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Preface

When I was contacted by two publishers about 
writing a book on neurolaryngology, I considered 
the invitations with enthusiasm. As a laryngologist 
and neurotologist, I have had a natural, long inter-
est in neurolaryngology, the newest subspecialty of 
laryngology. Because of my fascination with neuro-
laryngology, I had included a great deal of informa-
tion on the topic in my recent books. However, after 
assembling a tentative table of contents for a neuro-
laryngology textbook, and after reviewing the con-
tents of my recent works, I was surprised to find that 
the book was all but finished already. After synthe-
sizing material from the 4th edition of Diagnosis and 
Treatment of Voice Disorders,1 published in 2014, and 
Professional Voice: The Science and Art of Clinical Care, 
Fourth Edition,2 which is in production currently and 
will be released early in 2017, along with Laryngeal 
Electromyography, Third Edition,3 I discovered that we 
had already prepared all of the materials for the neu-
rolaryngology book except for several chapters that 
required revision to focus on the topic, one chapter 
from the laryngeal EMG book that required extensive 
updating, and one chapter that had to be written anew.

Neurolaryngology brings together in one volume 
the latest concepts in this important and developing 
field, compiling, updating, and adding materials to 
books with which I have been involved recently (one 
of which is so new that it has not even been released, 
yet). In order to make this book as useful as possible 
for clinicians, selected chapters on general concepts 
important to clinical care have been included, includ-
ing chapters on history, physical examination, clinical 
voice laboratory assessment, common diagnosis and 
treatments, and other topics important to all voice 
patients, including those with neurolaryngological 
complaints.

Chapter 1 provides perspective on modem voice 
medicine including neurolaryngology, and a brief 
historical overview of the development of laryngol-
ogy from the time of Hippocrates. Chapters 2 and 3  
include fascinating basic information on laryngeal 
development. Chapter 4 reviews what is known 
about the genetics of voice from a clinical perspec-
tive. Chapter 5 on clinical anatomy and physiology 

of the voice contains a great deal of information about 
laryngeal anatomy, neuroanatomy, respiratory func-
tion and other topics that, to the best of my knowl-
edge, have not been synthesized in similar detail in a 
single source elsewhere. Chapter 6 on arytenoid car-
tilage movement presents unique clarification of this 
often misunderstood subject. In Chapter 7, Sanders 
provides exceptional and sophisticated insights in the 
microanatomy and innervation of laryngeal muscles. 
Chapter 8 offers clear additional insights into neuro-
anatomy and physiology, synthesized by Dr. Christy 
Ludlow. Chapter 9 is an exceptionally interesting 
chapter on Music and the Brain. It reviews much of 
what is known currently about central development 
and processing of musical information; and this neu-
roscience should be extremely valuable in expand-
ing the vision of voice researchers and clinicians. In 
Chapter 10, Ferster and Malmgren (now deceased) 
crystallize current knowledge regarding cellular and 
molecular mechanics of vocal fold aging. Baken’s 
overview of laryngeal function in Chapter 11 offers 
an extraordinarily accessible practical distillation of 
this complex topic. In Chapter 12, Scherer expands 
on the information in Baken’s chapter and provides 
insights into many more complex aspects of laryn-
geal function. Chapter 13 on vocal tract resonance is 
a classic review of the findings from Sundberg’s sem-
inal research, as well as the work of other scientists. 
Chapter 14 on chaos and voice disorders contains 
fascinating new ideas on applications of non-linear 
dynamics to voice care and research, a topic of great 
relevance in neurolaryngology. Chapter 15 expands 
on the concepts presented in Chapter 14, particularly 
on applications of chaos theory in understanding and 
caring for the human voice.

Beginning the section on clinical assessment of 
voice disorders, Chapters 16 and 17 describe the cur-
rent, sophisticated approach to history and physical 
examination recommended for patients with neuro-
laryngological and other voice disorders. Chapter 18 
includes not only basic concepts in laboratory evalu-
ation, but also our most recent practices regarding 
instrumentation and test protocols. It also reviews 
techniques such as measurements of cepstral peak 
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prominence, as well as updated references on valid-
ity and reliability of clinical voice measures impor-
tant for neurolaryngologic and other voice patients. 
Chapter 19 is one about which I am particularly 
enthusiastic. Dr. Harry Hollien is one of the world’s 
experts on forensic voice science. He presents that 
fascinating field in this chapter. I believe that much 
of the information and technology in forensic voice 
science is potentially applicable to clinical voice anal-
ysis, and I hope that this chapter inspires new clinical 
approaches to objective voice assessment in patients 
with neurolaryngological and other voice disorders. 
In Chapter 20, Echternach expands extensively on 
the basic information about high-speed digital imag-
ing that was introduced in Chapter 18. Neurological 
disorders may disrupt not only voice but also normal 
swallowing; and laryngologists should be familiar 
with comprehensive evaluation of dysphagia. Chap-
ter 21 reviews transnasal esophogoscopy, and other 
swallowing assessment is discussed in Chapter 43. 
Chapter 22 on laryngeal electromyography includes 
technical and other information regarding use of this 
important technology, as well as details and references 
on efficacy, interpretation and clinical applications of 
laryngeal EMG. Chapter 23, Clinical Applications  
of Laryngeal Electromyography: Case Studies, 
expands discussion of laryngeal EMG through illus-
trative case studies, and Chapter 24 offers a compre-
hensive review of the latest concepts in intraoperative 
laryngeal nerve monitoring. Chapter 25 details Dr. 
Eiji Yanagisawa’s latest techniques for laryngeal pho-
tography including all of the specific information a 
reader might require to replicate his success and 
document clinical findings. Chapter 26 reviews 
remarkable computed tomography (CT) technology 
developed in France that provides color images that 
might be mistaken for histologic sections. It repre-
sents the state-of-the-art in CT imaging. Chapter 27 
does not address commonly known for clinical uses 
of MRI. Rather, it provides extraordinary insight into 
lesser-known MRI capabilities and MRI’s potential 
for expanding basic neurolaryngologic knowledge 
and clinical care of the voice. In Chapter 28, Ben-
ninger and his colleagues have updated their pioneer-
ing work on measuring voice treatment outcomes. 
Chapter 29 provides a detailed overview of voice 
disorders commonly managed without surgery. 
Aging changes are sometimes hard to differentiate 
from neurologic impairment. Chapter 30 summa-
rizes a large number of recent studies and concepts 
on the aging voice. Chapter 31 on pediatric voice dis-
order covers not only differential diagnosis and treat-
ment, but also suggestions on imaging of children, 
which can be challenging especially when trying to 

