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Introduction

The MIT Encyclopedia of Communication Disorders (MITECD) is a comprehensive
volume that presents essential information on communication sciences and disorders.
The pertinent disorders are those that affect the production and comprehension of
spoken language and include especially disorders of speech production and percep-
tion, language expression, language comprehension, voice, and hearing. Potential
readers include clinical practitioners, students, and research specialists. Relatively
few comprehensive books of similar design and purpose exist, so MITECD stands
nearly alone as a resource for anyone interested in the broad field of communication
disorders.

MITECD is organized into the four broad categories of Voice, Speech, Language,
and Hearing. These categories represent the spectrum of topics that usually fall under
the rubric of communication disorders (also known as speech-language pathology
and audiology, among other names). For example, roughly these same categories
were used by the National Institute on Deafness and Other Communication Dis-
orders (NIDCD) in preparing its national strategic research plans over the past de-
cade. The Journal of Speech, Language, and Hearing Research, one of the most
comprehensive and influential periodicals in the field, uses the editorial categories of
speech, language, and hearing. Although voice could be subsumed under speech, the
two fields are large enough individually and sufficiently distinct that a separation is
warranted. Voice is internationally recognized as a clinical and research specialty,
and it is represented by journals dedicated to its domain (e.g., the Journal of Voice).
The use of these four categories achieves a major categorization of knowledge but
avoids a narrow fragmentation of the field at large. It is to be expected that the
Encyclopedia would include cross-referencing within and across these four major
categories. After all, they are integrated in the definitively human behavior of lan-
guage, and disorders of communication frequently have wide-ranging effects on
communication in its essential social, educational, and vocational roles.

In designing the content and structure of MITECD, it was decided that each of
these major categories should be further subdivided into Basic Science, Disorders
(nature and assessment), and Clinical Management (intervention issues). Although
these categories are not always transparent in the entire collection of entries, they
guided the delineation of chapters and the selection of contributors. These categories
are defined as follows:

Basic Science entries pertain to matters such as normal anatomy and physiology,
physics, psychology and psychophysics, and linguistics. These topics are the
foundation for clinical description and interpretation, covering basic principles
and terminology pertaining to the communication sciences. Care was taken to
avoid substantive overlap with previous MIT publications, especially the MIT
Encyclopedia of the Cognitive Sciences (MITECS).

The Disorders entries offer information on issues such as syndrome delineation,
definition and characterization of specific disorders, and methods for the iden-
tification and assessment of disorders. As such, these chapters reflect contempo-
rary nosology and nomenclature, as well as guidelines for clinical assessment and
diagnosis.

The Clinical Management entries discuss various interventions including behavioral,
pharmacological, surgical, and prosthetic (mechanical and electronic). There is a
general, but not necessarily one-to-one, correspondence between chapters in the
Disorders and Clinical Management categories. For example, it is possible that
several types of disorder are related to one general chapter on clinical manage-
ment. It is certainly the case that different management strategies are preferred by
different clinicians. The chapters avoid dogmatic statements regarding interven-
tions of choice.

Because the approach to communicative disorders can be quite different for chil-
dren and adults, a further cross-cutting division was made such that for many topics
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separate chapters for children and adults are included. Although some disorders that
are first diagnosed in childhood may persist in some form throughout adulthood (e.g,
stuttering, specific language impairment, and hearing loss may be lifelong conditions
for some individuals), many disorders can have an onset either in childhood or in
adulthood and the timing of onset can have implications for both assessment and
intervention. For instance, when a child experiences a significant loss of hearing, the
sensory deficit may greatly impair the learning of speech and language. But when a
loss of the same degree has an onset in adulthood, the problem is not in acquiring
speech and language, but rather in maintaining communication skills. Certainly, it is
often true that an understanding of a given disorder has common features in both the
developmental and acquired forms, but commonality cannot be assumed as a general
condition.

Many decisions were made during the preparation of this volume. Some were
easy, but others were not. In the main, entries are uniform in length and number of
references. However, in a few instances, two or more entries were combined into a
single longer entry. Perhaps inevitably in a project with so many contributors, a small
number of entries were dropped because of personal issues, such as illness, that
interfered with timely preparation of an entry. Happily, contributors showed great
enthusiasm for this project, and their entries reflect an assembled expertise that is
high tribute to the science and clinical practice in communication disorders.

Raymond D. Kent
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Acoustic Assessment of Voice

Acoustic assessment of voice in clinical applications is
dominated by measures of fundamental frequency ( f),
cycle-to-cycle perturbations of period (jitter) and inten-
sity (shimmer), and other measures of irregularity, such
as noise-to-harmonics ratio (NHR). These measures are
widely used, in part because of the availability of elec-
tronic and microcomputer-based instruments (e.g., Kay
Elemetrics Computerized Speech Laboratory [CSL] or
Multispeech, Real-Time Pitch, Multi-Dimensional Voice
Program [MDVP], and other software/hardware sys-
tems), and in part because of long-term precedent for
perturbation (Lieberman, 1961) and spectral noise
measurements (Yanagihara, 1967). Absolute measures
of vocal intensity are equally basic but require calibra-
tions and associated instrumentation (Winholtz and
Titze, 1997).

Independently, these basic acoustic descriptors—f,
intensity, jitter, shimmer, and NHR-—can provide
some very basic characterizations of vocal health.
The first two, fy and intensity, have very clear percep-
tual correlates—pitch and loudness, respectively—and
should be assessed for both stability and variability and
compared to age and sex norms (Kent, 1994; Baken
and Orlikoff, 2000). Ideally, these tasks are recorded
over headset microphones with direct digital acquisition
at very high sampling rates (at least 48 kHz). The mate-
rials to be assessed should be obtained following stan-
dardized elicitation protocols that include sustained
vowel phonations at habitual levels, levels spanning a
client’s vocal range in both f; and intensity, running
speech, and speech tasks designed to elicit variation
(Titze, 1995; Awan, 2001). Note, however, that not all
measures will be appropriate for all tasks; perturbation
statistics, for example, are usually valid only when
extracted from sustained vowel phonations.

These basic descriptors are not in any way com-
prehensive of the range of available measures or the
available signal properties and dimensions. Table 1 cate-
gorizes measures (Buder, 2000) based on primary basic
signal representations from which measures are derived.
Although these categories are intended to be exhaustive
and mutually exclusive, some more modern algorithms
process components through several types. (For more
detail on the measurement types, see Buder, 2000, and
Baken and Orlikoff, 2000.) Modern algorithmic ap-
proaches should be selected for (1) interpretability with
respect to aerodynamic and physiological models of
phonation and (2) the incorporation of multivariate
measures to characterize vocal function.

Interdependence of Basic Measures. The interdepen-
dence between f; and intensity is mapped in a voice
range profile, or phonetogram, which is an especially
valuable assessment for the professional voice user
(Coleman, 1993). Furthermore, the dependence of per-
turbations and signal-to-noise ratios on both fy and in-
tensity is well known (Klingholz, 1990; Pabon, 1991).

Table 1. Outline of Traditional Acoustic Algorithm Types

fo statistics
Short-term perturbations
Long-term perturbations
Amplitude statistics
Short-term perturbations
Long-term perturbations
fo/amplitude covariations
Waveform perturbations
Spectral measures
Spectrographic measures
Fourier and LPC spectra
Long-term average spectra
Cepstra
Inverse filter measures
Radiated signal
Flow-mask signals
Dynamic measures

This dependence is not often assessed rigorously, per-
haps because of the time-consuming and strenuous na-
ture of a full voice profile. However, an abbreviated or
focused profiling in which samples related to habitual f
by a set number of semitones, or related to habitual
intensity by a set number of decibels, could be stan-
dardized to control for this dependence efficiently. Fi-
nally, it should be understood that perturbations and
NHR-type measures will usually covary for many rea-
sons, the simplest ones being methodological (Hillen-
brand, 1987): an increase in any one of the underlying
phenomena detected by a single measure will also affect
the other measures.

Periodicity as a Reference. The chief problem with
nearly all acoustic assessments of voice is the determi-
nation of f;. Most voice quality algorithms are based on
the prior identification of the periodic component in the
signal (based on glottal pulses in the time domain or
harmonic structure in the frequency domain). Because
phonation is ideally a nearly periodic process, it is
logical to conceive of voice measures in terms of the de-
gree to which a given sample deviates from pure period-
icity. There are many conceptual problems with this
simplification, however. At the physiological level, glot-
tal morphology is multidimensional-—superior-inferior
asymmetry is a basic feature of the two-mass model
(Ishizaka and Flanagan, 1972), and some anterior-
posterior asymmetry is also inevitable—rendering it un-
likely that a glottal pulse will be marked by a discrete or
even a single instant of glottal closure. At the level of the
signal, the deviations from periodicity may be either
random or correlated, and in many cases they are so ex-
treme as to preclude identification of a regular period.
Finally, at the perceptual level, many factors related to
deviations from a pure f; can contribute to pitch per-
ception (Zwicker and Fastl, 1990).

At any or all of these levels, it becomes questionable
to characterize deviations with pure periodicity as a ref-
erence. In acoustic assessment, the primary level of con-
cern is the signal. The National Center for Voice and



4 Part I: Voice

*)
Volts [, FE L d IO I ...||. I||||||||.; N 1 ||
it bl e R |||‘|‘|||||I||”|| il M.‘l:'||-[‘;!zl;|"'i|||
Q) , | |
500 :
400 i
300 ;
fomz :F‘”ﬂmlrHMHMWMHMWHMFFﬂﬂrMMWWHW"NWﬂﬂﬂ“ﬂ“ﬂ*l
e has U ]
200
a b c
100 '
0 100 200 300 400 500 600 700 800 900
Time (ms)
a b(lo) at+b(hi) +c
FO %¥jit %shm snr FO %jit %shm snr FO %$jit %shm snr
251.3 062 350 194 126.9 043 474 169 252.1 441 1228 15.8

Figure 1. Approximately 900 ms of a sustained vowel phona-
tion waveform (top panel) with two fundamental frequency
analyses (bottom panel). Average fy, Yojitter, Yoshimmer, and

Speech issued a summary statement (Titze, 1995) rec-
ommending a typology for categorizing deviations from
periodicity in voices (see also Baken and Orlikoff, 2000,
for further subtypes). This typology capitalizes on the
categorical nature of dynamic states in nonlinear sys-
tems; all the major categories, including stable points,
limit cycles, period-doubling/tripling/. .., and chaos can
be observed in voice signals (Herzel et al., 1994; Sataloff
and Hawkshaw, 2001). As in most highly nonlinear
dynamic systems, deviations from periodicity can be
categorized on the basis of bifurcations, or sudden qual-
itative changes in vibratory pattern from one of these
states to another.

Figure 1 displays a common form for one such bifur-
cation and illustrates the importance of accounting for
its presence in the application of perturbation measures.
In this sustained vowel phonation by a middle-aged
woman with spasmodic dysphonia, a transition to sub-
harmonics is clearly visible in segment b (similar pat-
terns occur in individuals without dysphonias). Two f

SNR results for selected segments were from the “newjit” rou-
tine of TF32 program (Milenkovic, 2001).

extractions are presented for this segment, one at the
targeted level of approximately 250 Hz and another
which the tracker finds one octave below this; inspec-
tion of the waveform and a perceived biphonia both
justify this 125-Hz analysis as a new fundamental fre-
quency, although it can also be understood in this
context as a subharmonic to the original fundamen-
tal. There is therefore some ambiguity as to which
fundamental is valid during this episode, and an au-
tomatic analysis could plausibly identify either frequency.
(Here the waveform-matching algorithm implemented in
CSpeechSP [Milenkovic, 1997] does identify either fre-
quency, depending on where in the waveform the algo-
rithm is applied; initiating the algorithm within the
subharmonic segment predisposes it to identify the lower
fundamental.)

The acoustic measures of the segments displayed in
Figure 1 reveal the nontrivial differences that result,
depending on the basic glottal pulse form under consid-
eration. When the pulses of segment a are considered,
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the perturbations around the base period associated with
the high f; are low and normative; in segment b, per-
turbations around the longer periods of the lower f, are
still low (jitter is improved, while shimmer and the
signal-to-noise ratio show some degradation). However,
when all segments are considered together to include the
perturbations around the high fy tracked through seg-
ment b and into ¢, the perturbation statistics are all
increased by an order of magnitude. Many important
methodological and theoretical questions should be
raised by such common scenarios in which we must
consider not just voice typing, but the segment-by-
segment validity of applying perturbation measures with
a particular fy as reference. If, as is often assumed, jitter
and shimmer are ascribed to “random’ variations, then
the correlated modulations of a strong subharmonic ep-
isode should be excluded. Alternatively, the perturba-
tions might be analyzed with respect to the subharmonic
fo. In any case, assessment by means of perturbation
statistics with no consideration of their underlying
sources is unwise.

Perceptual, Aerodynamic, and Physiological Correlates
Regarding perceptual voice rat-

of Acoustic Measures.

Glottal
Flow

Glottal
Flow ¢
Derivative

Figure 2. Spectral features associated with models of phonation,
including the Liljencrants-Fant (LF) model of glottal flow and
aperiodicity source models developed by Stevens. The LF
model of glottal flow is shown at top left. At bottom left is the
LF model of glottal flow derivative, showing the rate of change
in flow. At right is a spectrum schematic showing four effects.
These effects include three derived parameters of the LF model:
(a) excitation strength (the maximum negative amplitude of the
flow derivative, which is positively correlated with overall har-
monic energy), (b) dynamic leakage or non-zero return phase
following the point of maximum excitation (which is negatively

ings, Gerratt and Kreiman (2000) have critiqued tradi-
tional assessments on several important methodological
and theoretical points. However, these points may not
apply to acoustic analysis if (1) acoustic analysis is vali-
dated on its own success and not exclusively in relation
to the problematic perceptual classifications, and (2)
acoustic analysis is thoroughly grounded for interpreta-
tion in some clear aerodynamic or physiological model
of phonation. Gerratt and Kreiman also argue that
clinical classification may not be derived along a contin-
uum that is defined with reference to normal qualities,
but again, this argument may need to be reversed for the
acoustic domain. It is only by reference to a specific
model that any assessment on acoustic grounds can be
interpreted (though this does not preclude development
of an independent model for a pathological phonatory
mechanism). In clinical settings, acoustic voice assess-
ment often serves to corroborate perceptual assessment.
However, as guided by auditory experience and in con-
junction with the ear and other instrumental assess-
ments, careful acoustic analysis can be oriented to the
identification of physiological status.

In attempting to draw safe and reasonably direct
inferences from acoustic signal, aerodynamic models

correlated with high-frequency harmonic energy), and (c) pulse
skewing (which is negatively correlated with low-frequency
harmonic energy; this low-frequency region is also positively
correlated with open quotient and peak volume velocity mea-
sures of the glottal flow waveform). The effect of turbulence
due to high airflow through the glottis is schematized by (d),
indicating the associated appearance of high-frequency aperi-
odic energy in the spectrum. See VOICE ACOUSTICS for other
graphical and quantitative associations between glottal status
and spectral characteristics.
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of glottal behavior present important links to the
physiological domain. Attempts to recover the glottal
flow waveform, either from a face mask-transduced
flow recording (Rothenberg, 1973) or a microphone-
transduced acoustic recording (Davis, 1975), have
proved to be labor-intensive and prone to error (Ni
Chasaide and Gobl, 1997). Rather than attempting to
eliminate the effects of the vocal tract, it may be more
fruitful to understand its in situ relationship with pho-
nation, and infer, via the types of features displayed in
Figure 2, the status of the glottis as a sound source. In-
terpretation of spectral features, such as the amplitudes
of the first harmonics and at the formant frequencies,
may be an effective alternative when guided by knowl-
edge of glottal aerodynamics and acoustics (Hanson,
1997; Ni Chasaide and Gobl, 1997; Hanson and
Chuang, 1999). Deep familiarity with acoustic mecha-
nisms is essential for such interpretations (Titze, 1994;
Stevens, 1998), as is a model with clear and meaningful
parameters, such as the Liljencrants-Fant (LF) model
(Fant, Liljencrants, and Lin, 1985). The parameters of
the LF model have proved to be meaningful in acoustic
studies (Gauffin & Sundberg, 1989) and useful in refined
efforts at inverse filtering (Frohlich, Michaelis, and
Strube, 2001). Figure 2 summarizes selected parameters
of the LF source model following Ni Chasaide and Gobl
(1997) and the glottal turbulence source following
Stevens (1998); see also vOICE AcousTics for other ap-
proaches relating glottal status to spectral measures.

Other spectral-based measures implement similar
model-based strategies by selecting spectral component
ratios (e.g., the VTI and SPI parameters of MDVP).
Sophisticated spectral noise characterizations control for
perturbations and modulations (Murphy, 1999; Qi,
Hillman, and Milstein, 1999), or employ curve-fitting
and statistical models to produce more robust measures
(Alku, Strik, and Vilkman, 1997; Michaelis, Frohlich,
and Strube, 1998; Schoentgen, Bensaid, and Bucella,
2000). A particularly valuable modern technique for
detecting turbulence at the glottis, the glottal-to-noise-
excitation ratio (Michaelis, Gramss, and Strube, 1997),
has been especially successful in combination with other
measures (Frohlich et al., 2000). The use of acoustic
techniques for voice will only improve with the inclusion
of more knowledge-based measures in multivariate rep-
resentations (Wolfe, Cornell, and Palmer, 1991; Callen
et al., 2000; Wuyts et al., 2000).

— Eugene H. Buder
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Aerodynamic Assessment of Vocal
Function

A number of methods have been used to quantitatively
assess the air volumes, airflows, and air pressures in-
volved in voice production. The methods have been
mostly used in research to investigate mechanisms that
underlie normal and disordered voice and speech pro-
duction. The clinical use of aerodynamic measures to
assess patients with voice disorders has been increasing
(Colton and Casper, 1996; Hillman, Montgomery, and
Zeitels, 1997; Hillman and Kobler, 2000).

Measurement of Air Volumes. Respiratory research in
human communication has focused primarily on the
measurement of the air volumes that are typically
expended during selected speech and singing tasks, and
on specifying the ranges of lung inflation levels across
which such tasks are normally performed (cf. Hixon,

Goldman, and Mead, 1973; Watson and Hixon, 1985;
Hoit and Hixon, 1987; Hoit et al., 1990). Air volumes
are measured in standard metric units (liters, cubic cen-
timeters, milliliters) and lung inflation levels are usually
specified in terms of a percentage of the vital capacity or
total lung volume.

Both direct and indirect methods have been used to
measure air volumes expended during phonation. Direct
measurement of orally displaced air volumes during
phonatory tasks can be accomplished, to a limited ex-
tent, by means of a mouthpiece or face mask connected
to a measurement device such as a spirometer (Beckett,
1971) or pneumotachograph (Isshiki, 1964). The use of a
mouthpiece essentially limits speech production to sus-
tained vowels, which are sufficient for assessing selected
volumetric-based phonatory parameters. There are also
concerns that face masks interfere with normal jaw
movements and that the oral acoustic signal is degraded,
so that auditory feedback is reduced or distorted and
simultaneous acoustic analysis is limited. These limi-
tations, which are inherent to the use of devices placed
in or around the mouth to directly collect oral airflow,
plus additional measurement-related restrictions (Hill-
man and Kobler, 2000) have helped motivate the de-
velopment and application of indirect measurement
approaches.

Most speech breathing research has been carried out
using indirect approaches for estimating lung volumes
by means of monitoring changes in body dimensions.
The basic assumption underlying the indirect approaches
is that changes in lung volume are reflected in propor-
tional changes in body torso size. One relatively cum-
bersome but time-honored approach has been to place
subjects in a sealed chamber called a body plethysmo-
graph to allow estimation of the air volume displaced by
the body during respiration (Draper, Ladefoged, and
Whitteridge, 1959). More often used for speech breath-
ing research are transducers (magnetometers: Hixon,
Goldman, and Mead, 1973; inductance plethysmo-
graphs: Sperry, Hillman, and Perkell, 1994) that unob-
trusively monitor changes in the dimensions of the rib
cage and abdomen (referred to collectively as the chest
wall) that account for the majority of respiratory-related
changes in torso dimension (Mead et al., 1967). These
approaches have been primarily employed to study re-
spiratory function during continuous speech and singing
tasks that include both voiced and voiceless sound pro-
duction, as opposed to assessing air volume usage during
phonatory tasks that involve only laryngeal production
of voice (e.g., sustained vowels). There are also ongoing
efforts to develop more accurate methods for non-
invasively monitoring chest wall activity to capture finer
details of how the three-dimensional geometry of the
body is altered during respiration (see Cala et al., 1996).

Measurement of Airflow. Airflow associated with pho-
nation is usually specified in terms of volume velocity
(i.e., volume of air displaced per unit of time). Volume
velocity airflow rates for voice production are typically
reported in metric units of volume displaced (liters or
cubic centimeters) per second.
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Estimates of average airflow rates can be obtained by
simply dividing air volume estimates by the duration of
the phonatory task. Average glottal airflow rates have
usually been estimated during vowel phonation by using
a mouthpiece or face mask to channel the oral air stream
through a pneumotachograph (Isshiki, 1964). There has
also been somewhat limited use of hot wire anemometer
devices (mounted in a mouthpiece) to estimate average
glottal airflow during sustained vowel phonation (Woo,
Colton, and Shangold, 1987). Estimates of average glot-
tal airflow rates can be obtained from the oral airflow
during vowel production because the vocal tract is rela-
tively nonconstricted, with no major sources of turbulent
airflow between the glottis and the lips.

There have also been efforts to obtain estimates of the
actual airflow waveform that is generated as the glottis
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Figure 1. Instrumentation and resulting signals for
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Measurement of Air Pressure. Measurements of air
pressures below (subglottal) and above (supraglottal) the
vocal folds are of primary interest for characterizing the
pressure differential that must be achieved to initiate and
maintain vocal fold vibration during normal exhala-
tory phonation. In practice, air pressure measurements
related specifically to voice production are typically
acquired during vowel phonation when there are no
vocal tract constrictions of sufficient magnitude to build
up positive supraglottal pressures. Under these condi-
tions, it is usually assumed that supraglottal pressure is
essentially equal to atmospheric pressure and only sub-
glottal pressure measurements are obtained. Air pres-
sures associated with voice and speech production are
usually specified in centimeters of water (cm H,O).

Both direct and indirect methods have been used to
measure subglottal air pressures during phonation. Di-
rect measures of subglottal air pressure can be obtained
by inserting a hypodermic needle into the subglottal air-
way through a puncture in the anterior neck at the cri-
cothyroid space (Isshiki, 1964). The needle is connected
to a pressure transducer by tubing. This method is very
accurate but also very invasive. It is also possible to in-
sert a very thin catheter through the posterior cartilagi-
nous glottis (between the arytenoids) to sense subglottal
air pressure during phonation, or to use an array of
miniature transducers positioned directly above and be-
low the glottis (Cranen and Boves, 1985). These methods
cannot be tolerated by all subjects, and the heavy topical
anesthetization of the larynx that is required can affect
normal function.

Indirect estimates of tracheal (subglottal) air pressure
can be obtained via the placement of an elongated
balloon-like device into the esophagus (Liberman, 1968).
The deflated esophageal balloon is attached to a catheter
that is typically inserted transnasally and then swallowed
into the esophagus to be positioned at the midthoracic
level. The catheter is connected to a pressure transducer
and the balloon is slightly inflated. Accurate use of this
invasive method also requires simultaneous monitoring
of lung volume.

Noninvasive, indirect estimates of subglottal air pres-
sure can be obtained by measuring intraoral air pres-
sure during specially constrained utterances (Smitheran
and Hixon, 1981). This is usually done by sensing air
pressure just behind the lips with a translabially placed
catheter connected to a pressure transducer. These
intraoral pressure measures are obtained as subjects
produce strings of bilabial /p/+ vowel syllables (e.g.,
[pi-pi-pi-pi-pi/) at constant pitch and loudness. This
method works because the vocal folds are abducted
during /p/ production, thus allowing pressure to equili-
brate throughout the airway, making intraoral pressure
equal to subglottal pressure (Fig. 1).

Additional Derived Measures. There have been numer-
ous attempts to extend the utility of aerodynamic mea-
sures by using them in the derivation of additional
parameters aimed at better elucidating underlying
mechanisms of vocal function. Such derived measures

usually take the form of ratios that relate aerodynamic
parameters to each other, or that relate aerodynamic
parameters to simultaneously obtained acoustic mea-
sures. Common examples include (1) airway (glottal)
resistance (see Smitheran and Hixon, 1981), (2) vocal
efficiency (Schutte, 1980; Holmberg, Hillman, and Per-
kell, 1988), and (3) measures that interrelate glottal
volume velocity waveform parameters (Holmberg, Hill-
man, and Perkell, 1988).

Normative Data. As is the case for most measures of
vocal function, there is not currently a set of normative
data for aerodynamic measures that is universally
accepted and applied in research and clinical work.
Methods for collecting such data have not been stan-
dardized, and study samples have generally not been of
sufficient size or appropriately stratified in terms of age
and sex to ensure unbiased estimates of underlying aero-
dynamic phonatory parameters in the normal popula-
tion. However, there are several sources in the literature
that provide estimates of normative values for selected
aerodynamic measures (Kent, 1994; Baken, 1996; Col-
ton and Casper, 1996).

See also VOICE PRODUCTION: PHYSICS AND PHYSIOLOGY.

—Robert E. Hillman
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Alaryngeal Voice and Speech
Rehabilitation

Loss of the larynx due to disease or injury will result in
numerous and significant changes that cross anatomical,
physiological, psychological, social, psychosocial, and
communication domains. Surgical removal of the lar-
ynx, or total laryngectomy, involves resectioning the
entire framework of the larynx. Although total laryn-
gectomy may occur in some instances due to traumatic
injury, the majority of cases worldwide are the result of
cancer. Approximately 75% of all laryngeal tumors arise
from squamous epithelial tissue of the true vocal fold
(Bailey, 1985). In some instances, and because of the
location of many of these lesions, less aggressive ap-
proaches to medical intervention may be pursued. This
may include radiation therapy or partial surgical resec-
tion, which seeks to conserve portions of the larynx, or
the use of combined chemoradiation protocols (Hillman
et al., 1998; Orlikoff et al., 1999). However, when ma-
lignant lesions are sufficiently large or when the location
of the tumor threatens the lymphatic compartment of

the larynx, total laryngectomy is often indicated for rea-
sons of oncological safety (Doyle, 1994).

Effects of Total Laryngectomy

The two most prominent effects of total laryngectomy as
a surgical procedure are change of the normal airway
and loss of the normal voicing mechanism for verbal
communication. Once the larynx is surgically removed
from the top of the trachea, the trachea is brought for-
ward to the anterior midline neck and sutured into place
near the sternal notch. Thus, total laryngectomy neces-
sitates that the airway be permanently separated from
the upper aerodynamic (oral and pharyngeal) pathway.
When the laryngectomy is completed, the tracheal air-
way will remain separate from the oral cavity, pharynx,
and esophagus. Under these circumstances, not only is
the primary structure for voice generation lost, but the
intimate relationship between the pulmonary system and
that of the structures of the upper airway, and con-
sequently the vocal tract, is disrupted. Therefore, if
verbal communication is to be acquired and used post-
laryngectomy, an alternative method of creating an
alaryngeal voice source must be achieved.

Methods of Postlaryngectomy Communication

Following laryngectomy, the most significant communi-
cative component to be addressed via voice and speech
rehabilitation is the lost voice source. Once the larynx is
removed, some alternative method of providing a new,
“alaryngeal” sound source is required. There are two
general categories in which an alternative, alaryngeal
voice source may be achieved. These categories are best
described as intrinsic and extrinsic methods. The dis-
tinction between these two methods is contingent on the
manner in which the alaryngeal voice source is achieved.
Intrinsic alaryngeal methods imply that the alaryngeal
voice source is found within the system; that is, alterna-
tive physical-anatomical structures are used to generate
sound. In contrast, extrinsic methods of alaryngeal
speech rely on the use of an external sound source, typi-
cally an electronic source, or what is termed the artificial
larynx, or the electrolarynx. The fundamental differences
between intrinsic and extrinsic methods of alaryngeal
speech are discussed below.

Intrinsic Methods of Alaryngeal Speech

The two most prominent methods of intrinsic alaryngeal
speech are esophageal speech (Diedrich, 1966; Doyle,
1994) and tracheoesophageal (TE) speech (Singer and
Blom, 1980). While these two intrinsic methods of
alaryngeal speech are dissimilar in some respects, both
rely on generation of an alaryngeal voice source by cre-
ating oscillation of tissues in the area of the lower phar-
ynx and upper esophagus. This vibratory structure is
somewhat variable in regard to width, height, and loca-
tion (Diedrich and Youngstrom, 1966; Damste, 1986);
hence, the preferred term for this alaryngeal voicing
source is the pharyngoesophageal (PE) segment. One
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muscle that comprises the PE segment is the cricophar-
yngeal muscle. Beyond the commonality in the use of the
PE segment as a vicarious voicing source for both
esophageal and TE methods of alaryngeal speech, the
manner in which these methods are achieved does differ.

Esophageal  Speech. For esophageal speech, the
speaker must move air from the oral cavity across the
tonically closed PE segment in order to insufflate
the esophageal reservoir (located inferior to the PE seg-
ment). Two methods of insufflation may be utilized.
These methods might be best described as being either
direct or indirect approaches to insufflation. Direct
methods require the individual speaker to actively ma-
nipulate air in the oral cavity to effect a change in pres-
sure. When pressure build-up is achieved in the oral
cavity via compression maneuvers, and when the pres-
sure becomes of sufficient magnitude to overcome the
muscular resistance of the PE segment, air will move
across the segment (inferiorly) into the esophagus. This
may be accomplished with nonspeech tasks (tongue
maneuvers) or as a result of producing specific sounds
(e.g., stop consonants).

In contrast, for the indirect (inhalation) method of air
insufflation, the speaker indirectly creates a negative
pressure in the esophageal reservoir via rapid inhalation
through the tracheostoma. This results in a negative
pressure in the esophagus relative to the normal atmo-
spheric pressure within the oral cavity/vocal tract (Die-
drich and Youngstrom, 1966; Diedrich, 1968; Doyle,
1994). Air then moves passively across the PE segment
in order to equalize pressures between the pharynx and
esophagus. Once insufflation occurs, this air can be used
to generate PE segment vibration in the same manner
following other methods of air insufflation. While a dis-
tinction between direct and indirect methods permits
increased understanding of the physical requirements
for esophageal voice production, many esophageal
speakers who exhibit high levels of proficiency will often
utilize both methods for insufflation. Regardless of
which method of air insufflation is used, this air can then
be forced back up across the PE segment, and as a result,
the tissue of this sphincter will oscillate. This esophageal
sound source can then be manipulated in the upper
regions of the vocal tract into the sounds of speech.

