00_Woo_i-xviiiFM

9/9/09

1:11 PM

Page v

Contents
Foreword by Dr. Stanley Shapshay
Preface
Acknowledgments

PART I. BASIC SCIENCE AND INTRODUCTION
1. Historical Aspects of Visualization of the Larynx and Vibration
History of Stroboscopy and High-Speed Video
High-Speed Cinematography
Principles of Stroboscopy

xi
xiii
xvi

1
3
3
8
8

2. Stroboscopy and Talbot’s Law

11

3. Anatomy and Histology of the Vocal Folds
Laryngeal Framework and Skeleton Cartilage
Hyoid Bone
Thyroid Cartilage
Cricoid Cartilage
Arytenoid Cartilage
Fascia, Ligaments, and Joints of the Larynx
Anatomic Regions of the Larynx
Muscles of the Larynx
Extrinsic Muscles
Cricothyroid Muscle
Thyroarytenoid Muscle
Posterior Cricoarytenoid Muscle
Lateral Cricoarytenoid Muscle
Interarytenoid Muscle
Structure of the Vocal Folds
Pathology and the Involvement of the Vocal Fold Layers

17
19
21
21
23
24
25
28
29
29
31
31
32
32
33
33
35

4. Vocal Fold Vibration and Phonatory Physiology
Criteria for Normal Vocal Fold Vibration
Normal Vibratory Behavior of the Vocal Folds
The Glottal Cycle
Acoustic and Aerodynamic Interactions with Vocal Fold Vibration
The Larynx as DC to AC Airflow Converter
Mass Effects on Vocal Fold Vibration
Effect of Stiffness on Vocal Fold Vibration
Effect of Tension Change on Vocal Fold Vibration

39
39
41
42
46
47
49
50
50
v

00_Woo_i-xviiiFM

vi

9/9/09

1:11 PM

Page vi

STROBOSCOPY

5. Videokymography and High-Speed Digital Imaging of the Larynx
Disadvantages of Videostroboscopy
Videokymography
High-Speed Video Imaging of Vocal Vibration
Normal Onset and Offset of Vocal Fold Oscillation
Clinical Application of High-Speed Imaging in Diplophonia

53
53
53
56
57
57

6. Normal Phonation and Vocal Fold Vibration
Dynamic Changes in the Glottal Cycle
Gender Differences
Age Differences
Intensity and Amplitude Modulation
Pitch Modulation
Intensity Modulation
Pitch and Amplitude Modulation Interactions

61
61
73
75
75
82
84
87

7. Abnormal Vocal Fold Vibration
Introduction
Tension Abnormality
Increase in Tension of the Vocal Fold Ligament
Stiffness Abnormality
Problems of Glottal Closure and Level Difference
Unilateral Versus Bilateral Effects of Mass, Tension, and Stiffness

89
89
94
96
97
101
104

8. Instrument and Clinical Operation
Introduction
Stroboscopy Versus High-Speed Imaging of Vocal Fold Vibration
Use of Stroboscopy
Documentation
Clinical Care in Laryngology and Voice Care
Phonation Research
Image Processing and Automation

107
107
108
108
108
109
111
113

9. The Clinical Examination and the Stroboscopy Laboratory
The Examination Room
Patient’s and Examiner’s Positions
Equipment and Considerations
The Stroboscope
Videos and Cameras
Imaging Management
Endoscopes: Rigid, Fiberscope, and Videoendoscopes
Who Is Doing the Examination and What Is the Stroboscopy Data Being Used For?
Otolaryngologist Versus Speech Pathologist
Laryngoscopy Versus Phonoscopic Examination

115
115
116
117
117
120
122
122
125
125
126

00_Woo_i-xviiiFM

9/9/09

1:11 PM

Page vii

CONTENTS

vii

10. Stroboscopy Setup and Recording
Introduction
Rigid Endoscopic Examination
Performing the Examination
Anesthesia
Tokens Sampled During the Stroboscopy Examination
Passaggio Issues
Pitch and Loudness Variations
Avoiding the Pitfalls of Stroboscopy
Artifacts

129
129
132
137
138
138
139
140
140
141

11. Observations Made During Stroboscopy
Recording Artifacts
Closure Problems
Open Phase Predominates
Glottic Configuration Abnormalities
Phase Shift Findings During the Production of Falsetto