identify subtle motion abnormalities. Chapter 32 on 
hearing loss includes a review of the latest literature. 
Hearing impairment is common in patients with neu-
rolaryngologic problems; and hearing should be 
assessed routinely in this population. Chapter 33 is a 
novel chapter that reviews what is known about the 
influence of hearing on phonation. In addition to cov-
ering various aspects of psychological assessment 
and treatment, Chapter 34 covers neurolaryngologic 
and other information on the role of psychological 
and other professionals involved in management of 
voice patients. Chapter 35 offers a new and practical 
discussion of cough and the unified airway. Neuro-
genic cough is a common and challenging problem. 
Chapter 36 on sleep science and the importance of 
sleep in vocal performers provides valuable insights 
unfamiliar to most otolaryngologists, but extremely 
important to performers, particularly those who 
travel extensively, and especially those who already 
have voice fatigue from neurolaryngologic disorders. 
Chapter 37 on neurological disorders contains the 
latest information about many conditions, including 
some rarely covered in the laryngologic literature. It 
highlights diagnosis and treatment of a wide array of 
motor and sensory disorders that may impair voice. 
Chapter 38 on vocal fold paresis and paralysis dis-
cusses the latest concepts in diagnosis and treatment, 
including reinnervation and the use of laryngeal 
pacemakers. Chapter 39 offers a more expansive 
review of the particularly challenging problem of 
bilateral vocal fold paralysis. Chapter 40 on spas-
modic dysphonia not only reviews the most current 
literature but also describes our current practices 
regarding clinical and laboratory diagnosis, and 
treatment. Other uses of Botulinum toxin are covered 
separately in Chapter 41. Chapter 42 summarizes the 
neurology of stuttering; and Chapter 43 provides an 
in-depth expose of diagnosis and treatment of swal-
lowing dysfunction, including functional endoscopic 
evaluation of swallowing and sensory testing 
(FEESST). Chapter 44 on voice therapy includes sub-
stantial detail regarding specific therapeutic tech-
niques, highlighting our current practices for treating 
neurolaryngologic and other voice patients. Chap-
ter 45 on voice rest includes the latest information 
published on this controversial topic. Chapter 46 on 
the singing voice specialist details the most current 
techniques for management of the singing voice, for 
using singing techniques to help nonsingers, and 
reflects our latest beliefs and practices, as well as the 
most recent information from the evolving literature 
in this field. High-performance voice training can be 
an invaluable component of the treatment of paresis. 
Chapter 47, The Role of the Acting-Voice Trainer on 
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the Medical Care of Professional Voice Users, pre
sents similar high performance techniques used during 
projected speech. Chapter 48 on exercise physiology 
offers the most recent concepts and literature on this 
topic. Understanding exercise physiology is critical 
to understanding voice training and rehabilitation, 
especially in patients with neuromuscular weakness. 
Chapter 49 includes a great deal of surgical informa-
tion and illustrations on general principles and spe-
cific neurolaryngological procedures. Topics covered 
in depth include, among others, patient selection, 
informed consent, approaches to anesthesia, selec-
tion of instrumentation, indirect laryngoscopic 
approaches, direct laryngoscopy, laryngeal injection, 
laryngeal framework surgery, management of com-
plications of medialization surgery, and other sub-
jects. The chapter is replete with details and “how 
I do it” suggestions. There are sections on vocal fold 
injection, removal of hydroxylapatite, false vocal fold 
medializaton, mini-thyrotomy, viscosity of injectable 
materials, fascia injection, and other topics. In-office 
surgery is being performed more and more fre-
quently in the United States and elsewhere, but it is 
not without hazard. Chapter 50 reviews the safety of 
procedures performed in an office setting. In Chap-
ter 51, Dr. Harvey Tucker reviews the classic approach 
to laryngeal reinnervation; and in Chapter 52, Jean-
Paul Marie presents the newest concepts in this fas-
cinating subject. Vocal fold hypomobility from 
structural dysfunction must be differentiated from 
paresis and paralysis; and Chapter 53 provides 
detailed and updated information on diagnosis and 
management of cricoarytenoid and cricothyroid joint 
injury, including references to the most recent publi-
cations. Chapter 54 offers extensive discussion of 
impairment, disability and handicap, which are asso-
ciated commonly with neurolaryngologic impair-
ment; proposals for equitable disability calculation; 
case examples; and a discussion of the laryngologist’s 
role in selected legal matters. It also contains a review 

of the development of the AMA Guides for evalua-
tion of Impairment and Disability, information from 
the 6th edition of the Guides on rating voices, and 
comments on the Americans with Disabilities Act as 
it relates to voice patients. Chapter 55 includes our 
current perspective on the near-future horizons in 
laryngology and voice research, including neurolar-
yngologic and related topics.

Every effort has been made to maintain style and 
continuity throughout this book. Although the inter-
disciplinary expertise of numerous authors has been 
invaluable in the preparation of this text, contribu-
tions have been edited carefully where necessary to 
maintain consistency of linguistic style and complex-
ity. I have written or coauthored 31 of the 55 chapters 
and made every effort to preserve the spirit, concept 
and continuity of a single author text while integrat-
ing outstanding and extensive contributions from 
colleagues, rather than the often more compartmen-
talized style of an edited text. This paradigm was 
used in a conscious effort to minimize repetition and 
provide consistent reading from cover to cover. All 
of us who have contributed to this text hope that 
readers will find it not only useful clinically, but also 
thought provoking; and that today’s readers will be 
tomorrow’s contributing authors.

— Robert T. Sataloff, MD, DMA

References

	 1.	 Rubin JS, Sataloff RT, Korovin GS. Diagnosis and Treat-
ment of Voice Disorders, 4th ed. San Diego, CA: Plural 
Publishing; 2014.

	 2.	 Sataloff RT. Professional Voice: The Science and Art of 
Clinical Care, 4th ed. San Diego, CA: Plural Publishing; 
2017.

	 3.	 Sataloff RT, Mandel S, Heman-Ackah Y, Abaza M. 
Laryngeal Electromyography, 3rd ed. San Diego, CA: 
Plural Publishing; 2017.





xiii

Acknowledgments

I am indebted to the many friends and colleagues 
who have contributed to the evolution of laryngol-
ogy/professional voice care and neurolaryngology 
as a subspecialty. Special thoughts and thanks go 
to the late Wilbur James Gould whose vision and 
leadership resulted in the development of The Voice 
Foundation which has been so important to the 
development of our fields.

I am indebted also to my coauthors/coeditors of 
books from which the selected chapters have been 
republished or modified, including John Rubin, Gwen 
Korovin, Steve Mandel, Yolanda Heman-Ackah, 
Mona Abaza, and the late Ramon Mañon-Espaillat.

As always, I cannot express adequate thanks to 
Mary J. Hawkshaw RN, BSN, Research Professor of 
Otolaryngology-Head and Neck Surgery University 
at Drexel University College of Medicine, for her tire-

less editorial assistance, proofreading and scholarly 
contributions. Without her help, this and many of my 
other books would not have been finished on time. 
I am also indebted to Christina Chenes, Zachary 
Hornig, Lonnie Reeves, and Melanie Freytiz for their 
tireless, painstaking assistance in preparation of the 
manuscript, and for the many errors that they found 
and corrected. Appreciation goes to my associates 
Karen Lyons MD, Frank Marlowe MD, Amanda Hu 
MD, Brian McKinnon MD and others. Without their 
collaboration, excellent patient care, and tolerance of 
my many academic distractions and absences, writ-
ing would have been much more difficult. My great-
est gratitude goes to my wife Dahlia M. Sataloff MD, 
FACS, and my sons Ben and John, who tolerantly 
allow me to spend so many of my evenings, week-
ends and vacations writing.





xv

About the Author

Robert Thayer Sataloff, MD, DMA, FACS, is Profes-
sor and Chairman, Department of Otolaryngology-
Head and Neck Surgery and Senior Associate Dean 
for Clinical Academic Specialties, Drexel University 
College of Medicine. He is also Adjunct Professor in 
the departments of Otolaryngology-Head and Neck 
Surgery at Thomas Jefferson University, as well as 
Adjunct Clinical Professor at Temple University and 
the Philadelphia College of Osteopathic Medicine; 
and he is on the faculty of the Academy of Vocal Arts. 
He is the conductor of the Thomas Jefferson Univer-
sity Choir. Dr. Sataloff is also a professional singer and 
singing teacher. He holds an undergraduate degree 
from Haverford College in Music Theory and Com-
position; graduated from Jefferson Medical College, 
Thomas Jefferson University; received a Doctor of 
Musical Arts in Voice Performance from Combs Col-
lege of Music; and he completed Residency in Otolar-
yngology-Head and Neck Surgery and a Fellowship 
in Otology, Neurotology and Skull Base Surgery at 
the University of Michigan. Dr. Sataloff is Chairman 
of the Boards of Directors of the Voice Foundation and 
of the American Institute for Voice and Ear Research. 
In addition to directing all aspects of these two non-
profit corporations, he has led other non-profit and 
for-profit enterprises. He has been Chairman and 
Chief Executive of a multi-physician medical practice 

