ever be started without first explaining
to the patient what the problem seems to be and the general course of therapy
that is being planned.
Feedback. Developing an aural awareness of hypernasality with some oral-
pharyngeal awareness of what hypernasality “feels” like is a most helpful ther-
apeutic device.
7. Open mouth. Hypernasality is sometimes produced by an overall restriction of
the oral opening. In such cases, efforts to develop greater oral openness may
reduce the listener’s perception of excessive nasality.
Focus. For some patients, focusing on the facial mask area seems to increase
nasality; for other patients, however, particularly those whose hypernasality is
of functional origin, doing so noticeably improves resonance.
9. Respiration training. Increased loudness is often achieved by respiration
training.
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These techniques achieve their results by altering the speech production, for example,
by pitch modification, increased or decreased airflow, reduced air pressure on the VP
port, or enhanced feedback to the patient by using mirror fogging, acoustic changes,
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or changes in the location of vibratory patterns. We find these methods very success-
ful with patients who have resonance disorders or whose VP ports are “borderline
adequate” or better. When the VP mechanism is less adequate, surgical or prosthetic
management is in order prior to initiating voice therapy techniques. When the degree
of VP mechanism adequacy is in serious question, a period of intensive trial voice
and articulation therapy may determine the need for other management approaches.
This trial therapy should be intensive (three sessions per week minimum) but of short
duration (three weeks), and it should be conducted with the understanding that it
is a trial to determine if further therapy is indicated or if some other management
approach is required. Under no circumstances should voice therapy for resonance dis-
orders be continued when success is not forthcoming. Long periods of time without
any progress are poor for motivation and the patient’s self-image.

CHECK YOUR KNOWLEDGE

1. List three approaches to the treatment of hypernasality.
2. Are the approaches you listed mutually exclusive?

Hyponasality

Except for the nasal resonance required for /m/, /n/, and /n/, vowels in Standard U.S.
English require only slight nasal resonance. In severe cases, lack of nasal resonance
produces actual articulatory substitutions for the three nasal phonemes as well as slight
alterations of vowels. Hyponasality is characterized by the diversion of sound waves
and airflow out through the oral cavity, which permits little or no nasal resonance. As
discussed earlier in this chapter, this problem is related to some kind of nasal or naso-
pharyngeal obstruction, such as excessive adenoidal growth; severe nasopharyngeal
infection, as in head colds; large polyps in the nasal cavity; and so on. Some patients
who are hypernasal before surgical or prosthetic management emerge from such treat-
ment with complete or highly excessive VP obstruction. Perhaps the pharyngeal flap is
too broad and permits little or no ventilation of the nasopharynx, or perhaps an obtu-
rator bulb fits too tightly (the bulb can be reduced easily) and results in no nasal airflow
or nasal resonance. Some kind of obstruction is the usual reason for a hyponasality
problem, and the search for it must precede any attempt at voice therapy. We have seen
a few cases, however, where hyponasality was caused by psychological or other func-
tional factors such as reaction to stress or faulty learning.

Nasal airflow competence can be tested simply as part of an overall resonance
evaluation: Ask the patient to take a big breath, close his or her mouth, and exhale
through the nose. Then test the airflow through each nostril separately, compressing
the naris of one nostril at a time with a fingertip. If there is any observable decrement
in airflow, the nasal passage should be investigated medically. Appropriate medical
therapy (medications, reduction of turbinates surgically, septal repair) should precede
any voice therapy for hyponasality. Only rarely do patients have markedly hypona-
sal voices for wholly functional reasons, although we have seen a few such patients.
Even though their hyponasal resonance may originally have had a physical cause,
that cause may no longer be present, and the hyponasality may remain as a habit,
a “set.” One television news anchor with whom we worked had a hyponasal voice
quality after many years of suffering from allergies. After moving to a new area of
the country where the allergies were no longer a problem, he maintained his hypo-
nasal voice by strength of habit until voice therapy produced a normal voice quality.
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Occasionally a patient has chosen a hyponasal voice as a model, for whatever reason,
and has learned to match its hyponasality with some consistency. We once had a
patient who would use a marked hyponasal voice quality when he was challenged at
work. Voice therapy was helpful in both these cases.

Voice therapy for increasing nasal resonance might include the following:

1. Auditory feedback. Considerable effort must be expended in contrasting for

the patient the difference between the nasal and oral production of /m/, /n/,

and /n/. Oral and nasal resonance of vowels can also be presented for listen-

ing contrast. Audio feedback mentioned in Chapter 6 can be helpful with this
technique.

Counseling. The resonance requirements for normal English must be explained

to the patient, and his or her own lack of nasal resonance, particularly for /m/,

/n/, and /n/, pointed out. If the patient’s problem is wholly functional, this

explanation is of primary importance.

Feedback. Emphasis must be given to contrasting what it sounds like and

“feels” like to produce oral and nasal resonance. The patient should be encour-

aged to make exaggerated humming sounds both orally and nasally, concen-

trating on the “feel” of the two types of productions.

4. Nasal-glide stimulation. This approach is one of the most powerful for hypona-
sality treatment. The phrases listed under this approach in Chapter 7 are very
helpful (for example, “Momma made lemon jam,” etc.).

5. Focus. Direction of the tone into the facial mask is usually successful.

6. Visual feedback. A fogging mirror or other airflow monitoring devices may be
helpful in directing the patient’s attention to normal nasal airflow in speech
production of /m/, /n/, and /n/.

N
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Assimilative Nasality

The nasalization of vowels and voice consonants immediately before and after nasal
consonants is known as assimilative nasality. Performance on stimulability testing
provides a good clue about whether such nasal resonance is related to poor velar
functioning or is functionally induced. A few neurological disorders, such as bulbar
palsy, multiple sclerosis, and spastic dysarthria prevent the patient from moving the
velum quickly enough to facilitate the movements required for normal resonance.
The velar openings begin too soon and are maintained too long, lagging behind the
rapid requirements of normal speech and nasalizing vowels that occur next to nasal
phonemes. Any patient who presents with sudden onset of hypernasality or assimi-
lative nasality should be suspect for a neurological disorder or disease until proven
otherwise, and referral to a neurologist is in order. Most cases of assimilative nasal-
ity are of functional origin, however, and the patient shows good oral resonance
under special conditions of stimulability.

Remember that in connected speech, all sounds are interdependent; as one
sound is being produced, articulators are positioning for the next sound. This pho-
nemic coarticulation allows for a certain amount of assimilation, even in normal
speech. Assimilative nasality, therefore, is another perceptual problem: Whether
the speaker’s nasalization of vowels adjacent to nasal phonemes is excessive or not
depends on the perception of the listener. The perception of assimilative nasality is,
of course, related to the perception of excessive nasality; a normal, minor amount
of nasality in the vowels following nasal phonemes would not be perceived, and
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increased amounts of nasal resonance would be judged quite differently by different
listeners, according to their individual standards and experience. Therapy for assimi-
lative nasality is likewise highly variable. It is, in fact, largely related to the locale (in
some areas such resonance is a normal voice pattern), the standards of the speaker
or clinician, their motivations, and so on.

The Nasometer is a useful therapy instrument for the patient who wants to
reduce his or her assimilative nasality. The clinician and the patient can predeter-
mine oral-nasal ratio goals that favor orality and then work incrementally toward
eliminating the assimilative nasal resonance. The listening tube and See-Scape, dis-
cussed previously in this chapter, may also be effective feedback strategies. Voice
therapy for assimilative nasality is best attempted only by those patients who are
strongly motivated to develop more oral resonance. VFAs (see Chapter 7) might
include the following;:

1. Auditory feedback. Ear training should help patients discriminate between
their nasalized vowels and their oral vowels. Patients should listen to record-
ings of their own oral/consonant/vowel/oral/consonant words as contrasted
with their nasal consonant/vowel/nasal consonant words, such as these pairs:
bad-man, bed-men, bead—mean, bub—mum, and so on. Voice and diction
books often contain word pairs matching monosyllabic words using /b/, /d/,
and /g/ with those using /m/, /n/, and /n/. Once the patient can hear the dif-
ferences between oral and nasal cognates, determine whether he or she can
produce them.

Counseling. Because nasal assimilations are difficult to explain verbally, any
attempt at explanation should be accompanied by demonstration. The best
demonstration is to present the contrast between oral and nasal resonance of
vowels that follow or precede the three nasal phonemes.