143
143
144
145
145
147

12. Interpretation of Videostroboscopy
Introduction
Normal Variations
Phase Shifts at Falsetto and Flute Register Is Normal
Loud Phonation Is Typically Associated with MTD Pattern in the Untrained Voice
Interpretation of the Stroboscopy Examination
Fundamental Frequency and Periodicity of Vocal Fold Oscillation
The Periodicity of the Vocal Fold Oscillation
Phase of Vocal Closure During Modal “ee” Phonation
Phase Symmetry
Configuration of Glottic Closure
Vocal Fold Edge
Amplitude
Mucosal Wave
Nonvibrating Segment
Documentation
Synthesis of the Clinical Voice Disorder

149
149
149
149
150
150
150
151
152
152
153
159
159
162
166
166
166

PART II. CLINICAL SECTION: LARYNGEAL DISORDERS

169

13. Laryngeal Inflammation
Acute Inflammation
Chronic Laryngitis
Radiation Laryngitis
Reflux Laryngitis: Acute and Chronic
Candida Laryngitis

171
171
183
187
188
194

00_Woo_i-xviiiFM

viii

9/9/09

1:11 PM

Page viii

STROBOSCOPY

14. Granulomatous Diseases of the Larynx
Granulomatous Laryngitis
Rheumatoid Nodule and Autoimmune Deposits of the Larynx

195
195
199

15. Granulation and Contact Granuloma
Contact Ulcer, Granulation Tissue, and Intubation Granuloma
Pathophysiology/Histology
Risk Factors and Populations
Physical Exam
Differential Diagnosis
Treatment and Management

203
203
203
205
206
208
208

16. Laryngeal Trauma
Introduction
Arytenoid Dislocation
Laryngeal Stenosis

211
211
215
220

17. Vocal Fold Scar
Introduction
Rehabilitation Strategies for Vocal Fold Scar
Prevention of Vocal Fold Scar
Surgical Treatment in the Management of Scar in the Postoperative Period

227
227
236
236
238

18. Benign Mucosal Lesions
Introduction
Nodules
Polyps
Hemorrhagic Polyps
Polypoid Corditis/Reinke’s Edema
Laryngeal Edema
Cysts
Pseudocyst and Fibrovascular Lesion
Microwebs
Vascular Ectasia
Acute Vocal Fold Hemorrhage
Sulcus Vocalis
Mucosal Bridge

239
239
246
255
256
265
267
268
273
276
277
280
281
290

19. Premalignant Lesions and Lesions of Uncertain Behavior

291

20. Malignant Neoplasms of the Larynx

297

21. The Aging Voice

301

00_Woo_i-xviiiFM

9/9/09

1:11 PM

Page ix

CONTENTS

ix

22. Benign Tumors
Laryngeal Papillomas
Verrucous Lesions of the Larynx
Other Lesions
Internal and External Laryngoceles, Saccular Cysts

305
305
309
311
311

23. Vocal Fold Paralysis
Introduction
Signs and Symptoms
Voice Quality of Unilateral Vocal Fold Paralysis
Recurrent Laryngeal Nerve Paralysis and Paresis
Superior Laryngeal Nerve Paralysis
Combined Laryngeal Nerve Paralysis
Vocal Fold Paresis

313
313
315
315
316
325
327
328

24. Irritable Larynx Syndrome

333

25. Neurogenic Dysphonia
Spasmodic Dysphonia
Vocal Tremor
Neurogenic Diseases

337
337
340
341

26. Functional Dysphonia

343

27. Stroboscopy in the Management of Phonosurgery
Introduction
Preoperative Analysis of the Lesion Before Surgery
Intraoperative Use of Videostroboscopy
Postoperative Use of Stroboscopy in Analyzing Phonosurgery Results