The acquisition of esophageal speech is a complex
process of skill building that must be achieved under the
direction of an experienced instructor. Clinical emphasis
typically involves tasks that address four skills believed
to be fundamental to functional esophageal speech
(Berlin, 1963): (1) the ability to phonate reliably on de-
mand, (2) the ability to maintain a short latency between
air insufflation and esophageal phonation, (3) the ability
to maintain adequate duration of voicing, and (4) the
ability to sustain voicing while articulating. These foun-
dation skills have been shown to reflect those progressive
abilities that have historically defined speech skills of
“superior”’ esophageal speakers (Wepman et al., 1953;
Snidecor, 1968). However, the successful acquisition of
esophageal speech may be limited, for many reasons.

Regardless of which method of insufflation is used,
esophageal speakers will exhibit limitations in the phy-
sical dimensions of speech. Specifically, fundamental
frequency is reduced by about one octave (Curry and
Snidecor, 1961), intensity is reduced by about 10 dB SPL
from that of the normal speaker (Weinberg, Horii, and
Smith, 1980), and the durational characteristics of
speech are also reduced. Speech intelligibility is also
decreased due to limits in the aerodynamic and voicing
characteristics of esophageal speech. As it is not an
abductory-adductory system, voiced-for-voiceless per-
ceptual errors (e.g., perceptual identification of b for p)
are common. This is a direct consequence of the esoph-
ageal speaker’s inability to insufflate large or continuous
volumes of air into the reservoir. Esophageal speakers
must frequently reinsufflate the esophageal reservoir to
maintain voicing. Because of this, it is not uncommon to
see esophageal speakers exhibit pauses at unusual points
in an utterance, which ultimately alters the normal
rhythm of speech. Similarly, the prosodic contour of
esophageal speech and associated features is often per-
ceived to be abnormal. In contrast to esophageal speech,
the TE method capitalizes on the individual’s access to
pulmonary air for esophageal insufflation, which offers
several distinct advantages relative to esophageal speech.

Tracheoesophageal Speech. TE speech uses the same
voicing source as traditional esophageal speech, the PE
segment. However, in TE speech the speaker is able to
access and use pulmonary air as a driving source. This is
achieved by the surgical creation of a controlled midline
puncture in the trachea, followed by insertion of a one-
way TE puncture voice prosthesis (Singer and Blom,
1980), either at the time of laryngectomy or as a second
procedure at some point following laryngectomy. Thus,
TE speech is best described as a surgical-prosthetic
method of voice restoration. Though widely used, TE
voice restoration is not problem-free. Limitations in
application must be considered, and complications may
occur.

The design of the TE puncture voice prosthesis is such
that when the tracheostoma is occluded, either by hand
or via use of a complementary tracheostoma breathing
valve, air is directed from the trachea through the pros-
thesis and into the esophageal reservoir. This access
permits a variety of frequency, intensity, and durational
variables to be altered in a fashion different from that of
the traditional esophageal speaker (Robbins et al., 1984;
Pauloski, 1998). Because the TE speaker has direct ac-
cess to a pulmonary air source, his or her ability to
modify the physical (frequency, intensity, and dura-
tional) characteristics of the signal in response to
changes in the aerodynamic driving source, along with
associated changes in prosodic elements of the speech
signal (i.e., stress, intonation, juncture), is enhanced
considerably. Such changes have a positive impact on
auditory-perceptual judgments of this method of alaryn-
geal speech.

While the frequency of TE speech is still reduced from
that of normal speech, the intensity is greater, and the
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durational capabilities meet or exceed those of normal
speakers (Robbins et al., 1984). Finally, research into
the influence of increased aerodynamic support in TE
speakers relative to traditional esophageal speech on
speech intelligibility has suggested that positive effects
may be observed (Doyle, Danhauer, and Reed, 1988)
despite continued voiced-for-voiceless perceptual errors.
Clearly, the rapidity of speech reacquisition in addition
to the relative increases in speech intelligibility and the
changes in the overall physical character of TE speech
offers considerable advantages from the perspective of
communication rehabilitation.

Artificial Laryngeal Speech. Extrinsic methods of
alaryngeal voice production are common. Although
some pneumatic devices have been introduced, they are
not widely used today. The most frequently used extrin-
sic method of producing alaryngeal speech uses an elec-
tronic artificial larynx, or electrolarynx. These devices
provide an external energy (voice) source that is intro-
duced either directly into the oral cavity (intraoral) or by
placing a device directly on the tissues of the neck
(transcervical). Whether the electrolaryngeal tone is
introduced into the oral cavity directly or through
transmission via tissues of the neck, the speaker is able to
modulate the electrolaryngeal source into speech.

The electrolayrnx is generally easy to use. Speech
can be acquired relatively quickly, and the device offers
a reasonable method of functional communication to
those who have undergone total laryngectomy (Doyle,
1994). Its major limitations have traditionally related to
negative judgments of electrolaryngeal speech relative to
the mechanical nature of many devices. Current research
is seeking to modify the nature of the electronic sound
source produced. The intelligibility of electrolaryngeal
speech is relatively good, given the external nature of the
alaryngeal voice source and the electronic character of
sound production. A reduction in speech intelligibility is
primarily observed for voiceless consonants (i.e., voiced-
for-voiceless errors) due to the fact that the electrolarynx
is a continuous sound source (Weiss and Basili, 1985).

Rehabilitative Considerations

All methods of alaryngeal speech, whether esophageal,
TE, or electrolaryngeal, have distinct advantages and
disadvantages. Advantages for esophageal speech include
a nonmechanical and hands-free method of communi-
cation. For TE speech, pitch is near normal, loudness
exceeds normal, and speech rate and prosody is near
normal; for artificial larynx speech, it may be acquired
quickly by most people and may be used in conditions of
background noise. In contrast, disadvantages for esoph-
ageal speech include lowered pitch, loudness, and speech
rate. For TE speech, it involves use and maintenance of
a prosthetic device with associated costs; for artificial
larynx speech, a mechanical quality is common and it
requires the use of one hand. While “normal” speech
cannot be restored with these methods, no matter how
proficient the speaker’s skills, all methods are viable
postlaryngectomy communication options, and at least

one method can be used with a functional communica-
tive outcome in most instances. Professionals who work
with individuals who have undergone total laryngectomy
must focus on identifying a method that meets each
speaker’s particular needs. Although clinical interven-
tion must focus on making any given alaryngeal method
as proficient as possible, the individual speaker’s needs,
as well as the relative strengths and weaknesses of each
method, must be considered. In this way, use of a given
method may be enhanced so that the individual may
achieve the best level of social reentry following lar-
yngectomy. Further, nothing prevents an individual
from using multiple methods of alaryngeal speech, al-
though one or another may be preferred in a given
communication context or environment. But an im-
portant caveat is necessary: Just because a method of
alaryngeal speech has been acquired and it has been
deemed “proficient” at the clinical level (e.g., results in
good speech intelligibility) and is “functional” for basic
communication purposes, this does not imply that “‘re-
habilitation” has been successfully achieved.

The reacquisition of verbal communication is without
question a critical component of recovery and rehabili-
tation postlaryngectomy; however, it is only one dimen-
sion of the complex picture of a successful return to as
normal a life as possible. All individuals who have un-
dergone a laryngectomy will confront myriad restrictions
in multiple domains, including anatomical, physio-
logical, psychological, communicative, and social. As a
result, postlaryngectomy rehabilitation efforts that ad-
dress these areas may increase the likelihood of a suc-
cessful postlaryngectomy outcome.

See also LARYNGECTOMY.

— Philip C. Doyle and Tanya L. Eadie
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Anatomy of the Human Larynx

The larynx is an organ that sits in the hypopharynx,
at the crossroads of the upper respiratory and upper di-
gestive tracts. The larynx is intimately involved in respi-
ration, deglution, and phonation. Although it is the
primary sound generator of the peripheral speech mech-
anism, it must be viewed primarily as a respiratory
organ. In this capacity it controls the flow of air into and
out of the lower respiratory tract, prevents food from
becoming lodged in the trachea or bronchi (which would
threaten life and interfere with breathing), and, through
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the cough reflex, assists in dislodging material from the
lower airway. The larynx also plays a central role in the
development of the intrathoracic and intra-abdominal
pressures needed for lifting, elimination of bodily wastes,
and sound production.

Throughout life, the larynx undergoes maturational
and involutional (aging) changes (Kahane, 1996), which
influence its capacity as a sound source. Despite these
naturally and slowly occurring structural changes, the
larynx continues to function relatively flawlessly. This is
a tribute to the elegance of its structure.

Regional Anatomical Relationships. The larynx is
located in the midline of the neck. It lies in front of the
vertebral column and between the hyoid bone above and
the trachea below. In adults, it lies between the third and
sixth cervical vertebrae. The root, or pharyngeal portion,
of the tongue is interconnected with the epiglottis of the
larynx by three fibroelastic bands, the glossoepiglottic
folds. The lowermost portion of the pharynx, the hypo-
pharynx, surrounds the posterior aspect of the larynx.
Muscle fibers of the inferior pharyngeal constrictor at-
tach to the posterolateral aspect of the thyroid and cri-
coid cartilages. The esophagus lies inferior and posterior
to the larynx. It is a muscular tube that interconnects the
pharynx and the stomach. Muscle fibers originating
from the cricoid cartilage form part of the muscular
valve, which opens to allow food to pass from the phar-
ynx into the esophagus.

Cartilaginous Skeleton. The larynx is composed of five
major cartilages: thyroid, cricoid, one pair of arytenoids,
and the epiglottis (Fig. 1). The hyoid bone, though inti-
mately associated with the larynx, is not part of it. The
cartilaginous components of the larynx are joined by
ligaments and membranes. The thyroid and cricoid carti-
lages are composed of hyaline cartilage, which provides
them with form and rigidity. They are interconnected by
the cricothyroid joints and surround the laryngeal cavity.
These cartilages support the soft tissues of the laryngeal
cavity, thereby protecting this vital passageway for
unencumbered movement of air into and out of the
lower airway. The thyroid cartilage is composed of two
quadrangular plates that are united at midline in an
angle called the thyroid angle or laryngeal prominence.
In the male, the junction of the laminae forms an acute
angle, while in the female it is obtuse. This sexual
dimorphism emerges after puberty. The cricoid cartilage
is signet ring shaped and sits on top of the first ring of
the trachea, ensuring continuity of the airway from the
larynx into the trachea (the origin of the lower respira-
tory tract). The epiglottis is a flexible leaf-shaped carti-
lage whose deformability results from its elastic cartilage
composition. During swallowing, the epiglottis closes
over the entrance into the laryngeal cavity, thus pre-
venting food and liquids from passing into the laryngeal
cavity, which could obstruct the airway and interfere
with breathing. The arytenoid cartilages are intercon-
nected to the cricoid cartilage via the cricoarytenoid
joint. These pyramid-shaped cartilages serve as points of
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Figure 1. Laryngeal cartilages shown separately (top) and
articulated (bottom) at the laryngeal joints. The hyoid bone is
not part of the larynx but is attached to it by the thyrohyoid
membrane. (From Orlikoff, R. F., and Kahane, J. C. [1996].
Structure and function of the larynx. In N. J. Lass [Ed.], Prin-
ciples of experimental phonetics. St. Louis: Mosby. Reproduced
with permission.)

attachment for the vocal folds, all but one pair of the
intrinsic laryngeal muscles, and the vestibular folds.

The thyroid, cricoid and arytenoid cartilages are
interconnected to each other by two movable joints, the
cricothyroid and cricoarytenoid joints. The cricothyroid
Jjoint joins the thyroid and cricoid cartilages and allows
the cricoid cartilage to rotate upward toward the cricoid
(Stone and Nuttal, 1974). Since the vocal folds are
attached anteriorly to the inside face of the thyroid car-
tilage and posteriorly to the arytenoid cartilages, which
in turn are attached to the upper rim of the cricoid,
this rotation effects lengthening and shortening of the
vocal folds, with concomitant changes in tension. Such
changes in tension are the principal method of changing
the rate of vibration of the vocal folds. The cricoary-
tenoid joint joins the arytenoid cartilages to the supero-
lateral rim of the cricoid. Rocking motions of the
arytenoids on the upper rim of the cricoid cartilage allow
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Figure 2. The laryngeal cavity, as viewed posteriorly. (From
Kahane, J. C. [1988]. Anatomy and physiology of the organs
of the peripheral speech mechanism. In N. J. Lass, L. L.
McReynolds, J. L. Northern, and D. E. Yoder [Eds.], Hand-
book of speech-language pathology and audiology. Toronto:
B. C. Decker. Reproduced with permission.)

the arytenoids and the attached vocal folds to be drawn
away (abducted) from midline and brought toward
(adducted) midline. The importance of these actions has
been emphasized by von Leden and Moore (1961), as
they are necessary for developing the transglottal impe-
dances to airflow that are needed to initiate vocal fold
vibration. The effect of such movements is to change the
size and shape of the glottis, the space between the vocal
folds, which is of importance in laryngeal articulation,
producing devoicing and pauses, and facilitating modes
of vocal atttack.

Laryngeal Cavity. The laryngeal cartilages surround an
irregularly shaped tube called the laryngeal cavity, which
forms the interior of the larynx (Fig. 2). It extends from
the laryngeal inlet (laryngeal aditus), through which it
communicates with the hypopharynx, to the level of the
inferior border of the cricoid cartilage. Here the laryn-
geal cavity is continuous with the lumen of the trachea.
The walls of the laryngeal cavity are formed by fibro-
elastic tissues lined with epithelium. These fibroelastic
tissues (quadrangular membrane and conus elasticus)
restore the dimensions of the laryngeal cavity, which
become altered through muscle activity, passive stretch
from adjacent structures, and aeromechanical forces.

The laryngeal cavity is conventionally divided into
three regions. The upper portion is a somewhat ex-
panded supraglottal cavity or vestibule whose walls
are reinforced by the quadrangular membrane. The
middle region, called the glottal region, is bounded by
the vocal folds; it is the narrowest portion. The lowest
region, the infraglottal or subglottal region, is bounded
by the conus elasticus. The area of primary laryngeal
valving is the glottal region, where the shape and size of
the rima glottidis or glottis (space between the vocal
folds) is modified during respiration, vocalization, and
sphincteric closure. The rima glottidis consists of an
intramembranous portion, which is bordered by the soft
tissues of the vocal folds, and an intracartilaginous por-
tion, the posterior two-fifths of the rima glottidis, which
is located between the vocal processes and the bases of
the arytenoid cartilages. The anterior two-thirds of the
glottis is an area of dynamic change occasioned by the
positioning and aerodynamic displacement of the vocal
folds. The overall dimensions of the intracartilaginous
glottis remain relatively stable except during strenuous
sphincteric valving.

The epithelium that lines the laryngeal cavity exhibits
regional specializations. Stratified squamous epithelium
covers surfaces subjected to contact, compressive, and
vibratory forces. Typical respiratory epithelium (pseudo-
stratified ciliated columnar epithelium with goblet cells)
is plentiful in the laryngeal cavity and lines the supra-
glottis, ventricles, and nonvibrating portions of the vocal
folds; it also provides filtration and moisturization
of flowing air. The epithelium and immediately underly-
ing connective tissue form the muscosa, which is sup-
plied by an array of sensory receptors sensitive to
pressure, chemical, and tactile stimuli, pain, and direc-
tion and velocity of airflow (Wyke and Kirchner, 1976).
These receptors are innervated by sensory branches
from the superior and recurrent laryngeal nerves. They
are essential components of the exquisitely sensitive
protective reflex mechanism within the larynx that in-
cludes initiating coughing, throat clearing, and sphinc-
teric closure.

Laryngeal Muscles. The larynx is acted upon by ex-
trinsic and intrinsic laryngeal muscles (Tables 1 and 2).
The extrinsic laryngeal muscles are attached at one end
to the larynx and have one or more sites of attachment
to a distant site (e.g., the sternum or hyoid bone). The
suprahyoid and infrahyoid muscles attach to the hyoid
bone and are generally considered extrinsic laryngeal
muscles (Fig. 3). Although these muscles do not attach
to the larynx, they influence laryngeal position in the
neck through their action on the hyoid bone. The
thyroid cartilage is connected to the hyoid bone by the
hyothyroid membrane and ligaments. The larynx is
moved through displacement of the hyoid bone. The
suprahyoid and infrahyoid muscles also stabilize the
hyoid bone, allowing other muscles in the neck to act
directly on the laryngeal cartilages. The suprahyoid and
infrahyoid muscles are innervated by a combination
of cranial and spinal nerves. Cranial nerves V and VII
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Table 1. Morphological Characteristics of the Suprahyoid and Infrahyoid Muscles

Muscles

Origin

Insertion

Function

Innervation

Suprahyoid Muscles

Anterior digastric
Posterior digastric

Stylohyoid

Mylohyoid

Geniohyoid

Infrahyoid Muscles
Sternohyoid

Omohyoid

Sternothyroid

Thyrohyoid

Digastric fossa of mandible

Mastoid notch of temporal
bone

Posterior border of styloid
process

Mylohyoid line of mandible

Inferior pair of genial
tubercles of mandible

Deep surface of manubrium;
medial end of clavical

From upper border of
scapula (inferior belly)
into tendon issuing
superior belly

Posterior surface of
manubrium; edge of first
costal cartilage

Oblique line of thyroid

Body of hyoid bone
To hyoid bone via an

intermediate tendon
Body of hyoid

Median raphe,
extending from deep
surface of mandible at
midline to hyoid bone

Anterior surface of body
of hyoid bone

Medial portion of
inferior surface of
body of hyoid bone

Inferior aspect of body
of hyoid bone

Oblique line of thyroid
cartilage

Lower border of body

Raises hyoid bone

Raises and retracts
hyoid bone

Raises hyoid bone

Raises hyoid bone

Raises hyoid bone
and draws it
forward

Depresses hyoid
bone

Depresses hyoid
bone

Lowers hyoid bone;
stabilizes hyoid
bone

When larynx is

Cranial nerve V
Cranial nerve VII

Cranial nerve VII

Cranial nerve V

Cervical nerve I carried
via descendens
hypoglossi

Ansa cervicalis

Cervical nerves I-111
carried by the ansa
cervicalis

Ansa cervicalis

Cervical nerve I, through

cartilage

and greater wing of
hyoid bone

stabilized, lowers
hyoid bone; when
hyoid is fixed,
larynx is raised

descendens hypoglossi

Table 2. Morphological Characteristics of the Intrinsic Laryngeal Muscles

Muscle Origin Insertion Function Innervation
Cricothyroid Lateral surface of cricoid  Pars recta fibers attach to Rotational approximation  External branch
cartilage arch; fibers anterior lateral half of of the cricoid and of superior
divide into upper inferior border of thyroid thyroid cartilages; laryngeal nerve
portion (pars recta) cartilage; pars obliqua lengthens and tenses (cranial nerve X)
and lower portion fibers attach to anterior vocal folds
(pars obliqua) margin of inferior corner of
thyroid cartilage
Lateral Upper border of arch of  Anterior aspect of muscular Adducts vocal folds; Recurrent laryngeal
cricoarytenoid cricoid cartilage process of arytenoid closes rima glottidis nerve (cranial
cartilage nerve X)
Posterior Cricoid lamina Muscular process of arytenoid  Abducts vocal folds; Recurrent laryngeal
cricoarytenoid cartilage opens rima glottidis nerve (cranial
nerve X)
Interarytenoid
Transverse Horizontally coursing Dorsolateral ridge of opposite ~ Approximates bases of Recurrent laryngeal
fibers fibers extending arytenoid cartilage arytenoid cartilages, nerve (cranial
between the dorso- assists vocal fold nerve X)
lateral ridges of each adduction
arytenoid cartilage
Oblique fibers  Obliquely coursing fibers  Inserts onto apex of opposite Same as transverse fibers Recurrent laryngeal
from base of one arytenoid cartilage nerve (cranial
arytenoid cartilage nerve X)
Thyroarytenoid  Deep surface of thyroid Fovea oblonga of arytenoid Adduction, tensor, Recurrent laryngeal

cartilage at midline

cartilage; vocalis fibers
attach close to vocal
process; muscularis fibers
attach more laterally

relaxer of vocal folds
(depending on what
parts of muscles are
active)

nerve (cranial
nerve X)
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Digastric muscle
anterior belly
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Mastoid process

Stylohyoid muscle

Hyoid bone Digastric muscle
Thyrohyoid posterior belly

muscle Sternocleidomastoid
Omohyoid muscle cut

muscle Thyrohyoid muscle

Thyroid cart.
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Oblique line of thyroid cart.
Thyroid gland
Sternchyoid

Sternothyroid muscle

Left clavicle

Origin of sternocleidomastoid

Sternothyroid muscle cuf

muscle

Figure 3. The extrinsic laryngeal muscles. (From Bateman,
H. E., and Mason, R. M. [1984]. Applied anatomy and physiol-
ogy of the speech and hearing mechanism. Springfield, IL:
Charles C Thomas. Reproduced with permission.)

supply all of the suprahyoid muscles except the genio-
hyoid. All of the infrahyoid muscles are innervated by
spinal nerves from the upper (cervical) portion of the
spinal cord.

The suprahyoid and infrahyoid muscles have been
implicated in fundamental frequency control under a
construct proposed by Sonninen (1956), called the ex-
ternal frame function. Sonninen suggested that the
extrinsic laryngeal muscles are involved in producing
fundamental frequency changes by exerting forces on the
laryngeal skeleton that effect length and tension changes
in the vocal folds.

The designation of extrinsic laryngeal muscles
adopted here is based on strict anatomical definition as
well as on research data on the action of the extrinsic
laryngeal muscles during speech and singing. One of the
most convincing studies in this area was done by Shipp
(1975), who showed that the sternothyroid and thyro-
hyoid muscles systematically change the vertical position
of the larynx in the neck, particularly with changes in
fundamental frequency. Shipp demonstrated that the
sternothyroid lowers the larynx with decreasing pitch,
while the thyrohyoid raises it.

The intrinsic muscles of the larynx (Fig. 4) are a col-
lection of small muscles whose points of attachment are
all in the larynx (to the laryngeal cartilages). The ana-
tomical properties of the intrinsic laryngeal muscles are
summarized in Table 2. The muscles can be categorized
according to their effects on the shape of the rima glot-
tidis, the positioning of the folds relative to midline,
and the vibratory behavior of the vocal folds. Hirano
and Kakita (1985) nicely summarized these behaviors
(Table 3). Among the most important functional or

biomechanical outcomes of the actions of the intrinsic
laryngeal muscles are (1) abduction and adduction of
the vocal folds, (2) changing the position of the laryngeal
cartilages relative to each other, (3) transiently changing
the dimensions and physical properties of the vocal folds
(i.e., length, tension, mass per unit area, compliance, and
elasticity), and (4) modifying laryngeal airway resistance
by changing the size or shape of the glottis.

The intrinsic laryngeal muscles are innervated by
nerve fibers carried in the trunk of the vagus nerve.
These branches are usually referred to as the superior
and inferior laryngeal nerves. The cricothyroid muscle
is innervated by the superior laryngeal nerve, while all
other intrinsic laryngeal muscles are innervated by the
inferior (recurrent) laryngeal nerve. Sensory fibers from
these nerves supply the entire laryngeal cavity.

Histochemical studies of intrinsic laryngeal muscles
(Matzelt and Vosteen, 1963; Rosenfield et al., 1982)
have enabled us to appreciate the unique properties of
the intrinsic muscles. The intrinsic laryngeal muscles
contain, in varying proportions, fibers that control fine
movements for prolonged periods (type 1 fibers) and
fibers that develop tension rapidly within a muscle (type
2 fibers). In particular, laryngeal muscles differ from the
standard morphological reference for striated muscles,
the limb muscles, in several ways: (1) they typically have
a smaller mean diameter of muscle fibers; (2) they are
less regular in shape; (3) the muscle fibers are generally
uniform in diameter across the various intrinsic muscles;
(4) individual muscle fibers tend not to be uniform in
their directionality within a fascicle but exhibit greater
variability in the course of muscle fibers, owing to the
tendency for fibers to intermingle in their longitudinal
and transverse planes; and (5) laryngeal muscles have a
greater investment of connective tissues.

Vocal Folds. The vocal folds are multilayered vibra-
tors, not a single homogeneous band. Hirano (1974)
showed that the vocal folds are composed of several
layers of tissues, each with different physical properties
and only 1.2 mm thick. The vocal fold consists of one
layer of epithelium, three layers of connective tissue
(lamina propria), and the vocalis fibers of the thyroary-
tenoid muscle (Fig. 5). Based on examination of ultra-
high-speed films and biomechanical testing of the vocal
folds, Hirano (1974) found that functionally, the epithe-
lium and superficial layer of the lamina propria form the
cover, which is the most mobile portion of the vocal fold.
Wavelike mucosal disturbances travel along the surface
during sound production. These movements are essential
for developing the agitation and patterning of air mole-
cules in transglottal airflow during voice production.
The superficial layer of the lamina propria is com-
posed of sparse amounts of loosely interwoven collage-
nous and elastic fibers. This area, also known as
Reinke’s space, is important clinically because it is the
principal site of swelling or edema formation in the
vocal folds following vocal abuse or in laryngitis. The
intermediate and deep layers of the lamina propria are
called the transition. The vocal ligament is formed from
elastic and collagenous fibers in these layers. It provides
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Table 3. Actions of Intrinsic Laryngeal Muscles on Vocal Fold Position and Shape

Vocal Fold

Parameter CT VOC LCA 1A PCA
Position Paramedian Adduct Adduct Adduct Adduct
Level Lower Lower Lower 0 Elevate
Length Elongate Shorten Elongate (Shorten) Elongate
Thickness Thin Thicken Thin (Thicken) Thin
Edge Sharpen Round Sharpen 0 Round
Muscle (body) Stiffen Stiffen Stiffen (Slacken) Stiffen
Mucosa (cover Stiffen Slacken Stiffen (Slacken) Stiffen

and transition)

Note: 0 indicates no effect; parentheses indicate slight effect; italics indicate marked effect;
normal type indicates consistent, strong effect.

Abbreviations: CT, cricothyroid muscle; VOC, vocalis muscle; LCA, lateral cricoarytenoid
muscle; TA, interarytenoid muscle; PCA, posterior cricoarytenoid muscle.

From Hirano, M., and Kakita, Y. (1985). Cover-body theory of vocal fold vibration. In

R. G. Daniloff (Ed.), Speech science: Recent advances. San Diego, CA: College-Hill Press.

Reproduced with permission.

Figure 5. Schematic of the layered
structure of the vocal folds. The lead-
ing edge of the vocal fold with its epi-
thelium is at left. Co, collaginous
fibers; EIf, elastic fibers; M, vocalis
muscle fibers. (From Hirano, M.
[1975]. Official report: Phonosurgery.
Basic and clinical investigations. Ofo-
logia [Fukuoka], 21, 239-440. Repro-
duced with permission.)

resiliency and longitudinal stability to the vocal folds
during voice production. The transition is stiffer than the
cover but more pliant than the vocalis muscle fibers,
which form the body of the vocal folds. These muscle
fibers are active in regulating fundamental frequency by
influencing the tension in the vocal fold and the compli-
ance and elasticity of the vibrating surface (cover).

See also VOICE PRODUCTION: PHYSICS AND PHYSIOLOGY.

—Joel C. Kahane
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Assessment of Functional Impact of
Voice Disorders

Introduction

Voice disorders occur in approximately 6% of all adults
and in as many as 12% of children. Within the adult
group, specific professions report the presence of a voice
problem that interferes with their employment. As many
as 50% of teachers and 33% of secretaries complain of
voice problems that restrict their ability to work or to
function in a normal social environment (Smith et al.,
1998). The restriction of work, or lifestyle, due to a voice
disorder has gone virtually undocumented until recently.
While voice scientists and clinicians have focused most
of their energy, talent, and time on diagnosing and
measuring the severity of voice disorders with various
perceptual, acoustic, or physiological instruments, little
attention has been given to the effects of a voice disorder
on the daily needs of the patient. Over the past few
years, interest has increased in determining the func-
tional impact of the voice disorder due to the Internet in
using patient-based outcome measures to establish effi-
cacy of treatments and the desire to match treatment
needs with patient’s needs. This article reviews the evo-
lution of the assessment of functional impact of voice
disorders and selected applications of those assessments.

Assessment of the physiological consequences of
voice disorders has evolved from a strong interest in the

relationship of communication ability to global quality-
of-life measurement. Hassan and Weymuller (1993), List
et al. (1998), Picarillo (1994), and Murry et al. (1998)
have all demonstrated that voice communication is an
essential element in patients’ perception of their quality
of life following treatment for head and neck cancer.
Patient-based assessment of voice handicap has been
lacking in the area of noncancerous voice disorders. The
developments and improvements of software for assess-
ing acoustic objective measures of voice and relating
measures of abnormal voices to normal voices have gone
on for a number of years. However, objective measures
primarily assess specific treatments and do not encom-
pass functional outcomes from the patient’s perspective.
These measures do not necessarily discriminate the se-
verity of handicap as it relates to specific professions.
Objective test batteries are useful to quantify disease se-
verity (Rosen, Lombard, and Murry, 2000), categorize
acoustic/physiological profiles of the disease (Hartl et al.,
2001), and measure changes that occur as a result of
treatment (Dejonckere, 2000). A few objective and sub-
jective measures are correlated with the diagnosis of
the voice disorder (Wolfe, Fitch, and Martin, 1997), but
until recently, none have been related to the patient’s
perception of the severity of his or her problem. This
latter issue is important in all diseases and disorders
when life is not threatened since it is ultimately the
patient’s perception of disease severity and his or her
motivation to seek treatment that dictates the degree of
treatment success.

Functional impact relates to the degree of handicap
or disability. Accordingly, there are three levels of a
disorder: impairment, disability, and handicap (World
Health Organization, 1980). Handicap is the impact of
the impairment of the disability on the social, environ-
mental, or economic functioning of the individual.
Treatment usually relates to the physical well-being of a
patient, and it is this physical well-being that generally
takes priority when attempting to assess the severity of
the handicap. A more comprehensive approach might
seek to address the patient’s own impression of the se-
verity of the disorder and how the disorder interferes
with the individual’s professional and personal lifestyle.

Measurement of functional impact is somewhat
different from assessment of disease status in that it
does not directly address treatment efficacy, but rather
addresses the value of a particular treatment for a par-
ticular individual. This may be considered treatment ef-
fectiveness. Efficacy, on the other hand, looks at whether
or not a treatment can produce an expected result based
on previous studies. Functional impact relates to the de-
gree of impact a disorder has on an individual patient,
not necessarily to the severity of the disease.

Voice Disorders and Outcomes Research

Assessment of functional impact on the voice is barely
beyond the infancy stage. Interest in the issues relating to
functional use of the voice stems from the development
of instruments to measure all aspects of vocal function
related to the patient, the disease, and the treatment.
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Moreover, there are certain parameters of voice dis-
orders that cannot be easily measured in the voice labo-
ratory, such as endurance, acceptance of a new voice,
and vocal effectiveness.