for over 30 years; and he served as Vice President of 
Hearing Conservation Noise Control, Inc. from 1981 
until the time of its sale in 2003. He has also served 
as Chairman of the Board of Governors of Graduate 
Hospital; President of the American Laryngological 
Association, the International Association of Phono-
surgery, and the Pennsylvania Academy of Otolar-
yngology-Head and Neck Surgery; and in numerous 
other leadership positions. Dr. Sataloff is Editor-in-
Chief of the Journal of Voice; Editor-in-Chief of Ear, 
Nose and Throat Journal; Associate Editor of the Journal 
of Singing and on the editorial boards of numerous 
otolaryngology journals. He has written approxi-
mately 1,000 publications, including 61 books, and 
has been awarded more than $5 million in research 
funding. His medical practice is limited to care of the 
professional voice and otology/neurotology/skull 
base surgery. Dr. Sataloff has developed numerous 
novel surgical procedures including total temporal 
bone resection for formerly untreatable skull base 
malignancy, laryngeal microflap and mini-microflap 
procedures, vocal fold lipoinjection, vocal fold lipo-
implantation, and others. He has invented more than 
75 laryngeal microsurgical instruments produced 
by Integra Medical, ossicular replacement prosthe-
ses produced by Grace Medical, and novel laryn-
geal prostheses with Boston Medical. Dr. Sataloff is  



xvi	 Neurolaryngology

recognized as one of the founders of the field of voice, 
having written the first modern comprehensive arti-
cle on care of singers, and the first chapter and book 
on care of the professional voice, as well as having 
influenced the evolution of the field through his own 
efforts and through the Voice Foundation for nearly  
4 decades. He has been involved extensively through-
out his career in education, including development of 
new curricula for graduate education. Dr. Sataloff has 
been instrumental in training not only residents, but 
also fellows and visiting laryngologists from North 
America, South America, Europe, Asia and Australia. 
His fellows have established voice centers throughout 
the United States, in Turkey, Singapore, Brazil, and 
elsewhere. He also is active in training nurses, speech 
language pathologists, singing teachers, and others 
involved in collaborative arts medicine care, peda-
gogy and performance education. Dr. Sataloff has 
been recognized by Best Doctors in America (Wood-
ward White Athens) every year since 1992, Phila-
delphia Magazine since 1997, and Castle Connolly’s 
“America’s Top Doctors” since 2002. Dr. Sataloff’s  
books include:

	 1.	 Sataloff J, Sataloff RT, Vassallo LA. Hearing Loss, Second 
Edition. Philadelphia, PA: J.B. Lippincott; 1980.

	 2.	 Sataloff RT, Sataloff J. Occupational Hearing Loss. New 
York, NY: Marcel Dekker; 1987.

	 3.	 Sataloff RT, Brandfonbrener A, Lederman R, eds. Text-
book of Performing Arts Medicine. New York, NY: Raven 
Press; 1991.

	 4.	 Sataloff RT. Embryology and Anomalies of the Facial Nerve. 
New York, NY: Raven Press; 1991.

	 5.	 Sataloff RT. Professional Voice: The Science and Art of 
Clinical Care. New York, NY: Raven Press; 1991.

	 6.	 Sataloff RT, Titze IR, eds. Vocal Health & Science. Jack-
sonville, FL: The National Association of Teachers of 
Singing; 1991.

	 7.	 Gould WJ, Sataloff RT, Spiegel JR. Voice Surgery. St. 
Louis, MO: CV Mosby Co; 1993.

	 8.	 Sataloff RT, Sataloff J. Occupational Hearing Loss, 2nd ed. 
New York, NY: Marcel Dekker; 1993.

	 9.	 Mandel S, Sataloff RT, Schapiro S, eds. Minor Head 
Trauma: Assessment, Management and Rehabilitation. New 
York, NY: Springer-Verlag; 1993.

10.	 Sataloff RT, Sataloff J. Hearing Loss, 3rd ed. New York, 
NY: Marcel Dekker; 1993.

11.	 Rubin J, Sataloff RT, Korovin G, Gould WJ. Diagnosis 
and Treatment of Voice Disorders. New York, NY: Igaku-
Shoin Medical Publishers, Inc; 1995.

12.	 Sataloff RT. Professional Voice: The Science and Art of Clin-
ical Care, 2nd ed. San Diego, CA: Singular Publishing 
Group, Inc; 1997.

13.	 Rosen DC, Sataloff RT. Psychology of Voice Disorders. San 
Diego, CA: Singular Publishing Group, Inc; 1997.

14.	 Sataloff RT, Brandfonbrener A, Lederman R, eds. Per-
forming Arts Medicine, 2nd ed. San Diego, CA: Singular 
Publishing Group, Inc; 1998.

15.	 Sataloff RT, 2nd ed. Vocal Health and Pedagogy. San 
Diego, CA: Singular Publishing Group, Inc; 1998.

16.	 Sataloff RT, ed. Voice Perspectives. San Diego, CA: Sin-
gular Publishing Group, Inc; 1998.

17.	 Sataloff RT, Castell DO, Katz PO, Sataloff DM. Reflux 
Laryngitis and Related Disorders. San Diego, CA: Singu-
lar Publishing Group, Inc; 1999.

18.	 Sataloff RT, Hawkshaw MJ, Spiegel JR. Atlas of Laryn-
goscopy. San Diego, CA: Singular Publishing Group, 
Inc; 2000.

19.	 Smith B, Sataloff RT. Choral Pedagogy. San Diego, CA: 
Singular Publishing Group, Inc; 2000.

20.	 Sataloff RT, Hawkshaw MJ. Chaos in Medicine. San 
Diego, CA: Singular Publishing Group, Inc; 2000.

21.	 Manon-Espaillat R, Heman-Ackah YD, Abaza M, Sata-
loff RT, Mandel S. Laryngeal Electromyography. Albany, 
NY: Singular Publishing Group; 2002.

22.	 Rubin JS, Sataloff RT, Korovin GS. Diagnosis and Treat-
ment of Voice Disorders, 2nd ed. Albany, NY: Delmar 
Thomson Learning; 2003.

23.	 Sataloff RT, Castell DO, Katz PO, Sataloff DM. Reflux 
Laryngitis and Related Disorders, 2nd ed. Albany, NY: 
Delmar Thomson Learning; 2003.

24.	 Sataloff RT. Professional Voice: The Science and Art of 
Clinical Care, 3rd ed. San Diego, CA: Plural Publishing, 
Inc; 2005.

25.	 Sataloff RT, Sataloff J. Hearing Loss, 4th ed. New York, 
NY: Taylor & Francis, Inc; 2005.

26.	 Sataloff RT, ed. Voice Science. San Diego, CA: Plural 
Publishing, Inc; 2005.

27.	 Sataloff RT, ed. Clinical Assessment of Voice. San Diego, 
CA: Plural Publishing, Inc; 2005.

28.	 Sataloff RT, ed. Treatment of Voice Disorders. San Diego, 
CA: Plural Publishing, Inc; 2005.

29.	 Sataloff RT, Smith B. Choral Pedagogy, 2nd ed. San 
Diego, CA: Plural Publishing, Inc; 2006.

30.	 Sataloff, R.T, Mandel S, Heman-Ackah YD, Manon-
Espaillat R, Abaza, M. Laryngeal Electromyography, 2nd 
ed. San Diego, CA: Plural Publishing, Inc; 2006.

31.	 Sataloff RT, Sataloff J. Occupational Hearing Loss, 3rd ed. 
New York, NY: Taylor & Francis, Inc; 2006.

32.	 Sataloff RT, ed. Vocal Health and Pedagogy, 2nd ed. San 
Diego, CA: Plural Publishing, Inc; 2006.

33.	 Sataloff RT, Castell DO, Katz PO, Sataloff DM. Reflux 
Laryngitis and Related Disorders, 3rd ed. San Diego, CA: 
Plural Publishing, Inc; 2006.

34.	 Rubin J, Sataloff RT, Korovin G. Diagnosis and Treatment 
of Voice Disorders, 3rd ed. San Diego, CA: Plural Pub-
lishing, Inc; 2006.