351
351
351
351
352

References
Index

355
371

00_Woo_i-xviiiFM

9/9/09

1:11 PM

Page xi

Foreword
When I was an otolaryngology resident in training at
Boston University in the early 1970s, my chief, M. Stuart Strong, MD used a rudimentary instrument called
a “stroboscope” which in the Rube Goldberg spirit
seemed to be a rather cumbersome and difficult to
use device. Employing a mechanical shutter on the
light source, a head mirror and laryngeal mirror were
used to image the vocal folds in “slow motion.” It was
hard enough for me, a first year resident to use the
simple head mirror—this new device seemed to be
impossible for me to master. What an intriguing
idea—observing the vocal cords move in slow
motion! The high-speed images of vocal fold vibration
done at Bell Laboratories in 1937 were a landmark
contribution to laryngeal physiology videostroboscopy and now high-speed digital photography are
readily available for clinical use. Laryngology has
developed into an exciting, relatively new subspecialty in otolaryngology due in no small part to the
development of optic imaging devices as outlined in
the Introduction of this book. This small anatomic
unit known as the larynx with incredible ability to
produce voice can be observed in dynamic action
with rigid and flexible optics and captured on digital
format for study and reference.
It is customary in a Foreword to tell the readers
what is unique about the text and the contribution
the book makes to the existing literature on the subject. Prior to undertaking this task, I would like to
preface my remarks with some unique insights about
the author. I have had the pleasure of knowing Dr.
Woo since his residency at Boston University School
of Medicine and then working with him both in
Boston and in New York. The term “physician scientist” best describes this remarkable doctor. A physician
is able to understand the physiology, pathology, and
pathophysiology of disease based on study and training but few of us apply the scientific method to medical practice on a regular daily basis as does Dr. Woo.
To quote the eminently quotable Sir William Osler,
“Observe, record, tabulate, communicate. Use your
five senses. Learn to see, learn to hear, learn to feel,

learn to smell and know that by practice alone you
become expert.” In my opinion and in the opinion of
his peers, Peak Woo meets Dr. Osler’s criteria for
being an expert. Dr. Woo is a keen observer who asks
the questions we as clinicians need to keep asking,
namely, what is causing this pathologic process? It is
evident when the reader reads and studies this exceptional contribution to stroboscopy and laryngology
that the author has mastered this complex subject—
his experience is enormous and his ability to share
this experience with the reader in a lucid fashion is
remarkable.
Part I, Basic Science and Introduction, serves as a
foundation for understanding the following section,
Part II, Clinical Section on Laryngeal Disorders. Laryngeal anatomy and physiology need to be mastered by
the reader prior to studying the altered, pathologic
state. As opposed to sometimes unreadable, at least for
a clinician, sections on laryngeal physiology in basic
otolaryngology textbooks, this section is lucid and
easy to understand. The art and science of stroboscopy is clearly presented and made more understandable by the basic science discussion. The clearly
marked diagrams and stroboscopic images are
extremely useful and in fact essential for the reader to
understand some of the complex laryngeal physiology. As Dr. Woo points out in the text, the technique
of stroboscopy is simple—the interpretation is difficult and needs to be mastered with lots of practice
and systematic documention of that observation.
However, Dr. Woo does give a unique single author
perspective on his detailed technique and tips for successful examination and pitfalls to avoid. Attention to
detail in the technique of stroboscopy as well as the
standardization for documentation is unique to this
text. This careful attention to detail characterizes the
way Dr. Woo takes care of his very complex laryngeal
patient practice.
In Part II, Clinical Section, a full spectrum of
laryngeal disorders is presented and in particular, the
use of stroboscopy is stressed. Once again, complex
disorders are easier to understand with the superb
xi
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line-drawing illustrations and clinical photographs.
The topic of the book is stroboscopy, however, this
text also serves as a laryngology textbook by giving
the reader a complete discussion of common and
uncommon laryngeal diseases. In particular, I found
the discussion of inflammatory disorders extremely
useful through Dr. Woo’s insights on the workup and
treatment of acute and chronic laryngitis for both the
average patient and the professional voice user. The
discussion of the workup and management of scarring, in particular sulcus vocalis, is the best I have ever
seen in any textbook or journal article on the subject.
The in-depth discussion of the various pathologic enti-

ties reflects Dr. Woo’s enormous clinical experience,
which is presented with keen, insightful comments
and recommendations based on the scientific literature and on his many years of experience.
In summary, this textbook of stroboscopy is a
landmark contribution to the laryngology literature
written by a master clinician-scientist. It is essential reading for anyone interested in understanding the human
voice and its pathologic conditions. Dr. Woo has given
us in essence a master class on the subject of the art
and science of stroboscopy as well as the pathophysiology and treatment of laryngeal pathology. This text
will be a treasured book in my medical library.
Stanley M. Shapshay, MD, FACS
Professor
Division of Otolaryngology-Head and Neck Surgery
Albany Medical College