The measurement of voice handicap must take into
account issues such as “can the person teach in the
classroom all day?” or “‘can a shop foreman talk loud
enough to be heard over the noise of factory machines?”
An outcome measure that takes into account the
patient’s ability to speak in the classroom or a factory
will undoubtedly provide a more accurate assessment
of voice handicap (although not necessarily an accurate
assessment of the disease, recovery from disease, or
quality of voice) than the acoustic measures obtained in
the voice laboratory. Thus, patient-based measures of
voice handicap provide significant information that can-
not be obtained from biological and physiologic vari-
ables traditionally used in voice assessment models.

Voice handicap measures may measure an individu-
al’s perceived level of general health, an individual’s
quality of life, her ability to continue with her current
employment versus opting for a change in employment,
her satisfaction with treatment regardless of the disease
state, or the cost of the treatment. Outcome of treatment
for laryngeal cancer is typically measured using Kaplan-
Myer curves (Adelstein et al., 1990). While this tool
measures the disease-related status of the patient, it does
not presume to assess overall patient satisfaction with
treatment. Rather, the degree to which swallowing status
improves and voice communication returns to normal
are measured by instruments that generally focus on
quality of life (McHorney et al., 1993).

Voice disorders are somewhat different than the
treatment of a life threatening disease such as laryngeal
cancer. Treatment that involves surgery, pharmacology,
or voice therapy requires the patient’s full cooperation
throughout the course of treatment. The quality and ac-
curacy of surgery or the level of voice therapy may not
necessarily reflect the long-term outcome if the patient
does not cooperate with the treatment procedure. As-
sessment of voice handicap involves the patient’s ability
to use his or her voice under normal circumstances of
social and work-related speaking situations. The voice
handicap will be reflected to the extent that the voice is
usable in those situations.

Outcome Measures: General Health Versus
Specific Disease

There are two primary ways to assess the handicap of
a voice disorder. One is to look at the patient’s overall
well-being. The other is to compare his or her voice to
normal voice measures. The first usually encompasses
social factors as well as physical factors that are related
to the specific disorder. One measure that has been used
to look at the effect of disease on life is the Medical
Outcomes Study (MOS), a 36-item short-form general
health survey (McHorney et al.,, 1993). The 36-item
short form, otherwise known as SF-36, measures eight
areas of health that are commonly affected or changed
by diseases and treatments: physical functioning, role

functioning, bodily pain, general health, vitality, social
functioning, mental health, and health transition. The
SF-36 has been used for a wide range of disease-specific
topics once it was shown to be a valid measure of
the degree of general health. The SF-36 is a pencil-and-
paper test that has been used in numerous studies for
assessing outcomes of treatment. In addition, because
each scale has been determined to be a reliable and valid
measure of health in and of itself, this assessment has
been used to validate other assessments of quality of life
and handicap that are disease specific. However, one of
the difficulties with using such a test for a specific disease
is that one or more of the subscales may not be impor-
tant or appropriate. For example, when considering cer-
tain voice disorders, the subscale of the SF-36 known as
bodily pain may not be quite appropriate. Thus, the SF-
36 is not a direct assessment of voice handicap but rather
a general measure of well-being.

The challenge to develop a specific scale related to a
specific organ function such as a scale for voice disorders
presents problems unlike the development of the SF-36
or other general quality-of-life scales.

Assessing Voice Handicap

Currently there are no federal regulations defining voice
handicap, unlike the handicap measures associated with
hearing loss, which is regulated by the Department of
Labor. The task of measuring the severity of a voice
disorder may be somewhat difficult because of the areas
that are affected, namely emotional, physical, functional,
economic, etc. Moreover, as already indicated, while
measures such a perceptual judgments of voice charac-
teristics, videostroboscopic visual perceptual findings,
acoustic perceptual judgments, as well as physiological
measures objectively obtained provide some input as
to the severity of the voice compared to normal, these
measures do not provide insight as to the degree of
handicap and disability that a specific patient is experi-
encing. It should be noted, however, that there are
handicap/disability measures developed for other aspects
of communication, namely hearing loss and dizziness
(Newman et al., 1990; Jacobson et al., 1994). These
measures have been used to quantify functional outcome
following various interventions in auditory function.

Development of the Voice Handicap Index

In 1997, Jacobson and her colleagues proposed a mea-
sure of voice handicap known as the Voice Handicap
Index (VHI) (Jacobson et al., 1998). This patient self-
assessment tool consists of ten items in each of three
domains: emotional, physical, and functional aspects of
voice disorders. The functional subscale includes state-
ments that describe the impact of a person’s voice on
his daily activities. The emotional subscale indicates the
patient’s affective responses to the voice disorder. The
items in the physical subscale are statements that relate
to either the patient’s perception of laryngeal discomfort
or the voice output characteristics such as too low or too
high a pitch. From an original 85-item list, a 30-item
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questionnaire using a five-point response scale from 0,
indicating he “never” felt this about his voice problem to
4, where he “always” felt this to be the case, was finally
obtained. This 30-item questionnaire was then assessed
for test-retest stability in total as well as the three sub-
scales, and was validated against the SF-36. A shift in
the total score of 18 points or greater is required in order
to be certain that a change is due to intervention and not
to unexplained variability. The Voice Handicap Index
was designed to assess all types of voice disorders, even
those encountered by tracheoesophageal speakers. A
detailed analysis of patient data using this test has
recently been published (Benninger et al., 1998).

Since the VHI has been published, others have pro-
posed similar tests of handicap. Hogikian (1999) and
Glicklich (1999) have both demonstrated their assess-
ment tools to have validity and reliability in assessing a
patient’s perception of the severity of a voice problem.

One of the additional uses of the VHI as suggested by
Benninger and others is to assess measures after treat-
ment (1998). Murry and Rosen (2001) evaluated the
VHI in three groups of speakers to determine the rela-
tive severity of voice disorders in patients with muscular
tension dysphonia (MTD), benign vocal fold lesions
(polyps/cysts), and vocal fold paralysis prior to and fol-
lowing treatments. Figure 1 shows that subjects with
vocal fold paralysis displayed the highest self-perception
of handicap both before and after treatment. Subjects
with benign vocal fold lesions demonstrated the lowest
perception of handicap severity before and after treat-
ment. It can be seen that in general, there was a 50%
or greater improvement in the mean VHI for the com-
bined groups. However, the patients with vocal fold
paralysis initially began with the highest pretreatment
VHI and remained with the highest VHI after treatment.
Although the VHI scores following treatment were sig-
nificantly lower, there still remained a measure of hand-
icap in all subjects. Overall, in 81% of the patients, there
was a perception of significantly reduced voice handicap,

Voice Handicapped Index:
Change Following Treatment
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607
VHI 50177
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UVEFP = Unilateral vocal fold paralysis
MTD = Muscular tension dysphonia
VFP/C = Vocal fold polyp or cyst

Figure 1. Pre- and post-treatment voice handicap scores for
selected populations.

either because of surgery, voice therapy, or a combina-
tion of both.

The same investigators examined the application of
the VHI to a specific group of patients with voice dis-
orders, singers (Murry and Rosen, 2000). Singers are
unique in that they often complain of problems related
only to their singing voice. Murry and Rosen examined
73 professional and 33 nonprofessional singers and
compared them with a control group of 369 nonsingers.

The mean VHI score for the 106 singers was 34.7,
compared with a mean of 53.2 for the 336 nonsingers.
The VHI significantly separated singers from nonsingers
in terms of severity. Moreover, the mean VHI score for
the professional singers was significantly lower (31.0 vs.
43.2) than for the recreational singers. Although lower
VHI scores were found in singers than in nonsingers, this
does not imply that the VHI is not a useful instrument
for assessing voice problems in singers. On the contrary,
several questions were singled out as specifically sensi-
tive to singers. The findings of this study should alert
clinicians that the use of the VHI points to the specific
needs as well as the seriousness of a singer’s handicap.
Although the quality of voice may be mildly disordered,
the voice handicap may be significant.

Recently, Rosen and Murry (in press) presented re-
liability data on a revised 10-question VHI. The results
suggest that a 10-question VHI produces is highly cor-
related with the original VHI. The 10-item questionnaire
provides a quick, reliable assessment of the patient’s
perception of voice handicap.

Other measures of voice outcome have been proposed
and studied. Recently, Gliklich, Glovsky, and Mont-
gomery examined outcomes in patients with vocal fold
paralysis (Hogikyan and Sethuraman, 1999). The in-
strument, which contains five questions, is known as the
Voice Outcome Survey (VOS). Overall reliability of the
VOS was related to the subscales of the SF-36 for a
group of patients with unilateral vocal fold paralysis.

Additional work has been done by Hogikyan (1999).
These authors presented a measure of voice-related
quality of life (VR-QOL). They also found that this
self-administered 10-question patient assessment of se-
verity was related to changes in treatment. Their sub-
jects consisted primarily of unilateral vocal fold paralysis
patients and showed a significant change from pre- to
post-treatment.

A recent addition to functional assessment is the
Voice Activity and Participation Profile (VAPP). This
tool assesses the effects voice disorders have on limiting
and participating in activities which require use of the
voice (Ma and Yiu, 2001). Activity limitation refers to
constraints imposed on voice activities and participation
restriction refers to a reduction or avoidance of voice
activities. This 28-item tool examines five areas: self-
perceived severity of the voice problem; effect on the job;
effect on daily communication; effect on social commi-
nication; and effect on emotion. The VAPP has been
found to be a reliable and valid assessment tool for
assessing self-perceived voice severity as it relates to
activity and participation in vocal activities.
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Summary

The study of functional voice assessment to identify the
degree of handicap is novel for benign voice disorders.
For many years, investigators have focused on acoustic
and aerodynamic measures of voice production to assess
change in voice following treatment. These measures,
although extremely useful in understanding treatment
efficacy, have not shed significant light on patients’ per-
ception of their disorder. Measures such as the VHI,
VOS, and VR-QOL have demonstrated that regardless
of age, sex, or disease type, the degree of handicap can
be identified. Furthermore, treatment for these handi-
caps can also be assessed in terms of effectiveness for the
patient. Patients’ self-assessment of perceived severity
also allows investigators to make valid comparisons of
the impact of an intervention for patients who use their
voices in different environments and the patients’ per-
ception of the treatment from a functional perspective.
Assessment of voice based on a patient’s perceived se-
verity and the need to recover vocal function may be
the most appropriate manner to assess severity of voice
handicap.

—Thomas Murry and Clark A. Rosen
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Electroglottographic Assessment of
Voice

A number of instruments can be used to help character-
ize the behavior of the glottis and vocal folds during
phonation. The signals derived from these instruments
are called glottographic waveforms or glottograms (Titze
and Talkin, 1981). Among the more common glotto-
grams are those that track change in glottal flow, via
inverse filtering; glottal width, via kymography; glottal
area, via photoglottography; and vocal fold movement,
via ultrasonography (Baken and Orlikoff, 2000). Such
signals can be used to obtain several different physio-
logical measures, including the glottal open quotient
and the maximum flow declination rate, both of which
are highly valuable in the assessment of vocal function.
Unfortunately, the routine application of these tech-
niques has been hampered by the cumbersome and time-
consuming way in which these signals must be acquired,
conditioned, and analyzed. One glottographic method,
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electroglottography (EGG), has emerged as the most
commonly used technique, for several reasons: (1) it is
noninvasive, requiring no probe placement within the
vocal tract; (2) it is easy to acquire, alone or in conjunc-
tion with other speech signals; and (3) it offers unique
information about the mucoundulatory behavior of the
vocal folds, which contemporary theory suggests is a
critical element in the assessment of voice production.

Electroglottography (known as electrolaryngography
in the United Kingdom) is a plethysmographic technique
that entails fixing a pair of surface electrodes to each side
of the neck at the thyroid lamina, approximating the
level of the vocal folds. An imperceptible low-amplitude,
high-frequency current is then passed between these
electrodes. Because of their electrolyte content, tissue
and body fluids are relatively good conductors of elec-
tricity, whereas air is a particularly poor conductor.
When the vocal folds separate, the current path is forced
to circumvent the glottal air space, decreasing effective
voltage. Contact between the vocal folds affords a con-
duit through which current can take a more direct route
across the neck. Electrical impedance is thus highest
when the current path must completely bypass an open
glottis and progressively decreases as greater contact be-
tween the vocal folds is achieved. In this way, the voltage
across the neck is modulated by the contact of the vocal
folds, forming the basis of the EGG signal. The glottal
region, however, is quite small compared with the total
region through which the current is flowing. In fact,
most of the changes in transcervical impedance are due to
strap muscle activity, laryngeal height variation induced
by respiration and articulation, and pulsatile blood vol-
ume changes. Because increasing and decreasing vocal
fold contact has a relatively small effect on the overall
impedance, the electroglottogram is both high-pass fil-
tered to remove the far slower nonphonatory impedance
changes and amplified to boost the laryngeal contribu-
tion to the signal. The result is a waveform—sometimes
designated Lx—that varies chiefly as a function of vocal
fold contact area (Gilbert, Potter, and Hoodin, 1984).

First proposed by Fabre in 1957 as a means to assess
laryngeal physiology, the clinical potential of EGG was
recognized by the mid-1960s. Interest in EGG increased
in the 1970s as the importance of mucosal wave dynam-
ics for vocal fold vibration was confirmed, and accel-
erated greatly in the 1980s with the advent of personal
computers and commercially available EGGs that were
technologically superior to previous instruments. Today,
EGG has a worldwide reputation as a useful tool to
supplement the evaluation and treatment of vocal pa-
thology. The clinical challenge, however, is that a valid
and reliable EGG assessment demands a firm under-
standing of normal vocal fold vibratory behavior along
with recognition of the specific capabilities and limita-
tions of the technique.

Instead of a simple mediolateral oscillation, the vocal
folds engage in a quite complex undulatory movement
during phonation, such that their inferior margins ap-
proximate before the more superior margins make con-
tact. Because EGG tracks effective medial contact area,
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Figure 1. At the top is shown a schematic representation of a
single cycle of vocal fold vibration viewed coronally (left) and
superiorly (right) (after Hirano, 1981). Below it is a normal
electroglottogram depicting relative vocal fold contact area.
The numbered points on the trace correspond approximately to
the points of the cycle depicted above. The contact phases of
the vibratory cycle are shown beneath the electroglottogram.

the pattern of vocal fold vibration can be characterized
quite well (Fig. 1). The contact pattern will vary as a
consequence of several factors, including bilateral vocal
fold mass and tension, medial compression, and the
anatomy and orientation of the medial surfaces. Con-
siderable research has been devoted to establishing the
important features of the EGG and how they relate
to specific aspects of vocal fold status and behavior.
Despite these efforts, however, the contact area function
is far from perfectly understood, especially in the face of
pathology. Given the complexity of the “rolling and
peeling” motion of the glottal margins and the myriad
possibilities for abnormality of tissue structure or bio-
mechanics, it is not surprising that efforts to formulate
simple rules relating abnormal details to specific pathol-
ogies have not met with notable success. In short, the
clinical value of EGG rests in documenting the vibratory
consequence of pathology rather than in diagnosing the
pathology itself.
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Using multiple glottographic techniques, Baer,
Lofqvist, and McGarr (1983) demonstrated that, for
normal modal-register phonation, the “depth of closure™
was very shallow just before glottal opening and quite
deep soon after closure was initiated. Most important,
they showed that the instant at which the glottis first
appears occurs sometime before all contact is lost, and
that the instant of glottal closure occurs sometime after
the vocal folds first make contact. Thus, although the
EGG is sensitive to the depth of contact, it cannot be
used to determine the width, area, or shape of the glottis.
For this reason, EGG is not a valid technique for the
measurement of glottal open time or, therefore, the open
quotient. Likewise, since EGG does not specify which
parts of the vocal folds are in contact, it cannot be used
to measure glottal closed time, nor can it, without addi-
tional evidence, be used to determine whether maximal
vocal fold contact indeed represents complete oblitera-
tion of the glottal space. Identifying the exact moment
when (and if) all medial contact is lost has also proved
particularly problematic. Once the vocal folds do lose
contact, however, it can no longer be assumed that the
EGG signal conveys any information whatsoever about
laryngeal behavior. During such intervals, the signal
may vary solely as a function of the instrument’s auto-
matic gain control and filtering (Rothenberg, 1981).

Although the EGG provides useful information only
about those parts of the vibratory cycle during which
there is some vocal fold contact, these characteristics
may provide important clinical insight, especially when
paired with videostroboscopy and other data traces.
EGG, with its ability to demonstrate contact change in
both the horizontal and vertical planes, can quite effec-
tively document the normal voice registers (Fig. 2) as
well as abnormal and unstable modes of vibration (Fig.
3). However, to qualitatively assess EGG wave charac-
teristics and to derive useful indices of vocal fold contact
behavior, it may be best to view the EGG in terms of
a vibratory cycle composed of a contact phase and a
minimal-contact phase (see Fig. 1). The contact phase
includes intervals of increasing and decreasing contact,
whereas the peak represents maximal vocal fold contact
and, presumably, maximal glottal closure. The minimal-
contact phase is that portion of the EGG wave during
which the vocal folds are probably not in contact. Much
clinical misinterpretation can be avoided if no attempt
is made to equate the vibratory contact phase with the
glottal closed phase or the minimal-contact phase with
the glottal open phase.

For the typical modal-register EGG, the contact
phase is asymmetrical; that is, the increase in contact
takes less time than the interval of decreasing contact.
The degree of contact asymmetry is thought to vary not
only as a consequence of vocal fold tension but also as a
function of vertical mucosal convergence and dynamics
(i.e., phasing; Titze, 1990). A dimensionless ratio, the
contact index (CI), can be used to assess contact sym-
metry (Orlikoff, 1991). Defined as the difference between
the increasing and decreasing contact durations divided
by the duration of the contact phase, CI will vary be-

Pulse register

Modal register

Falsetto register

Figure 2. Typical electroglottograms obtained from a normal
man prolonging phonation in the low-frequency pulse,
moderate-frequency modal, and high-frequency falsetto voice
registers.

tween —1 for a contact phase maximally skewed to the
left and +1 for a contact phase maximally skewed to the
right. For normal modal-register phonation, CI varies
between —0.6 and —0.4 for both men and women, but,
as can be seen in Figure 2, it is markedly different for
other voice registers. Pulse-register EGGs typically have
CIs in the vicinity of —0.8, whereas in falsetto it would
not be uncommon to have a CI that approximates zero,
indicating a symmetrical or nearly symmetrical contact
phase.

Another EGG measure that is gaining some currency
in the clinical literature is the contact quotient (CQ).
Defined as the duration of the contact phase relative to
the period of the entire vibratory cycle, there is evidence
from both in vivo testing and mathematical modeling to
suggest that CQ varies with the degree of medial com-
pression of the vocal folds (see Fig. 3) along a hypo-
adducted ‘“loose” (or “breathy’”) to a hyperadducted
“tight” (or “pressed’”’) phonatory continuum (Rothen-
berg and Mahshie, 1988; Titze, 1990). Under typical
vocal circumstances, CQ is within the range of 40%-—
60%, and despite the propensity for a posterior glottal
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“Pressed” phonation

“‘Breathy” phonation

Diplophonic“creaky” phonation

Irregular “chaotic” phonation

Figure 3. Electroglottograms representing different abnormal
modes of vocal fold vibration.

chink in women, there does not seem to be a significant
sex effect. This is probably due to the fact that EGG
(and thus the CQ) is insensitive to glottal gaps that are
not time varying. Unlike men, however, women tend
to show an increase in CQ with vocal FO. It has been
conjectured that this may be the result of greater medial
compression employed by women at higher FOs that
serves to diminish the posterior glottal gap. Nonetheless,
a strong relationship between CQ and vocal intensity has
been documented in both men and women, consistent
with the known relationship between vocal power and
the adductory presetting of the vocal folds. Because
vocal intensity is also related to the rate of vocal fold
contact (Kakita, 1988), there have been some prelimi-
nary attempts to derive useful EGG measures of the
contact rise time.

Because EGG is relatively unaffected by vocal tract
resonance and turbulence noise (Orlikoff, 1995), it al-
lows evaluation of vocal fold behavior under conditions
not well-suited to other voice assessment techniques. For
this reason, and because the EGG waveshape is a rela-
tively simple one, the EGG has found some success both
as a trigger signal for laryngeal videostroboscopy and as
a means to define and describe phonatory onset, offset,

intonation, voicing, and fluency characteristics. In fact,
EGG has, for many, become the preferred means by
which to measure vocal fundamental frequency and jitter.

In summary, EGG provides an innocuous, straight-
forward, and convenient way to assess vocal fold vibra-
tion through its ability to track the relative area of
contact. Although it does not supply valid information
about the opening and closing of the glottis, the tech-
nique affords a unique perspective on vocal fold be-
havior. When conservatively interpreted, and when
combined with other tools of laryngeal evaluation, EGG
can substantially further the clinician’s understanding of
the malfunctioning larynx and play an effective role in
therapeutics as well.

See also ACOUSTIC ASSESSMENT OF VOICE.

—Robert F. Orlikoff
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Functional Voice Disorders

The human voice is acutely responsive to changes in
emotional state, and the larynx plays a prominent role as
an instrument for the expression of intense emotions
such as fear, anger, grief, and joy. Consequently, many
regard the voice as a sensitive barometer of emotions
and the larynx as the control valve that regulates the re-
lease of these emotions (Aronson, 1990). Furthermore,
the voice is one of the most individual and characteristic
expressions of a person—a “mirror of personality.”
Thus, when the voice becomes disordered, it is not un-
common for clinicians to suggest personality traits,
psychological factors, or emotional or inhibitory pro-
cesses as primary causal mechanisms. This is especially
true in the case of functional dysphonia or aphonia,
in which no visible structural or neurological laryngeal
pathology exists to explain the partial or complete loss of
voice.

Functional dysphonia, which may account for more
than 10% of cases referred to multidisciplinary voice
clinics, occurs predominantly in women, commonly fol-
lows upper respiratory infection symptoms, and varies
in its response to treatment (Bridger and Epstein, 1983;
Schalen and Andersson, 1992). The term functional
implies a voice disturbance of physiological function
rather than anatomical structure. In clinical circles,
functional is usually contrasted with organic and often
carries the added meaning of psychogenic. Stress, emo-
tion, and psychological conflict are frequently presumed
to cause or exacerbate functional symptoms.

Some confusion surrounds the diagnostic category
of functional dysphonia because it includes an array of
medically unexplained voice disorders: psychogenic,
conversion, hysterical, tension-fatigue syndrome, hyper-
kinetic, muscle misuse, and muscle tension dysphonia.
Although each diagnostic label implies some degree of
etiologic heterogeneity, whether these disorders are
qualitatively different and etiologically distinct remains
unclear. When applied clinically, these various labels
frequently reflect clinician supposition, bias, or pref-
erence. Voice disorder taxonomies have yet to be
adequately operationalized; consequently, diagnostic
categories often lack clear thresholds or discrete boun-
daries to determine patient inclusion or exclusion. To
improve precision, some clinicians prefer the term psy-
chogenic voice disorder, to put the emphasis on the psy-
chological origins of the disorder. According to Aronson
(1990), a psychogenic voice disorder is synonymous with
a functional one but offers the clinician the advantage
of stating confidently, after an exploration of its causes,
that the voice disorder is a manifestation of one or more
forms of psychological disequilibrium. At the purely
phenomenological level there may be little difference
between functional and psychogenic voice disorders.
Therefore, in this discussion, the terms functional and
psychogenic will be used synonymously, which reflects
current trends in the clinical literature (nosological im-
precision notwithstanding).
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In clinical practice, “psychogenic voice disorder”
should not be a default diagnosis for a voice problem
of undetermined cause. Rather, at least three criteria
should be met before such a diagnosis is offered: symp-
tom psychogenicity, symptom incongruity, and symp-
tom reversibility (Sapir, 1995). Symptom psychogenicity
refers to the finding that the voice disorder is logically
linked in time of onset, course, and severity to an iden-
tifiable psychological antecedent, such as a stressful life
event or interpersonal conflict. Such information is
acquired through a complete case history and psycho-
social interview. Symptom incongruity refers to the ob-
servation that the vocal symptoms are physiologically
incompatible with existing or suspected disease, are
internally inconsistent, and are incongruent with other
speech and language characteristics. An often cited ex-
ample of symptom incongruity is complete aphonia
(whispered speech) in a patient who has a normal throat
clear, cough, laugh, or hum, whereby the presence of
such normal nonspeech vocalization is at odds with
assumptions regarding neural integrity and function of
the laryngeal system. Finally, symptom reversibility
refers to complete, sustained amelioration of the voice
disorder with short-term voice therapy (usually one or
two sessions) or through psychological abreaction. Fur-
thermore, maintaining the voice improvement requires
no compensatory effort on the part of the patient. In
general, psychogenic dysphonia may be suspected when
strong evidence exists for symptom incongruity and
symptom psychogenicity, but it is confirmed only when
there is unmistakable evidence of symptom reversibility.

A wide array of psychopathological processes con-
tributing to voice symptom formation in functional dys-
phonia have been proposed. These mechanisms include,
but are not limited to, conversion reaction, hysteria,
hypochondriasis, anxiety, depression and various per-
sonality dispositions or emotional stresses or conflicts
that induce laryngeal musculoskeletal tension. Roy and
Bless (2000) provide a more complete exploration of the
putative psychological and personality processes involved
in functional dysphonia, as well as related research.

The dominant psychological explanation for dyspho-
nia unaccounted for by pathological findings is the con-
cept of conversion disorder. According to the DSM-IV,
conversion disorder involves unexplained symptoms or
deficits affecting voluntary motor or sensory function
that suggest a neurological or other general medical
condition (American Psychiatric Association, 1994). The
conversion symptom represents an unconscious simula-
tion of illness that ostensibly prevents conscious aware-
ness of emotional conflict or stress, thereby displacing
the mental conflict and reducing anxiety. When the la-
ryngeal system is involved, the condition is referred to as
conversion dysphonia or aphonia. In aphonia, patients
lose their voice suddenly and completely and articulate
in a whisper. The whisper may be pure, harsh, or sharp,
with occasional high-pitched squeaklike traces of pho-
nation. In dysphonia, phonation is preserved but dis-
turbed in quality, pitch, or loudness. Myriad dysphonia
types are encountered, including hoarseness (with or

without strain), breathiness, and high-pitched falsetto, as
well as voice and pitch breaks that vary in consistency
and severity.

In conversion voice disorders, psychological factors
are judged to be associated with the voice symptoms
because conflicts or other stressors precede the onset or
exacerbation of the dysphonia. In short, patients convert
intrapsychic distress into a voice symptom. The voice
loss, whether partial or complete, is also often inter-
preted to have symbolic meaning. Primary or secondary
gains are thought to play an important role in main-
taining and reinforcing the conversion disorder. Primary
gain refers to anxiety alleviation accomplished by pre-
venting the psychological conflict from entering con-
scious awareness. Secondary gain refers to the avoidance
of an undesirable activity or responsibility and the extra
attention or support conferred on the patient.

Butcher and colleagues (Butcher et al., 1987; Butcher,
Elias, and Raven, 1993; Butcher, 1995) have argued that
there is little research evidence that conversion disorder
is the most common cause of functional voice loss.
Butcher advised that the conversion label should be re-
served for cases of aphonia in which lack of concern and
motivation to improve the voice coexists with clear evi-
dence of a temporally linked psychosocial stressor. In the
place of conversion, Butcher (1995) offered two alterna-
tive models to account for psychogenic voice loss. Both
models minimized the role of primary and secondary
gain in maintaining the voice disorder. The first was
a slightly reformulated psychoanalytic model that stated,
“if predisposed by social and cultural bias as well as
early learning experiences, and then exposed to inter-
personal difficulties that stimulate internal conflict,
particularly in situations involving conflict over self-
expression or voicing feelings, intrapsychic conflict or
stress becomes channeled into musculoskeletal tension,
which physically inhibits voice production” (p. 472). The
second model, based on cognitive-behavioral principles,
stated that “life stresses and interpersonal problems in
an individual predisposed to having difficulties express-
ing feelings or views would produce involuntary anxiety
symptoms and musculoskeletal tension, which would
center on and inhibit voice production” (p. 473). Both
models clearly emphasized the inhibitory effects of excess
laryngeal muscle tension on voice production, although
through slightly different causal mechanisms.

Recently, Roy and Bless (2000) proposed a theory
that links personality to the development of functional
dysphonia. The “trait theory of functional dysphonia”
shares Butcher’s (1995) theme of inhibitory laryngeal
behavior but attributes this muscularly inhibited voice
production to specific personality types. In brief, the
authors speculate that the combination of personality
traits such as introversion and neuroticism (trait anxiety)
and constraint leads to predictable and conditioned la-
ryngeal inhibitory responses to certain environmental
signals or cues. For instance, when undesirable punish-
ing or frustrating outcomes have been paired with pre-
vious attempts to speak out, this can lead to muscularly
inhibited voice. The authors contend that this conflict
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between laryngeal inhibition and activation (with origins
in personality and nervous system functioning) results in
elevated laryngeal tension states and can give rise to in-
complete or disordered vocalization in a structurally and
neurologically intact larynx.

As is apparent from the foregoing discussion, the ex-
quisite sensitivity and prolonged hypercontraction of the
intrinsic and extrinsic laryngeal muscles in response to
stress, anxiety, depression, and inhibited emotional ex-
pression is frequently cited as the common denominator
underlying the majority of functional voice problems.
Nichol, Morrison, and Rammage (1993) proposed that
excess muscle tension arises from overactivity of auto-
nomic and voluntary nervous systems in individuals
who are unduly aroused and anxious. They added that
such overactivity leads to hypertonicity of the intrinsic
and extrinsic laryngeal muscles, resulting in muscle ten-
sion dysphonias sometimes associated with adjustment
or anxiety disorders, or with certain personality trait
disturbances.

Finally, some researchers have noted that their “psy-
chogenic dysphonia and aphonia” patients had an
abnormally high number of reported allergy, asthma,
or upper respiratory infection symptoms, suggesting a
link between psychological factors and respiratory and
phonatory disorders (Milutinovic, 1991; Schalen and
Andersson, 1992). They have speculated that organic
changes in the larynx, pharynx, and nose facilitate the
appearance of a functional voice problem; that is, these
changes direct the somatization of psychodynamic con-
flict. Likewise, Rammage, Nichol, and Morrison (1987)
proposed that a relatively minor organic change such as
edema, infection, or reflux laryngitis may trigger func-
tional misuse, particularly if the individual is exceedingly
anxious about his or her voice or health. In a similar
vein, the same authors felt that anticipation of poor
voice production in hypochondriacal, dependent, or
obsessive-compulsive individuals leads to excessive vigi-
lance over sensations arising from the throat (larynx)
and respiratory system that may lead to altered voice
production.