35.	 Sataloff RT, Hawkshaw MJ, Eller R. Atlas of Laryngoscopy, 
2nd ed. San Diego, CA: Plural Publishing, Inc; 2006.

36.	 Sataloff RT, Dentchev D, Hawkshaw MJ. Tinnitus. San 
Diego, CA: Plural Publishing, Inc; 2007.

37.	 Han D, Sataloff RT, Xu W, eds. Voice Medicine. Beijing, 
China: People’s Medical Publishing House; 2007.



	 About the Author	 xvii

38.	 Sataloff RT, Chowdhury F, Joglekar SS, Hawkshaw MJ. 
Atlas of Endoscopic Laryngeal Surgery. New Delhi, India: 
Jaypee Brothers Medical Publishers; 2010.

39.	 Sataloff RT, Brandfonbrener A, Lederman R, eds. Per-
forming Arts Medicine, 3rd ed. Narberth, PA: Science 
and Medicine; 2010.

40.	 Smith B, Sataloff RT. Choral Pedagogy and the Older 
Singer. San Diego, CA: Plural Publishing, Inc; 2012.

41.	 Sataloff RT, Hawkshaw MJ, Sataloff JB, DeFatta RA, 
Eller RL. Atlas of Laryngoscopy, 3rd ed. San Diego, CA: 
Plural Publishing, Inc; 2012.

42.	 Heman-Ackah YD, Sataloff RT, Hawkshaw MJ. The 
Voice: A Medical Guide for Achieving and Maintaining a 
Healthy Voice. Narberth, PA: Science and Medicine; 2013.

43.	 Sataloff RT, Katz PO, Sataloff DM, Hawkshaw MJ. 
Reflux Laryngitis and Related Disorders, 4th ed. San 
Diego, CA: Plural Publishing, Inc; 2013.

44.	 Smith B, Sataloff RT. Choral Pedagogy, 3rd ed. San Diego, 
CA: Plural Publishing, Inc; 2013.

45.	 Sataloff RT, Chowdhury F, Portnoy J, Hawkshaw MJ, 
Joglekar S. Surgical Techniques in Otolaryngology–Head 
and Neck Surgery: Laryngeal Surgery. New Delhi, India: 
Jaypee Brothers Medical Publishers; 2013.

46.	 Sataloff RT. Medical Musings. United Kingdom: Comp-
ton Publishing, Ltd; 2013.

47.	 Sataloff RT, Hawkshaw MJ, Moore JE, Rutt AL. 50 Ways 
to Abuse Your Voice: A Singer’s Guide to a Short Career. 
United Kingdom: Compton Publishing, Ltd; 2014.

48.	 Rubin J, Sataloff RT, Korovin G. Diagnosis and Treatment 
of Voice Disorders, 4th ed. San Diego, CA: Plural Pub-
lishing, Inc; 2014.

49.	 Sataloff RT, Sataloff J. Embryology and Anomalies of the 
Facial Nerve, 2nd ed. New Delhi, India: Jaypee Brothers 
Medical Publishers; 2014.

50.	 Sataloff RT, Johns MM, Kost KM, eds. Geriatric Otolar-
yngology. Thieme Medical Publishers and the American 
Academy of Otolaryngology–Head and Neck Surgery; 
2015.

51.	 Sataloff RT, ed. Surgical Techniques in Otolaryngology–
Head and Neck Surgery (6 Volumes). New Delhi, India: 
Jaypee Brothers Medical Publishers; 2015.

52.	 Sataloff RT, ed. Sataloff’s Comprehensive Textbook of  
Otolaryngology–Head and Neck Surgery (6 Volumes).  
New Delhi, India: Jaypee Brothers Medical Publishers; 
2015.

53.	 Moore JE, Hawkshaw MJ, Sataloff RT. Vocal Fold Scar: 
Current Concepts and Management. Oxford, England: 
Compton Publishing, Ltd; 2016.

54.	 Sataloff RT. Professional Voice: The Science and Art of 
Clinical Care, 4th ed. San Diego, CA: Plural Publishing, 
Inc; 2017.

55.	 Sataloff RT. Voice Science, 2nd ed. San Diego, CA: Plural 
Publishing, Inc; 2017.

56.	 Sataloff RT. Clinical Assessment of Voice, 2nd ed. San 
Diego, CA: Plural Publishing, Inc; 2017.

57.	 Sataloff RT. Treatment of Voice Disorders, 2nd ed. San 
Diego, CA: Plural Publishing, Inc; 2017.

58.	 Sataloff RT. Vocal Health and Pedagogy, 3rd ed. San 
Diego, CA: Plural Publishing, Inc; 2017.

59.	 Sataloff, RT. Neurolaryngology. San Diego, CA: Plural 
Publishing, Inc.; 2017.

60.	 Sataloff, RT., Mandel, S., Heman-Ackah, Y., Abaza, A. 
Laryngeal Electromyography, 3rd ed. San Diego, CA: Plu-
ral Publishing, Inc.; 2017. 

61.	 Han D, Sataloff RT, Xu W, eds. Voice Medicine, 2nd ed. 
Beijing, China: People’s Medical Publishing House; (In 
press).





xix

Contributors

Jean Abitbol, MD
Ancien Chef de Clinique
Faculty of Medicine of Paris
Oto-Rhino-Laryngologiste
Phoniatrie–Chirurgie
Paris, France
Chapter 26

Patrick Abitbol, MD
Faculty of Medicine of Paris
Oto-Rhino-Laryngologiste
Paris, France
Chapter 26

Kenneth W. Altman, MD, PhD
Professor, Vice Chair for Clinical Affairs
Department of Otolaryngology-Head and Neck 

Surgery
Baylor College of Medicine
Houston, Texas
Chapter 35

R. J. Baken, PhD
Professor Emeritus
Columbia University
New York, NY
Senior Lecturer
New York Medical College
Valhalla, NY
Chapters 11 and 15

Margaret M. Baroody, MM
Instructor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Singing Voice Specialist
Voice Technologist
American Institute for Voice and Ear Research
Philadelphia, Pennsylvania
Chapter 46

Michael S. Benninger, MD
Chairman, Head and Neck Institute
Professor of Surgery
Lerner College of Medicine

The Cleveland Clinic
Cleveland, Ohio
Chapters 28 and 39

Rajeev Bhatia, PhD
Computer and Information Science
Electrical Engineer
Narberth, Pennsylvania
Chapter 14

Deborah Caputo Rosen, RN, PhD
President
Caputo Rosen Consulting
Philadelphia, Pennsylvania
Chapter 34

Linda M. Carroll, PhD, CCC-SLP
Senior Voice Research Scientist
Department of Surgery, Division of Otolaryngology-

Head and Neck Surgery
The Children’s Hospital of Philadelphia
New York, New York
Professor, Program Director
Graduate School of Speech and Language 

Pathology
Yeshiva University
Research Assistant
Department of Otolaryngology-Head and Neck 

Surgery
Montefiore Medical Center
Bronx, New York
Chapter 46

Albert Castro, MD
Radiologue
Directeur Centre d’Imagerie Médicale Numérisér
Monceau
Paris, France
Chapter 26

Susan E. Cline, MS, CCC-SLP
Clinical Voice Specialist
The Voice Care Center at Presbyterian Hospital
Charlotte, North Carolina
Chapter 45



xx	 Neurolaryngology

Linda Dahl, MD
Clinical Assistant Professor
Department of Otolaryngology-Head and Neck 

Surgery
New York Presbyterian Hospital/Weill Cornell 

Medical Center
Dahl Otolaryngology Center
New York, New York
Chapter 37

Daniel A. Deems, MD, PhD
University ENT Associates
Sarasota, Florida
Chapter 40

Matthias Echternach, MD
Professor
Institute of Musicians Medicine
Freiburg University
Freiburg, Germany
Chapters 20 and 27