00_Woo_i-xviiiFM

9/9/09

1:11 PM

Page xiii

Preface
I remember very well my first exposure to stroboscopic light examination of the vocal folds. It was
April 1977; I was a third-year medical student doing a
clinical month of otolaryngology under the guidance
of Dr. Stuart Strong, who was kind enough to allow
the medical students to examine his private patient’s
and use all the equipment in his clinic. The patient
was a young, classically trained male singer with
minor voice complaints that nevertheless was major
to him. After examination of the vocal folds using a
dental mirror that did not show any abnormality, I presented this patient’s complaints and physical findings
to Dr. Strong. He suggested we do a stroboscopic
examination of the vocal fold vibration. At that time,
the stroboscope was a rudimentary affair consisting of
an industrial box stroboscope with a flash rate that
had to be matched by the patient. The stroboscope
was affixed by surgical tape to the same lamppost providing the constant light source. The stroboscopic
light source flash rate was dialed in by the examiner.
The light then bounced off the head mirror of the
examiner onto the dental mirror used to examine
the larynx and then onto the vocal folds. Through the
head mirror, the examiner could inspect vibration of
the vocal folds. The diagnosis was phonasthenia and
the treatment was voice rest followed by throat gargles. Afterward, the patient willingly let me examine
him after the conclusion of Dr. Strong’s consultation.
His great facility in music training allowed me to dial
different frequencies on the strobe machine and he
was able to match them. Imagine my surprise and
amazement at looking at a subject never covered in
medical school! The delicious, voyeuristic pleasure of
sampling the source of the human voice by visual
inspection was a reality.
I was hooked!
So much has changed so fast in the decades since
that early exposure that today laryngologists, speech
pathologists, and voice teachers all can enjoy visual
images of the vocal folds that correspond to a specific
voice output. This applied technology has moved so fast
that one can enjoy at one’s leisure the recorded video

images of the vocal folds vibrating at high-definition
quality. These images can be shared across the globe
for consultation by E-mail. The development of fiberoptic and rigid endoscopes, the charge-coupled chip
camera, the video recordings, and the computerization of acoustic and visual media in digital form all
have made the process of examination and sharing of
information about the larynx so much simpler than
the days of mirrors and flashing lights. Today, color
high-speed cameras can capture pictures of vocal fold
vibration at up to 8,000 frames per second. Chip-tip
cameras are small enough to go through the nose yet
can yield high-definition video quality of greater than
1,028 pixels. There are alternate approaches (narrowband imaging, autofluorescence imaging, and confocal microscopy) being used to inspect the vocal folds.
These are fantastic advances that no doubt will make
contributions to medicine that may make this and
prior concepts about vocal fold function obsolete.
So, why this book?
What has not changed are the patients and their
need to have an understandable solution to their complaints. When the complaint is related to voice, a specific and expanding field of knowledge is now required
to perform the medical, surgical, and rehabilitation
aspects related to voice care. Despite this growing
body of knowledge, the ear-nose-throat physician without added fellowship training often is left to his or her
own devices to pick up information from meetings,
“experts,” and one’s own experience. The subject of
laryngeal diseases as it affects voice is poorly covered
in residency training. In the speech-pathology training
programs and in the vocal pedagogy academies, there
is a paucity of information related to pathology of the
vocal apparatus as it may affect vocal function. To that
end, a textbook that covers the basics of vocal fold
vibration and uses a pathophysiologic basis for voice
disorders may be helpful to all clinicians asked to provide voice care. Despite new equipment and new
technology, what will not change is the need for all clinicians to have an understanding of normal and abnormal structure and function of the vocal apparatus.
xiii
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Understanding the physiology of phonation and relating it to pathophysiology, then, is a critical fundamental basis for future study. Acquiring that understanding
as the basis for interpretation of the images related to
normal and abnormal vocal function, in my view, is a
greater challenge today for the clinician than the ability to acquire beautiful images.
It is my belief that there is a need today for the clinician to go beyond image acquisition. The meaning of
the videostroboscopy findings and their interpretation
forms one of the most valuable tools available to the
clinician from their diagnostic toolbox. Multidisciplinary evaluation with the laryngologist, the speech
pathologists, and the voice teacher has become common as recognition of each specialty’s expertise in voice
care is acknowledged. Yet we know that underlying all
the technology and consultations, it is ultimately the
master clinician’s synthesis of the voice disorder that
will determine the effectiveness of the initial diagnosis and then treatment. As subjective interpretation of
stroboscopy will be with us for a while, a nuanced
and skilled knowledge set by the clinician with experience in stroboscopy can make a great deal of difference in subtle cases of voice disorders. I hope to help
speed that process with this book.
This is a text for the clinician interested in incorporating flexible and rigid videolaryngoscopy with
stroboscopy into their clinical practice.
The book is presented into two parts that are
complementary. The first section is the basics of stroboscopy (Chapters 1–12). Upon completion of this
section, the reader should have an understanding of
the scientific principles of stroboscopy, normal and
abnormal vocal fold vibration, and the basics of how
to set up and implement stroboscopy into their clinical
practice. This section covers the principles of stroboscopy (Chapter 2), the basics of anatomy and physiology
of the vocal fold (Chapter 3), the basics of phonatory
physiology (Chapter 4), and normal and abnormal
vocal function (Chapters 6–7). Chapters 8 through 12
deals with the basics of equipment selection, laboratory set-up, and documentation and interpretation of
the video images so that it can be used efficiently for
communication and data archiving.
The second section focuses on clinical science. It
is divided into clinical sections that include: inflammatory, benign vocal fold lesions, vocal fold paralysis, and
malignant diseases. Because stroboscopy is mostly used