N

THERAPY FOR ORAL-PHARYNGEAL RESONANCE
PROBLEMS

During speech, both the oral and pharyngeal cavities are constantly changing in size
and shape, but the oral cavity is the most changeable resonance cavity. Speech is pos-
sible only because of the capability for variation of oral structures such as the lips,
mandible, tongue, and velum. The most dramatic oral movements in speech are those
of the tongue, which makes various constrictive-restrictive contacts at different sites
within the oral cavity to produce consonant articulation. Vowel and diphthong pro-
duction are possible only because of the size and shape adjustments of the oral cavity,
which require a delicate blend of muscle adjustment of all oral muscle structures.
Although many individuals display faulty positioning of oral structures for articula-
tion, and thus articulate “badly,” fewer individuals are recognized to have problems
positioning their oral structures for resonance. Slight departures in articulatory profi-
ciency are much more easily recognized than are minor problems in voice resonance.
Even though an articulation error may be viewed consistently as a problem, faulty
oral-pharyngeal resonance is usually accepted as “the way he or she talks,” or as a
regional dialect. Nasality problems are more likely to be recognized by lay and profes-
sional listeners as requiring correction than are oral-pharyngeal resonance departures.
Any judgment of resonance is heavily influenced by the appropriateness of pitch; the
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degree of glottal competence, as heard in the periodic quality of phonation; and the
degree of accuracy of articulation. Because quality of resonance appears to be basi-
cally a subjective experience, the goal in resonance therapy must be to achieve what-
ever voice “sounds best.”

Singing teachers have long been aware of the vital role that the tongue plays in
influencing the quality of the voice, and they devote considerable instructional and
practice time to helping singing students develop optimum carriage of the tongue
(Coffin, 1981). Although the postures needed to produce various phonemes attract
the tongue to different anatomic sites within the oral cavity, with noticeable changes
of oral resonance, more objective evidence of the role of the tongue in oral resonance
may be obtained through instrumental analysis. In the spectral analyses afforded by
the spectrograph, we can study the effects of tongue positioning and the distribution
of spectral formants. The second formant seems to “travel” the most, changing posi-
tion up and down the spectrum for various vowel productions. Boone and McFarlane
(1993) demonstrate this in their study of the yawn-sigh technique (Chapter 7). The
primary oral shaper for production of vowels appears to be the tongue.

Quality judgments cannot be made from the visual study of oral movements
alone but depend primarily on hearing the sound of the voice. By using both the
pitch and intensity readings at the same time on the Visi-Pitch (KayPENTAX Corp.,
Montvale, New Jersey), we have found that the real-time tracings on the monitor
give useful information specific to better resonance. Often the resonance that sounds
better to the ear is represented on the scope as less aperiodic (the frequency print-
out has less scatter) and more intense (greater amplitude of the intensity curve).
The “better-sounding” voice often comes quite unexpectedly as the clinician and
the patient use various facilitating approaches in their search for good oral reso-
nance. Once the “good” voice is achieved, the Visi-Pitch offers useful feedback for
the patient, often confirming by improvement in the scope tracings the subjective
judgments the clinician and patient have made.

Reducing the Strident Voice

One of the most annoying oral-pharyngeal resonance problems is the strident voice.
We use the term stridency, which means the unpleasant, shrill, metallic-sounding
voice that appears to be related to hypertonicity of the pharyngeal constrictors
(walls of the pharynx). Fisher (1975) described the strident voice as having brilliance
of high overtones sounding “brassy, tinny, and blatant.” Physiologically, stridency
may be produced by the elevation of the larynx and hypertonicity of the pharyn-
geal constrictors, which decrease both the length and the width of the pharynx. The
surface of the pharynx becomes taut because of the tight pharyngeal constriction.
The smaller pharyngeal cavity, coupled with its tighter, reflective mucosal surface,
produces the ideal resonating structure for accentuating high-frequency resonance.
Stridency may be developed deliberately, for example, when an actor develops
a character or when a carnival barker or a store demonstrator uses it for its obvi-
ous attention-getting effects, or it may emerge when a person becomes overly tense
and constricts the pharynx as part of his or her overall response to stress. A person
who has this sort of strident voice—and who wants to correct it—can, in voice
therapy, often develop some relaxed oral-pharyngeal behaviors that decrease pha-
ryngeal constriction (increasing the size of the pharynx) and lessen the amount of
stridency. Anything that an individual can do to lower the larynx, decrease pharyn-
geal constriction, and promote general throat relaxation usually reduces stridency.
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The VFAs listed below (and described in Chapter 7) are most helpful in greatly
reducing stridency.

We have had patients who presented themselves for voice therapy because their
strident voice quality makes listeners feel they are angry, bossy, impatient, overly
demanding, and so forth. One such patient, a 38-year-old female, reported problems
in interpersonal interaction in the office and on the telephone. These problems were
resolved with a course of eight voice therapy sessions using the following VFAs:

1. Inhalation phonation. Inhalation phonation tends to increase the size of the
pharynx, relax the walls of the pharynx, and open the laryngeal aditus.

2. Auditory feedback. Explore various vocal productions with the patient, with
the goal of producing a nonstrident voice. When the patient is able to pro-
duce good oral resonance, contrast this production with recorded strident
vocalizations using loop recording feedback devices and following the various
ear-training procedures.

3. Establishing new pitch. The strident voice is frequently accompanied by an
inappropriately high voice pitch. Efforts to lower the pitch level often pro-
duce a voice that sounds less strident. We have found that a piano keyboard,
an inexpensive electric keyboard, and the CSL are valuable tools in helping
patients find and establish a new pitch level or range that produces a much less
strident-sounding voice.

4. Counseling. Although it is difficult to explain problems of resonance to some-
one else, sometimes such an explanation is essential if the patient is ever to
develop any kind of self-awareness about the problem.

5. Glottal fry. The glottal fry produces two beneficial effects. First, the funda-
mental frequency is somewhat lower following production of the glottal fry;
second, the resonating cavity of the laryngeal aditus is enlarged following the
production of the glottal fry (especially on ingressive glottal fry). The relax-
ation of the folds and the opening of the laryngeal aditus effectively reduce
strident vocal quality.

6. Hierarchy analysis. For the individual whose voice becomes strident whenever
he or she is tense, it is important to try to isolate those situations in which his
or her nonstridency is maintained.

7. Open mouth. Because stridency is generally the product of excessive constric-
tion, oral openness is an excellent way to counteract these tight, constrictive
tendencies.

8. Relaxation. It is difficult to produce strident resonance under conditions of relax-
ation and freedom from tension. Either general relaxation or a more specific
relaxation of the vocal tract is helpful in reducing oral-pharyngeal tightness.

9. Tongue protrusion /i/. This VFA increases the length and width of the pharynx
(the whole throat cavity).

10. Yawn-sigh Because the yawn-sigh approach produces an openness and relax-
ation that is completely the opposite of the tightness of pharyngeal constriction,
it is perhaps the most effective approach in this list for reducing stridency.

Improving Oral Resonance

Two problems of oral resonance are related to faulty tongue position: a thin type of
resonance produced by excessively anterior tongue carriage, and a cul-de-sac type
produced by posterior retraction of the tongue. The thin voice lacks adequate oral
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resonance, and its user sounds immature and unsure of him- or herself. This prob-
lem, which is somewhat common among both men and women, is characterized by
a generalized oral constriction with high, anterior carriage of the tongue and only
minimal lip-mandibular opening. The user of such a voice appears to be holding
back psychologically, either withdrawing from interpersonal contact by demonstrat-
ing all the symptoms of withdrawal, or retreating psychologically to a more infantile
level of behavior by demonstrating a babylike vocal quality. The first type, the one
who withdraws from interpersonal contact, employs his or her thin resonance in
certain situations, particularly when he or she feels most insecure; the second type
uses the thin voice, the babylike resonance, more intentionally, in situations in which
he or she wants to appear cute, to get his or her own way, and so on.