Sharon L. Freed, BA, MFA
Voice and Speech Consultant
Philadelphia, Pennsylvania
Chapter 47

Glendon M. Gardner, MD
Department of Otolaryngology-Head and Neck 

Surgery
Department of Neurology
Henry Ford Hospital
Detroit, Michigan
Chapter 28

Joanne E. Getsy, MD, FCCP, FAASM
Professor of Medicine
College of Medicine
Drexel University
Chief, Sleep Section
Program Director, Sleep Medicine Fellowship
Medical Director, Drexel Sleep Center
Medical Director, Hahnemann University Hospital
Neurodiagnostics Sleep Disorders Center
Philadelphia, Pennsylvania
Chapter 36

Rodolphe Gombergh, MD
Radiologue, Directeur du Centre d’Imagerie
Médicale Numérisér Monceau
Paris, France
Chapter 26

Reena Gupta, MD, FACS
Director, Division of Voice and Laryngology

Osborne Head and Neck Institute
Los Angeles, California
Chapter 37

Mary J. Hawkshaw, RN, BSN, CORLN
Research Professor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapters 4, 14, 18, 24, and 29

Yolanda D. Heman-Ackah, MD
Medical Director
Philadelphia Voice Center
Clinical Professor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Adjunct Associate Professor
Department of Otolaryngology-Head and Neck 

Surgery
Thomas Jefferson University
Philadelphia, Pennsylvania
Chapter 22

David H. Henick, MD
Clinical Assistant Professor
Department of Otolaryngology
Albert Einstein College of Medicine
New York, New York
Chapter 3

Reinhardt J. Heuer, PhD
Professor Emeritus
Department of Communication Sciences and 

Disorders
Temple University
Adjunct Professor
Department of Otolaryngology-Head & Neck 

Surgery
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapters 18 and 34

Matthew Hoch, DMA
Associate Professor
Department of Music
Auburn University
Auburn, Alabama
Chapter 48

Harry F. Hollien, PhD
Courtesy Professor



	 Contributors	 xxi

Department of Communication Sciences and 
Disorders

University of Florida
Gainesville, Florida
Chapter 19

Michelle R. Horman, M.A., CCC-SLP
Instructor
Department of Otolaryngology-Head & Neck 

Surgery
Drexel University College of Medicine
Voice Pathologist
American Institute for Voice and Ear Research
Philadelphia, Pennsylvania
Chapter 44

Amanda Hu, MD, FRCSC
Associate Professor
Department of Otolaryngology-Head & Neck 

Surgery
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapter 43

Barbara H. Jacobson, PhD
Associate Professor
Department of Hearing and Speech Services
Vanderbilt Voice Center
Vanderbilt University Medical Center
Nashville, Tennessee
Chapter 28

Aaron J. Jaworek, MD
Clinical Instructor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Philadelphia, Pennsylvania
Specialty Physician Associates
Bethlehem, Pennsylvania
Chapters 40 and 50

Michael E. Keesler, JD, PhD
Post-Doctor Fellow
Clinical Neuropsychology
Diversified Psychological Resources, PC
Philadelphia, PA
Chapter 9

Karen M. Kost, MD, FRCSC
Professor
Department of Otolaryngology-Head and Neck 

Surgery
McGill University Health Center

Montreal, Canada
Chapter 30

Savita Kumari, MD
Neurology Resident
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapter 42

Jeffrey T. Laitman, PhD, D.Med.Sc (hon), FAAAS, 
FAAA, FALA
Distinguished Professor
Icahn School of Medicine at Mount Sinai
New York, New York
Chapter 2

James A. Letson, Jr., MD
Associate Clinical Professor
Michigan State University
Adjunct Faculty Member
Central Michigan University
Valley ENT Associates
Saginaw, Michigan
Chapter 6

Jeffrey Liaw, BS
Medical Student
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapter 24

Jessica W. Lim, MD
Assistant Professor, SUNY Downstate Health 

Sciences Center
Otolaryngology Program Site Director Lenox Hill 

Hospital
New York, New York
Chapter 37

Sue Ellen Linville, PhD
Professor
Department of Speech Pathology and Audiology
Marquette University
Milwaukee, Wisconsin
Chapter 30

Christy L. Ludlow, PhD
Professor
Department of Communication Sciences and 

Disorders
James Madison University
Harrisonburg, Virginia
Chapter 8



xxii	 Neurolaryngology

Karen M. Lyons, MD
Clinical Associate Professor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapter 45

Leslie T. Malmgren, PhD (deceased)
Professor
Department of Otolaryngology and Communication 

Sciences
SUNY Upstate Medical Center
Syracuse, New York
Chapter 10

Steven Mandel, MD
Clinical Professor of Neurology
Lenox Hill Hospital
Hofstra Northwell School of Medicine
Hempstead, New York
Chapters 9, 22, 37, and 42

Alexander Manteghi, DO
Pediatric Otolaryngology Fellow
University of California-San Diego
San Diego, California
Chapter 31

Jean-Paul Marie, MD, PhD
Head of Otolaryngology-Head and Neck Surgery 

and Audiology Department
Rouen University Hospital
Head of Experimental Surgery Laboratory
Ventilatory Handicap Research Group
Institute of Research and Innovation in Normandy
University of Rouen
Rouen, France
Chapter 52

Brian McGovern, Sc.D, FAAA, CCC-A
Instructor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Philadelphia ENT Associates
Philadelphia, Pennsylvania
Chapter 32

Michael C. Neuenschwander, MD
Director and Facial Plastic Consultant
Skin and Body Rejuvenation Center
ENT of Georgia
Riverdale, Georgia
Chapter 41

Drew M. Noden, PhD
Professor
Anatomy and Animal Development
College of Veterinary Medicine
Cornell University
Ithaca, New York
Chapter 2

Ashley P. O’Connell Ferster, MD
Department of Surgery
Division of Otolaryngology-Head and Neck 

Surgery Penn State Milton S. Hershey Medical 
Center Hershey, Pennsylvania

Chapters 10 and 43

Julia Pfaff, DO, MPH
Department of Otolaryngology-Head and Neck 

Surgery
Philadelphia College of Osteopathic Medicine
Philadelphia, PA
Chapter 41

Gregory N. Postma, MD
Professor
Department of Otolaryngology
Director
Center for Voice, Airway and Swallowing  

Disorders
Georgia Regents University
Augusta, Georgia
Chapter 21

Edmund A. Pribitkin, MD
Professor of Otolaryngology-Head and
Neck Surgery
Thomas Jefferson University
Philadelphia, Pennsylvania
Chapter 41

Bonnie N. Raphael, PhD
Professor Emeritus
Professional Actor Training Program
Department of Dramatic Art
University of North Carolina at Chapel Hill
Chapel Hill, North Carolina
Chapter 47

Robert Rider, PhD
Diversified Psychological Resources, P.C.
Philadelphia, Pennsylvania
Chapter 9

Jonathan J. Romak, MD
Instructor



	 Contributors	 xxiii

Department of Otolaryngology-Head and Neck 
Surgery

Drexel University College of Medicine
Philadelphia, Pennsylvania
Chapter 18

Bridget Rose, MM, MS
Instructor
Department of Otolaryngology-Head and Neck 

Surgery
Drexel University College of Medicine
Senior Speech Language Pathologist
Philadelphia Ear, Nose, and Throat Associates
Philadelphia, Pennsylvania
Chapter 44

Adam D. Rubin, MD
Adjunct Assistant Professor
Michigan State University School of Medicine
Department of Otolaryngology-Head and Neck 

Surgery
University of Michigan Medical Center
Director, Lakeshore Professional Voice Center
Lake Shore Ear, Nose and Throat Center
St. Clear Shores, Michigan
Chapters 38 and 45