in the medical diagnosis and management of voice disorders, and because I am a physician, it is necessarily
biased and incomplete. A comprehensive book that
covers all voice disorders as they affect medicine,
speech pathology, and singing, is impossible. It is biased
toward medical conditions and thus does not have
a complete review of all the rehabilitative treatment
options for voice disorders. Because of my western
tradition of medicine training, there is little mention
of nontraditional medical approaches to voice disorders. I suspect the clinical section may be of limited
value to voice teachers. The section on voice disorders due to functional voice disturbance is short and
incomplete. For the physician interested in a complete
catalogue of all medical illness affecting the voice, the
section on neurologic and oncologic diseases affecting the larynx will be wanting. Rather, this section is
skewed to medical and rehabilitation diagnosis where
stroboscopy or high-speed imaging of vocal fold vibratory function will contribute to diagnosis and treatment. Therefore, considerable detail of the section on
benign diseases is devoted to differentiating nodules
from polyps from cysts from sulcus, as an accurate
diagnosis forms the basis for surgical treatment. At
the risk of too many illustrations, the clinical compendium may be used as an atlas of some common
clinical and operative endoscopy finding in common
laryngeal pathologies.
For the novice new to stroboscopy, the contents
of this book should not and cannot be digested without practical practice. The text is meant to complement and not supplant the actual recording and
interpretation of the stroboscopic image by the clinician. Therefore, to learn stroboscopy, one has to perform the recordings and do it often. In stroboscopy
workshops, I encourage clinicians to perform the exams
themselves rather than relegate this to a technician.
The nuances of how to elicit the proper voice token
and its implication on the patient’s pathology is complemented by the images. Do not look at it as a chore.
It is by repetitive performance of the examination that
one becomes an expert, both in the performance and
in the interpretation of the video images. Do not be
discouraged by the initial inundation of superfluous
information and the lack of coherence from the first
six months of doing stroboscopy. In time, pattern
recognition and dedicated pursuit of excellence will
reach that “ah-ha” moment when the visual informa-
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tion, experience, and knowledge will gel into one
coherent synthesis of the voice problem, such that
you are the master of the voice clinic. My own experience from years of teaching stroboscopy workshops
is that there is continued learning over many years as
one masters not only the craft of voice care, but that
one can appreciate over time the delightful art and

xv

the mystery that continues to provide years of intellectual stimulus in one’s profession.
Finally, the fascination of voice and the need to
understand it better and offer patient solutions continues. The quest to understand this unique human
instrument has yielded years of pleasures in its discovery. I wish the same for you.
Peak Woo