Research evidence to support the various psycho-
logical mechanisms offered to explain functional voice
problems has seldom been provided. A complete review
of the relevant findings and interpretations is provided in
Roy et al. (1997). The empirical literature evaluating the
functional dysphonia—psychology relationship is charac-
terized by divergent results regarding the frequency and
degree of specific personality traits (Aronson, Peterson,
and Litin, 1966; Kinzl, Biebl, and Rauchegger, 1988;
Gerritsma, 1991; Roy, Bless, and Heisey, 2000a, 2000b),
conversion reaction (House and Andrews, 1987; Roy
et al., 1997), and psychopathological symptoms such
as depression and anxiety (Aronson, Peterson, and Litin,
1966; Pfau, 1975; House and Andrews, 1987; Gerritsma,
1991; Roy et al., 1997; White, Deary, and Wilson, 1997,
Roy, Bless, and Heisey, 2000a, 2000b). Despite method-
ological differences, these studies have identified a gen-
eral trend toward elevated levels of (1) state and trait
anxiety, (2) depression, (3) somatic preoccupation or

complaints, and (4) introversion in the functional dys-
phonia population. Patients have been described as
inhibited, stress reactive, socially anxious, nonassertive,
and with a tendency toward restraint (Friedl, Friedrich,
and Egger, 1990; Gerritsma, 1991; Roy, Bless, and Hei-
sey, 2000a, 2000b).

In conclusion, the larynx can be a site of neuromus-
cular tension arising from stress, emotional inhibition,
fear or threat, communication breakdown, and certain
personality types. This tension can produce severely dis-
ordered voice in the context of a structurally normal
larynx. Although the precise mechanisms underlying and
maintaining psychogenic voice problems remain unclear,
the voice disorder is a powerful reminder of the intimate
relationship between mind and body.

See also PSYCHOGENIC VOICE DISORDERS: DIRECT
THERAPY.

—Nelson Roy
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Hypokinetic Laryngeal Movement
Disorders

Hypokinetic laryngeal movement disorders are observed
most often in individuals diagnosed with the neuro-
logical disorder, parkinsonism. Parkinsonism has the
following features: bradykinesia, postural instability,
rigidity, resting tremor, and freezing (motor blocks)
(Fahn, 1986). For the diagnosis to be made, at least two
of these five features should be present, and one of the
two features should be either tremor or rigidity. Parkin-
sonism as a syndrome can be classified as idiopathic
Parkinson’s disease (PD) (i.e., symptoms of unknown
cause); secondary (or symptomatic) PD, caused by a
known and identifiable cause; or parkinsonism-plus syn-
dromes, in which symptoms of parkinsonism are caused
by a known gene defect or have a distinctive pathology.
The specific diagnosis depends on findings in the clinical
history, the neurological examination, and laboratory
tests. No single feature is completely reliable for differ-
entiating among the different causes of parkinsonism.

Idiopathic PD is the most common type of parkin-
sonism encountered by the neurologist. Pathologically,
idiopathic PD affects many structures in the central
nervous system (CNS), with preferential involvement
of dopaminergic neurons in the substantia nigra pars
compacta (SNpc). Lewy bodies, eosinophilic intra-
cytoplasmatic inclusions, can be found in these neurons
(Galvin, Lee, and Trojanowski, 2001). Alpha-synuclein
is the primary component of Lewy body fibrils (Galvin,
Lee, and Trojanowski, 2001). However, only about 75%
of patients with the clinical diagnosis of idiopathic PD
are found at autopsy to have the pathological CNS
changes characteristic of PD (Hughes et al., 1992).

Many patients and their families consider the reduced
ability to communicate one of the most difficult aspects
of PD. Hypokinetic dysarthria, characterized by a soft
voice, monotone, a breathy, hoarse voice quality, and
imprecise articulation (Darley, Aronson, and Brown,
1975; Logemann et al., 1978), and reduced facial ex-
pression (masked facies) contribute to limitations in
communication in the vast majority of individuals with
idiopathic PD (Pitcairn et al., 1990). During the course
of the disease, approximately 45%-89% of patients will
report speech problems (Logemann and Fisher, 1981;
Sapir et al., 2002). Repetitive speech phenomena (Benke
et al., 2000), voice tremor, and hyperkinetic dysarthria
may also be encountered in individuals with idiopathic
PD. When hyperkinetic dysarthria is reported in idio-
pathic PD, it is most frequently seen together with other
motor complications (e.g., dyskinesia) of prolonged
levodopa therapy (Critchley, 1981).

Logemann et al. (1978) suggested that the clusters of
speech symptoms they observed in 200 individuals with
PD represented a progression in dysfunction, beginning
with disordered phonation in recently diagnosed patients
and extending to include disordered articulation and
other aspects of speech in more advanced cases. Recent
findings by Sapir et al. (2002) are consistent with this
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suggestion. Sapir et al. (2002) observed voice disorders in
individuals with recent onset of PD and low Unified
Parkinson Disease Rating Scale (UPDRS) scores; in
individuals with longer duration of disease and higher
UPDRS scores, they observed a significantly higher in-
cidence of abnormal articulation and fluency, in addition
to the disordered voice. Hypokinetic dysarthria of par-
kinsonism is considered to be a part of basal ganglia
damage (Darley, Aronson, and Brown, 1975). However,
there are no studies on pathological changes in the
hypokinetic dysarthria of idiopathic PD. A significant
correlation between neuronal loss and gliosis in SNpc
and substantia nigra pars reticulata (SNpr) and severity
of hypokinetic dysarthria was found in patients with
Parkinson-plus syndromes (Kluin et al., 2001). Speech
and voice characteristics may differ between idiopathic
PD and Parkinson-plus syndromes (e.g., Shy-Drager
syndrome, progressive supranuclear palsy, multisystem
atrophy). In addition to the classic hypokinetic symp-
toms, these patients may have more slurring, a strained,
strangled voice, pallilalia, and hypernasality (Country-
man, Ramig, and Pawlas, 1994) and their symptoms
may progress more rapidly.

Certain aspects of hypokinetic dysarthria in idio-
pathic PD have been studied extensively. Hypophonia
(reduced loudness, monotone, a breathy, hoarse quality)
may be observed in as many as 89% of individuals with
idiopathic PD (Logemann et al., 1978). Fox and Ramig
(1997) reported that sound pressure levels in individuals
with idiopathic PD were significantly lower (2-4 dB
[30 cm]) across a variety of speech tasks than in an age-
and sex-matched control group. Lack of vocal fold clo-
sure, including bowing of the vocal cords and anterior
and posterior chinks (Hanson, Gerratt, and Ward, 1984;
Smith et al., 1995), has been implicated as a cause of this
hypophonia. Perez et al. (1996) used videostroboscopic
observations to study vocal fold vibration in individuals
with idiopathic PD. They reported abnormal phase clo-
sure and symmetry and tremor (both at rest and during
phonation) in nearly 50% of patients. Whereas reduced
loudness and disordered voice quality in idiopathic PD
have been associated with glottal incompetence (lack of
vocal fold closure—e.g., bowing; Hanson, Gerratt, and
Ward, 1984; Smith et al., 1995; Perez et al., 1996), the
specific origin of this glottal incompetence has not been
clearly defined. Rigidity or fatigue secondary to rigidity,
paralysis, reduced thyroarytenoid longitudinal tension
secondary to cricothyroid rigidity (Aronson, 1990), and
misperception of voice loudness (Ho, Bradshaw, and
Tansek 2000; Sapir et al., 2002) are among the explana-
tions. It has been suggested that glottal incompetence
(e.g., vocal fold bowing) might be due to loss of muscle
or connective tissue volume, either throughout the entire
vocal fold or localized near the free margin of the vocal
fold. Recent physiological studies of laryngeal function
in idiopathic PD have shown a reduced amplitude of
electromyographic activity in the thyroarytenoid mus-
cle accompanying glottal incompetence when compared
with both aged-matched and younger controls (Baker
et al., 1998). These findings and the observation of

reduced and variable single motor unit activity in the
thyroarytenoid muscle of individuals with idiopathic PD
(Luschei et al., 1999) are consistent with a number of
hypotheses, the most plausible of which is reduced cen-
tral drive to laryngeal motor neuron pools.

Although the origin of the hypophonia in PD is cur-
rently undefined, Ramig and colleagues (e.g., Fox et al.,
2002) have hypothesized that there are at least three
features underlying the voice disorder in individuals with
PD: (1) an overall neural amplitude scaledown (Penny
and Young, 1983) to the laryngeal mechanism (reduced
amplitude of neural drive to the muscles of the larynx);
(2) problems in sensory perception of effort (Berardelli et
al., 1986), which prevents the individual with idiopathic
PD from accurately monitoring his or her vocal output;
which results in (3) the individual’s difficulty in inde-
pendently generating (through internal cueing or scaling)
adequate vocal effort (Hallet and Khoshbin, 1980) to
produce normal loudness. Reduced neural drive, prob-
lems in sensory perception of effort, and problems scal-
ing adequate vocal output effort may be significant
factors underlying the voice problems in individuals with
PD.

— Lorraine Olson Ramig, Mitchell F. Brin, Miodrag
Velickovic, and Cynthia Fox
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Infectious Diseases and Inflammatory
Conditions of the Larynx

Infectious and inflammatory conditions of the larynx
can affect the voice, swallowing, and breathing to
varying extents. Changes can be acute or chronic and
can occur in isolation or as part of systemic processes.
The conditions described in this article are grouped by
etiology.

Infectious Diseases

Viral Laryngotracheitis. Viral laryngotracheitis is the
most common infectious laryngeal disease. It is typically
associated with upper respiratory infection, for example,
by rhinoviruses and adenoviruses. Dysphonia is usually
self-limiting but may create major problems for a pro-
fessional voice user. The larger diameter upper airway in
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adults makes airway obstruction much less likely than in
children.

In a typical clinical scenario, a performer with mild
upper respiratory symptoms has to carry on performing
but complains of reduced vocal pitch and increased ef-
fort on singing high notes. Mild vocal fold edema and
erythema may occur but can be normal for this patient
group. Thickened, erythematous tracheal mucosa visible
between the vocal folds supports the diagnosis.

Hydration and rest may be sufficient treatment.
However, if the performer decides to proceed with the
show, high-dose steroids can reduce inflammation, and
antibiotics may prevent opportunistic bacterial infection.
Cough suppressants, expectorants, and steam inhala-
tions may also be useful. Careful vocal warmup should
be undertaken before performing, and “rescue” must be
balanced against the risk of vocal injury.

Other Viral Infections. Herpes simplex and herpes zos-
ter infection have been reported in association with vocal
fold paralysis (Flowers and Kernodle, 1990; Nishizaki
et al., 1997). Laryngeal vesicles, ulceration, or plaques
may lead to suspicion of the diagnosis, and antiviral
therapy should be instituted early. New laryngeal muscle
weakness may also occur in post-polio syndrome (Rob-
inson, Hillel, and Waugh, 1998). Viral infection has also
been implicated in the pathogenesis of certain laryn-
geal tumors. The most established association is between
human papillomavirus (HPV) and laryngeal papil-
lomatosis (Levi et al., 1989). HPV, Epstein-Barr virus,
and even herpes simplex virus have been implicated in
the development of laryngeal malignancy (Ferlito et al.,
1997; Garcia-Milian et al., 1998; Pou et al., 2000).

Bacterial Laryngitis. Bacterial laryngitis is most com-
monly due to Hemophilus influenzae, Staphylococcus
aureus, Streptococcus pneumoniae, and beta-hemolytic
streptococcus. Pain and fever may be severe, with air-
way and swallowing difficulties generally overshadowing
voice loss. Typically the supraglottis is involved, with the
aryepiglottic folds appearing boggy and edematous,
often more so than the epiglottis. Unlike in children,
laryngoscopy is usually safe in adults and is the best
means of diagnosis. Possible underlying causes such as a
laryngeal foreign body should be considered. Treatment
includes intravenous antibiotics, hydration, humidifica-
tion, and corticosteroids. Close observation is essential
in case airway support is needed. Rarely, infected mu-
cous retention cysts and epiglottic abscesses occur (Stack
and Ridley, 1995). Tracheostomy and drainage may be
required.

Mpycobacterial Infections. Laryngeal tuberculosis is
rare in industrialized countries but must be considered in
the differential diagnosis of laryngeal disease, especially
in patients with AIDS or other immune deficiencies
(Singh et al., 1996). Tuberculosis can infect the larynx
primarily, by direct spread from the lungs, or by hema-
togenous or lymphatic dissemination (Ramandan,
Tarayi, and Baroudy, 1993). Most patients have hoarse-

ness and odynophagia, typically out of proportion to the
size of the lesion. However, these symptoms are not
universally present. The vocal folds are most commonly
affected, although all areas of the larynx can be
involved. Laryngeal tuberculosis is often difficult to dis-
tinguish from carcinoma on laryngoscopy. Chest radi-
ography and the purified protein derivative (PPD) test
help establish the diagnosis, although biopsy and histo-
logical confirmation may be required. Patients are treated
with antituberculous chemotherapy. The laryngeal symp-
toms usually respond within 2 weeks.

Leprosy is rare in developing countries. Laryngeal
infection by Mycobacterium leprae can cause nodules,
ulceration, and fibrosis. Lesions are often painless but
may progress over the years to laryngeal stenosis.
Treatment is with antileprosy chemotherapy (Soni, 1992).

Other Bacterial Infections. Laryngeal actinomycosis
can occur in immunocompromised patients and follow-
ing laryngeal radiotherapy (Nelson and Tybor, 1992).
Biopsy may be required to distinguish it from radio-
necrosis or tumor. Treatment requires prolonged anti-
biotic therapy.

Scleroma is a chronic granulomatous disease due to
Klebsiella scleromatis. Primary involvement is in the
nose, but the larynx can also be affected. Subglottic
stenosis is the main concern (Amoils and Shindo, 1996).

Fungal Laryngitis. Fungal laryngitis is rare and typi-
cally occurs in immunocompromised individuals. Fungi
include yeasts and molds. Yeast infections are more fre-
quent in the larynx, with Candida albicans most com-
monly identified (Vrabec, 1993). Predisposing factors in
nonimmunocompromised patients include antibiotic and
inhaled steroid use, and foreign bodies such as silicone
voice prostheses.

The degree of hoarseness in laryngeal candidiasis may
not reflect the extent of infection. Pain and associated
swallowing difficulty may be present. Typically, thick
white exudates are seen, and oropharyngeal involvement
can coexist. Biopsy may show epithelial hyperplasia with
a pseudocarcinomatous appearance. Potential complica-
tions include scarring, airway obstruction, and systemic
dissemination.

In mild localized disease, topical nystatin or clo-
trimazole are usually effective. Discontinuing antibiotics
or inhaled steroids should be considered. More severe
cases may require oral antifungal azoles such as keto-
conazole, fluconazole, or itraconazole. Intravenous
amphotericin is efficacious but has potentially severe side
effects. It is usually used for invasive or systemic disease.

Less common fungal diseases include blastomycosis,
histoplasmosis, and coccidiomycosis. Infection may be
confused with laryngeal carcinoma, and special histo-
logical stains are usually required for diagnosis. Long-
term treatment with amphotericin B may be necessary.

Syphilis. Syphilis is caused by the spirochete Trepo-
nema pallidum. Laryngeal involvement is rare but may
occur in later stages of the disease. Secondary syphilis



34 Part I: Voice

may present with laryngeal papules, ulcers and edema
that mimic carcinoma, or tuberculous laryngitis. Ter-
tiary syphilis may cause gummas, leading to scarring
and stenosis (Lacy, Alderson, and Parker, 1994). Sero-
logic tests are diagnostic. Active disease is treated with
penicillin.

Inflammatory Processes

Chronic Laryngitis. Chronic laryngeal inflammation
can result from smoking, gastroesophageal reflux
(GER), voice abuse, or allergy. Patients often complain
of hoarseness, sore throat, a globus sensation, and throat
clearing. The vocal folds are usually thickened, dull, and
erythematous. Posterior laryngeal involvement usually
suggests GER. Besides direct chemical irritation, GER
can promote laryngeal muscle misuse, which contributes
to wear-and-tear injury (Gill and Morrison, 1998).

Although seasonal allergies may cause vocal fold
edema and hoarseness (Jackson-Menaldi, Dzul, and
Holland, 1999), it is surprising that allergy-induced
chronic laryngitis is not more common. Even patients
with significant nasal allergies or asthma have a low
incidence of voice problems. The severity of other aller-
gic accompaniments helps the clinician identify patients
with dysphonia of allergic cause.

Treatment of chronic laryngitis includes voice rest
and elimination of irritants. Dietary modifications and
postural measures such as elevating the head of the bed
can reduce GER. Proton pump inhibitors can be effec-
tive for persistent laryngeal symptoms (Hanson, Kamel,
and Kabhrilas, 1995).

Traumatic and latrogenic Causes. Inflammatory pol-
yps, polypoid degeneration, and contact granuloma can
arise from vocal trauma. Smoking contributes to poly-
poid degeneration, and intubation injury can cause con-
tact granulomas. GER may promote inflammation in all
these conditions. Granulomas can also form many years
after Teflon injection for glottic insufficiency.

Rheumatoid Arthritis and Systemic Lupus Erythe-
matosus. Laryngeal involvement occurs in almost a
third of patients with rheumatoid arthritis (Lofgren and
Montgomery, 1962). Patients present with a variety of
symptoms. In the acute phase the larynx may be tender
and inflamed. In the chronic phase the laryngeal mucosa
may appear normal, but cricoarytenoid joint ankylosis
may be present. Submucosal rheumatoid nodules or
“bamboo nodes” can form in the membranous vocal
folds. If the mucosal wave is severely damped, micro-
laryngeal excision can improve the voice. Corticosteroids
can be injected intracordally following excision. Other
autoimmune diseases such as systemic lupus erythe-
matosus can cause similar laryngeal pathology (Woo,
Mendelsohn, and Humphrey, 1995).

Relapsing Polychondritis. Relapsing polychondritis is
an autoimmune disease causing inflammation of carti-
laginous structures. The pinna is most commonly af-
fected, although laryngeal involvement occurs in around

50% of cases. Dapsone, corticosteroids, and immuno-
suppressive drugs have been used to control the disease.
Repeated attacks of laryngeal chondritis can cause sub-
glottic scarring, necessitating permanent tracheostomy
(Spraggs, Tostevin, and Howard, 1997).

Cicatricial Pemphigoid. This chronic subepithelial
bullous disease predominantly involves the mucous
membranes. Acute laryngeal lesions are painful, and
examination shows mucosal erosion and ulceration.
Later, scarring and stenosis may occur, with supraglottic
involvement (Hanson, Olsen, and Rogers, 1988). Treat-
ment includes dapsone, systemic or intralesional ste-
roids, and cyclophosphamide. Scarring may require laser
excision and sometimes tracheostomy.

Amyloidosis. Amyloidosis is characterized by deposi-
tion of acellular proteinaceous material (amyloid) in
tissues (Lewis et al., 1992). It can occur primarily or
secondary to other diseases such as multiple myeloma or
tuberculosis. Deposits may be localized or generalized.
Laryngeal involvement is usually due to primary local-
ized disease. Submucosal deposits may affect any part of
the larynx but most commonly occur in the ventricular
folds. Treatment is by conservative laser excision.
Recurrences are frequent.

Sarcoidosis.  Sarcoidosis is a multiorgan granulomatous
disease of unknown etiology. About 6% of cases involve
the larynx, producing dysphonia and airway obstruction.
Pale, diffuse swelling of the epiglottis and aryepiglottic
folds is characteristic (Benjamin, Dalton, and Crox-
son, 1995). Systemic or intralesional steroids, anti-
lepromatous therapy, and laser debulking are all possible
treatments.

Wegener's Granulomatosis. Wegener’s granulomatosis
is an idiopathic syndrome characterized by vasculitis
and necrotizing granulomas of the respiratory tract and
kidneys. The larynx is involved in 8% of cases (Wax-
man and Bose, 1986). Ulcerative lesions and subglottic
stenosis may occur, causing hoarseness and dyspnea.
Treatment includes corticosteroids and cyclophospha-
mide. Laser resection or open surgery is sometimes
necessary for airway maintenance.

—David P. Lau and Murray D. Morrison
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Instrumental Assessment of
Children’s Voice

Disorders of voice may affect up to 5% of children, and
instrumental procedures such as acoustics, aerody-
namics, or electroglottography (EGG) may complement
auditory-perceptual and imaging procedures by provid-
ing objective measures that help in determining the
nature and severity of laryngeal pathology. The use of
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these procedures should take into account the devel-
opmental features of the larynx and special problems
associated with a pediatric population.

An important starting point is the developmental
anatomy and physiology of the larynx. This background
is essential in understanding children’s vocal function as
determined by instrumental assessments. The larynx of
the infant and young child differs considerably in its
anatomy and physiology from the adult larynx (see
ANATOMY OF THE HUMAN LARYNX). The vocal folds in an
infant are about 3—5 mm long, and the composition of
the folds is uniform. That is, the infant’s vocal folds are
not only very short compared with those of the adult,
but they lack the lamination seen in the adult folds. The
lamination has been central to modern theories of pho-
nation, and its absence in infants and marginal develop-
ment in young children presents interesting challenges to
theories of phonation applied to a pediatric population.
An early stage of development of the lamina propria
begins between 1 and 4 years, with the appearance of the
vocal ligament (intermediate and deep layers of the
lamina propria). During this same interval, the length of
the vocal fold increases (reaching about 7.5 mm by age
5) and the entire laryngeal framework increases in size.
The differentiation of the superficial layer of the lamina
propria apparently is not complete until at least the age
of 12 years.

Studies on the time of first appearance of sexual
dimorphism in laryngeal size are conflicting, ranging
from 3 years to no sex differences in laryngeal size ob-
servable during early childhood. Sexual dimorphism of
vocal fold length has been reported to appear at about
age 6-7 years. These reported anatomical differences
do not appear to contribute to significant differences in
vocal fundamental frequency (f)) between males and
females until puberty, at which time laryngeal growth
is remarkable, especially in boys. For example, in boys,
the anteroposterior dimension of the thyroid cartilage
increases threefold, along with increases in vocal fold
length.

Acoustic Studies of Children’s Voice. Mean f; has been
one of the most thoroughly studied aspects of the pedi-
atric voice. For infants’ nondistress utterances, such as
cooing and babbling, mean f; falls in the range of 300-
600 Hz and appears to be stable until about 9 months,
when it begins to decline until adulthood (Kent and
Read, 2002). A relatively sharp decline occurs between
the ages of 12 months and 3 years, so that by the age of 3
years, the mean f; in both males and females is about
250 Hz. Mean f is stable or gradually falling between 6
and 11 years, and the value of 250 Hz may be taken as
a reasonable estimate of f, in both boys and girls. Some
studies report no significant change in f; during this
developmental period, but Glaze et al. (1988) reported
that fy decreased with increasing age, height, and weight
for boys and girls ages 5-11 years, and Ferrand and
Bloom (1996) observed a decrease in the mean, maxi-
mum, and range of f; in boys, but not in girls, at about
7-8 years of age.

Sex differences in f, emerge especially strongly during
adolescence. The overall f; decline from infancy to
adulthood is about one octave for girls and two octaves
for boys. There is some question as to when the sex
difference emerges. Lee et al. (1999) observed that f;
differences between male and female children were sta-
tistically significant beginning at about age 12 years, but
Glaze et al. (1988) observed differences between boys
and girls for the age period 5-11 years. Further, Hacki
and Heitmuller (1999) reported a lowering of both the
habitual pitch and the entire speaking pitch range be-
tween the ages of 7 and 8 years for girls and between the
ages of 8 and 9 years for boys. Sex differences emerge
strongly with the onset of mutation. Hacki and Heit-
muller (1999) concluded that the beginning of the muta-
tion occurs at age 10-11 years. Mean f; change is
pronounced in males between the ages of about 12 and
15 years. For example, Lee et al. (1999) reported a 78%
decrease in fy for males between these ages. No signifi-
cant change was observed after the age of 15 years,
which indicates that the voice change is effectively com-
plete by that age (Hollien, Green, and Massey, 1994;
Kent and Vorperian, 1995).

Other acoustic aspects of children’s voices have not
been extensively studied. In apparently the only large-
scale study of its kind, Campisi et al. (2002) provided
normative data for children for the parameters of
the Multi-Dimensional Voice Program (MDVP). On the
majority of parameters (excluding, of course, fy), the
mean values for children were fairly consistent with
those for adults, which simplifies the clinical application
of MDVP. However, this conclusion does not apply to
the pubescent period, during which variability in ampli-
tude and fundamental frequency increases in both girls
and boys, but markedly so in the latter (Boltezar, Bur-
ger, and Zargi, 1997). It should also be noted voice
training can affect the degree of aperiodicity in children’s
voices (Dejonckere et al., 1996) (see ACOUSTIC ASSESS-
MENT OF VOICE).

Aerodynamic Studies of Children’s Voice. There are
only limited data describing developmental patterns
in voice aerodynamics. Table 1 shows normative data
for flow, pressure, and laryngeal airway resistance from
three sources (Netsell et al., 1994; Keilman and Bader,
1995; Zajac, 1995, 1998). All of the data were collected
during the production of [pi/ syllable trains, following
the procedure first described by Smitheran and Hixon
(1981). Flow appears to increase with age, ranging from
75-79 mL/s in children aged 3-5 years to 127-188 mL/s
in adults. Pressure decreases slightly with age, ranging
from 8.4 cm H,O in children ages 3-5 years to 5.3-6.0
cm H,O in adults. Laryngeal airway pressure decreases
with age, ranging from 111-119 cm H,O/L/s in children
aged 3-6 years to 34-43 cm H,O/L/s in adults. This
decrease in laryngeal airway pressure occurs as a func-
tion of the rate of flow increase exceeding the rate of
pressure decrease across the age range.

Netsell et al. (1994) explained the developmental
changes in flow, pressure, and laryngeal airway pressure
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Table 1. Aerodynamic normative data from three sources: N (Netsell et al., 1994), K (Keilman & Bader, 1995), and Z (Zajac,
1995, 1998). All data were collected using the methodology described by Smitheran and Hixon (1981). Values shown are means,

with standard deviations in parentheses

Age Flow Pressure LAR
Reference (yr) Sex N (mL/s) (cm H,0) (cm H,O/L/s)
3-5 F 10 79 (16) 8.4 (1.3) 111 (26)
N 3-5 M 10 75 (20) 8.4 (1.4) 119 (20)
K 4-7 F&M 7.46 (2.26)
N 6-9 F 10 86 (19) 7.4 (1.5) 89 (25)
N 6-9 M 9 101 (42) 8.3 (2.0) 97 (39)
V4 7-11 F&M 10 123 (30) 114 (2.3) 95.3 (24.4)
K 8-12 F&M 6.81 (2.29)
N 9-12 F 10 121 21) 7.1(1.2) 59 (7)
N 9-12 M 10 115 (42) 7.9 (1.3) 77 (23)
K 13-15 F&M 5.97 (2.07)
K 4-15 F&M 100 50-150 87.82 (62.95)
N Adult F 10 127 (29) 5.3(1.2) 43 (10)
N Adult M 10 188 (51) 6.0 (1.4) 34 (9)
F = female, M = male, N = number of participants, LAR = laryngeal airway resistance.

as secondary to an increasing airway size and decreasing
dependence on expiratory muscle forces alone for speech
breathing with age. No consistent differences in aero-
dynamic parameters were observed between female and
male children. High standard deviations reflect consid-
erable variation between children of similar ages (see
AERODYNAMIC ASSESSMENT OF VOICE).

Electroglottographic Studies of Children’s Voice. Al-
though EGG data on children’s voice are not abun-
dant, one study provides normative data on a sample
of 164 children, 79 girls and 85 boys, ages 3—16 years
(Cheyne, Nuss, and Hillman, 1999). Cheyne et al.
reported no significant effect of age on the EGG mea-
sures of jitter, open quotient, closing quotient, and
opening quotient. The means and standard deviations
(in parentheses) for these measures were as follows: jit-
ter—0.76% (0.61), open quotient—54.8% (3.3), closing
quotient—14.1% (3.8), and opening quotient—31.1%
(4.1). These values are reasonably similar to values
reported for adults, although caution should be observed
because of differences in procedures across studies
(Takahashi and Koike, 1975) (see ELECTROGLOTTO-
GRAPHIC ASSESSMENT OF VOICE).

One of the most striking features of the instrumental
studies of children’s voice is that, except for f; and the
aerodynamic measures, the values obtained from instru-
mental procedures change relatively little from child-
hood to adulthood. This stability is remarkable in view
of the major changes that are observed in laryngeal
anatomy and physiology. Apparently, children are able
to maintain normal voice quality in the face of consid-
erable alteration in the apparatus of voice production.
With the mutation, however, stability is challenged, and
the suitability of published normative data is open to
question. The maintenance of rather stable values across
a substantial period of childhood (from about 5 to 12
years) for many acoustic and EGG parameters holds a
distinct advantage for clinical application. It is also clear

that instrumental procedures can be used successfully
with children as young as 3 years of age. Therefore, these
procedures may play a valuable role in the objective as-
sessment of voice in children.

See also VOICE DISORDERS IN CHILDREN.

—Ray D. Kent and Nathan V. Welham
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Laryngeal Movement Disorders:
Treatment with Botulinum Toxin

The laryngeal dystonias include spasmodic dysphonia,
tremor, and paradoxical breathing dystonia. All of these
conditions are idiopathic and all have distinctive symp-
toms, which form the basis for diagnosis. In adductor
spasmodic dysphonia (ADSD), voice breaks during
vowels are associated with involuntary spasmodic mus-
cle bursts in the thyroarytenoid and other adductor la-
ryngeal muscles, although bursts can also occur in the
cricothyroid muscle in some persons (Nash and Ludlow,
1996). When voice breaks are absent, however, muscle
activation is normal in both adductor and abductor la-
ryngeal muscles (Van Pelt, Ludlow, and Smith, 1994). In
the abductor type of spasmodic dysphonia (ABSD),
breathy breaks are due to prolonged vocal fold open-
ing during voiceless consonants. The posterior cricoary-
tenoid muscle is often involved in ABSD, although not
in all patients (Cyrus et al., 2001). In the 1980s, “‘spastic”
dysphonia was renamed “spasmodic’” dysphonia to de-
note the intermittent aspect of the voice breaks and was
classified as a task-specific focal laryngeal dystonia
(Blitzer and Brin, 1991). Abnormalities in laryngeal
adductor responses to sensory stimulation are found in
both ADSD and ABSD (Deleyiannis et al., 1999), indi-
cating a reduction in the normal central suppression
of laryngeal sensorimotor responses in these disorders.
ADSD affects 85% of patients with spasmodic dyspho-
nia; the other 15% have ABSD.

Vocal tremor is present in at least one-third of
patients with ADSD or ABSD and can also occur in

isolation. A 5-Hz tremor can be heard on prolonged
vowels, owing to intensity and frequency modulation.
Tremor can affect either or both the adductor or abduc-
tor muscles, producing voice breaks in vowels or breathy
intervals in the abductor type. Voice tremor occurs more
often in women, sometimes with an associated head
tremor. A variety of muscles may be involved in voice
tremor (Koda and Ludlow, 1992).