The following VFAs (described in Chapter 7) have been useful in promoting a
more natural adult oral resonance:

1. Change of loudness. When the resonance problem is part of a general picture
of psychological withdrawal in particular situations, efforts to increase voice
loudness are appropriate for overall improvement of resonance.
Digital manipulation. This approach is especially helpful when the pitch of the
voice is too high or the quality is breathy and the larynx is higher than normal.
Establishing new pitch. The thin voice is perceived by listeners to be drastically
lacking in authority. Frequently, the pitch is too high. Efforts to lower the voice
pitch often have a positive effect on resonance.
4. Focus. In Chapter 7, we looked at tongue position and its influence on voice
quality. The babylike voice may disappear with greater posterior tongue
carriage.
Glottal fry. The larger pharyngeal adjustment produced by glottal fry is gener-
ally helpful in improving resonance.
Hierarchy analysis. Symptomatic voice therapy is based on the premise that it is
often possible to isolate particular situations in which we function poorly, with
maladaptive behavior, and other situations in which we function compara-
tively well. By isolating the various situations and their modes of behavior, we
can often introduce more effective behavior into “bad” situations in place of
the maladaptive behavior. For those individuals who use a thin voice in specific
situations, particularly during moments of tension, hierarchy analysis may be a
necessary preliminary step to eliminate the aberrant vocal quality.
Open mouth. The restrictive oral tendencies of a thin-voiced speaker may be
effectively reduced by developing greater oral openness.
Relaxation. If the thin vocal quality is highly situational and the obvious result
of tension, relaxation approaches may be helpful, particularly when used in
combination with hierarchy analysis.

9. Respiration training. Sometimes direct work on increasing voice loudness

requires some work increasing control of the airflow during expiration.

10. Visual feedback. Patients whose anterior resonance focus is related to situa-
tional tensions may use feedback apparatuses to become aware of their varying
states of tension. Feedback is best used with relaxation and hierarchy analysis.
Yawn-sigh. The yawn-sigh approach is an excellent way of developing a more
relaxed, posterior tongue carriage.
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Patients with a thin voice are often judged by listeners as immature, young, or
lacking in authority. We have provided successful voice therapy to several attorneys,
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managers, and executives who suffered from thin voice quality, which was ineffec-
tive in their work.

The cul-de-sac voice is found in individuals from various etiologic groups:
patients with oral apraxia; cerebral palsied children, particularly the athetoid type,
who have a posterior focus to their resonance added to their dysarthria; some
patients with bulbar or pseudobulbar-type lesions, who have a pharyngeal focus to
their vocal resonance; and Deaf or severely Hard of Hearing children. The cul-de-sac
voice, regardless of its initial physical cause, is produced by the deep retraction of
the tongue into the oral cavity and hypopharynx, sometimes touching the pharyn-
geal wall and sometimes not. The body of the tongue literally obstructs the escaping
airflow and the periodic sound waves generated from the larynx below. Although
such a voice is often found in individuals with neural lesions who cannot control
their muscles, and among Deaf children and adults, it is also produced in certain
situations by individuals for wholly functional reasons. Such posterior resonance
is very difficult to correct in patients who have muscle disorders related to various
problems of innervation, particularly dysarthric patients. Resonance deviations in
the Deaf may be changed somewhat in voice therapy, as described in Chapter 8, by
dealing with special problems. For individuals who produce cul-de-sac resonance for
purely functional reasons (whatever they are), the following VFAs from Chapter 7
are useful:

1. Auditory feedback. If, in the search for a better voice, the patient is able to
produce a more forward, oral-sounding one, this should be contrasted with his
or her cul-de-sac voice by listening to auditory feedback.

Focus. The forward focus in resonance required to place the voice in the facial
mask makes the approach a useful one for patients with a cul-de-sac focus.
High front vowels and front-of-the-mouth consonants are particularly good
practice sounds to use with the focus approach.

Glottal fry. The production of the glottal fry opens the pharynx and the
laryngeal aditus, thus enlarging the resonance cavity and adding to the open-
ness of the whole vocal tract. The whole pharynx is relaxed, eliminating the
cul-de-sac resonance.

Hierarchy analysis. 1f cul-de-sac resonance occurs only in particular situations,
perhaps when the individual is tense and under stress, the hierarchy approach
may be useful. If the individual can produce good oral resonance in low-stress
situations, he or she should practice using the same resonance at levels of
increasing stress, on up the hierarchy.

Nasal-glide stimulation. This approach helps to get a forward placement of the
tongue and the sound, and can be used in conjunction with focus.

Relaxation. Posterior tongue retraction during moments of stress is often a
learned response to tension. The patient who can learn a more relaxed posi-
tioning of the overall vocal tract may be able to reduce excessive tongue
retraction.

Tongue protrusion /i/. With this approach, the tongue is extended outside the
mouth and the pitch is elevated, and thus the base of the tongue is pulled for-
ward and out of the oral pharynx, which is emphasized with the /i/ vowel. This
eliminates the retracted tongue position that produces the back quality.

Visual feedback. For some patients, posterior focus of voice resonance may
be situationally related to tension. Feedback is often useful for helping these
patients monitor their varying tension states.
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Preparing for the PRAXIS™

SUMMARY

Resonance disorders often result from produced by physical problems of structure or
function at various sites within the speech tract. Primary efforts must be given to iden-
tifying any structural abnormalities and correcting these problems by dental, medi-
cal, or surgical intervention. Speech-language pathologists play an important role in
the early evaluation and diagnosis of a resonance problem, as well as in providing
needed voice therapy to correct the problem. Voice therapy is often necessary and
very effective following surgical and dental prosthetic treatments. For both organic
and functional resonance problems, specific Voice Facilitating Approaches are listed
throughout this chapter to help patients develop better nasal and oral resonance.

GUIDED READING

Read the following articles.

Kummer, A. W. (2011). Perceptual evaluation of resonance and velopha-
ryngeal function. Seminars in Speech and Language, 32, 159-167.

Hamilton, S., Husein, M., & Dworschak-Stokan, A. (2008). Velopharyn-
geal insufficiency clinic: The first 18 months. Journal of Otolaryngology—
Head & Neck Surgery, 37, 586-590.

Describe four ways in which the information reported in the articles might influence
your clinical practice.

PREPARING FOR THE PRAXIS™

Directions: Please read the case studies and answer the questions that follow.
(Please see page 319 for the answer key.)

Leonardo is a second-grade student referred to you by his homeroom
teacher, who asks you to look into his “strange vocal quality” that “comes
and goes.” The teacher mentions that he sounds “nasal.” A quick screen
using the key phonemes described in this chapter reveals that Leonardo
produces the b/, /d/, and /g/ in place of the Im/, In/, and [n/.

1. This type of resonance disorder is most likely:
A. Hyponasality
B. Hypernasality
C. Cul-de-sac
D. Assimilative nasality

2. Concomitant sequelae would probably also include:
A. Rhinorrhea
B. Otitis media
C. A history of allergies
D. All of these

Clara is a third-grade transfer student who is referred to you with teacher
and administrator observations of a “nasal voice.” Clara has moved from
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three different school districts in a year and a half. There is no medical
history available at the moment, but you go ahead and initiate a brief
screen. You inspect the oral cavity, making clinical observations of the
lips, tongue, teeth, and hard and soft palates, among other structures. You
observe soft palate structure but do not focus on soft palate movement.

3. The soft palate movement is not a major area of clinical testing because it:

A. Takes an extensive amount of time

B. Provides little to no information about true velopharyngeal function
C. Relies on tasks that are difficult for children to perform

D. Requires a special test protocol

. You ask Clara to count from 62 to 66. As she does so, you place a fogging mirror

beneath the nares. The mirror fogs throughout the entire production, and you
perceive moderate nasal resonance throughout. This type of resonance disorder is
most likely:

A. Hyponasality

B. Hypernasality

C. Cul-de-sac

D. Assimilative nasality

. The task of counting from 62 to 66 was used because it:

A. Is comprised of high-pressure phonemes

B. Is comprised of low-pressure phonemes

C. Gives a quick look at articulation and the acquisition of any compensatory
errors

D. Both A and C



Answer Key

CHAPTER 1

1.C.11t0 15%
2.B. 5t0 10%

3.B. 5t010%
4.C.11to 15%

5. E. More than 20%

CHAPTER 2

1. A. Superficial layer of the lamina propria
2. C. Irregular vocal fold vibration

3. E. Both A and B

4. B. Increased mass of the vocal folds

5. A. Poor respiratory support

CHAPTER 3

1. E. All of these

2. A. Swelling and redness of the vocal folds and
arytenoid mucosa

3. E. All of these

4.D. Both A and B

5. B. Her voice remained consistent across speaking tasks

CHAPTER 4

1. B. Contact granuloma

2. A. Located on the nonvibrational portion of the
glottis

. Granulated tissue at the posterior aspect of the
glottis

. All of these

. Continued anti-reflux regimen and interven-
tion for reduced hard glottal attack

3.