John S. Rubin, MD, FRCS, FACS
Consultant ENT Surgeon
University College London
Hospitals NHS Trust
Lead Clinician
Voice Disorders Unit
Royal National Throat, Nose and Ear Hospital
Co-Lead
Voice and Swallowing Unit
National Hospital for Neurology and Neurosurgery
Honorary Visiting Professor
School of Health Sciences
City University London
Honorary Senior Lecturer
University College London
Chapter 55

Amy L. Rutt, DO
Assistant Professor
Department of Otorhinolaryngology-Head and 

Neck Surgery
Mayo Clinic Hospital
Jacksonville, Florida
Chapter 31

Mary J. Sandage, PhD, CCC-SLP
Assistant Professor

Department of Communication Disorders
Auburn University
Auburn, Alabama
Chapter 48

Ira Sanders, MD
Oakland, New Jersey
Chapter 7

David A. Sasso, MD, MPH
Assistant Clinical Professor
Child Study Center
Yale School of Medicine
New Haven, Connecticut
Chapter 34

Johnathan B. Sataloff, BS, BA
Harvard Medical School
Harvard University
Boston, MA
Chapter 29

Joseph Sataloff, MD, DSc (deceased)
Professor
Department of Otolaryngology-Head and Neck 

Surgery
Thomas Jefferson University
Philadelphia, Pennsylvania
Chapter 32

Robert Thayer Sataloff, MD, DMA
Professor and Chairman
Department of Otolaryngology-Head and Neck 

Surgery
Senior Associate Dean for Clinical Academic 

Specialties
Drexel University College of Medicine
Chairman, The Voice Foundation
Chairman, American Institute for Voice and Ear 

Research
Faculty, Academy of Vocal Arts
Philadelphia, Pennsylvania
Chapters 1, 3, 4, 5, 14, 16, 17, 18, 22, 23, 24, 29, 30, 31, 

32, 33, 34, 36, 37, 38, 40, 41, 42, 44, 45, 46, 47, 49, 
50, 53, 54, and 55

Ronald C. Scherer, PhD
Distinguished Research Professor
Department of Communication Disorders
Bowling Green State University
Bowling Green, Ohio
Chapter 12



xxiv	 Neurolaryngology

Morgan A. Selleck, MD
Resident
Department of Otolaryngology-Head and Neck 

Surgery
Chapel Hill School of Medicine
University of North Carolina
Chapel Hill, North Carolina
Chapter 32

Rupali N. Shah, MD
Clinical Assistant Professor
Division of Voice and Swallowing
Department of Otolaryngology-Head and Neck 

Surgery
University of North Carolina Hospitals
Chapel Hill, North Carolina
Chapter 35

H. Steven Sims, MD
Associate Professor
Department of Otolaryngology-Head and Neck 

Surgery
University of Illinois School of Medicine
Director
Chicago Institute for Voice Care
Chicago, Illinois
Chapter 25

Jean Skeffington, M.A., CCC-SLP
Voice Pathologist/Singing Voice Specialist
Lakeshore Ear, Nose, and Throat Center
St. Clear Shores, Michigan
Chapter 45

Caren J. Sokolow, MA, CCC-A
Clinical Audiologist
American Institute for Voice and Ear Research
Philadelphia, Pennsylvania
Chapter 31

Nancy L. Solowski, MD, MS
Clinical Instructor
Medical College of Georgia Center for Voice and 

Swallowing Disorders
Georgia Regents University
Augusta, Georgia
Chapter 21

Rebecca Spain, MD, MSPH
Portland, Oregon
Chapter 42

Johan Sundberg, PhD
Professor, Department of Speech Communication 

and Music Acoustics

Royal Institute of Technology
Stockholm, Sweden
Chapter 13

Thomas Swirsky-Sacchetti, PhD
Clinical Associate Professor Neurology and 

Psychiatry
Jefferson Medical College
Thomas Jefferson University
Philadelphia, Pennsylvania
Chapter 9

Mausumi N. Syamal
Oakland University William Beaumont School of 

Medicine
Rochester, Michigan
Chapter 28

Renny Tatchell, PhD, CCC-SLP
Speech-Language Pathologist
Mt. Pleasant, Michigan
Chairman, Department of Communication Disorders
Central Michigan University
Saginaw, Michigan
Chapter 6

Harvey M. Tucker, MD, FACS
Professor
Otolaryngology-Head and Neck Surgery
Case Western Reserve University School of 

Medicine
MetroHealth Medical Center
Cleveland, Ohio
Chapter 51

Thomas R. Van De Water, PhD
Director
Cochlear Implant Research Program
Department of Otolaryngology-Head and Neck 

Surgery
University of Miami
Miller School of Medicine
Miami, Florida
Chapter 2

Julie A. Wang, MD
Assistant Professor
Division of Internal Medicine
Drexel University College of Medicine
Philadelphia, PA
Chapter 36

Eiji Yanagisawa, MD, FACS
Clinical Professor of Otolaryngology
Yale University School of Medicine



	 Contributors	 xxv

New Haven, Connecticut
Chapter 25

Ken Yanagisawa, MD, FACS
Assistant Clinical Professor
Yale University School of Medicine
New Haven, Connecticut
Chapter 25

Georges Ziade, MD
Department of Otolaryngology-Head and Neck 

Surgery
American University of Beirut Medical Center
Beirut, Lebanon
Chapter 50





To Dahlia, Ben and John Sataloff, my patient and long suffering family who allow me 
the time to write and to Mary J. Hawkshaw, my dear friend and invaluable collaborator 

and to my fellows who have given me so much inspiration and pride.





1

1
Introduction

Robert Thayer Sataloff

The human voice is extraordinary. It is capable of 
conveying not only complex thought, but also subtle 
emotion. In an instant, it can communicate the terror 
of a scream or the beauty of a song. As appreciated 
as the uniqueness and power of the human voice 
have been for centuries, only in the last few decades 
have we begun to understand how the voice works 
and how to care for it. The importance of the human 
voice in modern society cannot be overstated. It is the 
primary instrument through which most of us proj-
ect our personalities and influence our compatriots. 
Professional voice users constitute an ever-increasing 
segment of our population, and their need for expert 
care has inspired new interest in understanding the 
function and dysfunction of the human voice. Pro-
fessional voice users provide exciting challenges 
and special responsibilities for physicians and other 
health care professionals. Professional voice users 
include not only singers and actors, but also attor-
neys, politicians, clergy, educators (including some 
physicians), telephone receptionists, and others. 
Although they span a broad range of vocal sophis-
tication and voice needs, they share a dependence 
on vocal endurance and quality for their livelihoods. 
However, the vocal needs of performing artists are 
especially great. In this book, we emphasize the prob-
lems of professional actors and especially singers, 
because they are the Olympic athletes of the voice 
world. Their extreme anatomic, physiologic, and 
therapeutic demands tax our clinical and research 
skills; but what we learn from them is applicable to 
the care of all voice patients. In most cases, mastery 
of the science and art of caring for professional sing-
ers provides the physician with sufficient expertise to 
treat other professional voice users as well, so long as 
the physician takes the trouble to really understand 

the special needs and problems associated with vari-
ous voice-dependent professions.

Voice problems may arise from laryngeal or sys-
temic disease, trauma, or improper treatment. The 
consequences of voice dysfunction may be devastat-
ing; if permanent (or even temporary) vocal problems 
result from suboptimal medical care, they may result 
in substantial claims for damages. Possibly spurred 
by the striking increase in litigation, but largely to 
provide good medical care for its own sake, a great 
many physicians have recently turned their attention 
to professional voice care. Interdisciplinary research 
has resulted in new understanding and technology 
that have improved the standard of practice of lar-
yngologists, speech-language pathologists, singing 
teachers, and acting-voice trainers. It is no longer 
sufficient for a physician to glance at a singer’s vocal 
folds with a laryngeal mirror and continuous light 
and declare, “Your cords are fine. It must be the way 
you sing.” Similarly, it is no longer sufficient to say, 
“The voice sounds bad” or “The voice sounds better,” 
anymore than we would tolerate such vagueness in 
describing hearing.