Intermittent voice breaks are specific to the spasmodic
dysphonias, either prolonged glottal stops and intermit-
tent intervals of a strained or strangled voice quality
during vowels in ADSD or prolonged voiceless con-
sonants (p, t, k, f, s, h), which are perceived as breathy
breaks, in ABSD. Other idiopathic voice disorders, such
as muscular tension dysphonia, do not involve intermit-
tent spasmodic changes in the voice. Rather, consistent
abnormal hypertense laryngeal postures are maintained
during voice production. Such persons may respond to
manual laryngeal manipulation (Roy, Ford, and Bless,
1996). Muscular tension dysphonia may be confused
with spasmodic dysphonia when ADSD patients develop
increased muscle tension in an effort to overcome vocal
instability, resulting in symptoms of both disorders.
Some patients with voice tremor may also develop mus-
cular tension dysphonia in an effort to overcome vocal
instability.

Paradoxical breathing dystonia is rare, with adduc-
tory movements of the vocal folds during inspiration
that remit during sleep (Marion et al., 1992). It differs
from vocal fold dysfunction, which is usually intermit-
tent and often coincides with irritants affecting the upper
airway (Christopher et al., 1983; Morrison, Rammage,
and Emami, 1999).

Botulinum toxin type A (BTX-A) is effective in
treating a myriad of hyperkinetic disorders by partially
denervating the muscle. The toxin is injected into mus-
cle, diffuses, and is endocytosed into nerve endings. The
toxin cleaves SNAP 25, a vesicle-docking protein essen-
tial for acetylcholine release into the neuromuscular
junction (Aoki, 2001). When acetylcholine release is
blocked, the muscle fibers become temporarily dener-
vated. The effect is reversible: within a few weeks
new nerve endings sprout, which may provide synaptic
transmission and some reduction in muscle weakness.
These nerve endings are later replaced by restitution of
the original end-plates (de Paiva et al., 1999). In ADSD,
BTX-A injection, either small bilateral injections or a
unilateral injection produces a partial chemodenerva-
tion of the thyroarytenoid muscle for up to 4 months.
Reductions in spasmodic muscle bursts relate to voice
improvement (Bielamowicz and Ludlow, 2000). This
therapy is effective in least 90% of ADSD patients, as
has been demonstrated in a small randomized con-
trolled trial (Truong et al., 1991) and in multiple case
series (Ludlow et al., 1988; Blitzer and Brin, 1991; Blit-
zer, Brin, and Stewart, 1998). BTX-A is less effective in
ABSD. When only ABSD patients with cricothyroid
muscle spasms are injected in that muscle, significant
improvements occur in 60% of cases (Ludlow et al.,
1991). Similarly, two-thirds of ABSD patients obtain
some degree of benefit from posterior cricoarytenoid
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injections (Blitzer et al., 1992). When speech symptoms
were measured in blinded fashion before and after teat-
ment, BTX-A was less effective in ABSD (Bielamowicz
et al., 2001) than in ADSD (Ludlow et al., 1988).

Patients with adductor tremor confined to the vocal
folds often receive some benefit from thyroarytenoid
muscle BTX-A injections. When objective measures
were used (Warrick et al., 2000), BTX-A injection was
beneficial in 50% of patients with voice tremors. Either
unilateral or bilateral thyroarytenoid injections can be
used, although larger doses are sometimes more effec-
tive. BTX-A is much less effective, however, for treating
tremor than it is in ADSD (Warrick et al., 2000), and it
is rarely helpful in patients with abductor tremor.

BTX-A administered as either unilateral or bilateral
injections into the thyroarytenoid muscle has been
used successfully to treat paradoxical breathing dystonia
(Marion et al., 1992; Grillone et al., 1994).

Changes in laryngeal function following BTX-A in-
jection in persons with ADSD are similar, whether the
injection was unilateral or bilateral. A few persons re-
port a sense of reduction in laryngeal tension within 8§
hours following injection, although voice loudness is
not yet reduced. Voice loudness and breaks gradually
diminish as BTX-A diffuses through the muscle, causing
progressive denervation. Most people report that bene-
fits become apparent the second day, while the side
effects of progressive breathiness and swallowing diffi-
culties increase over the 3-5 days after injection. Diffi-
culty swallowing liquids may occur and occasionally
results in aspiration. Patients are advised to ingest lig-
uids slowly and in small volumes, by sipping through
a straw. The difficulties with swallowing gradually sub-
side between the first and second weeks after an injection
(Ludlow, Rhew, and Nash, 1994), possibly as patients
learn to compensate. The breathiness resolves some-
what later, reaching normal loudness levels as late as 3—4
weeks after injection, during the period when axonal
sprouting may occur (de Paiva et al., 1999). Because
improvements in voice volume seem independent of re-
covery of swallowing, different mechanisms may under-
lie recovery of these functions.

The benefit is greatest between 1 and 3 months after
injection, when the patient’s voice is close to normal
volume, voice breaks are significantly reduced, and
speech is more fluent, with reduced hoarseness (Ludlow
et al., 1988). This benefit period differs among the dis-
orders, lasting from 3 to 5 months in ADSD but from
1 to 3 months in other disorders such as ABSD and
tremor.

The return of symptoms in ADSD is gradual, usually
occurring over a period of about 2 months during end-
plate reinnervation. To maintain symptom control, most
patients return for injection about 3 months before the
full return of symptoms. Some individuals, however,
maintain benefit for more than a year following injec-
tion, returning 2 or more years later for reinjection.

The mechanisms responsible for benefit from BTX-
A in laryngeal dystonia likely differ with the different
pathophysiologies: although BTX-A is beneficial in
many hyperkinetic disorders, it is more effective in some

than in others. In all cases BTX-A causes partial dener-
vation, which reduces the force that can be exerted by
a muscle following injection. In ADSD, then, the force-
fulness of vocal fold hyperadduction is reduced and
patients are less able to produce voice breaks even
if muscle spasms continue to occur. Central control
changes also appear to occur, however, in persons with
ADSD following BTX-A injection. When thyroary-
tenoid muscle injections were unilateral, spasmodic
bursts were significantly reduced on both sides of the
larynx, and there were also reductions in overall levels of
muscle tone (measured in microvolts) and maximum
activity levels (Bielamowicz and Ludlow, 2000). Such
reductions in muscle activity and spasms may be the
result of reductions in muscle spindle and mechano-
receptor feedback, resulting in lower motor neuron
pool activity for all the laryngeal muscles. The physio-
logical effects of BTX-A may be greater on the fusimo-
tor system than on muscle fiber innervation (On et al.,
1999). Although only one portion of the human thyro-
arytenoid muscle may contain muscle spindles (Sanders
et al.,, 1998), mucosal mechanoreceptor feedback will
also change with reductions in adductory force between
the vocal folds following BTX-A injection. Perhaps
changes in sensory feedback account for the longer pe-
riod of benefit in ADSD than in other laryngeal move-
ment disorders, although the duration of side effects is
similar in all disorders. Future approaches to altering
sensory feedback may also have a role in the treatment
of laryngeal dystonia, in addition to efferent denervation
by BTX-A.

—Christy L. Ludlow
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Laryngeal Reinnervation Procedures

The human larynx is a neuromuscularly complex organ
responsible for three primary and often opposing func-
tions: respiration, swallowing, and speech. The most
primitive responsibilities include functioning as a con-
duit to bring air to the lungs and protecting the
respiratory tract during swallowing. These duties are
physiologically opposite; the larynx must form a wide
caliber during respiration but also be capable of forming
a tight sphincter during swallowing. Speech functions are
fine-tuned permutations of laryngeal opening and clo-
sure against pulmonary airflow. Innervation of this or-
gan is complex, and its design is still being elucidated.
Efferent fibers to the larynx from the brainstem motor
nuclei travel by way of the vagus nerve to the superior
laryngeal nerve (SLN) and the recurrent laryngeal
nerves (RLNs). Afferent fibers emanate from intra-
mucosal and intramuscular receptors and travel along
pathways that include the SLN (supraglottic larynx) and
the RLN (subglottic larynx). Autonomic fibers also
innervate the larynx, but these are poorly understood
(see also ANATOMY OF THE HUMAN LARYNX).

Reinnervation of the larynx was first reported 1909
by Horsley, who described reanastomosis of a severed
RLN. Reports of laryngeal reinnervation spotted the
literature over the next several decades, but it was not
until the last 30 years that reinnervation techniques were
refined and became performed with relative frequency.
Surely this is associated with advances in surgical optics
as well as microsurgical instrumentation and technique.
Indications for laryngeal reinnervation include func-
tional reanimation of the paralyzed larynx, prevention of
denervation atrophy, restoration of laryngeal sensation,
and modification of pathological innervation (Crumley,
1991; Aviv et al., 1997; Berke et al., 1999).

T

Figure 1. Stylized left lateral view of the left SLN. The internal
(sensory) branch pierces the thyrohyoid membrane and termi-
nates in the supraglottic submucosal receptors. The external
(motor) branch terminates in the cricothyroid muscle. Branch-
ing of the SLN occurs proximally as it exits the carotid sheath.

Anatomy and Technique of Reinnervation. The tech-
nique of reinnervation is similar for both sensory and
motor systems. The nerve in question is identified
through a transcervical approach. Usually a horizontal
skin incision is placed into a neck skin crease at about
the level of the cricoid cartilage. Subplatysmal flaps are
elevated and retracted. The larynx is further exposed
after splitting the strap muscles in the midline. Sensation
to the supraglottic mucosal is supplied via the internal
branch of the SLN. This structure is easily identified as it
pierces the thyrohyoid membrane on either side (Fig. 1).
The motor innervation of the larynx is somewhat more
complicated. All of the intralaryngeal muscles are inner-
vated by the RLN. This nerve approaches the larynx
from below in the tracheoesophageal groove. The nerve
enters the larynx from deep to the cricothyroid joint and
immediately splits into an anterior and a posterior divi-
sion (Fig. 2). The anterior division supplies all of the
laryngeal adductors except the cricothyroid muscle; the
posterior division supplies the only abductor of the
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Figure 2. Stylized left lateral view of the left RLN. The
branching pattern is quite consistent from patient to patient.
The RLN divides into an anterior and a posterior division just
deep to the cricothyroid joint. The posterior division travels to
the posterior cricoarytenoid (PCA) muscle. The anterior divi-
sion gives off branches at the interarytenoid (IA) and lateral
cricoarytenoid (LCA) muscles and then terminates in the mid-
portion of the thyroarytenoid (TA) muscle. The branches to
the TA and LCA are easily seen through a large inferiorly
based cartilage window reminiscent of those done for thyro-
plasty. If preserved during an anterior approach, the inferior
cornu of the thyroid cartilage protects the RLN’s posterior di-
vision and the IA branch during further dissection.

larynx, the posterior cricoarytenoid muscle. The ante-
rior division further arborizes to innervate each of the
intrinsic adductors in a well-defined order: the interary-
tenoid followed by the lateral cricoarytenoid, and lastly
the thyroarytenoid muscles. The interarytenoid muscle is
thought to receive bilateral innervation, while the other
muscles all receive unilateral innervation. The external
branch of the SLN innervates the only external adductor
of the larynx—the cricothyroid muscle. Although the
SLN and the main trunk of the RLN can be approached
without opening the larynx, the adductor branches of the
RLN can only be successfully approached after opening

the thyroid cartilage. A large inferiorly based window is
made in the thyroid lamina and centered over the infe-
rior tubercle. Once the cartilage is opened the anterior
branch can be seen coursing obliquely toward the termi-
nus in the midportion of the thyroarytenoid muscle.
The posterior division is approached by rotation of the
larynx, similar to an external approach to the arytenoid.
Identification and dissection of the fine distal nerve
branches is usually carried out under louposcopic or mi-
croscopic magnification using precision instruments.

Once the damaged nerve is identified, it is severed
sharply with a single cut of a sharp instrument. This is
important to avoid crushing trauma to the nerve stump.
The new motor or sensory nerve is brought into the field
under zero tension and then anastomosed with several
epineural sutures of fine microsurgical material (9-0 or
10-0 nylon or silk). The anastomosis must be tension-
free. The donor nerve is still connected to its proximal
(motor) or distal (sensory) cell bodies. Selection of the
appropriate donor nerve is discussed subsequently.

Over the next 3-9 months healing occurs, with
neurontization of the motor end-plates or the sensory
receptors. Although physiological reinnervation is the
goal, relatively few reports have demonstrated true voli-
tional movement. Typically, one can hope to prevent
muscle atrophy and help restore muscle bulk. Sensory
reinnervation is less clear.

Prior to the microsurgical age, most reinnervation
procedures of the larynx were carried out with nerve-
muscle pedicle implantation into the affected muscle.
With modern techniques, end-to-end nerve-nerve anas-
tomosis with epineural suture fixation is a superior and
far more reliable technique of reinnervation.

Reinnervation for Laryngeal Paralysis. Paralysis of the
larynx is described as unilateral or bilateral. The diag-
nosis is made on the basis of history and physical exam-
ination including laryngoscopic findings, and sometimes
on the basis of laryngeal electromyography or radio-
graphic imaging. The unilaterally paralyzed larynx is
more common and is characterized by a lateralized vocal
cord that prevents complete glottic closure during laryn-
geal tasks. The patient seeks care for dysphonia and
aspiration or cough during swallowing. The etiology
is commonly idiopathic, but the condition may be due
to inflammatory neuropathy, iatrogenic trauma, or neo-
plastic invasion of the recurrent nerve. Although many
patients are successfully treated with various static pro-
cedures, one can argue that, theoretically, the best results
would restore the organ to its preexisting physiological
state. Over the past 20 years there has been increased
interest in physiological restoration, a concept champ-
ioned by Crumley (Crumley, 1983, 1984, 1991; Crumley,
Izdebski, and McMicken, 1988). A series of patients
with unilateral vocal cord paralysis were treated with
anastomosis of the distal RLN trunk to the ansa cervi-
calis. The ansa cervicalis is a good example of an ac-
ceptable motor donor nerve (Crumley, 1991; Berke et
al., 1999). This nerve normally supplies motor neurons
to the strap muscles (extrinsic accessory muscles of
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the larynx), whose function is to elevate and lower the
larynx during swallowing. Fortunately, when the ansa
cervicalis is sacrificed, the patient does not have notice-
able disability. The size match to the RLN is excellent
when using either the whole nerve bundle for main trunk
anastomosis or an easily identifiable fascicle for connec-
tion to the anterior branch.

Hemilaryngeal reinnervation with the ansa cervicalis
has been shown to improve voicing in those patients
undergoing the procedure (Crumley and Izdebski, 1986;
Chhetri et al., 1999). Evaluation of these patients, how-
ever, does not demonstrate restoration of normal mus-
cular physiology. The affected vocal cord has good bulk,
but volitional movement typically is not restored. Pro-
ponents of other techniques have argued that the ansa
cervicalis may not have enough axons to properly
regenerate the RLN, or that synkinesis has occurred
(Paniello, Lee, and Dahm, 1999). Synkinesis refers to
mass firing of a motor nerve that can occur after rein-
nervation. In the facial nerve, for example, one may see
mass movement of the face with volitional movement
because all the braches are essentially acting as one. The
RLN contains both abductor and adductor (as well as a
small amount of sensory and autonomic) fibers. With
reinnervation, one may hypothesize that mass firing of
all fibers cancels the firings of individual fibers out and
thus produces a static vocal cord. With this concept in
mind, some have recommended combining reinnerva-
tion with another static procedure to augment results
(combination with arytenoid adduction) or to avoid the
potential for synkinesis by performing the anastomosis
of the donor nerve to the anterior branch of the recur-
rent nerve (Green et al., 1992; Nasri et al., 1994; Chhetri
et al., 1999).

Paniello has proposed that the ansa cervicalis is not
the best donor nerve to the larynx (Paniello, Lee, and
Dahm, 1999). He suggests that the hypoglossal nerve
would be more appropriate because of increased axon
bulk and little donor morbidity. Animal experiments
with this technique have demonstrated volitional and
reflexive movement of the reinnervated vocal cord.

Neurological bilateral vocal cord paralysis is often
post-traumatic or iatrogenic. These patients are troubled
by a fixed small airway and often find themselves tra-
cheotomy dependent. Therapy is directed at restoring
airway caliber while avoiding aspiration. Voicing issues
are usually considered secondary to the airway concerns.
Although most practitioners currently treat with static
techniques, physiological restoration would be preferred.
In the 1970s, Tucker advocated reinnervation of the
posterior cricoarytenoid with a nerve muscle pedicle of
the sternohyoid muscle and ansa cervicalis (Tucker,
1978). Although his results were supportive of his hy-
pothesis, many have had trouble repeating them. More
recently, European groups have studied phrenic nerve
to posterior branch of the RLN transfers (van Lith-Bijl
et al., 1997, 1998). The phrenic nerve innervates the di-
aphragm and normally fires with inspiration; it has been
shown that one of its nerve roots can be sacrificed with-
out paralysis of the diaphragm. Others have suggested

use of the SLN as a motor source for the posterior cri-
coarytenoid muscle (Maniglia et al., 1989). Most tech-
niques of reinnervation for bilateral vocal cord paralysis
still have not enjoyed the success of unilateral reinner-
vation and are only performed by a few practitioners.
The majority of patients with bilateral vocal cord paral-
ysis undergo a static procedure such as cordotomy, ary-
tenoidectomy, or tracheotomy to improve their airway.

Sensory Palsy. Recent work has highlighted the im-
portance of laryngeal sensation. After development of
an air-pulse quantification system to measure sensation,
it was shown that patients with stroke and dysphagia
have a high incidence of laryngosensory deficit. Studies
performed in the laboratory demonstrated that reanas-
tomosis of the internal branch of the SLN restored
protective laryngeal reflexes (Blumin, Berke, and Black-
well, 1999). Clinically, anastomosis of the greater auric-
ular nerve to the internal branch of the SLN has been
successfully used to restore sensation to the larynx (Aviv
et al., 1997).

Modification of Dystonia. Spasmodic dysphonia is an
idiopathic focal dystonia of the larynx. The majority
of patients have the adductor variety, characterized by
intermittent and paroxysmal spasms of the vocal cords
during connected speech. The mainstay of treatment for
this disorder is botulinum toxin (Botox) injections into
the affected laryngeal adductor muscles. Unfortunately,
the effect of Botox is temporary, and repeated injections
are needed indefinitely. A laryngeal denervation and
reinnervation procedure has been designed to provide a
permanent alternative to Botox treatment (Berke et al.,
1999). In this procedure, the distalmost branches of the
laryngeal adductors are severed from their muscle inser-
tion. These ““bad’ nerve stumps are then sutured outside
the larynx to avoid spontaneous reinnervation. A fasci-
cle of the ansa cervicalis is then suture-anastomosed
to the distal thyroarytenoid branch for reinnervation.
Reinnervation maintains tone of the thyroarytenoid,
thus preventing atrophy and theoretically protecting that
muscle by occupying the motor end-plates with neurons
unaffected by the dystonia. This approach has had great
success, with about 95% of patients achieving freedom
from further therapy.

Laryngeal Transplantation. Transplantation of a phys-
iologically functional larynx is the sought-after grail of
reinnervation. For a fully functional larynx, eight nerves
would be anastomosed—bilateral anterior and posterior
branches of the RLN and bilateral external and internal
branches of the SLN. To date, success has been reliably
achieved in the canine model (Berke et al., 1993) and
partially achieved in one human (Strome et al., 2001).
Current research has been aimed at preventing trans-
plant rejection. The technique of microneural, micro-
vascular, and mucosal anastomosis has been well
worked out in the animal model.

—Joel H. Blumin and Gerald S. Berke
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Laryngeal Trauma and Peripheral
Structural Ablations

Alterations of the vibratory, articulatory, or resonance
system consequent to traumatic injury or the treatment
of disease can significantly alter the functions of both
voice and speech, and potentially deglutition and swal-
lowing. In some instances, subsequent changes to the
larynx and oral peripheral system may be relatively
minor and without substantial consequence to the indi-
vidual. In other instances these changes may result in
dramatic alteration of one or more anatomical structures
necessary for normal voice and speech production, in
addition to other oral functions. Traumatic injury and
surgical treatment for disease also may affect isolated
structures of the peripheral speech mechanism, or may
have more widespread influences on entire speech
subsystems (e.g., articulatory, velopharyngeal) and the
related structures necessary for competent and effective
verbal communication.

Laryngeal Trauma

Trauma to the larynx is a relatively rare clinical entity.
Estimates in the literature indicate that acute laryngeal
trauma accounts for 1 in 15,000 to 1 in 42,000 emer-
gency room visits. A large number of such traumatic
injuries are the result of accidental blunt trauma to the
neck; causes include motor vehicle collisions, falls, ath-
letic injuries, and the like. Another portion of these
injuries are the result of violence, such as shooting or
stabbing, which may result in penetrating injuries not
only of the larynx but also of other critical structures
in the neck. Blunt laryngeal trauma is most commonly
reported in persons less than 30 years old.

In cases of blunt trauma to the larynx, the primary
presenting symptoms are hoarseness, pain, dyspnea
(shortness of breath), dysphagia, and swelling of the
tissues of the neck (cervical emphysema). Injuries may
involve fractures of laryngeal cartilages, partial or com-
plete dislocations, lacerations of soft tissues, or com-
bined types of injury. Because laryngeal trauma, no
matter how minor, holds real potential to affect breath-
ing, medical intervention is first directed at determining
airway patency and, when necessary, maintaining an
adequate airway through emergency airway manage-
ment (Schaefer, 1992). When airway compromise is
observed, emergency tracheotomy is common. Laryn-
geal trauma is truly an emergency medical condition.
When injuries are severe, additional surgical treatment
may be warranted. Thus, whereas vocal disturbances are
possible, the airway is of primary concern; changes to
the voice are of secondary importance.

Injuries to the intrinsic structures of the oral cavity
are also rare, although when they do occur, changes in
speech, deglutition, and swallowing may exist. Although
the clinical literature is meager in relation to injuries of
the lip, alveolus, floor of the mouth, tongue, hard palate,
and velum, such injuries or their medical treatment
may have a significant impact on speech. Trauma to the
mandible also can directly impact verbal communica-
tion. Unfortunately, the literature in this area is sparse,
and information on speech outcomes following injuries
of this type is frequently anecdotal. However, in
addressing any type of traumatic injury to the peripheral
structures of the speech mechanism, assessment methods
typically employed with the dysarthrias may be most
appropriate (e.g., Dworkin, 1991). In this regard, the
point-place system may provide essential information
on the extent and degree of impairment of speech sub-
systems (Netsell and Daniel, 1979).

Speech Considerations. Speech management initially
focuses on identifying which subsystems are impaired,
the severity of impairment, and the consequent reduction
in speech intelligibility and communicative proficiency.
A comprehensive evaluation that involves aerodynamic,
acoustic, and auditory-perceptual components is essen-
tial. Information from each of these areas is valuable in
identifying the problem, developing management strat-
egies, and monitoring patient progress. Because of vari-
ability in the extent of traumatic injuries, the literature
on the dysarthrias often provides a useful framework
for establishing clinical goals and evaluating treatment
effectiveness.

Peripheral Structural Changes Resulting from
Surgical Ablation

In contrast to peripheral structural changes due to trau-
matic injury, structural changes due to surgical ablation
for oral cancer also result in alterations in functions
necessary for speech or swallowing. The treatment itself
has clear potential to affect speech production, but
changes in speech may be variable and ultimately de-
pend on the structures treated.

Malignant Conditions Affecting Peripheral Structures of
the Speech System. Head and neck squamous cell car-
cinoma may occur in the epithelial tissue of the mouth,
nasal cavity, pharynx, or larynx. Tumors of the head
and neck account for approximately 5% of all malig-
nancies in men and 2% of all malignancies in women
(Franceschi et al., 2000). The majority of head and neck
cancers involve squamous epithelial tissue. These tumors
have the potential to be invasive; therefore, the potential
for spread of disease is substantial, and radical dissection
of regional lymphatics is often required. Because of the
possibility of disease spread, radiation therapy is com-
monly used to eliminate occult disease, and this treat-
ment may have negative consequences on vocal and
speech functions.

As tumors increase in size, they may invade adja-
cent tissue, which frequently requires more extensive
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treatment because of the threat of distant spread of dis-
ease. Some individuals are asymptomatic at the time of
diagnosis; others report pain, difficulty swallowing (dys-
phagia), or difficulty breathing. The destructive nature of
a malignant tumor may cause adjacent muscular struc-
tures of the tongue or floor of mouth to become fixed.
In other situations, the tumor may encroach on the
nerve supply, which is likely to result in loss of sensa-
tion (paresthesia), paralysis, or pain. In both circum-
stances, the potential for metastatic spread of disease is
substantial.

Current treatment protocols for tumors involving
structures of the peripheral speech mechanism include
surgery, radiotherapy, or chemotherapy, alone or in
combination. The choice of modality usually depends
on tumor location, disease stage, cell type, and other
factors. Each treatment modality is associated with some
additional morbidity that can significantly affect struc-
ture, function, cosmesis, and quality of life. Surgery car-
ries a clear potential for anatomical and physiological
changes that may directly alter speech and swallowing,
while at the same time creating significant cosmetic
deformities. Similarly, radiotherapy is commonly asso-
ciated with a range of side effects. Radiation delivered to
the head and neck affects both abnormal and normal
tissues. Salivary glands may be damaged, with a result-
ing decrease in salivary flow leading to a dry mouth
(xerostomia). This decrease in saliva may then challenge
normal oral hygiene and health, which may result in
dental caries following radiation treatment. Osteoradio-
necrosis may result in the exposure of bone, tissue
changes, or infection, which usually cause significant
discomfort to the individual. Osteoradionecrosis may be
decreased if the radiation exposure is limited to less
than 60 ¢Gy (Thorn et al., 2000). In some cases, surgery
may be necessary to debride infected tissue or to remove
damaged bone, with a subsequent need for grafting.
Hyperbaric oxygen therapy is sometimes used to reduce
the degree of osteoradionecrosis (Marx, Johnson, and
Kline, 1985). This therapy facilitates oxygen uptake
in blood and related tissues, which in turn improves
vascularity, thus reducing tissue damage and related
osteoradionecrotic changes following extractions (Marx,
1983a, 1983b).

Once primary medical treatment (surgery, radiother-
apy) has been completed, the goals of rehabilitation are
to maintain or restore anatomical structure and physio-
logical function. However, if the lesion is extensive and
destructive, with distant spread, and subsequent treat-
ment is contraindicated, palliative care may be initiated
instead. Palliative care focuses on pain control and
maintaining some level of nutrition, respiration, and hu-
man dignity.

Defects of the Maxilla and Velum. Surgery is the pre-
ferred method for treating cancer of the maxilla. Such
procedures vary in the extent of resection and may be
performed transorally or transfacially. Because surgical
extirpation of maxillary tumors may involve extensive
resection, a significant reduction in the essential struc-

tures for speech may exist post-treatment. Surgical re-
duction of the gum ridge (alveolus) as well as the hard
and soft palates may occur. Although defects of the
alveolus may be augmented quite well prosthetically,
more significant surgical resections of the hard and soft
palate frequently have a dramatic influence on speech
production. The primary deficit observed is velopharyn-
geal incompetence due to structural defects that elim-
inate the ability to effectively seal the oral cavity from
the nasal cavity (Brown et al., 2000).

When considerable portions of both the hard and the
soft palate are removed, the integrity of the oral valve
for articulatory shaping and the subsequent demands of
the resonance system are substantially affected, often
with profound influences on oral communication. The
goals of rehabilitation include reducing the surgical de-
fect through prosthetic management so that the individ-
ual can eat, drink, and attain some level of functional
speech. Rehabilitation involves a multidisciplinary team
and occurs over several months, during which the post-
surgical anatomy changes and the prosthesis is changed
in tandem. Healing and other effects of treatment also
need to be addressed during this period.

Defects of the Tongue, Floor of Mouth, Alveolus, Lip, and
Mandible. Surgery for traumatic injury or tumors that
invade the mandible, tongue, and floor of the mouth
is frequently more radical than surgery for injuries or
tumors of the maxilla. The mandible and tongue are
movable structures that are intricately involved in swal-
lowing and speech production. Focal excisions may
not result in any significant level of noticeable change
in deglutition, swallowing, or speech. However, when
larger resections are performed on the tongue (partial or
total glossectomy) or floor of the mouth, reconstruction
with one of a variety of flap procedures is necessary.
Large resections and reconstructions also increase the
potential for speech disruption because of limited mo-
bility of the reconstructed areas (e.g., portions of the
tongue). Defects in the alveolar ridge or lip may have
variable effects on speech and general oral function. The
literature in this area is scant to nonexistent; however,
changes to the lip and alveolus may certainly limit the
production of specific speech sounds. For example, an-
terior sounds in which the lip is an active articulator
(e.g., labiodental sounds), sounds that rely on pressure
build-up (e.g., stop-plosive sounds), or sounds that re-
quire a fixed position for continuous generation or oral
airway turbulence (e.g., lingual-alveolar sounds), among
others, may be altered by surgical ablation of these
structures. In many instances, these types of problems
can be addressed using methods commonly employed
for articulation therapy. Slowing the speech rate may
help to augment articulatory precision in the presence of
such defects following surgical treatment.

Isolated mandibular tumors are rare, but regional
spread of cancer to the mandible from other oral struc-
tures is not uncommon. Extended lesions involving
the mandible often require surgical resection. Because
cancer has invaded bone, resections are often substan-
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tial, subsequently requiring reconstruction with donor
bone or plate reconstruction methods. However, changes
in the mobility of the mandible pose a risk for changes in
the overall acoustic structure of speech due to changes in
oral resonance. Prosthetic rehabilitation for jaw defects
resulting from injury or malignancy is essential (Adis-
man, 1990). However, mandibular reconstructions may
permit the individual to manipulate the mandible with
relative efficiency for speech and swallowing movements.
Again, this area is not well documented in the clinical
literature.

Oral Articulatory Evaluation. Total or partial removal
of the tongue (glossectomy) or resection of the anterior
maxilla or mandible results in significant speech impair-
ment. The results of peripheral structural ablations of
the oral speech system are best addressed using the
methods recommended for treatment of the dysarthrias
(e.g., Kent et al., 1989). Acoustic analysis, including
evaluation of formant frequency, amplitude, and spec-
tral moments, is of clinical value (Gillis and Leonard,
1982; Leonard and Gillis, 1982; Tobey and Lincks,
1989). Acoustic considerations relative to speech intelli-
gibility should also be addressed in this population using
tools developed for the dysarthrias (Kent et al., 1989).