“ s
O O

CHAPTER 5

1.B. X
2. C. Maladaptive behavior adopted to try to com-
pensate for the irregular vocal fold arrests

3. D. Move voiced energy from the larynx to the face
4. C. Adductor SD
5. A. BTX-A injections

CHAPTER 6

1. C. Severely deviant

2.A.B2

3.E. Both Band C

4. B. Below the mean MPT for normal speakers his
age

5. C. His hoarse voice interferes with his ability to
participate in daily educational opportunities

CHAPTER 8

. Mild bowing of the vocal fold margins

. Breathy and hoarse

. Both A and D

. The typical transgender voice client is very
concerned about his or her pitch

. Behavioral intervention

U
O gomO=

CHAPTER 9

1. C. T4, N3

2. B. Laryngectomy

3. D. All of these

4. D. TEP employs lung air
5. A. Little to no fibrosis

CHAPTER 10

. Hyponasality

. All of these

. Provides little to no information about true
velopharyngeal function

. Hypernasality

.Both A and C

W=
= O
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Auditory feedback, 123, 189-90, 309, 311, 312,
314,316
Auditory-perceptual assessment/analysis, 75
Auditory-perceptual ratings, 144-45
Auditory status, review of, in evaluation, 140-41

B

Babbling, 4
Babies. See Infants
Basal ganglia, 107, 108, 109-10
Behavioral observation, 144
Behavioral voice therapy, 117
Bilateral nodules, 70, 80
Bilateral vocal fold nodules (BVFN),
laryngostroboscopic findings in, 151
Bilateral vocal fold paralysis, 118-19
mechanical fixation, 118
neurogenic paralysis, 118
Biofeedback
auditory, 131
devices, 231,250
laryngeal videoendoscopic, 261
visual, 131
Blood supply, laryngeal, 47, 48
Bony thorax, 20-21
The Boone Voice Program for Adults, 254
The Boone Voice Program for Children, 135,
136, 191, 198, 254
Botulinum toxin type A (BTX-A) injections, 122,
123, 124-26. See also BTX-A injections
Brain electrical activity mapping (BEAM), 120
Brainstem, 110-11
stroke, 130
Breathiness, 247
causes of, 55
cerebrovascular accident and, 130
Parkinson’s disease and, 127
in vocal onset/attack, 52
Breathing, 164-65. See also Respiration
clavicular, 164-65
diaphragmatic-abdominal, 165, 260
speech, 166
thoracic, 165

Briquet’s dysphonia, 83
Broca’s area, 107
BTX-A injections, 118, 122,123, 124-26. See
also Botulinum toxin type A (BTX-A)
injections
symptoms from, 125
in thyroarytenoid muscle, 126

C

Cancer, 9, 96
glottic, 274, 275
head and neck, 266-67
laryngeal, 102-3, 243, 266-89
oral, 103
spread of, 274
squamous cell carcinoma, 270
supraglottic, 275
treatment modes, 268
CAPE-V. See Consensus Auditory Perceptual
Evaluation of Voice (CAPE-V)
Cartilage, laryngeal, 36-37
Casa Futura, 221
Case history, in voice evaluation, 141-44
additional information, 143-44
description of problem, 141-42
onset and duration, 142
variability of problem, 142-43
vocal demands, 143
Case studies, in voice evaluation, 173-83
Central nervous system (CNS), 107
anatomy of, 107-11
brainstem and cerebellum, 110-11
neurotransmitters, 110
pyramidal and extrapyramidal tracts, 108-9
thalamus, internal capsule, and basal
ganglia, 109-10
Cerebellum, 107, 110-11
Cerebral cortex, 107
Cerebrovascular accident (CVA), 110, 115
neurogenic voice disorders and, 130
Cervical dystonia, 121
Chant-talk technique, 193-95
Chemotherapy (CT), 275
Chewing, 195-97
Children
average speaking fundamental frequency
in, 156
bilateral vocal fold paralysis in, 118
case study of evaluation, 176-79
dynamic range of, 160
dysphonia in, 71, 247
functional factors associated with disorders
in, 249-50
laryngomalacia in, 88
larynx of, 51
maximum phonational frequency range
in, 158
muscle tension dysphonia in, 10-11
recurrent respiratory papillomatosis in, 99
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Children (continued)
relaxation technique for, 231
screening for voice disorders in, 135-36
vocal demands of, 143
vocal nodules in, 70, 71
voice disorders in, 7, 135
voice problems in, 247-50
voice range profile of, 161
Chronic cough, voice therapy for, 262
Chronic rhinitis, acid reflux disease and, 89
Circumlaryngeal massage, 220
Clavicular breathing, 164-65
Cleft palate, hoarseness and, 294
Clinical instrumental assessment, 295
Clinical voice laboratory, 153
Cochlear implantation (CI), 253, 254
Comprehensive voice evaluation, 134
components of, 140
Computerized Speech Lab (CSL), 163, 164, 221,
239, 300
Confidential voice, 197-99
Consensus Auditory Perceptual Evaluation of
Voice (CAPE-V), 145, 146, 177, 179,
180, 228
Consonants, 280
pressure, 296
Contact ulcers, 89, 92-94
Conus elasticus, 42
Conversion disorder, 83
Cooper-Rand, 277
Coughing
chronic, 262
in redirected phonation, 228
voice therapy and, 79
Counseling, 79, 199-201, 309, 311, 312, 314
preoperative, 275-76
CPM. See Cricopharyngeus (CPM)
Cranial nerves, 112-15
Cricoarytenoid joint, 40
Cricoid cartilage, 36, 38
Cricopharyngeus (CPM), 286
Cricothyroid (CT) muscle, 44, 114
Cricothyroid joint, 40, 41
Cricothyroid membrane, 38
CT scans, 272
Cul-de-sac voice, 316
Cysts, 94

D

Deaf patients, voice therapy for, 253-55
Deep-brain stimulation (DBS), 129
Delayed auditory feedback (DAF), 128, 129
Dental treatment, of hypernasality, 306-8
Deppe lamina propria, 47
Diagnosis, 134
Diaphragm, 22-23
Diaphragmatic-abdominal breathing, 165, 260
Digital manipulation, 201-3, 315
Diplophonia, 68, 75-76

surgery for, 76
Diploplonia, 114
Disability, effects of, 178
Dissociative motor disorder, 83
Dopamine, 110
Drug treatments, for upper respiratory

infections, 97

Dynamic range, 159

of children, 160
Dysarthria

ataxic, 116

differential features of, 115-16
flaccid, 115
hyperkinetic, 116
hypokinetic, 116
mixed, 116
spastic, 115
traumatic brain injury and, 130
unilateral upper motor neuron, 116
Dysphonia, 12, 47, 141, 142, 194, 200, 208, 247
Briquet’s, 83
in children, 71
in elderly individuals, 7-8, 244
functional, 81-83, 140, 215, 217, 219,
224,227
masking and, 222
muscle tension, 10-11, 66-67
neurogenic, 115-16
psychogenic, 83
as psychogenic voice disorder, 9
recurrent respiratory papillomatosis and, 99
somatization, 83
spasmodic, 119-26
in teachers, 8
temporary, 100
ventricular, 67-69
Dysphonia plicae ventricularis. See Ventricular
dysphonia
Dystonia, cervical, 121