Although physicians frequently are called on to 
care for singers and other voice professionals, most 
doctors still have little or no training in sophisticated 
analysis and treatment of subtle problems of the 
voice. Voice disorders are complex. Initially, voice 
complaints may seem vague and subjective, espe-
cially to health care professionals unfamiliar with 
the jargon of singers and actors. However, accurate 
diagnosis and rational treatment may be achieved 
through systematic inquiry based on understanding 
of the anatomy, physiology, psychology, and psy-
choacoustics of voice production. More thorough 
understanding of voice is valuable not only in caring 
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for voice problems themselves, but also in providing 
good medical care by recognizing systemic diseases 
that present with laryngeal manifestations. Just as 
otologists routinely diagnose diabetes and hypothy-
roidism that cause dizziness or fluctuating hearing 
loss, laryngologists should be alert to xerophonia as a 
sign of diabetes, muffling of the voice from hypothy-
roidism, fatigue from myasthenia gravis, and many 
other similar problems. Hypochondriasis is rare 
among serious singers and most other voice profes-
sionals. In general, failure to establish a diagnosis in 
a professional vocalist with a voice complaint is due 
to lack of expertise on the part of the physician rather 
than an imaginary complaint on the part of the singer 
or actor.

History

Fascination with the human voice has prompted 
study for centuries, as reviewed in Dr. Hans von 
Leden’s classic chapter, “A Cultural History of the 
Larynx and Voice,” in this book. A brief overview 
helps put the evolution of voice medicine, and mod-
ern developments in voice care, into perspective. In 
Corpus Hippocraticum, Hippocrates in the fifth cen-
tury bc provided some of the earliest medical specu-
lation on the workings of the voice, recognizing the 
importance of the lungs, trachea, lips, and tongue 
in phonation. Aristotle expanded knowledge on the 
scientific workings of the voice and commented on 
the close relationship between the voice and the soul, 
recognizing its importance in emotional expression. 
Claudius Galen, who practiced from ad 131 to 201, is 
hailed as the founder of laryngology and voice sci-
ence. He wrote an essay on the human voice (among 
his over 300 books) that is frequently referenced 
but has, unfortunately, been lost. He recognized the 
workings of the voice, described the larynx, recog-
nized the importance of the brain in controlling pho-
nation, and, for the first time, distinguished between 
speech and voice. Galen’s work went virtually 
unchallenged for more than 15 centuries, and some 
of it is still regarded as correct.

Major advancement did not come until the  
Renaissance and the writings of Leonardo da Vinci, 
particularly Quaderni D’Anatomia in 1500. Addi-
tional important Renaissance writers who advanced 
knowledge of the voice included Andreas Vesalius, 
Bartolomeus Eustachius, and Fabricius ab Aqua-
pendente. Fabricius wrote three books on the lar-
ynx, including De Larynge Vocis Instrumento. Similar 
important advances occurred in the east, particu-
larly in the ninth century when Rhazes the Experi-

enced, in Baghdad, described disorders of the voice 
and hoarseness and recommended respiratory and 
voice training. There are also excellent descriptions 
of voice production and disorders in the Quanun, 
written by Avicenna the Persian. The Quanun was a 
standard medical textbook for more than 500 years. 
Major additional advances occurred in the 18th cen-
tury through the efforts of Giovanni Morgagni, who 
first related dysphonia to abnormalities in the larynx. 
Also in the 18th century, Antoine Ferrein described 
physiological experiments on animal and human 
cadaver larynges and coined the term vocal cords, 
comparing the vocal folds to the strings of an instru-
ment. Albrecht von Haller described the anatomy of 
vocal resonance. Later, Johannes Müller in Germany 
described the mechanisms of vocal fold vibration. In 
the 19th century, Hermann von Helmholtz essentially 
started the experimental science of acoustics with 
experiments that are still considered valid. All of the 
scientists mentioned above laid the foundation for 
the close liaison that has existed between physicians 
and singers.

However, the clear and widely recognized begin-
ning of arts-medicine in the voice world dates from 
the time of Manuel García, who was born in 1805. 
García was a world-famous opera singer while in his 
teens. Although he was the son of an acclaimed singer 
and director, his probably faulty technique and exten-
sive operative singing impaired his voice sufficiently 
to cause him to retire while still in his 20s. Thereafter, 
he became a thoughtful, effective, and famous teacher 
and was made Professor of Singing at the Conserva-
toire de Paris at the age of 30. In 1854, García bought a 
dental mirror and invented the technique of indirect 
laryngoscopy using the sun as his light source. The 
laryngeal mirror is still the basic tool for visualizing 
vocal folds and is used daily by otolaryngologists. 
García observed larynges closely with his new tool 
and presented his findings before the Royal Society 
of Medicine in 1855. He was considered the greatest 
singing teacher of his age; on his 100th birthday in 
1905, he was honored by physicians, music teachers, 
and scientists from all over the world.1 Voice medi-
cine continued to develop slowly throughout the first 
seven decades of the 20th century.

The development of modern voice medicine and 
surgery may be traced to Hirano’s description of the 
anatomy of the vibratory margin of the vocal fold 
in 1975, first published in English in 1977.2 Hirano’s 
observations led to our understanding of the layered 
structure of the vocal fold and to the realization that 
we need also to conceptualize vocal fold pathol-
ogy and vocal fold surgery in layers. This paradigm 
evolved simultaneously with additional scientific 
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discoveries and voice laboratory instrumentation 
that permitted more accurate assessment of voice 
function and treatment outcome.

In the past four decades, increasing interest and 
new technology have generated unprecedented 
activity within a number of disciplines. Since 1972, 
laryngologists, voice scientists, physicists, computer 
scientists, speech-language pathologists, singing 
teachers, acting teachers, voice coaches, singers, 
actors, and other professionals have met at the Voice 
Foundation’s week-long annual Symposium on Care 
of the Professional Voice, started by Dr. Wilbur James 
Gould. At this unique meeting, formerly held at the 
Juilliard School of Music and now located in Philadel-
phia, experts have gathered to report their research 
and share their ideas. The resultant interdisciplinary 
understanding and cooperation have produced great 
advances and hold even greater promise for future 
understanding. These activities have rendered care of 
the professional voice the most advanced discipline 
within the new specialty of arts medicine. They have 
also inspired numerous successful interdisciplin-
ary publications, including the Journal of Voice. This 
important journal abandons traditional specialty 
boundaries and brings together in one peer-reviewed 
journal, with international distribution, articles of 
high quality on all subjects relating to the voice.

In many ways, the status of voice care is still analo-
gous to that of otology 40 years ago. Until recently, 
voice evaluation was reminiscent of ear examinations 
with a head mirror instead of a microscope or whis-
pered voice tests instead of audiograms. In many 
places, it still is. Fortunately, expert research has led 
to greater understanding of the voice and develop-
ment of instrumentation for sophisticated assess-
ment and quantitative analysis to facilitate clinical 
management and research. Although efforts have 
focused largely on professional singers and actors, 
the knowledge they have accrued has advanced 
our understanding of voice in general and modified 
substantially the state of the art in clinical care of all 
persons with voice disorders. Still, the field is new. 
The first extensive article in the English literature 
intended to teach clinicians how to approach profes-
sional singers was not published until 1981,1 and the 
first major American general textbook of otolaryngol-
ogy containing a chapter on care of the professional 
voice was not published until 1986.3 The first modern 
comprehensive textbook in English on medical care 
of the professional voice was not published until 1991 
(the first edition of this text).4 However, it should be 
remembered that, although these contributions in 
English helped signal the arrival and acceptance of 
voice as a subspecialty, there were noteworthy pre-

decessors who discussed voice; some even touched 
on the type of professional voice user.5–11

The importance of interdisciplinary voice care to 
the evolution of modern voice care cannot be over-
emphasized. Although there were a few scattered 
collaborations in the 19th and 20th centuries, the first 
formal, academically based interdisciplinary voice 
clinic in the United States was established by Drs. 
Hans von Leden and Paul Moore at Northwestern 
University Medical School in 1954. These pioneers, 
a laryngologist and a speech pathologist, established 
a clinic in which they saw patients simultaneously, 
sharing insights and optimizing patient care. They 
continued this approach separately after von Leden 
moved to Los Angeles and Moore moved to the Uni-
versity of Florida in Gainesville, although it was 
not always possible for them to practice as closely 
with interdisciplinary colleagues “under one roof.” 
This concept was expanded in Philadelphia in 1981 
when the author (RTS) hired a singing teacher and a 
speech-language pathologist as full-time employees 
of his medical practice. His expanded interdisciplin-
ary voice team now includes three singing teachers, 
three speech-language pathologists, a psychologist, 
a voice scientist, an acting-voice trainer, and two 
otolaryngologic nurse-clinicians. It also includes the 
very close collaboration of arts-medicine colleagues 
located nearby, including a pulmonologist, psychia-
trist, neurologist, gastroenterologist, endocrinologist, 
ophthalmologist, and others. He anticipates further 
expansion of this interdisciplinary approach, because 
it has proven so valuable in advancing patient care 
and stimulating creative research.