Prosthetic Management. To optimize the care of each
patient, the expertise of multiple professionals, including
a dentist, prosthodontist, head and neck surgeon, pros-
thetist, speech-language pathologist, and radiologist, is
necessary. Surgical treatment of maxillary tumors can
result in a variety of problems postsurgically. For ex-
ample, leakage of food or drink into the nasal cavity
significantly disrupts eating and drinking. This may be
compounded by difficulties in chewing food or by dys-
phagia, so that nutritional problems must always be
considered. Additionally, such surgical defects reduce
articulatory precision and change the acoustic struc-
ture of speech because of changes in the volume of the
vocal tract as well as resultant hypernasality and
nasal emission (abnormal and perhaps excessive flow of
air through the nasal cavity). Together, these types of
changes to the peripheral oral structures will almost cer-
tainly result in decreased speech intelligibility and com-
munication. In order for speech improvement to occur,
the surgical defect must be augmented with a prosthe-
sis. This is typically a multistage process, with the first
obturator being placed in situ at the time of surgery. The
initial obturator is maintained for 1-2 weeks, at which
time an interim device is fabricated. Most individuals use
the interim device until complete healing has occurred
and related treatments are completed, usually anywhere
from 3 to 6 months after surgery. At this time a final or
definitive obturator is fabricated. Although some minor
adjustments to the definitive prosthesis are not uncom-
mon, this obturator will be maintained permanently
(Desjardins, 1977, 1978; Anderson et al., 1992).

Prosthetic Management of Surgical Defects. Early oral
rehabilitation is essential, for reasons that go beyond

speech concerns. The surgical obturator allows careful
packing of the wound site, keeps food and other debris
from entering the wound, permits eating, drinking, and
swallowing without a nasogastric tube, and allows im-
mediate oral communication (Doyle, 1999; Leeper and
Gratton, 1999). However, certain factors may alter the
course of rehabilitation. Fabrication of a prosthesis is
more difficult when teeth are absent, as this creates
problems in fitting and retention of the prosthesis, which
may result in secondary problems. When the jaw is dis-
rupted, changes in symmetry may emerge that may in-
fluence chewing and swallowing. For soft palate defects,
early prostheses can be modified throughout the course
of treatment to facilitate swallowing and speech. Because
respiration is paramount, the devices must be created so
that they do not impede normal breathing.

In general, intraoral prostheses for those with surgical
defects of peripheral oral structures seek to maintain
the oral and nasal cavities as separate entities and to
reduce velopharyngeal orifice area. Reduction of surgi-
cally induced velopharyngeal incompetence is essential
to enhancing residual speech capabilities, particularly
following larger resections of the maxilla. In addition to
the obvious defects in the structural integrity of the pe-
ripheral oral mechanism, treatment may disrupt neural
processes, including both afferent and efferent compo-
nents of the system. As such, speech assessment must
evaluate the motor capacity as well as the capacity of the
sensory system.

When reductions in the ability of the tongue to ap-
proximate superior structures of the oral cavity exist
after treatment, attempts to facilitate this ability may be
achieved by constructing a “‘palatal drop” prosthesis,
which supplements lingual inability by bringing the new
hard palate inferior in the oral cavity. The individual
may then have greater ability to make the necessary oral
contacts to improve articulatory precision and speech
intelligibility (e.g., Aramany et al., 1982; Gillis and
Leonard, 1983). Such a prosthesis is useful in patients
who have healed after undergoing a maxillectomy or
maxillary-mandibular resection. Prosthetic adaptations
of this type may also benefit eating and swallowing.
These devices serve both speech and swallowing by
helping to reduce velopharyngeal defects.

Speech Assessment

Systematic assessment of the peripheral speech mecha-
nism includes formal evaluation of all subsystems—
respiratory, laryngeal, velopharyngeal, and articulatory.
As each component of the system is assessed, its relative
contributions to the overall speech deficits observed can
be better defined for purposes of treatment monitoring.
Subsystem evaluation may entail instrumentally based
assessments (speech aerodynamics and acoustics), which
elicit information on the aeromechanical relationship
to oral port size and tongue—hard palate valving (Warren
and DuBois, 1964), auditory-perceptual evaluations of
speech or voice parameters, and measures of speech in-
telligibility (Leeper, Sills, and Charles, 1993; Leeper and
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Gratton, 1999). Use of Netsell and Daniel’s (1979)
physiological model allows the clinician to identify the
relative contribution of each speech subsystem and to
target appropriate therapy techniques in an effort to
optimize the system. The physiologic approach also
permits continuous evaluation of each component in a
comparative manner for prosthesis-in and prosthesis-out
conditions. Such evaluations aid in fine-tuning prosthetic
management.

Once obturation occurs, direct speech treatment goals
may include improving the control of the respiratory
support system for speech, determining and maintain-
ing the optimal speech rate, increasing the accuracy of
specific sound production (or potentially the directed
compensation of sound substitutions), improving intelli-
gibility through overarticulation, modulating vocal in-
tensity to improve oral resonance, and related tasks that
seek to improve intelligibility. Treatment goals may best
be achieved by using the methods previously described
for the dysarthrias (Dworkin, 1991).

—Philip C. Doyle
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Psychogenic Voice Disorders: Direct
Therapy

Psychogenic voice disorder refers to a voice disorder
that is a manifestation of some confirmed psychological
disequilibrium (Aronson, 1990). In its purest form, the
psychogenic voice disorder is not associated with struc-
tural laryngeal changes or frank central or peripheral
nervous system pathology. It is asserted that the larynx,
by virtue of its neural connections to emotional centers
within the brain, is vulnerable to excess or poorly regu-
lated musculoskeletal tension arising from stress, con-
flict, fear, and emotional inhibition (Case, 1996). Such
dysregulated laryngeal muscle tension can interfere with
normal voice and give rise to complete aphonia (i.e.,
whispered speech) or partial voice loss (dysphonia). Al-
though numerous theories have been offered to explain

psychogenic voice loss, the precise mechanisms underly-
ing such psychologically based disorders have not been
fully elucidated (see FUNCTIONAL VOICE DISORDERS for a
review). Despite considerable controversy surrounding
causal mechanisms, the clinical voice literature is replete
with evidence that symptomatic voice therapy for
psychogenic disorders can often result in rapid and dra-
matic voice improvement (Koufman and Blalock, 1982;
Aronson, 1990; Milutinovic, 1990; Carding and Horsley,
1992; Roy and Leeper, 1993; Gunther et al., 1996; Roy
et al.,, 1997; Andersson and Schalen, 1998; Carding,
Horsley, and Docherty, 1999; Stemple, 2000). The fol-
lowing discussion considers voice therapy techniques
aimed at directly alleviating vocal symptoms without
specific attention to the putative psychological dysfunc-
tion underlying the disorder.

Before symptomatic therapy is begun, the laryngo-
logical findings are reviewed with the patient, and he or
she is reassured regarding the absence of any structural
laryngeal pathology. An explanation of the problem
is then provided by the clinician. While the specific
approach and emphasis vary among clinicians, the dis-
cussion typically includes some explanation of the un-
toward effects of excess or dysregulated muscle tension
on voice production and its probable link to stress,
situational conflicts, or other psychological precursors
that were identified during the interview. The confident
clinician provides brief information regarding the ther-
apy plan and the likelihood of a positive outcome.

Because excess or dysregulated laryngeal muscle
tension is frequently offered as the proximal cause of
the psychogenic voice disorder, many voice therapies
including yawn-sigh resonant voice therapy, visual and
electromyographic biofeedback, chewing therapy, pro-
gressive relaxation, and circumlaryngeal massage aimed
at reducing or rebalancing such tension (Boone and
McFarlane, 2000). Prolonged hypercontraction of la-
ryngeal muscles is often associated with elevation of the
larynx and hyoid bone, with associated pain and dis-
comfort when the circumlaryngeal region is palpated.
Aronson (1990) and Roy and Bless (1998) have de-
scribed manual techniques to determine the presence and
degree of laryngeal musculoskeletal tension, as well as
methods to relieve such tension during the diagnostic
assessment and management session. Circumlaryngeal
massage is one such treatment approach. Skillfully ap-
plied, systematic kneading of the extralaryngeal region
is believed to stretch muscle tissue and fascia, promote
local circulation with removal of metabolic wastes, relax
tense muscles, and relieve pain and discomfort asso-
ciated with muscle spasms. The hypothesized physical
effect of such massage is reduced laryngeal height and
stiffness and increased mobility. Once the larynx is
“released”” and range of motion is normalized, propor-
tional improvement in voice is said to follow. Improve-
ment in voice and reductions in pain and laryngeal
height suggest a relief of tension (Roy and Ferguson,
2001). In a similar vein, Roy and Bless (1998) also
recently described a number of manual laryngeal repos-
turing techniques that can stimulate improved voice



50 Part I: Voice

and briefly interrupt patterns of muscle misuse. These
brief moments of voice improvement associated with
laryngeal reposturing maneuvers are immediately iden-
tified for the patient and reinforced. Digital cues can
then be faded and the patient taught to rely on sensory
feedback (auditory, kinesthetic, and proprioceptive) to
maintain improved laryngeal positioning and muscle
balance. Any partial relapses or return of abnormal
voice during the therapy process can be dealt with by
reassurance, verbal reinstruction, or manual cueing.
Once the larynx is correctly positioned, recovery of nor-
mal voice can occur rapidly.

Certain patients with psychogenic dysphonia and
aphonia appear to have lost kinesthetic awareness
and volitional control over voice production for speech
and communication purposes, yet display normal voic-
ing for vegetative or nonspeech acts. For instance, some
aphonic and severely dysphonic patients may be able to
clear the throat, grunt, cough, sigh, gargle, laugh, hum,
or produce a high-pitched squeak with normal or near-
normal voice quality. Such preserved voicing for non-
speech purposes represents a clue to the capacity for
normal phonation. In symptomatic therapy, then, the
patient is asked to produce such vocal behaviors. The
goal of these voice maneuvers is to elicit even a brief
trace of clearer voice so that it may be shaped toward
normal quality or extended to longer utterances. These
efforts follow a trial-and-error pattern and require the
seasoned clinician to be constantly vigilant, listening for
any brief moments of clearer voice. When improved
voice is elicited, it is instantly reinforced, and the clini-
cian provides immediate feedback regarding the positive
change. During this process, the patient needs to be an
active participant and is encouraged to continually self-
monitor the type and manner of voice produced. Once
this brief but relatively normal voice is reliably achieved,
it is shaped and extended into sustained vowels, words,
simple phrases, and oral reading. When this phase of
intervention is successful, the patient is then engaged in
casual conversation that begins with basic biographical
information and proceeds to brief narratives, and then
conversation about any topic and with anyone in the
clinical setting. If established, the restored voice is usu-
ally maintained without compensatory effort and may
improve further during conversation. Finally, the clini-
cian should debrief the patient regarding the cause of the
voice improvement, discuss the patient’s feelings about
the improved voice, and review possible causes of the
problem and the prognosis for maintaining normal
voice.

Certainly, direct symptomatic therapy for psycho-
genic voice disorders can produce rapid changes; how-
ever, in some cases voice therapy can be a frustrating
and protracted experience for both clinician and patient
(Bridger and Epstein, 1983; Fex et al., 1994). The rate of
improvement during therapy for psychogenic voice dis-
orders varies. Patients may progress gradually through
various stages of dysphonia on their way to normal voice
recovery. Other patients will appear to experience sud-
den return of voice without necessarily transitioning
through phases of decreasing severity (Aronson, 1990).

Because there are few studies directly comparing the
effectiveness of specific therapy techniques, not much
is known about whether one therapy approach for psy-
chogenic voice disorder is superior to another. Although
signs of improvement should typically be observed
within the first session, some patients may need an
extended, intensive treatment session or several sessions,
depending on several variables, including the therapy
techniques selected, clinician experience and confidence
in administering the approach, and patient motivation
and tolerance, to mention only a few.

The anecdotal clinical literature suggests that the
prognosis for sustained removal of abnormal symptoms
in psychogenic aphonia or dysphonia may depend on
several factors. First, the time between the onset of voice
problem and the initiation of therapy may be important.
The sooner voice therapy is initiated following the onset
of the voice problem, the better the prognosis. If months
or years have elapsed, it may be more difficult to elimi-
nate the abnormal symptoms. Second, the more extreme
the voice symptoms, the better the prognosis for im-
provement. Aphonia and extreme tension, according to
some authorities, may be easier to modify than inter-
mittent or mild dysphonia. Third, if significant second-
ary gain is present, this may interfere with progress and
contribute to a poorer treatment outcome. Finally, if
the underlying psychological triggers are no longer
active, then normal voice should be established quickly
and improvement should be sustained (Aronson, 1990;
Duffy, 1995; Case, 1996; Colton and Casper, 1996). As a
caveat, however, the foregoing observations have rarely
been studied in any objective manner; therefore they are
best regarded as clinical impressions rather than factual
statements.

The long-term effectiveness of direct voice therapy for
psychogenic voice disorders also has not been rigorously
evaluated (Pannbacker, 1998; Ramig and Verdolini,
1998). Most clinicians report that relapse is infrequent
and isolated, yet others report more frequent post-
treatment recurrences. Of the few investigations that
exist, the results regarding the durability of voice im-
provement following direct therapy are mixed (Gunther
et al., 1996; Roy et al., 1997; Andersson and Schalen,
1998; Carding, Horsley, and Docherty, 1999). It should
be acknowledged that following direct voice therapy,
only the symptom of psychological disturbance has been
removed, not the disturbance itself (Brodnitz, 1962;
Kinzl, Biebl, and Rauchegger, 1988). Therefore, the
nature of psychological dysfunction needs to be better
understood. If the situational, emotional, or personality
features that contributed to the development of the psy-
chogenic voice disorder remain unchanged following
behavioral treatment, it would be logical to expect that
such persistent factors would increase the probability of
future recurrences (Nichol, Morrison, and Rammage,
1993; Andersson and Schalen, 1998). Therefore, in some
cases, post-treatment referral to a psychiatrist or psy-
chologist may be necessary to achieve more enduring
improvements in the patient’s emotional adjustment and
voice function (Butcher, Elias, and Raven, 1993; Roy
et al., 1997).
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In summary, psychogenic voice disorders are power-
ful examples of the intimate connection between mind
and body. These voice disorders, which occur in the ab-
sence of structural laryngeal pathology, often represent
some of the most severely disturbed voices encountered
by voice pathologists. In an experienced clinician’s
hands, direct symptomatic therapy for psychogenic voice
disorders can produce rapid and remarkable restoration
of normal voice. Much remains to be learned regarding
the underlying bases of these disorders and the long-term
effect of direct therapeutic interventions.

See also FUNCTIONAL VOICE DISORDERS.

—Nelson Roy
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The Singing Voice

The functioning of the voice organ in singing is similar
to that in speech. Thus, the origin of the sound is the
voice source—the pulsating airflow through the glottis.
The voice source is mainly controlled by three physio-
logical factors, subglottal pressure, length and stiffness
of the vocal folds, and the degree of glottal adduction.
These control parameters determine vocal loudness, FO,
and mode of phonation, respectively. The voice source is
a complex tone composed of a series of harmonic par-
tials of amplitudes decreasing by about 12 dB per octave
as measured in flow units. It propagates through the vo-
cal tract and is thereby filtered in a manner determined
by its resonance or formant frequencies. These frequen-
cies are determined by the vocal tract shape. For most
vowel sounds, the two lowest formant frequencies deter-
mine vowel quality, while the higher formant frequencies
belong to the personal voice characteristics.

Breathing. Subglottal pressure determines vocal loud-
ness and is therefore used for expressive purposes in
singing. It is also varied with FO, such that higher pitches



52 Part I: Voice

are sung with higher subglottal pressures than lower
pitches. As a consequence, singers need to vary sub-
glottal pressure constantly, adapting it to both loudness
and pitch. This is in sharp contrast to speech, where
subglottal pressure is much more constant. Singers
therefore need to develop a virtuosic control of the
breathing apparatus. In addition, subglottal pressures in
singing are varied over a larger range than in speech.
Thus, while in loud speech subglottal pressure may be
raised to 1.5 or 2 kPa, singers may use pressures as high
as 4 or 6 kPa for loud tones sung at high pitches.

Subglottal pressure is determined by active forces
produced by the breathing muscles and passive forces
produced by gravity and the elasticity of the breathing
apparatus. Elasticity, generated by the lungs and the rib
cage, varies with lung volume. At high lung volumes,
elasticity produces an exhalatory force that may amount
to 3 kPa or more. At low lung volumes, elasticity con-
tributes an inhalatory force. Whereas in conversational
speech, no more than about 15%-20% of the total lung
capacity is used, classically trained singers use an aver-
age lung volume range that is more than twice as large
and occasionally may vary from 100% to 0% of the total
vital capacity in long phrases.

As the elasticity forces change from exhalatory at
high lung volumes to inhalatory at low lung volumes,
they reach an equilibrium at a certain lung volume. This
lung volume is called the functional residual capacity
(FRC). In tidal breathing, inhalations are started from
FRC. In both speech and singing, lung volumes above
FRC are preferred. Because much higher lung volumes
are used in singing than in speech, singers need to deal
with much greater exhalatory elasticity forces.

Voice Source. The airflow waveform of the voice
source is characterized by quasi-triangular pulses, pro-
duced when the vocal folds open the glottis, and fol-
lowed by horizontal portions near or at zero airflow,
produced when the folds close the glottis more or less
completely (Fig. 1).
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Figure 1. Typical flow glottogram showing transglottal airflow
versus time.

The acoustic significance of the waveform is straight-
forward. The slope of the source spectrum is determined
mainly by the negative peak of the differentiated flow
waveform, frequently referred to as the maximum flow
declination rate. It represents the main excitation of the
vocal tract. This steepness is linearly related to the sub-
glottal pressure in such a way that a doubling of sub-
glottal pressure causes an SPL increase of about 10 dB.
The amplitude gain of higher partials is greater than that
of lower partials. Thus, if the sound level of a vowel
sound is increased by 10 dB, the partials near 3 kHz
typically increase by about 17 dB.

The air volume contained in a flow pulse is decisive
to the amplitude of the source spectrum fundamental
and is strongly influenced by the overall glottal adduc-
tion force. Thus, for a given subglottal pressure, a firmer
adduction produces a smaller air volume in a pulse,
which reduces the amplitude of the fundamental. An
exaggerated glottal adduction thus attenuates the fun-
damental. This phonation mode is generally referred to
as hyperfunctional or pressed. The opposite extreme—
that is, the habitual use of too faint adduction—is called
hypofunctional and prevents the vocal folds from closing
the glottis also during the vibratory cycle. As a result,
airflow escapes the glottis during the quasi-closed phase.
This generates noise and produces a strong fundamental.
This phonation mode is often referred to as breathy.

In classical singing, pressed phonation is typically
avoided. Instead, singers seem to strive to reduce glottal
adduction to the minimum that will still result in glottal
closure during the closed phase. This generates a source
spectrum with strong high partials and a strong funda-
mental. This type of phonation has been called flow
phonation or resonant voice. In nonclassical singing, on
the other hand, pressed phonation is occasionally used
for high, loud tones, apparently for expressive purposes.

A main characteristic of classical singing is the vi-
brato. It corresponds to a quasi-periodic modulation of
FO (Fig. 2). The pitch perceived from a vibrato tone
corresponds to its average FO. The modulation fre-
quency, mostly between 5 and 7 Hz, is generally referred
to as the vibrato rate and is rather constant for a singer.
Curiously enough, however, it tends to increase some-
what toward the end of tones. The peak-to-peak modu-
lation range is varied between nil and less than two
semitones, or FO - 2'/¢. With increasing age, singers’ vi-
brato rates tend to decrease by about one-half hertz per
decade of years, and vibrato extent tends to increase by
about 15 cent per decade.

The vibrato is generated by a rhythmical pulsation of
the cricothyroid muscles. When contracting, these mus-
cles cause a stretching of the vocal folds, and so raise FO.
The neural origin of this pulsation is not understood.
One possibility is that it emanates from a cocontraction
of the cricothyroid and vocalis muscles.

In speech, pitch is perceived in a continuous fashion,
such that a continuous variation in FO is heard as a
continuous variation of pitch. In music, on the other
hand, pitch is perceived categorically, where the catego-
ries are scale tones or the intervals between them. Thus,
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Figure 2. Example of vibrato.

the FO continuum is divided logarithmically into a series
of bins, each of which corresponds to a scale tone. The
width of each scale tone is approximately 6% wide, and
the center frequency of a scale tone is 2'/1? higher than
its lower neighbor.

The demands for pitch accuracy are quite high in
singing. Experts generally find that a tone is out of tune
when it deviates from the target FO by more than about
7 cent, or 0.07 of a semitone interval. This corresponds
to less than one-tenth of a typical vibrato extent. The
target FO generally agrees with equal-tempered tuning,
where the interval between adjacent scale tones corre-
sponds to the FO ratio of 1:2'/12, However, apparently
depending on the musical context, the target FO for a
scale tone may deviate from its value in equal-tempered
tuning by about a tenth of a semitone interval.

Resonance. The formant frequencies in classical sing-
ing differ between voice classifications. Thus, basses have
lower formant frequencies than baritones, who have
lower formant frequencies than tenors. These differences
probably reflect differences in vocal tract length. The
formant frequencies also deviate from those typically
found in speech. For example, the second formant of
the vowel [i] is generally considerably lower in classical
singing than in speech, such that the vowel quality
approaches that of the vowel [y].

These formant frequency deviations are related to
the singer’s formant, a marked spectrum envelope peak
between approximately 2.5 and 3 kHz, that appears in
all voiced sounds produced by classically trained male
singers and altos (Fig. 3). It is produced by a clustering
of F3, F4, and F5. This clustering seems to be achieved
by combining a narrow opening of the larynx tube with
a wide pharynx. If the area ratio between the larynx tube
opening and the pharynx approximates 1:6 or less, the
larynx tube acts as a separate resonator in the sense that
its resonance frequency is rather insensitive to the cross-
sectional area in the remaining parts of the vocal tract.

—Sung
Singer’s formant Spoken

Frequency [Hz]

Figure 3. Spectra of the vowel [u] as spoken and sung by a
classically trained baritone singer.

Its resonance frequency can be somewhere between 2.5
and 3 kHz. If this resonance is appropriately tuned, it
will provide a formant cluster.

A common method to achieve a wide pharynx seems
to be to lower the larynx, which is typically observed in
classically trained singers. Lowering the larynx lengthens
the pharynx cavity. As F2 of the vowel [i] is mainly
dependent on the pharynx length, it will be lowered by
a lowering of the larynx. In nonclassical singing, more
speechlike formant frequencies are used, and no singer’s
formant is produced.

The center frequency of the singer’s formant varies
between voice classifications. On average, it tends to be
about 2.4, 2.6, and 2.8 kHz for basses, baritones, and
tenors, respectively. These differences, which contribute
significantly to the characteristic voice qualities of these
classifications, probably reflect differences in vocal tract
length.

The singer’s formant spectrum peak is particularly
prominent in bass and baritone singers. In tenors and
altos it is less prominent and in sopranos it is generally
not observable. Thus, sopranos do not seem to produce
a singer’s formant.

The singer’s formant seems to serve the purpose of
enhancing the voice when accompanied by a loud or-
chestra. The long-term-average spectrum of a symphonic
orchestra typically shows a peak near 0.5 kHz followed
by a descent of about 9 dB per octave toward higher
frequencies (Fig. 4). Therefore, the sound level of an or-
chestra is comparatively low in the frequency region of
the singer’s formant, so that the singer’s formant makes
the singer’s voice easier to perceive. As the singer’s for-
mant is produced mainly by vocal tract resonance, it can
be regarded as a manifestation of vocal economy. It does
not appear in nonclassical singing, where the soloist is
provided with a sound amplification system that takes
care of audibility problems. Also, it is absent or much
less prominent among choral singers, whose voices are
supposed to blend, such that individual singers’ voices
are difficult to discern.

The approximate pitch range of a singer is about two
octaves. Typical ranges for basses, baritones, tenors,
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Figure 4. Long-term-average spectrum of an orchestra with
and without a tenor soloist (heavy solid and dashed curves).
The thin solid curve shows a rough approximation of a corre-
sponding analysis of neutral speech at conversational loudness.

altos, and sopranos are E2-E4 (82-330 Hz), G2-G4
(98-392 Hz), C3-C5 (131-523 Hz), F3-F5 (175-
698 Hz), and C4-C6 (262-1047 Hz), respectively. This
implies that FO is often higher than the typical value of
F1 in some vowels. Singers, however, seem to avoid the
situation in which FO is higher than F1. Instead, they
increase F1 so that it is always higher than FO. For the
vowel [a], this is achieved by widening the jaw opening;
the higher the pitch, the wider the jaw opening. For
other vowels, singers seem first to reduce the tongue
constriction of the vocal tract, and resort to a widening
of the jaw opening when the effect of this neutralization
of the articulation fails to produce further increase of F1.

Because F1 and F2 are decisive to the perception of
vowels, the substantial departures from the typical for-
mant frequency values in speech affect vowel identifica-
tion. Yet vowel identification is surprisingly successful
also at high FO. Most isolated vowel sounds can be
correctly identified up to an FO of about 500 Hz. Above
this frequency, identification deteriorates quickly and
remains low for most vowels at FO higher than 700 Hz.
In reality, however, text intelligibility can be greatly
improved by consonants.

Health Risks. Because singers are extremely dependent
on the perfect functioning of their voices, they often need
medical attention. A frequent origin of their voice dis-
orders is a cold, which typically causes dryness of the
glottal mucosa. This disturbs the normal function of the
vocal folds. Also relevant would be their use of high
subglottal pressures. An inappropriate vocal technique,
sometimes associated with a habitually exaggerated
glottal adduction or with singing in a too high pitch
range, also tends to cause voice disorders, which in
some cases may lead to developing vocal nodules. Such
nodules generally disappear after voice rest, and surgical
treatment is mostly considered inappropriate.
See also VOICE ACOUSTICS.

—Johan Sundberg
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Vocal Hygiene

Vocal hygiene has been part of the voice treatment liter-
ature continuously since the publication of Mackenzie’s
The Hygiene of Vocal Organs, in 1886. In it the author, a
noted otolaryngologist, described many magical pre-
scriptions used by famous singers to care for their voices.
In 1911, a German work by Barth included a chapter
with detailed discussion of vocal hygiene. The ideas
about vocal hygiene expressed in this book were similar
to those expressed in the current literature. Concern was
raised about the effects of tobacco, alcohol, loud and
excessive talking, hormones, faulty habits, and diet on
the voice. Another classic text was Diseases and Injuries
of the Larynx, published in 1942. The authors, Jackson
and Jackson, implicated various vocal abuses as the
primary causes of voice disorders, and cited rest and
refraint from the behavior as the appropriate treatment.
Luchsinger and Arnold (1965) stressed the need for at-
tention to the physiological norm as the primary postu-
late of vocal hygiene and preventive laryngeal medicine.
Remarkably, these authors discussed the importance of
this type of attention not only for teachers and voice
professionals, but also for children in the classroom.
Subsequently, virtually all voice texts have addressed the
issue of vocal hygiene.

Both the general public and professionals in numer-
ous disciplines commonly use the term /ygiene. The 29th
edition of Dorland’s Medical Dictionary defines it as ““the
science of health and its preservation.” Thus, we can
take vocal hygiene to mean the science of vocal health
and the proper care of the vocal mechanism. Despite
long-held beliefs about the value of certain activities
most frequently discussed as constituting vocal hygiene,
the science on which these ideas are based was, until
quite recently, more implied and deduced than specific.

Patient education and vocal hygiene are both integral
to voice therapy. Persons who are educated about the
structure and function of the phonatory mechanism are
better able to grasp the need for care to restore it to
health and to maintain its health. Thus, the goal of pa-
tient education is understanding. Vocal hygiene, on the
other hand, focuses on changing an individual’s vocal
behavior. In some instances, a therapy program may be
based completely on vocal hygiene. More frequently,
however, vocal hygiene is but one spoke in a total ther-
apy program that also includes directed instruction in
voice production techniques.

Although there are commonalities among vocal hy-
giene programs regardless of the pathophysiology of
the voice disorder, that pathophysiology should dictate
some specific differences in the vocal hygiene approach.
In addition to the nature of the voice disorder, factors
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such as timing of the program relative to surgery (i.e.,
pre or post), and whether the vocal hygiene training
stands alone or is but one aspect of a more extensive
therapy process, must also inform specific aspects of the
vocal hygiene program.

Hydration and environmental humidification are
particularly important to the health of the voice, and, as
such, should be a focus of all vocal hygiene programs. A
number of authors have studied the effects of hydration
and dehydration of vocal fold mucosa and viscosity of
the folds on phonation threshold pressure (PTP). (PTP
is the minimum subglottal pressure required to initiate
and maintain vocal fold vibration.) For example, Ver-
dolini et al. (1990, 1994) studied PTP in normal speakers
subjected to hydrating and dehydrating conditions. Both
PTP and self-perceived vocal effort were lower after
hydration. Jiang, Ng, and Hanson (1999) showed that
vocal fold oscillations cease in a matter of minutes in
fresh excised canine larynges deprived of humidified air.
Rehydration by dripping saline onto the folds restored
the oscillations, demonstrating the need for hydration
and surface moisture for lower PTP.

In one light, viscosity is a measure of the resistance
to deformation of the vocal fold tissue. Viscosity is
increased by hydration and decreased by drying—hence
the importance of vocal fold hydration to ease of pho-
nation. Moreover, it appears that the body has robust
cellular and neurophysiological mechanims to conserve
the necessary hydration of airway tissues. In a study of
patients undergoing dialysis, rapid removal of significant
amounts of body water increased PTP and was asso-
ciated with symptoms of mild vocal dysfunction in some
patients. Restoration of the body fluid reversed this
trend (Fisher et al., 2001). Jiang, Lin, and Hanson
(2000) noted the presence of mucous glands in the tissue
of the vestibular folds and observed that these glands
distribute a very important layer of lubricating mucus to
the surface of the vocal folds. Environmental hydration
facilitates the vocal fold vibratory behavior, mainly be-
cause of the increased water content in this mucous layer
and in the superficial epithelium. The viscosity of secre-
tions is thickened with ingestion of foods or medications
with a drying or diuretic effect, radiation therapy, in-
adequate fluid intake, and the reduction in mucus pro-
duction in aging.

Thus, there appear to be a number of mechanisms,
not yet fully understood, by which the hydration of vocal
fold mucosa and the viscosity of the vocal folds are
directly involved in the effort required to initiate and
maintain phonation. Both environmental humidity and
surface hydration are important physiological factors
in determining the energy needed to sustain phona-
tion. External or superficial hydration may occur as a
by-product of drinking large amounts of water, which
increases the secretions in and around the larynx and
lowers the viscosity of those secretions. Steam inhala-
tion and environmental humidification further hydrate
the surface of the vocal folds, and mucolytic agents may
decrease the viscosity of the vocal folds. Clearly, the
lower the phonation threshold pressure, the less air
pressure is required and the greater is the ease of pho-

nating. Many questions remain in this area, such as the
most effective method of hydration.