E
Ear-nose-throat (ENT) physician, 6, 11, 87, 88,
89,91, 92,116, 117, 134, 185, 226, 241,
244,248,262, 263, 270, 282
Elderly individuals
case study of evaluation, 173-76
dysphonia in, 244
voice disorders in, 7-8
voice therapy for, 243-47
Electroglottograms, 165
Electroglottographic analysis, 163-64
Electroglottography (EGG), 163
Electrolarynx, 277
Emotions
larynx and, 3
voice disorders and, 78 (See also Psychogenic
voice disorders (PVD))
Emphysema, voice therapy for, 259-60
Endocrine changes, 95-96. See also Puberty
(voice change in)
Endoscopic laryngoscopy, 136
Endoscopy, 301-3
oral, 301
Endotracheal intubation, 93
Epiglottis, 37, 38, 57, 58, 59, 103
Epithelium, 46
Esophageal atresia (EA), 89
Esophageal phonation, 281
Esophageal speech (ES), 276, 278-81
inhalation method, 280-81
injection method, 279-80
Esophagus, 57, 286
Essential voice tremor, 115, 126-27
comparison with spasmodic dysphonia and
muscle tension dysphonia, 122,127
Evaluation
aerodynamic measurements and
instrumentation, 164-69
auditory-perceptual ratings, 144-45
behavioral observation, 144
case history, 141-44

case studies, 173-77
clinical voice laboratory and, 153
comprehensive voice, 140
defined, 134
electroglottographic analyses and
instrumentation, 163-64
of nasal resonance disorders, 292-97
oral-peripheral mechanism examination,
150-53
phonatory-respiratory efficiency analyses,
169-71
plan, 179
review of auditory and visual status,
140-41
screening for voice disorders, 135-36
of voice, 134-84
of voice-disordered patient, 136-40
voice dosage analysis, 171-72
voice-related quality of life, 146-50
of voice/voice disorders, purpose of, 2
Evidence-based practice (EBP), 188,223
Excessive muscle tension disorders, 66-69
Expiratory muscles, 25, 26
Expiratory reserve volume (ERV), 31, 167
External intercostal muscles, 24, 26
Extraesophageal reflux disease (EPRD), 89
Extrapyramidal tract, 108-9, 110, 111
schematic view of, 109
Extrinsic laryngeal muscles, 35

F

Facilitating techniques, 177, 185-242
abuses, elimination of, 203-6
auditory feedback, 189-90
chant-talk, 193-95
chewing, 195-97
confidential voice, 197-99
counseling, 199-201
digital manipulation, 201-3
focus, 208-11
glottal fry, 79,211-13
head positioning, 213-15
hierarchy analysis, 215-17
inhalation phonation, 217-19
for laryngeal cancer, 270-71
laryngeal massage, 219-21
loudness, change of, 190-93
masking, 221-23
nasal-glide stimulation, 223-24
open-mouth approach, 224-26
patient compliance and emerging
technologies, 186-87

pitch, establishing new, 206-8

pitch inflections, 226-28

recurrent laryngeal nerve sectioning
and, 124

redirected phonation, 228-30

relaxation, 230-33

respiration training, 233-36

for sulcus vocalis, 101

tongue protusion, 236-38

for traumatic brain injury, 131

for unilateral vocal fold paralysis, 117

visual feedback, 238-40

voice therapy, 187-242

yawn-sigh, 240-41

Falsetto, 52, 53, 78
therapy for, 79

False vocal folds, 39, 45

Faulty breath control, 260-61



Feedback, 309, 311
auditory, 309, 311, 312, 314, 316
description of, 239
visual, 238-40, 311, 315, 316
Flexible videoendoscopy, 238
Focus, 208-11, 309, 311, 315, 316
sites, 209
vertical, 210
Frequency
fundamental, 154-56
variability, 156
Frequency-altered feedback (FAF), 129
Functional aphonia, 79-81
causes of, 80
Functional dysphonia, 81-83, 140, 215, 217,
219,224,227
Functional residual capacity (FRC), 31, 167
Functional voice disorders, 65-86
as classification of voice disorders, 10-11
description of, 65
muscle tension disorders, 10-11
psychogenic voice disorders, 11
Fundamental frequency, 154-56
jitter, 162
shimmer, 162
speaking, 154, 155, 246

G

Gargling, in redirected phonation, 228, 230
Gastroesophageal reflux disease (GERD), 88, 89,
90,91, 92,97
Gender speech-voice presentation, 256
Genioglossus, 115
Geniohyoid, 115
GERD. See Gastroesophageal reflux disease
(GERD)
Globus pharyngeus, 89
Glossectomy, 102
Glossopharyngeal nerve, 112
Glottal fry, 271
facilitating technique, 79, 211-13, 314,
315,316
voice register, 52, 53
Glottal lesions, 103
Glottal vocal onset/attack, 52
Glottic cancer, 274,275
Glottis, 164, 224, 286
Granulomas, 89, 92-94. See also Contact ulcers
surgery for, 93
voice therapy for, 94
GRBAS Scale, 145, 228

H

Hard of hearing patients, voice therapy for,
253-55

Hard palate, 57, 58
Harmonics-to-noise ratio (HNR), 163
Head and neck cancer, 266-67
Head positioning, 213-15
Hemangioma, 96
Hemiparesis, 111
Hemiplegia, 111
Heschl’s gyrus, 107,109, 112
Hierarchy analysis, 215-17, 314, 315, 316
High-speed digital imaging (HSDI), 151, 153
HNR. See Harmonics-to-noise ratio (HNR)
Hoarseness, 5, 247

emotionality and, 82

hypothyroidism and, 95

nasal resonance and, 294

recurrent respiratory papillomatosis and, 98
as symptom of disease, 74
Horner syndrome, 130
HPV. See Human papilloma virus (HPV)
HSDI. See High-speed digital imaging (HSDI)
Human papilloma virus (HPV), 98
Humming, in redirected phonation, 228-29
Huntington’s disease, 115
Hyoglossus, 115
Hyoid bone, 37, 38
Hyperfunctional disorders, 204
Hyperkeratosis, 96-97
Hypernasality, 130, 291, 293
dental treatment of, 306-8
surgical treatment for, 305-6
treatment of, 303-12
voice therapy for, 308-10
Hypoglossal nerve, 115
Hypokinetic dysarthria, 127
Hyponasality, 254,292,293, 310-11
Hypopharynx, 57, 58
Hypothalamic fibers, 111
Hypothalamus, 111
Hypothyroidism, 95

IDEA. See Individuals with Disabilities
Education Act (IDEA)
IEP. See Individualized education plan (IEP)
Incidence, 5
Incomplete voice mutation, 78
Individualized education plan (IEP), 173
Individuals with Disabilities Education Act
(IDEA), 248
Infants
babbling, 4
esophageal atresia and tracheoesophageal
fistula in, 89
hemangiomas in, 96
larynx of, 51
subglottic stenosis in, 88
voice, use by, 1, 3, 4
Infectious laryngitis, 97
Inferior pharyngeal constrictor (IPC), 286
Inflections, pitch, 226-28
Inhalation method, 280-81
Inhalation phonation, 69,217-19, 314
Injection method, 279-80
Inspiratory capacity (IC), 31, 167
Inspiratory muscles, 22-26
accessory, 26
diaphragm, 22-23
external intercostal, 24, 26
Inspiratory reserve volume (IRV), 31, 167
Intensity
average/habitual, 158-59
variability, 159
Interarytenoid (IA) muscle, 44
Intermediate lamina propria, 47
Internal capsule, 109-10
International Association of Laryngectomees
(IAL), 275
Intrinsic laryngeal ligaments and membranes,
41-42
Intrinsic laryngeal muscles, 42-44
cricothyroid, 44
interarytenoid, 44
lateral cricoarytenoid, 43
posterior cricoarytenoid, 43
thyroarytenoid, 44
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Towa Pressure Articulation Test (IPAT), 296
IPC. See Inferior pharyngeal constrictor (IPC)

J

Jargon, 4

Jitter, 162

Judgment scales, for spasmodic dysphonia,
121-22

Juvenile onset recurrent respiratory
papillomatosis (JORRP), 98, 99

L

Laboratory instrumentation, 298-303
aerodynamic instruments, 298
endoscopy, 301-3
nasometry, 298-300
radiography, 300-301
spectrography, 300

Lamina propria, 51, 70, 72
thickening of, 73

Laryngeal blood supply, 47, 48

Laryngeal cancer, 102-3, 243
artificial larynx, 277-78
case examples, 268-70
demographics of, 266-67
facilitating techniques for, 270-71
historical review, 267-68
incidence of, 266-67
laryngectomy, 271
management of, 266—89
pharyngoesophageal segment, 286
postlaryngectomy communication options,

276-77
preoperative counseling, 275-76
risk factors, 266-67
surgical advances and organ
preservation, 275
tracheoesophageal puncture, 282-85
traditional esophageal speech, 278-81
treatment modes, 268
tumor staging, 272-74
vocal hygiene program, 271