In the past several years, many new centers and 
academic training programs have acquired voice lab-
oratories and begun practicing and teaching modern, 
advanced voice care, but more time will be required 
before state-of-the-art care is available in most geo-
graphical areas.

At present, new understanding of special aspects 
of the history and physical examination of profes-
sional voice users has been supplemented by tech-
nological advances through voice analysis, which 
are readily available to interested clinicians. Flex-
ible fiberoptic laryngoscopy has been indispensable. 
The development and refinement of laryngeal stro-
boscopy are singularly important advancements. 
Strobovideolaryngoscopic evaluation of vocal fold 
behavior in slow motion allows diagnoses that are 
simply missed without it. High-speed video and vid-
eokymography are promising newer techniques that 
may improve our ability to assess the mucosal wave. 
Spectrography, electroglottography, electromyogra-
phy, airflow analysis, and other techniques have also 
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enhanced our ability to analyze and treat voice dis-
orders reliably.

When physicians encounter a patient with a voice 
problem, they approach the problem using a combi-
nation of art (style, empathy, intuition) and science 
(objective analysis based on facts). Both components 
are important, and no physician, speech-language 
pathologist, singing teacher, or acting voice teacher 
can be considered excellent if she or he abandons the 
art of practice in favor of dispassionate scientific anal-
ysis alone. However, care is at least as bad when we 
are forced to depend on intuition almost exclusively, 
because of insufficient knowledge. This is popularly 
called “winging it,” and it is a fair description of most 
voice care prior to the last two decades. Fortunately, 
science has provided us with an understanding that 
the voice consists of at least three principal compo-
nents (power source, oscillator, resonator), that each 
component is designed to control specific aspects of 
voice production, and that there are ways to identify 
and quantify the performance of each component. 
This information provides voice care professionals 
with a framework and language with which we can 
think about voice problems. This has permitted us to 
add not only scientific fact, but also scientific thought 
to voice care.

The knowledge acquired through medical and 
basic science research has advanced not only clini-
cal care but also the teaching of voice. Modern sing-
ing, acting, and speech teachers have acquired new 
scientific understanding of the voice and use their 
new knowledge to augment and refine their tradi-
tional approaches to voice training. This should lead 
to consistently healthier and more efficient voice 
training. There are many other fascinating potential 
implications as well. For example, to sing correctly 
is essentially an athletic endeavor. In this century, 
most athletic records have been broken. Often this 
has been the result of technological advancements, 
such as computer analysis of a runner’s form using 
high-speed photography or stroboscopy. Through 
these and other methods, the marathon, pole vault, 
high jump, and swimming records of 50 years ago 
are barely qualifying marks for today’s high school 
students. Similar principles have just begun to be 
applied to the proper training of the voice. It is tempt-
ing to speculate about the results. Perhaps, as in other 
athletic pursuits, we shall find that the healthy limits 
of human vocal potential are far greater than we think.

Major advances in physician education have had 
substantial impact on patient care nationally and 
internationally. Development and voluntary stan-
dardization of content of laryngeal fellowships have 
been particularly important.12 Fellowships are pro-

ducing well-trained laryngologists who understand 
not only voice, but also other aspects of the field, and 
they are entering academic medicine in the United 
States and elsewhere so that they can pass on state-of-
the-art knowledge to the next generation of otolaryn-
gologists. Substantial strides also have been made in 
public awareness, particularly through international 
celebrations of World Voice Day, and summarized 
by Sataloff.13 Laryngologists also are learning how 
to build a professional voice practice so that voice 
professionals can have access to centers of excellence 
in voice care.14

Discretion

The excitement and glamour associated with caring 
for a famous performer naturally tempt the physician 
to talk about his or her distinguished patient. How-
ever, this tendency must be tempered. It is not always 
in a singer’s or actor’s best professional interest to 
have it known that he or she has consulted a laryn-
gologist, particularly for treatment of a significant 
vocal problem. Famous singers and actors are ethi-
cally and legally entitled to the same confidentiality 
we assure for our other patients.

Notation

In speech-language pathology, voice science, and 
academic music, sounds are designated using the 
International Phonetic Alphabet (IPA). This is stan-
dard notation and will be used throughout this book. 
Readers should familiarize themselves with IPA nota-
tion and use it, because its meaning is well defined 
and widely understood.

Conclusion

For centuries, most physicians functioned in rela-
tive isolation, having only limited daily interaction 
and intellectual discourse with colleagues outside 
of medicine.15 During the last 4 decades, that model 
has changed. Laryngologists not only collaborate 
with voice scientists, speech-language pathologists, 
singing and acting teachers, physicists, chaoticians, 
molecular geneticists, computer scientists, neurolo-
gists, pulmonologists, pathologists, endocrinologists, 
pharmacologists, psychiatrists, and other profes-
sionals, but we also have incorporated information, 
thought processes, and problem-solving strategies  
from these various disciplines into our clinical think-
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ing, research, and educational programs. This funda-
mental change has broadened our vision and provided 
us with new intellectual tools that we use daily and 
that underlie dramatic improvements in knowledge 
and patient care. In laryngology fellowships and a 
growing number of residencies, programs are evolv-
ing to provide our trainees with not only new infor-
mation but also with the ability to think more broadly 
and collaboratively, not just within the new, expanded 
paradigms, but even further “outside the box.”

Great progress has been made toward understand-
ing the function, dysfunction, and treatment of the 
human voice. Because so many of the advances have 
involved collaboration among physicians, voice sci-
entists, speech-language pathologists, singing and 
acting teachers, singers, and actors, they have been 
applied practically much more quickly than usual. 
The dramatic progress that has occurred in the last 
4 decades has resulted in great diagnostic and thera-
peutic benefits for all patients with voice complaints 
and in the emergence of a new medical specialty in 
voice. Scientific advances and collaboration have 
given us not merely new tools, but rather a whole new 
approach to the voice. No longer must we depend on 
intuition and mysticism in the medical office or voice 
studio. We now have the knowledge and vocabulary 
necessary for accurate analysis of voice problems and 
systematic, logical solutions. Thus, we finally have 
enough information to include effectively in our 
voice armamentarium the most important missing 
component — rational thought. It has raised the stan-
dard of voice care and training forever.

We have much reason to be proud of the recent 
advances in the state of the art in laryngology, 
although it is somewhat disappointing to note the 
paucity of good, prospective, controlled studies in 
laryngology that might confirm or refute our grow-
ing body of belief which still is grounded largely in 
papers that do not meet the highest standards of evi-
dence-based research.15 We know vastly more than 
we did 40 years ago about diagnosis, nonsurgical and 
surgical treatment, quantification of voice function, 
outcomes assessment, important unanswered ques-

tions, and how to go about answering those ques-
tions. Our future promises continued advances in all 
of those areas and more.
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