Other major components of vocal hygiene programs
are reducing vocal intensity by eliminating shouting or
speaking above high ambient noise levels, avoiding fre-
quent throat clearing and other phonotraumatic behav-
iors. The force of collision (or impact) of the vocal folds
has been described by Titze (1994) as proportional to
vibrational amplitude and vibrational frequency. This
was explored further in phonation by Jiang and Titze
(1994), who showed that intraglottal contact increases
with increased vocal fold adduction. Titze (1994) theor-
ized that if a vibrational dose reaches and exceeds a
threshold level in a predisposed individual, tissue injury
will probably ensue. This lends support to the wide-
spread belief that loud and excessive voice use, and in-
deed other forms of harsh vocal productions, can cause
vocal fold pathology. It also supports the view that
teachers and others in vocally demanding professions are
prone to vibration overdose, with inadequate recovery
time. Thus, the stage is set for cyclic tissue injury, repair,
and eventual voice or tissue change.

The complexity of vocal physiology suggests a direct
connection between viscosity and hydration, phona-
tion threshold pressure, and the effects of collision and
shearing forces. The greater the viscosity of vocal fold
tissue, the higher the PTP that is required and the greater
is the internal friction or shearing force in the vocal fold.
These effects may explain vocal fold injuries, particularly
with long-term vocal use that involves increased im-
pact stress on the tissues during collision and shearing
stresses (Jiang and Titze, 1994). Thus, issues of collision
and the impact forces associated with increased loud-
ness and phonotraumatic vocalization are appropriately
addressed in vocal hygiene programs and in directed
therapy approaches.

Reflux, both gastroesophageal and laryngopharyn-
geal, affects the health of the larynx and pharynx.
Gastric acid and gastric pepsin, the latter implicated
in the delayed healing of submucosal laryngeal injury
(Koufman, 1991), have been found in refluxed material.
Laryngopharyngeal reflux has been implicated in a long
list of laryngeal conditions, including chronic or inter-
mittent dysphonia, vocal fatigue, chronic throat clearing,
reflux laryngitis, vocal nodules, and malignant tissue
changes. Treatment may include dietary changes, life-
style modifications, and medication. Surgery is usually a
treatment of last resort. Caffeine, tobacco, alcohol, fried
foods, and excessive food intake have all been implicated
in exacerbating the symptoms of laryngopharyngeal
reflux. Thus, vocal hygiene programs that address
healthy diet and lifestyle and that include reflux pre-
cautions appear to be well-founded. It is now common
practice for patients scheduled for any laryngeal surgery
to be placed on a preoperative course of antireflux med-
ication that will be continued through the postoperative
healing stage. Although this is clearly a medical treat-
ment, the speech-language pathologist should provide
information and supportive guidance through vocal
hygiene instruction to ensure that patients follow the
prescribed protocol.
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An unanswered question is whether a vocal hygiene
therapy program alone is adequate treatment for vocal
problems. Roy et al. (2001) found no significant im-
provement in a group of teachers with voice disorders
after a course of didactic training in vocal hygiene.
Teachers who received a directed voice therapy program
(Vocal Function Exercises), however, experienced sig-
nificant improvement. It should be noted that the vocal
hygiene program used in this study, being purely didactic
and requiring no activity on the part of the participants,
might more appropriately be described as a patient edu-
cation program. Chan (1994) reported that a group
of non-voice-disordered kindergarten teachers did show
positive behavioral changes following a program of
vocal education and hygiene. In another study, Roy
et al. (2002) examined the outcome of voice amplifica-
tion versus vocal hygiene instruction in a group of voice-
disordered teachers. Most pairwise contrasts directly
comparing the effects of the two approaches failed to
reach significance. Although the vocal hygiene group
showed changes in the desired direction on all dependent
measures, the study results suggest that the benefits of
amplification may have exceeded those of vocal hygiene
instruction. Of note, the amplification group reported
higher levels of extraclinical compliance with the pro-
gram than the vocal hygiene group. This bears out the
received wisdom that it is easier to take a pill—or wear
an amplification device—than to change habits.

Although study results are mixed, there is insufficient
evidence to suggest that vocal hygiene instruction be
abandoned. The underlying rationale for vocal hygiene
is sufficiently compelling that a vocal hygiene program
should continue to be a component of a broad-based
voice therapy intervention.

—Janina K. Casper
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Vocal Production System: Evolution

The human vocal production system is similar in broad
outline to that of other terrestrial vertebrates. All tetra-
pods (nonfish vertebrates: amphibians, reptiles, birds,
and mammals) inherit from a common ancestor three
key components: (1) a respiratory system with lungs;
(2) a larynx that acts primarily as a quick-closing gate
to protect the lungs, and often secondarily to produce
sound; and (3) a supralaryngeal vocal tract which filters
this sound before emitting it into the environment. De-
spite this shared plan, a wide variety of interesting mod-
ifications of the vocal production system are known. The
functioning of the basic tetrapod vocal production sys-
tem can be understood within the theoretical framework
of the myoelastic-acrodynamic and source/filter theories
familiar to speech scientists.

The lungs and attendant respiratory musculature
provide the air stream powering phonation. In primi-
tive air-breathing vertebrates, the lungs were inflated
by rhythmic compression of the oral cavity, or “buccal
pumping,” and this system is still used by lungfish and
amphibians (Brainerd and Ditelberg, 1993). Inspiration
by active expansion of the thorax evolved later, in the
ancestor of reptiles, birds, and mammals. This was
powered originally by the intercostal muscles (as in liz-
ards or crocodilians) and later (in mammals only) by a
muscular diaphragm (Liem, 1985). Phonation is typi-
cally powered by passive deflation of the elastic lungs,
or in some cases by active compression of the hypaxial
musculature. In many frogs, air expired from the lungs
during phonation is captured in an elastic air sac, which
then deflates, returning the air to the lungs. This allows
frogs to produce multiple calls from the same volume
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of air. The inflated sac also increases the efficiency with
which sound is radiated into the environment (Gans,
1973).

The lungs are protected by a larynx in all tetrapods.
This structure primitively includes a pair of barlike car-
tilages that can be separated (for breathing) or pushed
together (to seal the airway) (Negus, 1949). Expiration
through the partially closed larynx creates a turbulent
hiss—perhaps the most primitive vocalization, which
virtually all tetrapods can produce. However, more so-
phisticated vocalizations became possible after the inno-
vation of elastic membranes within the larynx, the vocal
cords, which are found in most frogs, vocal reptiles
(geckos, crocodilians), and mammals. Although the
larynx in these species can support a wide variety of
vocalizations, its primary function as a protective gate-
way appears to have constrained laryngeal anatomy. In
birds, a novel phonatory structure called the syrinx
evolved at the base of the trachea. Dedicated to vocal
production, and freed from the necessity of tracheal
protection, the avian syrinx is a remarkably diverse
structure underlying the great variety of bird sounds
(King, 1989).

Although our knowledge of animal phonation is still
limited, phonation in nonhumans appears to follow the
principles of the myoelastic-aerodynamic theory of hu-
man phonation. The airflow from the lungs sets the vo-
cal folds (or syringeal membranes) into vibration, and
the rate of vibration is passively determined by the size
and tension of these tissues. Vibration at a particular
frequency does not typically require neural activity at
that frequency. Thus, relatively normal phonation can
be obtained by blowing moist air through an excised
larynx, and rodents and bats can produce ultrasonic
vocalizations at 40 kHz and higher (Suthers and Fattu,
1973). However, cat purring relies on an active tensing
of the vocal fold musculature at the 20-30 Hz funda-
mental frequency of the purr (Frazer Sissom, Rice, and
Peters, 1991). During phonation, the movements of the
vocal folds can be periodic and stable (leading to tonal
sounds) or highly aperiodic or even chaotic (e.g., in
screams); while such aperiodic vocalizations are rare
in nonpathological human voices, they can be important
in animal vocal repertoires (Fitch, Neubauer, and Her-
zel, 2002).

Because the length of the vocal folds determines the
lowest frequency at which they could vibrate (Titze,
1994), with long folds producing lower frequencies, one
might expect that a low fundamental would provide a
reliable indication of large body size. However, the size
of the larynx is not tightly constrained by body size.
Thus, a huge larynx has independently evolved in many
mammal species, probably in response to selection for
low-pitched voices (Fig. 14, B). For example, in howler
monkeys (genus Alouatta) the larynx and hyoid have
grown to fill the space between mandible and sternum,
giving these small monkeys remarkably impressive and
low-pitched voices (Kelemen and Sade, 1960). The most
extreme example of laryngeal hypertrophy is seen in the
hammerhead bat Hypsignathus monstrosus, in which the

larynx of males expands to fill the entire thoracic cavity,
pushing the heart, lungs, and trachea down into the ab-
domen (Schneider, Kuhn, and Keleman, 1967). A simi-
lar though less impressive increase in larynx dimensions
is observed in human males and is partially responsible
for the voice change at puberty (Titze, 1989).

Sounds created by the larynx must pass through the
air contained in the pharyngeal, oral, and nasal cavities,
collectively termed the supralaryngeal vocal tract or
simply vocal tract. Like any column of air, this air has
mass and elasticity and vibrates preferentially at certain
resonant frequencies. Vocal tract resonances are termed
formants (from the Latin formare, to shape): they act as
filters to shape the spectrum of the vocal output. Because
all tetrapods have a vocal tract, all have formants. For-
mant frequencies are determined by the length and shape
of the vocal tract. Because the vocal tract in mammals
rests within the confines of the head, and skull size and
body size are tightly linked (Fitch, 2000b), formant fre-
quencies provide a possible indicator of body size not
as easily “faked” as the laryngeal cue of fundamental
frequency. Large animals have long vocal tracts and
low formants. Together with demonstrations of formant
perception by nonhuman animals (Sommers et al., 1992;
Fitch and Kelley, 2000), this suggests that formants
may have provided a cue to size in primitive vertebrates
(Fitch, 1997). However, it is possible to break the ana-
tomical link between vocal tract length and body size,
and some intriguing morphological adaptations have
arisen to elongate the vocal tract (presumably resulting
from selection to sound larger; Fig. 1 C—FE). Elongations
of the nasal vocal tract are seen in the long nose of
male proboscis monkeys or the impressive nasal crests
of hadrosaur dinosaurs (Weishampel, 1981). Vocal tract
elongation can also be achieved by lowering the larynx;
this is seen in extreme form in the red deer Cervus ela-
phus, which retract the larynx to the sternum during ter-
ritorial roaring (Fitch and Reby, 2001). Again, a similar
change occurs in human males at puberty: the larynx
descends slightly to give men a longer vocal tract and
lower formants than same-sized women (Fitch and
Giedd, 1999).

Human speech is thus produced by the same conser-
vative vocal production system of lungs, larynx, and vo-
cal tract shared by all tetrapods. However, the evolution
of the human speech apparatus involved several impor-
tant changes. One was the loss of laryngeal air sacs. All
great apes posses large balloon-like sacs that open into
the larynx directly above the glottis (Negus, 1949; Schon
Ybarra, 1995). Parsimony suggests that the common
ancestor of apes and humans also had such air sacs,
which were subsequently lost in human evolution. How-
ever, air sacs are occasionally observed in humans in
pathological situations, a laryngocele is a congenital or
acquired air sac that is attached to the larynx through
the laryngeal ventricle at precisely the same location as
in the great apes (Stell and Maran, 1975). Because the
function of air sacs in ape vocalizations is not under-
stood, the significance of their loss in human evolution is
unknown.
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A second change in the vocal production system dur-
ing human evolution was the descent of the larynx from
its normal mammalian position high in the throat to
a lower position in the neck (Negus, 1949). In the 1960s,
speech scientists realized that this “descended larynx”
allows humans to produce a wider variety of formant
patterns than would be possible with a high larynx
(Lieberman, Klatt, and Wilson, 1969). In particular, the
“point vowels™ /i, a, u/ seem to be impossible to attain
unless the tongue body is bent and able to move freely
within the oropharyngeal cavity. Given the existence
of these vowels in virtually all languages (Maddieson,
1984), speech typical of modern humans appears to re-
quire a descended larynx. Of course, all mammals can
produce a diversity of sounds, which could have served
a simpler speech system. Also, most mammals appear
to lower the larynx during vocalization (Fitch, 2000a),
lessening the gap between humans and other animals.
Despite these caveats, the descended larynx is clearly an
important component of human spoken language (Lie-
berman, 1984). The existence of nonhuman mammals
with a descended larynx raises the possibility that this
trait initially arose to exaggerate size in early hominids
and was later coopted for use in speech (Fitch and Reby,
2001). Finally, recent fossils suggest that an expansion
of the thoracic intervertebral canal occurred during the
evolution of Homo some time after the earliest Homo
erectus (MacLarnon and Hewitt, 1999). This change

Figure 1. Examples of unusual vocal
adaptations among vertebrates (not
to scale). A, Hammerheaded bat,
Hypsignathus monstrosus, has a huge
larynx (gray) enlarged to fill the
thoracic cavity. B, Howler monkeys
Alouatta spp. have the largest rela-
tive larynx size among primates,
which together with the enlarged
hyoid fills the space beneath the
mandible (larynx and hyoid shown
in gray). C, Male red deer Cervus
elaphus have a permanently de-
scended larynx, which they lower to
the sternum when roaring, resulting
in an extremely elongated vocal
tract (shown in gray). D, Humans—
Homo sapiens—have a descended
larynx, resulting in an elongated
“two-tube” vocal tract (shown in
gray). E, The now extinct duck-
billed dinosaur Parasaurolophus
had a hugely elongated nasal cavity
(shown in gray) that filled the bony
crest adorning the skull.

may be associated with an increase in breathing control
necessary for singing and speech in our own species.
See also VOCALIZATION, NEURAL MECHANISMS OF.

—W. Tecumseh Fitch
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Vocalization, Neural Mechanisms of

The capacity for speech and language separates humans
from other animals and is the cornerstone of our intel-
lectual and creative abilities. This capacity evolved from
rudimentary forms of communication in the ancestors
of humans. By studying these mechanisms in animals
that represent stages of phylogenetic development, we
can gain insight into the neural control of human speech
that is necessary for understanding many disorders of
human communication.

Vocalization is an integral part of speech and is
widespread in mammalian aural communication sys-
tems. The limbic system, a group of neural structures
controlling motivation and emotion, also controls
most mammalian vocalizations. Although there are little
supporting empirical data, many human emotional
vocalizations probably involve the limbic system. This
discussion considers the limbic system and those neural
mechanisms thought to be necessary for normal speech
and language to occur.

The anterior cingulate gyrus (ACG), which lies on the
mesial surface of the frontal cortex just above and ante-
rior to the genu of the corpus callosum, is considered
part of the limbic system (Fig. 1). Electrical stimulation
of the ACG in monkeys elicits vocalization and auto-
nomic responses (Jiirgens, 1994). Monkeys become mute
when the ACG is lesioned, and single neurons in the
ACG become active with vocalization or in response to
vocalizations from conspecifics (Sutton, Larson, and
Lindeman, 1974; Miiller-Preuss, 1988; West and Larson,
1995). Electrical stimulation of the ACG in humans may
also result in oral movements or postural distortions
representative of an ‘““archaic” level of behavior (Brown,
1988). Damage to the ACG in humans results in akinetic
mutism that is accompanied by open eyes, a fixed gaze,
lack of limb movement, lack of apparent affect, and
nonreactance to painful stimuli (Jiirgens and von
Cramon, 1982). These symptoms reflect a lack of drive
to initiate vocalization and many other behaviors
(Brown, 1988). During recovery, a patient’s ability to
communicate gradually returns, first as a whisper, then
with vocalization. However, the vocalizations lack pro-
sodic features and are characterized as expressionless
(Jirgens and von Cramon, 1982). These observations
support the view that the ACG controls motivation for
primitive forms of behavior, including prelinguistic
vocalization.

The ACG has reciprocal connections with several
cortical and subcortical sites, including a premotor area
homologous with Broca’s area, the superior temporal
gyrus, the posterior cingulate gyrus, and the supplemen-
tary motor area (SMA) (Miiller-Preuss, Newman, and
Jirgens, 1980). Electrical stimulation of the SMA elicits
vocalization, speech arrests, hesitation, distortions, and
palilalic iterations (Brown, 1988). Damage to the SMA
may result in mutism, poor initiation of speech, or
repetitive utterances, and during recovery, patients
often go through a period in which the production of
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Figure 1. The lateral and mesial surface of the human brain.

propositional speech remains severely impaired but
nonpropositional speech (e.g., counting) remains rela-
tively unaffected (Brown, 1988). Studies of other motor
systems in primates suggest that the SMA is involved in
selection and initiation of a remembered motor act or
the correct sequencing of motor acts (Picard and Strick,
1997). Speech and vocalization fall into these categories,
as both are remembered and require proper sequencing.
Output from the SMA to other vocalization motor areas
is a subsequent stage in the execution of vocalization.
The ACG is also connected with the perisylvian
cortex of the left hemisphere (Miiller-Preuss, Newman,
and Jirgens, 1980), an area important for speech and
language. Damage to Broca’s area may cause total or
partial mutism, along with expressive aphasia or apraxia
(Duffy, 1995). However, vocalization is less frequently
affected than speech articulation or language (Dufty,
1995), and the effect is usually temporary. In some cases,
aphonia may arise from widespread damage, and recov-
ery following therapy may suggest a diffuse, motiva-
tional, or psychogenic etiology (Sapir and Aronson,
1987). Mutism seems to occur more frequently when the
opercular region of the pre- and postcentral gyri is
damaged bilaterally or when the damage extends deep
into the cortex, affecting the insula and possibly the
basal ganglia (Jirgens, Kirzinger, and von Cramon,
1982; Starkstein, Berthier, and Leiguarda, 1988; Dufty,
1995). Additional evidence linking the insula to vocal-
ization comes from recent studies of apraxia in humans
(Dronkers, 1996) and findings of increased blood flow in
the insula during singing (Perry et al., 1999). Further
research is necessary to determine whether the opercular
cortex alone or deeper structures (e.g., insula) are im-

portant for vocalization. In specific cases, it is necessary
to know whether mutism results from psychogenic or
physiological mechanisms.

The perisylvian cortex may control vocalization by
one or more pathways to the medulla. The perisylvian
cortex is reciprocally connected to the ACG, which
projects to midbrain mechanisms involved in vocaliza-
tion. The perisylvian cortex also projects directly to the
medulla, where motor neurons controlling laryngeal
muscles are located (Kuypers, 1958). These neuro-
anatomical projections are supported by observations of
a short time delay (13 ms) between stimulation of the
cortex and excitation of laryngeal muscles (Ludlow and
Lou, 1996). The perisylvian cortex also includes the right
superior temporal gyrus and Heschl’s gyrus, which are
preferentially active for perception of complex tones,
singing, perception of one’s own voice, and perhaps
control of the voice by self-monitoring auditory feed-
back (Perry et al., 1999; Belin et al., 2000).

The other widely studied limbic system structure
known for its role in vocalization, is the midbrain peri-
aqueductal gray (PAG) (Jiirgens, 1994). Lesions of the
PAG in humans and animals lead to mutism (Jiirgens,
1994). Electrical and chemical stimulation of the PAG in
many animal species elicits species-specific vocalizations
(Jiirgens, 1994). A variety of techniques have shown that
PAG neurons, utilizing excitatory amino acid transmit-
ters (glutamate), activate or suppress coordinated groups
of oral, facial, respiratory, and laryngeal muscles for
species-specific vocalization (Larson, 1991; Jiirgens,
1994). The specific pattern of activation or suppression
is determined by descending inputs from the ACG
and limbic system, along with sensory feedback from the
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auditory, laryngeal and respiratory systems (Davis,
Zhang, and Bandler, 1993; Ambalavanar et al., 1999).
The resultant vocalizations convey the affective state of
the organism. Although this system probably is respon-
sible for emotional vocalizations in humans, it is un-
known whether this pathway is involved in normal,
nonemotive speech and language.

Neurons of the PAG project to several sites in the
pons and medulla, one of which is the nucleus retro-
ambiguus (NRA) (Holstege, 1989). The NRA in turn
projects to the nucleus ambiguus (NA) and spinal cord
motor neurons of the respiratory muscles. Lesions of the
NRA eliminate vocalizations evoked by PAG stimula-
tion (Shiba et al., 1997), and stimulation of the NRA
elicits vocalization (Zhang, Bandler, and Davis, 1995).
Thus, the NRA lies functionally between the PAG and
motor neurons of laryngeal and respiratory muscles
controlling vocalization and may play a role in coordi-
nating these neuronal groups (Shiba et al., 1997; Luthe,
Hausler, and Jiirgens, 2000).

The PAG also projects to the parvocellular reticular
formation, where neurons modulate their activity with
temporal and acoustical variations in monkey calls, and
lesions alter the acoustical structure of vocalizations
(Luthe, Hausler, and Jiirgens, 2000). These data suggest
that the parvocellular reticular formation is important
for the regulation of vocal quality and pitch.

Finally, the NA contains laryngeal motor neurons
and is crucial to vocalization. Motor neurons in the NA
control laryngeal muscles during vocalization, swallow-
ing, and respiration (Yajima and Larson, 1993), and
lesions of the NA abolish vocalizations elicited by PAG
stimulation (Jirgens and Pratt, 1979). The NA receives
projections either indirectly from the PAG, by way of
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Figure 2. Block diagram and arrows indicating known connec-
tions between principal structures involved in vocalization.
Structures inside the dashed box are involved in vocalization
in other mammals as well as in humans. Structures outside
the dashed box may be found only in humans and perhaps an-
thropoid apes. NA, nucleus ambiguous; NRA, nucleus retro-
ambiguus; PAG, periaqueductal gray; RF, reticular formation.

the NRA (Holstege, 1989), or directly from the cerebral
cortex (Kuypers, 1958). Sensory feedback for the reflex-
ive control of laryngeal muscles flows through the supe-
rior and recurrent laryngeal nerves to the nucleus of the
solitary tract and spinal nucleus of the trigeminal nerve
(Tan and Lim, 1992).

In summary, vocalization is controlled by two path-
ways, one that is primitive and found in most animals,
and one that is found only in humans and perhaps an-
thropoid apes (Fig. 2). The pathway found in all mam-
mals extends from the ACG through the limbic system
and midbrain PAG to medullary and spinal motor neu-
rons, and seems to control most emotional vocalizations.
Voluntary vocal control, found primarily in humans,
aided by sensory feedback, may be exerted through a
direct pathway from the motor cortex to the medulla.
The tendency for vocalization and human speech to
be strongly affected by emotions may suggest that all
vocalizations rely at least in part on the ACG-PAG
pathway. Details of how these two parallel pathways are
integrated are unknown.

See also VOCAL PRODUCTION SYSTEM: EVOLUTION.

—Charles R. Larson
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Voice Acoustics

The basic acoustic source during normal phonation is
a waveform consisting of a quasi-periodic sequence of
pulses of volume velocity U(¢) that pass between the
vibrating vocal folds (Fig. 14). For modal vocal fold
vibration, the volume velocity is zero in the time interval
between the pulses, and there is a relatively abrupt dis-
continuity in slope at the time the volume velocity
decreases to zero. The periodic nature of this waveform
is reflected in the harmonic structure of the spectrum
(Fig. 1B). The amplitudes of the harmonics at high fre-
quencies decrease as 1/f2, where f = frequency, i.e., at
about —12 dB per octave. The frequency of this source
waveform varies from one individual to another and
within an utterance. In the time domain (Fig. 14), a
change in frequency is represented in the number of
pulses per second; in the frequency domain (Fig. 1B), the
frequency is represented by the spacing between the
harmonics. The shape of the individual pulses can also
vary with the speaker, and during an utterance the shape
can be modified depending on the position within the
utterance and the prominence of the syllable.

When the position and tension of the vocal folds are
properly adjusted, a positive pressure below the glottis
will cause the vocal folds to vibrate. As the cross-
sectional area of the glottis changes during a cycle of
vibration, the airflow is modulated. During the open
phase of the cycle, the impedance of the glottal opening

ARYA

is usually large compared with the impedance looking
into the vocal tract from the glottis. Thus, in most cases it
is reasonable to represent the glottal source as a volume-
velocity source that produces similar glottal pulses for
different vocal tract configurations.

This source Ui(?) is filtered by the vocal tract, as
depicted in Figure 2. The volume velocity at the lips is
U,.(?), and the output sound pressure at a distance r
from the lips is p,(f). The magnitudes of the spectral
components of Uy(f) and p,(f) are shown below the
corresponding waveforms in Figure 2. When a non-
nasal vowel is produced, the vocal tract transfer function
T(f), defined as the ratio U,,(f)/U,(f), is an all-pole
transfer function. The sound pressure p, is related to U,
by a radiation characteristic R( /). The magnitude of this
radiation characteristic is approximately

R =22 1)
where p = density of air. Thus we have
pAf)=U(f)-T(f)- R(f). 2
The magnitude of p,(f) can be written as
P = U -2/ [TD]- )

The expression |Us(f)-2xnf| is the magnitude of the
Fourier transform of the derivative U/(¢). Thus the out-
put sound pressure can be considered o be the result of
filtering U/(t) by the vocal tract transfer function 7°(f),
multiplied by a constant. That is, the derivative U!(z)
can be viewed as the effective excitation of the vocal
tract.

For the ideal or modal volume-velocity waveform
(Fig. 1), this derivative has the form shown in Figure 34
(Fant, Liljencrants, and Lin, 1985). Each pulse has a
sequence of two components: (1) an initial smooth por-
tion where the waveform is first positive, then passes
through zero (corresponding to the peak of the pulse
in Fig. 1), and then reaches a maximum negative value;
and (2) a second portion where the waveform returns
abruptly to zero, corresponding to the discontinuity in
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Figure 1. A, Idealized waveform of
glottal volume velocity U(f) for
modal vocal fold vibration for an
adult male speaker. B, Spectrum
of waveform in A. (A)
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slope of the original waveform U(¢) at the time the vocal
folds come together. The principal acoustic excitation of
the vocal tract occurs at the time of this discontinuity.
For this ideal or modal derivative waveform, the spec-
trum (Fig. 3B) at high frequencies decreases as 1/f, i.e.,
at —6 dB/octave, reflecting the discontinuity at closure.
For normal speech production, there are several ways
in which the glottal waveform can differ from the modal
waveform (or its derivative). One obvious attribute is
the frequency fj of the glottal pulses, which is controlled
primarily by changing the tension of the vocal folds,
although the subglottal pressure also influences the fre-
quency, particularly when the folds are relatively slack
(Titze, 1989). Increasing or decreasing the subglottal
pressure P, causes increases or decreases in the ampli-
tude of the glottal pulses, or, more specifically, in the
magnitude of the discontinuity in slope at the time of
glottal closure. The magnitude of the glottal excitation

Figure 2. Schema showing how the
acoustic source at the glottis is fil-
tered by the vocal tract to yield a
volume velocity U,,(¢) at the lips,
which is radiated to obtain the sound
pressure p,(f) at some distance from
the lips. At the left of the figure both
the source waveform Uy(f) and its
spectrum U,(f) are shown. At the
right is the waveform p,(f) and
spectrum p,(f) of the sound pres-
sure. (Adapted with permission from

. . . Stevens, 1994.)
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increases roughly as P¥? (Ladefoged and McKinney,
1963; Isshiki, 1964; Tanaka and Gould, 1983).

Changes in the configuration of the membranous and
cartilaginous portions of the vocal folds relative to the
modal configuration can lead to changes in the wave-
form and spectrum of the glottal source. For some
speakers and for some styles of speaking, the vocal folds
and arytenoid cartilages are configured such that the
glottis is never completely closed during a cycle of vi-
bration, introducing several acoustic consequences.
First, the speed with which the vocal folds approach the
midline is reduced; the effect on the derivative waveform
U/(?) is that the maximum negative value is reduced
(that is, it is less negative). Thus, the excitation of the
vocal tract and the overall amplitude of the output are
decreased. Second, there is continuing airflow through-
out the cycle. The inertia of the air in the glottis and
supraglottal airways prevents the occurrence of the
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Figure 4. Schematized representation of volume velocity wave-
form Uy(7) and its derivative U/(f) when the glottis is never
completely closed within a cycle of vibration.

abrupt discontinuity in U/(¢) that occurs at the time of
vocal fold closure in modal phonation (Rothenberg,
1981). Rather, there is a non-zero return phase following
the maximum negative peak, during which U/(¢) gradu-
ally returns to zero (Fant, Liljencrants, and Lin, 1985).
The derivative waveform U/(7) then has a shape that is
schematized in Figure 4. The corresponding waveform
Ui(?) is shown below the waveform UJ(7). The spectral
consequence of this non-zero return phase is a reduction
in the high-frequency spectrum amplitude of U/(¢) rela-
tive to the low-frequency spectrum amplitude. A third
consequence of a somewhat abducted glottal configura-
tion is an increased loss of acoustic energy from the
vocal tract through the partially open glottis and into
the subglottal airways. This energy loss affects the vocal
tract filter rather than the source waveform. It is most
apparent in the first formant range and results in an
increased bandwidth of F1, causing a reduction in Al,
the amplitude of the first-formant prominence in the

spectrum (Hanson, 1997). The three consequences just
described lead to a vowel for which the spectrum ampli-
tude Al in the F1 range is reduced and the amplitudes of
the spectral prominences due to higher formants are
reduced relative to Al.

Still another consequence of glottal vibration with a
partially open glottis is that there is increased average
airflow through the glottis, as shown in the U,(f) wave-
form in Figure 4. This increased flow causes an increased
amplitude of noise generated by turbulence in the vicin-
ity of the glottis. Thus, in addition to the quasi-periodic
source, there is an aspiration noise source with a contin-
uous spectrum (Klatt and Klatt, 1990). Since the flow is
modulated by the periodic fluctuation in glottal area, the
noise source is also modulated. This type of phonation
has been called “breathy-voiced.”

The aspiration noise source can be represented as an
equivalent acoustic volume-velocity source that is added
to the periodic source. In contrast to the periodic source,
the noise source has a spectrum that tilts upward with
increasing frequency. It appears to have a broad peak at
high frequencies, around 2-4 kHz (Stevens, 1998). Fig-
ure 54 shows estimated spectra of the periodic and noise
components that would occur during modal phonation.
The noise component is relatively weak, and is generated
only during the open phase of glottal vibration. Phona-
tion with a more abducted glottis of the type represented
in Figure 4 leads to greater noise energy and reduced
high-frequency amplitude of the periodic component,
and the noise component may dominate the periodic
component at high frequencies (Fig. 5B). With breathy-
voiced phonation, the individual harmonics correspond-
ing to the periodic component may be obscured by the
noise component at high frequencies. At low frequencies,
however, the harmonics are well defined, since the noise
component is weak in this frequency region.