Laryngeal cavity, 39-40

Laryngeal dystonia, 115

Laryngeal electromyography (LEMG), 130

Laryngeal examination methods, advantages and

disadvantages of, 138

Laryngeal joints, 40—41

Laryngeal massage, 219-21

Laryngeal muscles, 35-36

Laryngeal resistance, 168-69

Laryngeal videoendoscopic biofeedback, 261

Laryngectomy, 271,278

Laryngitis, 65, 74-75, 244
acid reflux disease and, 89
infectious, 97

Laryngomalacia, 88
acid reflux disorder and, 89

Laryngopharyngeal reflux disease (LPRD), 88,

89,90, 91, 93, 94, 96, 98, 248, 262
symptoms of, 90

Laryngoscopy, 136, 151-53
mirror, 232

Laryngostroboscopy, 75

Laryngotracheal transplantation, 267

Larynx, 26, 191, 202
adjustments for speech, 50-52
artificial, 267, 276, 277-78
biological function of, 2-3
cartilage of, 36-37
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Larynx (continued)
digital manipulation and, 201
emotional function of, 3
evaluation of, 135
intrinsic ligaments and membranes, 41-42
lifespan changes in, 49
ligaments and membranes, 38-39
malignancies of, 103
movement of, 36
nervous system control of, 47-49
primary function of, 1
puberty and, 99-100
transplant, 267
visual examination of, 244
webbing, 101-2
Lateral cricoarytenoid (LCA) muscle, 43
paralysis of, 114
Lateral medullary syndrome, 130
Laughing, in redirected phonation, 229
Lee Silverman voice Treatment (LSVT/LOUD)
program, 128, 129
Legato, 194
Lenticular striata, 110
Leukoplakia, 98
Linguistic function (of voice), 4-5
Lombard test, 221
Loudness (of voice)
change in, 54-55, 190-93, 309, 315
decrease in, 191
habitual, 158
increase in, 192
levels of, 198
Parkinson’s disease and, 128
Lower motor neuron (LMN) lesion, 111
Lungs, 24
volumes and capacities, 166-67
Lymphatic drainage, 47

M

Magnetic resonance imaging (MRI), 120, 272
Mandible, 58
Manometers, 168,298
Masking, 79, 123,221-23
Massage, laryngeal, 219-21
Maximum phonational frequency range
(MPFR), 157-58, 246
Maximum phonation time (MPT), 169-71, 178
for normal speakers, 170
MDVP. See Multidimensional Voice Program
(MDVP)
Medical evaluation, of voice-disordered patient,
136-40
roles of SLP and physician in, 138-39
Medical history questions, 137
Medulla, 112, 115
MLI. See Motivational interviewing (MI)
Midbrain, 111
Mirror laryngoscopy, 232
Modal voice register, 52, 53
Motivational interviewing (MI), 141
MPT. See Maximum phonation time (MPT)
MTD. See Muscle tension dysphonia (MTD)
Multidimensional Voice Program (MDVP), 163
Multiple sclerosis (MS), 115
Multiple systems atrophy, 115
Muscles
expiratory, 23, 25, 26
inspiratory, 22-26
intrinsic laryngeal, 42-44
laryngeal, 35-36

of respiration, 21-22
upper-most esophageal, 286
Muscle tension disorders
benign pathologies resulting from, 69-75
diplophonia, 75-76
excessive, 66—69
laryngitis, 74-75
muscle tension dysphonia, 66-67
phonation breaks, 76
pitch breaks, 76-77
Reinke’s edema, 73-74
ventricular dysphonia, 67-69
vocal fold nodules, 69-71
vocal fold polyps, 72-73
voice characteristics with, 75-77
Muscle tension dysphonia (MTD), 10-11, 14,
66—67,175,208
auditory-perceptual ratings and, 144
causes of, 10-11, 66
chronic cough and, 262
as classification of voice disorder, 10-11
comparison with essential tremor and
spasmodic dysphonia, 122, 127
description of, 10
evaluation of, 10-11
minimization of, 67
Musical note-to-frequency chart, 157
Mutational falsetto, 78
Myasthenia gravis (MG), 106, 115
Myoelastic-aerodynamic theory, of phonation, 50

N

Nasalance, 299
Nasal cavity, 58
Nasal-glide stimulation, 223-24, 311
Nasality, 81
assimilative, 292,293, 311-12
in deaf and hard of hearing patients, 253
Nasal resonance, disorders of, 291-92
articulation testing, 296-97
assimilative nasality, 292, 311-12
clinical instrumental assessment, 295
evaluation of, 292-97
hoarseness, 294
hypernasality, 291, 303-10
hyponasality, 292, 310-11
perceptual analysis of speech, 293-94
stimulability testing, 295-96
treatment of, 303-12
Nasoendoscopy, 303
Nasometer, 238, 298, 299, 300, 309
Nasometry, 298-300
Nasopharyngolaryngoscopy, 88
Nasopharynx, 58, 60
National Association of Teachers (NAT), 14
National Association of Teachers of Singing
(NATS), 83
National Cancer Institute (NCI), 102
Neoglottis, vibrating, 286, 287
Nerves
cranial, 112-15
glossopharyngeal, 112
hypoglossal, 115
paralysis of, 113
recurrent laryngeal, 111, 112,113, 114,
117,118
superior laryngeal, 112, 113, 114
trigeminal, 112
vagus, 42, 47, 48, 56, 111, 112-13, 114,
117,118

Nervous system, 107
central (See Central nervous system (CNS))
control of larynx by, 47-49
peripheral (See Peripheral nervous system
(PNS))
Neurogenic dysphonia, causes of, 115-16
Neurogenic voice disorders, 11-12, 106-33
causes of, 11-12
cerebrovascular accident, 130
as classification of voice disorder, 11-12
cranial nerves and, 112-15
description of, 11-12
dysarthria, 115-16
essential voice tremor, 126-27
Parkinson’s disease, 127-29
spasmodic dysphonia, 119-26
speech-language pathologists and, 11-12, 13
traumatic brain injury and, 130-31
vocal fold paralysis, 116-20
Neurotransmitters, 110
NHR. See Noise-to-harmonics ratio (NHR)
Nodules, 69-71
bilateral, 70, 80
in children, 70, 71
dysphonia and, 215
spectrogram of, 155
voice therapy for, 70
Noise-to-harmonics ratio (NHR), 163
NuVois, 277

o

Obturators, 307
Omohyoid, 115
Open-mouth approach, 224-26
Open-throat relaxation, 232
Oral cancer, 103
Oral cavity, 61
Oral endoscopy, 301
Oral examination, 297-98
Oral openness, 225
Oral-peripheral mechanism examination,
150-53
laryngoscopy/phonoscopy, 151-53
Oral-pharyngeal resonance problems, therapy
for, 312-16
oral resonance, improving, 314-16
strident voice, reducing, 313-14
Oral resonance, improving, 314-16
Oral videoendoscopy, 302
Organic voice disorders, 9, 11, 87-105
acid reflux disease and, 89-92
cancer, 9
causes of, 9, 10, 11
as classification of voice disorder, 11
congenital abnormalities, 88-89
contact ulcers, 92-94
cysts, 94
description of, 11, 87
endocrine changes and, 95-96
esophageal atresia, 89
evaluation of, 11
hemangioma, 96
hyperkeratosis, 96-97
infectious laryngitis, 97
laryngeal cancer, 102-3
laryngomalacia, 88
leukoplakia, 98
recurrent respiratory papillomatosis, 98-99
speech-language pathologists and, 13
subglottic stenosis, 88-89



sulcus vocalis, 100-101
tracheoesophageal fistula, 89
webbing (of larynx), 101-2
Organ preservation protocols, 275
Oropharynx, 57, 58
Otitis media, 248
acid reflux disorder and, 89

P

Palatal lift device, 308
Paradoxical vocal fold movement (PVEM), 91,
181,259
voice therapy for, 261-62
Paralysis
of thyroarytenoid muscle, 124
vocal fold, 116-20, 258
Parkinson’s disease (PD), 106, 115
auditory feedback and, 189
intensity variability in, 159
neurogenic voice disorders and, 127-29
symptoms of, 129
Paroxysmal vocal cord dysfunction (PVCD), 261
PAS. See Phonatory Aerodynamic System (PAS)
Passavant’s pad, 58, 59
Passive forces (of respiration), 27-28
Patient compliance, 186-87
Pediatric voice disorders, 90
Perceptual analysis, of speech, 293-94
Perichondrium, 37
Peripheral nervous system (PNS), 111-15
PET scans, 272
Pharyngoesophageal (PE) segment, 286
Pharynx, 2, 112, 313
squeezing, 237
Phonation, 4-5, 259
anatomy of, 34-50
breaks, 76
esophageal, 281
inhalation, 69, 217-19, 314
laryngeal adjustments for speech, 50-52
laryngitis and, 75
myoelastic-aerodynamic theory of, 50
principles of, 50-57, 51-57
recurrent laryngeal nerve sectioning
and, 123
redirected, 228-30
screening for, 136
ventricular, 69
ventricular fold, 69
vocal loudness, changing, 54-55
vocal pitch, changes in, 54
vocal quality, changing, 55-57
voice registers, 52-54
Phonatory Aerodynamic System (PAS), 168,
169,298
Phonatory-respiratory efficiency analyses,
169-71
maximum phonation time, 169-71
s/z ratio, 171, 172
Phonatory system, 34
Phonemes, 293
Phonetogram. See Voice range profile (VRP)
Phonoscopic examination, 151-53
elements of, 152
Phonotrauma, 74
Physiologic age, 245
Pitch Limiting Voice Treatment (PLVT), 128
Pitch (of voice), 4, 194
breaks in, 76-77
changing of, 54

digital pressure for lowering, 201-2
elevating, in transgender patients, 256
establishing new, 206-8, 309, 314, 315
hypothyroidism and, 95
inflections, 226-28
Parkinson’s disease and, 127
singers/singing, 54
PLVT. See Pitch Limiting Voice Treatment
(PLVT)
Pneumotachometers, 29, 30
Polyps (vocal), 65, 72-73,292
dysphonia and, 215
surgery for, 72
voice therapy for, 73
Polyvagal theory, 2
Posterior cricoarytenoid (PCA) muscle, 43
paralysis of, 114
Postlaryngectomy communication options,
276-77
Postnasal drip (PND), 92
PPL. See Proton-pump inhibitors (PPI)
Preferred Practice Patterns for Speech-Language
Pathology, 139-40
Premenstrual vocal syndrome, 95
Preoperative counseling, 275-76
Presbyphonia, 244
management of, 247
Prevalence, 5
Professional voice users, 250-53
Progressive relaxation, 233
Progressive supranuclear palsy (PSP), 106, 115
Projection fibers, 111
Prosthesis, voice, 284
Proton-pump inhibitors (PPI), 91, 96, 262
Protrusion, tongue, 236-38, 314, 316
PSP. See Progressive supranuclear palsy (PSP)
Psychogenic dysphonia, 83
Psychogenic voice disorders (PVD), 11, 65,
77-83
causes of, 11
as classification of voice disorder, 11
description of, 11
functional aphonia, 79-81
functional dysphonia, 81-83
puberphonia, 78-79
somatization dysphonia, 83
Psychotherapy, 79
Puberphonia, 75, 78-79, 79
Puberty (voice change in), 77, 95-96, 99-100
PVCD. See Paroxysmal vocal cord dysfunction
(PVCD)
PVD. See Psychogenic voice disorders (PVD)
PVFEM. See Paradoxical vocal fold movement
(PVEM)
Pyramidal tract, 108-9, 110, 111
schematic view of, 108

Q

Quadrangular membrane, 42

Quality of life
instruments for voice-disordered, 147
of voice-disordered patients, 147
voice-related, 146-50

Quality (of voice). See Voice quality

Quick Screen for Voice, 135

R

Radiation therapy (RT), 268,275
Radiography, 300-301

Rainbow Passage, 299
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Recurrent laryngeal nerve (RLN), 111, 112, 113,
114,117
anastomosis, 118
sectioning, 123-24
Recurrent respiratory papillomatosis (RRP),
98-99
Redirected phonation, 228-30
coughing, 228
gargling, 228,230
humming, 228-29
laughing, 229
playing comb or kazoo, 229
singing, 229
throat clearing, 229
trilling, 229
um-hmm, 229-30
Reflux Finding Score (RFS), 91
Reflux Symptom Index (RSI), 91
Registers (of voice), 52-54. See also Pitch (of
voice)
Reinke’s edema, 65, 73-74, 142
voice therapy for, 74
Reinke’s space, 46
Relaxation, 230-33, 314, 315, 316
open-throat, 232
progressive, 233
Relaxation pressure, 28
Residual volume (RV), 167
Resonance, 57
characteristics, 246
defined, 290-91
mechanism of, 60-61
oral, improving, 314-16
oral-pharyngeal, 312-16
screening for, 136
structures of, 57-60
Resonance disorders, 290-318
assimilative nasality, 292
evaluation of, 292-97
hypernasality, 291
hyponasality, 292
laboratory instrumentation, 298-303
nasal, 291-92
oral examination, 297-98
Respiration
active versus passive components of, 27-29
aging, effects on, 32
anatomy of, 2, 3,20-27
breathing patterns, 33-34
control of, 27
cycle of, 27-30
muscles of, 21-22
voice production and, 19
volumes and capacities, 31
Respiration training, 233-36, 309, 315
Respiratory-based voice problems, 258-63
airflow interference, 258
airway obstruction, 258
asthma, 259
chronic cough, 262
emphysema, 259-60
faulty breath control, 260-61
paradoxical vocal fold movement, 261-62
tracheostomy, 262-63
vocal fold paralysis, 258
Respiratory-phonatory training, 129
Respiratory volumes, 31
RLN. See Recurrent laryngeal nerve (RLN)
RRP. See Recurrent respiratory papillomatosis

(RLN)
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S

Scope of Practice for Clinicians, 140, 151
Screening, for voice disorders, 135-36
Sectioning, RLN, 123-24
See-Scape, 309
Sensory loss, 110
Servox Digital, 277
Servox Inton, 277
SFE. See Speaking fundamental frequency (SFF)
Shimmer, 162
Signal-to-noise ratio (SNR), 163
Simultaneous vocal onset/attack, 52
Singers/singing
oral-pharyngeal resonance and, 313
in redirected phonation, 229
vocal registers and, 54
Single-photon emission computed tomography
(SPECT), 120
Sinusitis, acid reflux disease and, 89
SLN. See Superior laryngeal nerve (SLN)
SLP. See Speech-language pathologists (SLP)
Smoking, oral cancer and, 103
Soft palate. See Velum
SolaTone, 277
Somatization dysphonia, 83
Sona-Speech, 227
Sound spectrography, 154
Spasmodic dysphonia (SD), 119-26, 200
adductor, 120
botulinum toxin type A injections, 124-26
comparison with essential tremor and
muscle tension dysphonia, 122,127
judgment scales for, 121-22
recurrent laryngeal nerve sectioning, 123-24
voice therapy for, 122-23
Spasmodic torticollis, 120
Spastic dysarthria, 208
Speaking fundamental frequency (SFF), 154,
155,246
average, 156
average variability, 157
Special patient populations, voice therapy for,
243-65
children, 247-50
deaf and hard of hearing, 253-55
elderly individuals, 243-47
professional voice users, 250-53
respiratory-based voice problems, 258-63
transgender patients, 255-57
Spectrograms, 49, 155
Spectrography, 300
Speech
esophageal, 276, 278-81
laryngeal adjustments for, 50-52
perceptual analysis of, 293-94
Speech breathing, 166
Speech-language pathologists (SLP), 185, 186,
200, 285
airway obstruction and, 258
asthma and, 259
deaf patients and, 254
dysarthria and, 116
essential voice tremor and, 126
evaluation by, 2
evaluation of voice-disordered patient by,
139-40
faulty breath control and, 260
functional dysphonia and, 81
hierarchy analysis and, 217
hypernasality and, 295, 304, 307

laryngeal cancer and, 243, 244
neurogenic voice disorders and, 11-12,
13,106
organic voice disorders and, 87, 88
pitch and, 82
pitch inflections and, 226
in preoperative counseling, 275
recurrent respiratory papillomatosis and, 99
role in medical evaluation, 138-39
sulcus vocalis and, 100-101
tracheostomy and, 263
transgender patients and, 255, 256
visual feedback and, 239
vocal hygiene program by, 250, 252
voice disorders in, 9
Spinal accessory nerve, 114
Squamous cell carcinoma, 270
Sternohyoid, 115
Sternothyroid, 115
Stimulability testing, 295-96
Stridency, 313
Strident voice, reducing, 313-14
Stroboscopy, 287
Stroke. See Cerebrovascular accident (CVA)
Student teachers, voice disorders in, 8-9
Styloglossus, 115
Subcortical areas, 109
Subglottal lesions, 103
Subglottic air pressure, 269
Subglottic stenosis, 88-89
acid reflux disorder and, 89
Subglottis, 39
Subthalamic nucleus, DBS of, 129
Subthalamus, 108
Sulcus vocalis, 100-101
Superficial lamina propria, 46
Superior laryngeal nerve (SLN), 44, 112,
113, 114
Supplementary laryngeal muscles, 35-36
Supraglottal lesions, 103
Supraglottic cancer, 275
Supraglottis, 40, 112
Supraglottoplasty, 88
Supralarynx, 2
Suprasegmental phonation, 4-5
Surgery
for diplophonia, 76
for granulomas, 93
for hypernasality, 305-6
for laryngeal cancer, 268, 275
for polyps, 72
tracheoesophageal voice restoration, 276
for webbing of larynx, 102
Surgical laproscopic fundoplication, 92
Swallowing, 79
Symptomatic voice therapy, 71
s/z ratio, 171,172

T

TBI. See Traumatic brain injury (TBI)

Teachers, voice disorders in, 8-9

TEF. See Tracheoesophageal fistula (TEF)

Templin-Darley Tests of Articulation, 296

Temporal lobes, 107

Temporomandibular joint (TM])
syndrome, 197

Thalamus, 107, 108, 109-10

Therapy. See Voice therapy

Thoracic breathing, 165

Thoracic cavity, movements of, 25

Throarytenoid atrophy, 100
Throat clearing, in redirected phonation, 229
Thyroarytenoid (TA) muscle, 2, 44, 114
BTX-A injection for, 126
paralysis of, 124
Thyroid cartilage, 36, 37, 38,57, 79,213
digital manipulation and, 201
external, 203
Thyroplasty, 118
Tidal volume (TV), 23, 31, 167
TLC. See Total lung capacity (TLC)
Tonar II, 298
Tongue
anatomy of, 58, 59, 60, 61
intrinsic muscles of, 115
position, 309
protrusion, 236-38, 314, 316
sensory components of, 112
voice disorders and, 13-14
Total lung capacity (TLC), 31, 167
Trachea, 2, 26
Tracheal bifurcation, 24
Tracheobronchial tree, 26-27
Tracheoesophageal fistula (TEF), 89
Tracheoesophageal puncture (TEP), 282-85
Tracheoesophageal (TEP) voice restoration
surgery, 276, 278
Tracheostomy, 88, 119
voice therapy for, 262-63
Transgender patients, voice therapy for, 255-57
Transsexual (TS), 255
Traumatic brain injury (TBI), 130-31
Traumatic laryngitis, 74
Trigeminal nerve, 112
Trilling, in redirected phonation, 229
True vocal fold (TVF), 45-47,75
vibration, 175
TruTone, 277
Tumor, node, metastasis (TNM) clinical staging
system, 272
Tumor staging, 272-74
Turtle Passage, 299
TV. See Tidal volume (TV)

U

UES. See Upper-most esophageal muscle (UES)
Ulcers, contact, 92-94
Unified Parkinson Disease Rating Scale
(UPDRS), 128
Unified SD Rating Scale (USDRS), 122
Unilateral vocal fold paralysis (UVFP), 124, 181
description of, 117
digital pressure points for, 202-3
medical management of, 117-19
UPDRS. See Unified Parkinson Disease Rating
Scale (UPDRS)
Upper-most esophageal muscle (UES), 286
Upper motor neuron (UMN) lesion, 111
Upper respiratory infection (URI), 211
laryngitis and, 97
UVFP. See Unilateral vocal fold paralysis (UVFP)

\Y

Vagus nerve, 42, 47, 48, 56, 111, 112-13, 114,
118

compression of, 117

VASTA. See Voice and Speech Trainers
Association (VASTA)

VC. See Vital capacity (VC)

Velocardiofacial syndrome, 101



Velopharyngeal closure, 301
Velopharyngeal dysfunction (VPD), 291
Velopharyngeal (VP) mechanism, 291, 295, 296,
297,299, 300, 301, 302, 303, 304, 305
306, 308, 310
Velum, 57, 58, 61, 112, 306
Ventricular dysphonia, 67-69
Ventricular fold phonation, 69
Ventricular folds, 2, 57, 58
Ventricular phonation, 69
Ventricular space, 58
Ventricular vocal folds, 45
VHI. See Voice Handicap Index (VHI)
Videoendoscopy, 217
flexible, 238
oral, 302
Video recording, 196
Visi-Pitch, 206, 239, 250, 313
Visi-Pitch 1V, 162, 227
Visual acuity, 141
Visual biofeedback, 131
Visual feedback, 238-40, 311, 315, 316
Visual status, review of, in evaluation, 140-41
Vital capacity (VC), 31, 167
Vocal Activity Monitor, 172
Vocal demands, 143
Vocal fold paralysis, 116-20
bilateral, 119-20
cerebrovascular accident and, 130
spectrogram of, 155
unilateral, 117-19, 124
Vocal folds, 2, 39, 50
atrophy, 244
edema, 89
erythema, 89
false, 39, 45
immobility, 244
mucosa, 101
nodules on, 69-71 (See also Nodules)
paralysis, 75, 115, 258
thickening of, 215
tissue mass on, 269
true, 45-47
Vocal hygiene programs, 204, 250, 271
Vocal hyperfunction, 55
chronic, 73
reducing, 76
voice therapy for, 82
Vocalis muscle, 47
Vocal limping, 77
Vocal noise measures, 163
Vocal perturbation measures, 162-63
Vocal tract, 57, 58
anatomy of, 272,273
Voice
abuses, elimination of, 203-6
characteristics, 75-77

confidential, 197-99
cul-de-sac, 316
evaluation of, 134-84 (See also Evaluation)
focus sites, 209
linguistic function of, 4-5
misuse, 82
normal aspects of, 18-62
phonation (See Phonation)
pitch of (See Pitch (of voice))
production of, 1, 3
professional, 250-53
prosthesis, 284
registers of, 52-54
rest, 142
strident, reducing, 313-14
Voice and Speech Trainers Association (VASTA),
14, 83,252
The Voice and Voice Therapy, 188
Voice Committee of the International
Association of Logopedics and
Phoniatrics, 159
Voice-disordered patient
evaluation by SLP, 139-40
medical evaluation of, 136-40
quality-of-life instruments for, 147
quality of life of, 147
Voice disorders
causes of, 9-12, 78
in children, 7
classification of, 9-12 (See also Functional
voice disorders; Muscle tension
dysphonia (MTD); Neurogenic voice
disorders; Organic voice disorders;
Psychogenic voice disorders (PVD))
in elderly, 7-8
evaluation of, 2
functional, 10-11, 65-86
incidence-prevalence of, 5-9
kinds of, 9-12
management and therapy for, 12-15
neurogenic, 11-12, 106-33
organic, 11, 87-105
pediatric, 90
prevalence of, 5-9
psychogenic, 65, 77-83
screening for, 135-36
in speech-language pathologists, 9
in student teachers, 8-9
in teachers, 8-9
variability of, 9-10
voice therapy for (See Voice therapy)
Voice dosage analysis, 171-72
Voice facilitating approaches (VFA). See
Facilitating techniques
Voice Handicap Index-Partner, 199
Voice Handicap Index (VHI), 92, 147, 148-49,
199,252,255, 257
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Voice intervention. See Voice therapy
Voice production, 19
auditory areas and, 107
auditory status and, 140
central control of, 48
cerebral cortex and, 107
emotional state and, 77
resonance and, 291
Voice quality
auditory-perceptual evaluation of, 145
changing of, 55-57
postsurgical, 94
registers and, 52-54 (See also Pitch (of
voice))
Voice range profile (VRP), 159-62
of adults, 161
of children, 161
Voice-related quality of life, 146-50
Voice therapy, 12-15
behavioral, 117
coughing and, 79
facilitating techniques in, 187-242
for falsetto, 79
for granulomas, 94
for hypernasality, 308-10
for nodules, 70
for polyps, 73
for Reinke’s edema, 74
for respiratory-based voice problems,
258-63
for spasmodic dysphonia, 122-23
for special patient populations,
243-65
symptomatic, 71
video recordings of, 187
for vocal hyperfunction, 82
Vowels, prolonging, 234
VP inconsistency (VPI), 296

|\

Wallenberg syndrome, 130

Webbing (of larynx), 101-2

WebWhispers, 277

Wernicke’s area, 107

Western Electric and Aurex, 277

Windpipe. See Trachea

World Professional Association for Transgender
Health (WPATH), 255

Y

yawn-sigh relaxation methods, 123, 220,
240-41, 314, 315

Zz
Zoo Passage, 299
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