Figure 6 shows spectra of a vowel produced by a
speaker with modal glottal vibration (4) and the same
vowel produced by a speaker with a somewhat abducted
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Figure 5. Schematized representation of spectra of the effec-
tive periodic and noise components of the glottal source for
modal vibration (A) and breathy voicing (B). The spectrum of
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the periodic component is represented by the amplitudes of
the harmonics. The spectrum of the noise is calculated with a
bandwidth of about 300 Hz.
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Figure 6. A, Spectrum of the vowel [¢/ produced by a male
speaker with approximately modal phonation. Below the spec-
trum are waveforms of this vowel before and after being fil-
tered with a bandpass filter centered on F3, with a bandwidth
of 600 Hz. The individual glottal pulses as filtered by F3 of the
vowel are evident. B, Spectrum of the vowel /¢/ produced by a

glottis (B). Below the spectra are waveforms of the vowel
before and after being filtered by a broad bandpass filter
(bandwidth of 600 Hz) centered on the third-formant
frequency F3. Filtered waveforms of this type have been
used to highlight the presence of noise at high fre-
quencies during phonation by a speaker with a breathy
voice (Klatt and Klatt, 1990). The noise is also evident
in the spectrum at high frequencies for the speaker of
Figure 6B. Comparison of the two spectra in Figure 6
also shows the greater spectrum tilt and the reduced
prominence of the first formant peak associated with
an abducted glottis, as already noted.

As the average glottal area increases, the transglottal
pressure required to maintain vibration (phonation
threshold pressure) increases. Therefore, for a given
subglottal pressure an increase in the glottal area can
lead to cessation of vocalfold vibration.

160 180
TIME (ms)

(B)

male speaker who apparently phonated with a glottal chink.
The waveforms below are as described in A. The noise in the
waveform in the F3 region (and above) obscures the individual
glottal pulses. The spectra are from Hanson and Chuang
(1999). See text.

Adduction of the vocal folds relative to their modal
configuration can also lead to changes in the source
waveform. As the vocal folds are adducted, pressed
voicing occurs, in which the glottal pulses are nar-
rower and of lower amplitude than in modal phonation,
and may occur aperiodically (glottalization). In addi-
tion, phonation-threshold pressure increases, eventually
reaching a point where the folds no longer vibrate.

The above description of the glottal vibration pattern
for various degrees of glottal abduction and adduction
suggests that there is an optimum glottal width that
gives rise to a maximum in sound energy (Hanson and
Stevens, 2002). This optimum configuration has been
examined experimentally by Verdolini et al. (1998).

There are substantial individual and sex differences in
the degree to which the folds are abducted or adducted
during phonation. These differences lead to significant
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Figure 7. Distributions of H1*-A3*, a measure that reflects the
reduction of the high-frequency spectrum relative to the low-
frequency spectrum, for male (black bars) and female (gray
bars) speakers. H1 is the amplitude of the first harmonic and
A3 is the amplitude of the strongest harmonic in the F3 peak.
The asterisks indicate that corrections have been applied to H1
and A3, as described in the text. (Adapted with permission
from Hanson and Chuang, 1999.)

differences in the waveform and spectrum of the glottal
source, and consequently in the spectral characteristics
of vowels generated by these sources (Hanson, 1997;
Hanson and Chuang, 1999). Similar observations have
also been made by Holmberg, Hillman, and Perkell
(1988) using different measurement techniques. One
acoustic measure that reflects the reduction of the
high-frequency spectrum amplitude relative to the low-
frequency spectrum amplitude is the difference H1*-A3*
(in dB) between the amplitude of the first harmonic and
the amplitude of the third-formant spectrum promi-
nence. (The asterisks indicate that corrections are made
in H1 due to the possible influence of the first formant,
and in A3 due to the influence of the frequencies of the
first and second formants.) Distributions of values of
H1*-A3* are given in Figure 7 for a population of 22
female and 21 male speakers. The female speakers ap-
pear to have a greater spectrum tilt on average, suggest-
ing a somewhat less abrupt glottal closure during a cycle
and a greater tendency for lack of complete closure
throughout the cycle. Note the substantial ranges of
20 dB or more within each sex.

—Kenneth N. Stevens and Helen M. Hanson
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Voice Disorders in Children

Investigations of voice using aerodynamic techniques
have been reported for more than 30 years. Investigators
realized early on that voice production is an aero-
mechanical event and that vocal tract aerodynamics
reflect the interactions between laryngeal anatomy and
complex physiological events. Aerodynamic events do
not always have a one-to-one correspondence with vocal
tract physiology in a dynamic biological system, but
careful control of stimuli and a good knowledge of
laryngeal physiology make airflow and air pressure
measurements invaluable tools.

Airflow (rate of air movement or velocity) and air
pressure (force per unit area of air molecules) in the vo-
cal tract are good reflectors of vocal physiology. For
example, at a simple level, airflow through the glottis
(Vg) is an excellent indicator of whether the vocal
folds are open or closed. When the vocal folds are open,
there is airflow through the glottis, and when the vocal
folds are completely closed, there is zero airflow. With
other physiological events held constant, the amount of
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airflow can be an excellent indicator of the degree of
opening between the vocal folds.

Subglottal air pressure directly reflects changes in the
size of the subglottal air cavity. A simplified version of
Boyle’s law predicts the relationship in that a particular
pressure (P) in a closed volume (V) of air must equal a
constant (K), that is, K = PV. Subglottal air pressure
will increase when the size of the lungs is decreased;
conversely, subglottal pressure will decrease when the
size of the lungs is made larger. Changes in subglottal air
pressure are mainly regulated through muscular forces
controlling the size of the rib cage, with glottal resistance
or glottal flow used to help increase or decrease the
pressures (the glottis can be viewed as a valve that helps
regulate pulmonary flows and pressures).

A small number of classic studies used average air-
flow and intraoral air pressure to investigate voice pro-
duction in children (Subtelny, Worth, and Sakuda, 1966;
Arkebauer, Hixon, and Hardy, 1967; Van Hattum and
Worth, 1967; Beckett, Theolke and Cowan, 1971; Diggs,
1972; Bernthal and Beukelman, 1978; Stathopoulos and
Weismer, 1986). Measures of flow and pressure were
used to reflect laryngeal and respiratory function. Dur-
ing voice production, children produce lower average
airflow than adults, and boys tend to produce higher
average airflow than girls of the same age. Supraglottal
and glottal airway opening most likely account for the
different average airflow values as a function of age
and sex. Assuming that pressure is the same across all
speakers, a smaller supraglottal or glottal opening yields
a higher resistance at the constriction and therefore a
restricted or lower flow of air. The findings related to
intraoral air pressure have indicated that children pro-
duce higher intraoral air pressures than adults, especially
because they tend to speak at higher sound pressure
levels (SPLs). The higher pressures produced by children
versus adults reflect two physiological events. First,
children tend to speak at a higher SPL than adults, and
second, children’s airways are smaller and less compliant
than adults’ (Stathopoulos and Weismer, 1986). Intu-
itively, it would appear that the greater peak intraoral air
pressure in children should lead to a greater magnitude
of oral airflow. It is likely that children’s smaller glottal
and supraglottal areas substantially counteract the po-
tentially large flows resulting from their high intraoral
air pressures.

Children were found to be capable of maintaining the
same linguistic contrasts as adults through manipula-
tion of physiological events such as lung cavity size and
driving pressure, and laryngeal and articulatory config-
uration. Other intraoral air pressure distinctions in chil-
dren are similar to the overall trends described for adult
pressures. Like adults, children produce higher pressures
during (1) voiceless compared to voiced consonants,
(2) prevocalic compared to postvocalic consonants, (3)
stressed compared to unstressed syllables, and (4) stops
compared to fricatives.

In the 1970s and 1980s, two important aerodynamic
techniques relative to voice production were developed
that stimulated new ways of analyzing children’s aero-

dynamic vocal function. The first technique was inverse
filtering of the easily accessible oral airflow signal
(Rothenberg, 1977). Rothenberg’s procedure allowed
derivation of the glottal airflow waveform. The derived
volume velocity waveform provides airflow values, per-
mitting detailed, quantifiable analysis of vocal fold
physiology. The measures made from the derived vol-
ume velocity waveform can be related to the speed of
opening and closing of the vocal folds, the closed time of
the vocal folds, the amplitude of vibration, the overall
shape of the vibratory waveform, and the degree of
glottal opening during the closed part of the cycle.

The second aerodynamic technique developed was for
the estimation of subglottal pressure and laryngeal air-
way resistance (Rlaw) through noninvasive procedures
(Lofqvist, Carlborg, and Kitzing, 1982; Smitheran and
Hixon, 1981). Subglottal air pressure is of primary im-
portance, because it is responsible for generating the
pressure differential causing vocal fold vibration (the
pressure that drives the vocal folds). Subglottal pressure
is also important for controlling sound pressure level and
for contributing to changes in fundamental frequency—
all factors essential for normal voice production. The
estimation of Rlaw offers a more general interpretation
of laryngeal dynamics and can be used as a screening
measure to quantify values outside normal ranges of
vocal function.

Measures made using the Smitheran and Hixon
(1981) technique include the following:

1. Average oral air flow: Measured during the open
vowel /a/ at midpoint to obtain an estimate of laryn-
geal airflow.

2. Intraoral air pressure: Measured peak pressure dur-
ing the voiceless [p] to obtain an estimate of sub-
glottal pressure.

3. Estimated laryngeal airway resistance: Calculated
by dividing the estimated subglottal pressure by esti-
mated laryngeal airflow. This calculation is based
on analogy with Olm’s law, R = V/I, where R =
resistance, V = voltage, and I = current. In the
speech system, R = laryngeal airway resistance, V =
subglottal pressure (P), and I = laryngeal airflow (V).
Thus, R =P/V.

Measures made using the derived glottal airflow
waveform important to vocal fold physiology include the
following (Holmberg, Hillman, and Perkell, 1988):

1. Airflow open quotient: This measure is comparable to
the original open quotient defined by Timcke, von
Leden, and Moore (1958). The open time of the vocal
folds (defined as the interval of time between the
instant of opening and the instant of closing of the
vocal cords) is divided by the period of the glottal
cycle. Opening and closing instants on the airflow
waveform are taken at a point equal to 20% of alter-
nating airflow (0OQ-20%).

2. Speed quotient: The speed quotient is determined as
the time it takes for the vocal folds to open divided by
the time it takes for the vocal folds to close. Opening
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and closing instants on the waveform are taken at a
point equal to 20% of alternating air flow. The mea-
sure reflects how fast the vocal folds are opening and
closing and the asymmetry of the opening and closing
phases.

3. Maximum flow declination rate: The measure is
obtained during the closing portion of the vocal fold
cycle and reflects the fastest rate of airflow shut-off.
Differentiating the airflow waveform and then identi-
fying the greatest negative peak on differentiated
waveform locates the fastest declination. The flow
measure corresponds to how fast the vocal folds are
closing.

4. Alternating glottal airflow: This measure is calculated
by taking the glottal airflow maximum minus mini-
mum. This measure reflects the amplitude of vibra-
tion and can reflect the glottal area during vibratory
cycle.

5. Minimum flow: This measure is calculated by sub-
tracting minimum flow from zero. It is indicative of
airflow leak due to glottal opening during the closed
part of the cycle.

Additional measures important to vocal fold physiol-
ogy include the following:

6. Fundamental frequency: This measure is obtained
from the inverse-filtered waveform by means of a
peak-picking program. It is the lowest vibrating fre-
quency of the vocal folds and corresponds perceptu-
ally to pitch.

7. Sound pressure level: This measure is obtained at the
midpoint of the vowel from a microphone signal and
corresponds physically to vocal intensity and percep-
tually to loudness.

Voice production arises from a multidimensional
system of anatomical, physiological, and neurological
components and from the complex coordination of these
biological systems. Many of the measures listed above
have been used to derive vocal physiology. Stathopoulos
and Sapienza (1997) empirically explored applying ob-
jective voice measures to children’s productions and dis-
cussed the data relative to developmental anatomical
data (Stathopoulos, 2000). From these cross-sectional
data as a function of children’s ages, a clearer picture of
child vocal physiology has emerged. Because the ana-
tomical structure in children is constantly growing and
changing, children continually alter their movements to
make their voices sound ‘“normal.” Figures 1 through 7
show cross-sectional vocal aerodynamic data obtained in
children ages 4-14 years. One of the striking features
that emerge from the aerodynamic data is the change in
function at 14 years of age for boys. After that age, boys
and men functionally group together, while women and
children seem to have more in common aerodynamically
and physiologically. The data are discussed in relation to
their physiological implications.

Estimated  subglottal pressure: Children produce
higher subglottal pressures than adults, and all speakers
produce higher pressures when they produce higher
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Figure 1. Estimated subglottal pressure as a function of age and
sound pressure level.

SPLs (Fig. 1). Anatomical differences in the upper and
lower airway will affect the aerodynamic output of the
vocal tract. The increased airway resistance in children
could substantially increase tracheal pressures (Muller
and Brown, 1980).

Airflow open quotient (OQ-20%): Open quotient has
traditionally been very closely correlated with SPL. In
adults, it is widely believed that as SPL increases, the
open quotient decreases. That is, the vocal folds remain
closed for a longer proportion of the vibratory cycle as
vocal intensity increases. As seen in Figures 24 and 2B,
which show data from a wide age span and both sexes,
only adults and older teenagers produce lower open
quotients for higher SPLs. It is notable that the younger
children and women produce higher OQ-20%, indicating
that the vocal folds are open for a longer proportion of
the cycle than in men and older boys, regardless of vocal
intensity.

Maximum flow declination rate ( MFDR): Children
and adults regulate their airflow shut-off through a
combination of laryngeal and respiratory strategies.
Their MFDRs range from about 250 cc/s/s for com-
fortable levels of SPL to about 1200 cc/s/s for quite high
SPLs. In children and adults, MFDR increases as SPL
increases (Fig. 3). Increasing MFDR as SPL increases
affects the acoustic waveform by emphasizing the high-
frequency components of the acoustic source spectra
(Titze, 1988).

Alternating glottal airflow: Fourteen-year-old boys
and men produce higher alternating glottal airflows than
younger children and women during vowel production
for the high SPLs (Fig. 4). We can interpret the flow
data to indicate that older boys and men produce higher
alternating glottal airflows because of their larger laryn-
geal structures and greater glottal areas. Additionally,
men and boys increase their amplitude of vibration dur-
ing the high SPLs more than women and children do.
Greater SPLs result in greater lateral excursion of the
vibrating vocal folds; hence the higher alternating glottal
airflows for adults. Younger children also increase their
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Figure 2. A, Airflow open quotient as a function of age and sex.
B, Airflow open quotient as a function of age and sound pres-
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Figure 4. A, Alternating glottal airflow as a function of age and
sex. B, Alternating glottal airflow as a function of age and
sound pressure level.

amplitude of vibration when they increase their SPL,
and we would assume an increase in the alternating flow
values. The interpretation is somewhat complicated by
the fact that younger children and women have a shorter
vocal fold length and smaller area (Flanagan, 1958),
thereby limiting airflow through the glottis.

Fundamental frequency: As expected, older boys and
men produce lower fundamental frequencies than
women and younger children. An interesting result pre-
dicted by Titze’s (1988) modeling data is that the 4- and
6-year-olds produce unusually high fy values when they
increase their SPL to high levels (Fig. 5). Changes in
fundamental frequency are more easily effected by
increasing tracheal pressure when the vocal fold is char-
acterized by a smaller effective vibrating mass, as in
young children ages 4-6 years.

Laryngeal airway resistance: Children produce voice
with higher Rlaw than 14-year-olds and adults, and all
speakers increase their Rlaw when increasing their SPL
(Fig. 6). Since Rlaw is calculated by dividing subglottal
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Figure 6. Laryngeal airway resistance as a function of age and
sound pressure level.

pressure by laryngeal airflow, the high Rlaw for high
SPL is largely due to higher values of subglottal pres-
sure, since the average glottal airflow is the same across
age groups. A basic assumption needs to be discussed
here, and that is, that glottal airflow will increase when
subglottal air pressure increases if laryngeal configura-
tion/resistance is held constant. The fact that subglottal
pressure increases for high SPLs but flow does not in-
crease clearly indicates that Rlaw must be increasing.
Physiologically, the shape and configuration of the
laryngeal airway must be decreasing in size to maintain
the constant airflow in the setting of increasing sub-
glottal pressures. In sum, children and adults alike
continually modify their glottal airway to control the
important variables of subglottal pressure and SPL.

The cross-sectional aerodynamic data, and in partic-
ular the flow data, make a compelling argument that the
primary factor affecting children’s vocal physiology is
the size of their laryngeal structure. A general scan of
the cross-sectional data discussed here shows a change in
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Figure 7. Length of vocal fold as a function of age and sex.

vocal function at age 14 in boys. It is not merely coinci-
dental that at 14 years, male larynges continue to in-
crease in size to approximate the size of adult male
larynges, whereas larynges in teenage girls plateau and
approximate the size of adult female larynges (Fig. 7).
Regardless of whether it is size or other anatomical fac-
tors affecting vocal function, it is clear that use of an
adult male model for depicting normal vocal function
is inappropriate for children. Age- and sex-appropriate
aerodynamic, acoustic, and physiological models of
normal voice need to be referred to for the diagnosis and
remediation of voice disorders.

See also INSTRUMENTAL ASSESSMENT OF CHILDREN’S
VOICE.

—FElaine T. Stathopoulos
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Voice Disorders of Aging

Voice disorders afflict up to 12% of the elderly pop-
ulation (Shindo and Hanson, 1990). Voice disorders in
elderly persons can result from normal age-related
changes in the voice production mechanism or from
pathological conditions separate from normal aging
(Linville, 2001). However, distinguishing between pa-
thology and normal age-related changes can be difficult.
Indeed, a number of investigators have concluded that
the vast majority of elderly patients with voice disorders
suffer from a disease process associated with aging rather
than from a disorder involving physiological aging alone
(Morrison and Gore-Hickman, 1986; Woo, Casper,
Colton, and Brewer, 1992). Therefore, a thorough med-
ical examination and history are required to rule out
pathological processes affecting voice in elderly patients
(Hagen, Lyons, and Nuss, 1996). In addition, strobo-
scopic examination of the vocal folds is recommended to
detect abnormalities of mucosal wave and amplitude of
vocal fold vibration that affect voice production (Woo
et al., 1992).

A number of pathological conditions that affect voice
are prevalent in the elderly population simply because of

advanced age. Such conditions include neurological dis-
orders, benign lesions, trauma, inflammatory processes,
and endocrine disorders (Morrison and Gore-Hickman,
1986; Woo et al., 1992). Carcinoma of the head and
neck occasionally occurs late in life, although more
commonly it is diagnosed between the ages of 50 and 70
(Leon et al., 1998). Interestingly, multiple etiologic fac-
tors related to a voice disorder are more common in
elderly patients than in younger adults. In addition,
elderly persons are at increased risk for laryngeal side
effects from pharmacological agents, since prescription
and nonprescription drugs are used disproportionately
by the elderly (Linville, 2001).

Elderly patients often exhibit neurological voice dis-
orders, particularly in later stages of old age. Estimates
of the incidence of peripheral laryngeal nerve damage in
elderly dysphonic patients range from 7% to 21%. Gen-
erally, peripheral paralysis in the elderly tends to be
associated with disease processes associated with aging
(such as lung neoplasm), as opposed to idiopathic
peripheral paralysis, which occurs infrequently (Morri-
son and Gore-Hickman, 1986; Woo et al., 1992). Symp-
toms of peripheral paralysis include glottic insufficiency,
reduced loudness, breathiness, and diplophonia. Voice
therapy for peripheral paralysis frequently involves
increasing vocal fold adductory force to facilitate closure
of the glottis and improving breath support to minimize
fatigue and improve speech phrasing. After age 60, cen-
tral neurological disorders such as stroke, focal dystonia,
Parkinson’s disease, Alzheimer’s disease, and essential
tremor also occur frequently. Treatment for central dis-
orders involves attention to specific deficits in vocal fold
function such as positioning deficits, instability of vibra-
tion, and incoordination of movements. Functioning of
the velopharynx, tongue, jaw, lips, diaphragm, abdo-
men, and rib cage may also be compromised and may
require treatment. Treatment may focus on vocal fold
movement patterns, postural changes, coordination of
respiratory and phonatory systems, respiratory support,
speech prosody, velopharyngeal closure, or speech intel-
ligibility. In some cases, augmentative communication
strategies might be used, or medical treatment may be
combined with speech or voice therapy to improve out-
comes (Ramig and Scherer, 1992).

A variety of benign vocal lesions are particularly
prevalent in the elderly, including Reineke’s edema,
polypoid degeneration, unilateral sessile polyp, and be-
nign epithelial lesions with variable dysplastic changes
(Morrison and Gore-Hickman, 1986; Woo et al., 1992).
Reineke’s edema and polypoid degeneration occur more
commonly in women and are characterized by chronic,
diffuse edema extending along the entire length of the
vocal fold. The specific site of the edema is the superficial
layer of the lamina propria. Although the etiology of
Reineke’s edema and polypoid degeneration is uncer-
tain, reflux, cigarette smoking, and vocal abuse/misuse
have been mentioned as possible causal factors (Kouf-
man, 1995; Zeitels et al., 1997). Some degree of edema
and epithelial thickening is a normal accompaniment of
aging in some individuals. The reason why women are at
greater risk than men for developing pathological epi-
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thelial changes as they age is unknown, although differ-
ences in vocal use patterns could be a factor. That is, el-
derly women may be more likely to develop hypertensive
phonatory patterns in an effort to compensate for the
age-related pitch lowering that accompanies vocal fold
thickening and edema (Linville, 2001).

The incidence of functional hypertensive dysphonia
among elderly speakers is disputed. Some investigators
report significant evidence of phonatory behaviors con-
sistent with hypertension, such as hyperactivity of the
ventricular vocal folds in the elderly population (Hagen,
Lyons, and Nuss, 1996; Morrison and Gore-Hickman,
1986). Others report a low incidence of vocal fold lesions
commonly associated with hyperfunction (vocal nodules,
pedunculated polyps), as well as relatively few cases of
functional dysphonia without tissue changes (Woo et al.,
1992). Clinicians are in agreement, however, that elderly
patients need to be evaluated for evidence of hyper-
tensive phonation and provided with therapy to promote
more relaxed phonatory adjustments when evidence of
hypertension is found, such as visible tension in the cer-
vical muscles, a report of increased phonatory effort, a
pattern of glottal attack, high laryngeal position, and/or
anteroposterior laryngeal compression.

Inflammatory conditions such as pachydermia, laryn-
gitis sicca, and nonspecific laryngitis also are diagnosed
with some regularity in the elderly (see INFECTIOUS DIs-
EASES AND INFLAMMATORY CONDITIONS OF THE LARYNX).
These conditions might arise as a consequence of smok-
ing, reflux, medications, or poor hydration and often
coexist with vocal fold lesions that may be either be-
nign or malignant. Age-related laryngeal changes such
as mucous gland degeneration might be a factor in
development of laryngitis sicca (Morrison and Gore-
Hickman, 1986; Woo et al., 1992). Gastroesophageal
reflux disease (GERD) is another inflammatory condi-
tion that is reported to occur with greater frequency in
the elderly (Richter, 2000). Since GERD has been pres-
ent for a longer time in the elderly in comparison with
younger adults, it is a more complicated disease in this
group. Often elderly patients report less severe heartburn
but have more severe erosive damage to the esophagus
(Katz, 1998; Richter, 2000).

Because of advanced age, elderly patients may be at
increased risk for traumatic injury to the vocal folds.
Trauma might manifest as granuloma or scar tissue from
previous surgical procedures requiring general anesthe-
sia, or from other traumatic vocal fold injuries. Vocal
fold scarring may be present as a consequence of previ-
ous vocal fold surgery, burns, intubation, inflammatory
processes, or radiation therapy for glottic carcinoma
(Morrison and Gore-Hickman, 1986; Kahane and
Beckford, 1991).

Age-related changes in the endocrine system also af-
fect the voice. Secretion disorders of the thyroid (both
hyperthyroidism and hypothyroidism) occur commonly
in the elderly and often produce voice symptoms, either
as a consequence of altered hormone levels or as a re-
sult of increased pressure on the recurrent laryngeal
nerve. In addition, voice changes are possible with thy-
roidectomy, even if the procedure is uncomplicated (e.g.,

Debruyne et al., 1997; Francis and Wartofsky, 1992;
Sataloff, Emerich, and Hoover, 1997). Elderly persons
also may experience vocal symptoms as a consequence
of hypoparathyroidism or hyperparathyroidism, or
from neuropathic disturbances resulting from diabetes
(Maceri, 1986).

Lifestyle factors and variability among elderly
speakers often blur the distinction between normal and
disordered voice. Elderly persons differ in the rate and
extent to which they exhibit normal age-related ana-
tomical, physiological, and neurological changes. They
also differ in lifestyle. These factors result in consider-
able variation in phonatory characteristics, articulatory
precision habits, and respiratory function capabilities
among elderly speakers (Linville, 2001).

Lifestyle factors can either postpone or exacerbate the
effects of aging on the voice. Although a potentially
limitless combination of environmental factors combine
to affect aging, perhaps the most controllable and po-
tentially significant lifestyle factors are physical fitness
and cigarette smoking. The elderly population is ex-
tremely variable in fitness levels. The rate and extent
of decline in motor and sensory performance with aging
varies both within and across elderly individuals (Finch
and Schneider, 1985). Declines in motor performance
are directly related to muscle use and can be minimized
by a lifestyle that includes exercise. The benefits of daily
exercise include facilitated muscle contraction, enhanced
nerve conduction velocity, and increased blood flow
(Spirduso, 1982; Finch and Schneider, 1985; De Vito et
al., 1997). A healthy lifestyle that includes regular exer-
cise may also positively influence laryngeal performance,
although a direct link has yet to be established (Ringel
and Chodzko-Zajko, 1987). However, there is evidence
that variability on measures of phonatory function in
elderly speakers is reduced by controlling for a speaker’s
physiological condition (Ramig and Ringel, 1983).
Physical conditioning programs that include aerobic ex-
ercise often are recommended for aging professional
singers to improve respiratory and abdominal con-
ditioning and to avoid tremolo, as well as to improve
endurance, accuracy, and agility. Physical conditioning
is also important in nonsingers to prevent dysphonia in
later life (Sataloff, Spiegel, and Rosen, 1997; Linville,
2001).

The effects of smoking coexist with changes related to
normal aging in elderly smokers. Smoking amplifies the
impact of normal age-related changes in both the pul-
monary and laryngeal systems. Elderly smokers demon-
strate accelerated declines in pulmonary function, even
if no pulmonary disease is detected (Hill and Fisher,
1993; Lee et al., 1999). Smoking also has a definite effect
on the larynx and alters laryngeal function. Clinicians
must consider smoking history in assessing an elderly
speaker’s voice (Linville, 2001).

Clinicians also must be mindful of the overall health
status of older patients presenting with voice disorders.
Elderly dysphonic patients often are in poor general
health and have a high incidence of systemic illness.
Pulmonary disease and hypertensive cardiac disease
have been cited as particularly prevalent in elderly voice
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patients (Woo et al., 1992). If multiple health problems
are present, elderly dysphonic patients may be less com-
pliant in following therapeutic regimens, or treatment
for voice problems may need to be postponed. In gen-
eral, the diagnosis and treatment of voice disorders are
more complicated if multiple medical conditions are
present (Linville, 2001).

—Sue Ellen Linville
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Voice Production: Physics and
Physiology

When the vocal folds are near each other, a sufficient
transglottal pressure will set them into oscillation. This
oscillation produces cycles of airflow that create the
acoustic signal known as phonation, the voicing sound
source, the voice signal, or more generally, voice. This
article discusses some of the mechanistic aspects of pho-
nation.

The most general expression of forces in the larynx
dealing with motion of the vocal folds during phonation
is

F(x) = mx" + bx' + kx, 1))

where F(x) is the air pressure forces on the vocal fold
tissues, m is the mass of the tissue in motion, b is a vis-
cous coeflicient, k is a spring constant coefficient, x is the
position of the tissue from rest, x’ is the velocity of the
tissue, and x” is the acceleration of the tissue. In multi-
mass models of phonation (e.g., Ishizaka and Flanagan,
1972), this equation is used for each mass proposed.
Each term on the right-hand side characterizes forces in
the tissue, and the left-hand side represents the external
forces. This equation emphasizes the understanding that
mass, viscosity, and stiffness each play a role in the mo-
tion (normal or abnormal) of the vocal folds, that these
are associated with the acceleration, velocity, and dis-
placement of the tissue, respectively, and they are bal-
anced by the external air pressure forces acting on the
vocal folds.

Glottal adduction has three parts. (1) How close the
vocal processes are to each other determines the poste-
rior prephonatory closeness of the membranous vocal
folds. (2) The space created by the intercartilaginous
glottis determines the “‘constant” opening there through
which some or all of the Dc (baseline) air will flow. (3)
The closeness of the membranous vocal folds partly
determines whether vocal fold oscillation can take place.
To permit oscillation, the vocal folds must be within
the phonatory adductory range (not too far apart, and
yet not too overly compressed; Scherer, 1995), and the
transglottal pressure must be at or greater than the pho-
natory threshold pressure (Titze, 1992) for the prevailing
conditions of the vocal fold tissues and adduction.

The fundamental frequency FO, related to the pitch of
the voice, will tend to rise if the tension of the tissue in
motion increases, and will tend to fall if the length, mass,
or density increases. The most general expression to date
for pitch control has been offered by Titze (1994), viz.,

FO = (0.5/L)\/(sp/p) (1 + (da/d) * (sam/5p) * aTA)O'Z’z)

where L is the vibrating length of the vocal folds, s, is
the passive tension of the tissue in motion, d,/d is the
ratio of the depth of the thyroarytenoid (TA) muscle in
vibration to the total depth in vibration (the other tissue
in motion is the more medial mucosal tissue), s,y 1S the
maximum active stress that the TA muscle can produce,
ara 1s the activity level of the TA muscle, and p is the
density of the tissue in motion. When the vocal folds
are lengthened by rotation of the thyroid and cricoid
cartilages through the contraction of the cricothyroid
(CT) muscles, the passive stretching of the vocal folds
increases their passive tension, and thus L and s, tend to
counter each other, with s, being more dominant (FO0
generally rises with vocal fold elongation). Increasing
subglottal pressure increases the lateral amplitude of
motion of the vocal folds, thus increasing s, (via greater
passive stretch; Titze, 1994) and d,, thereby increasing
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Figure 1. One cycle of glottal airflow. Uac is the varying portion
of the waveform, and Udc is the offset or bias flow. The flow
peak is the maximum flow in the cycle, MFDR is the maxi-
mum flow declination rate (derivative of the flow), typically
located on the right-hand side of the flow pulse, and the corner
curvature at the end of the flow pulse describes how sharp the
corner ‘‘shut-off” is. The flow peak, MFDR, and corner
sharpness are all important for the spectral aspects of the flow
pulse (see text).

FO. Increasing the contraction of the TA muscle (ara)
would tend to stiffen the muscle and shorten the vocal
fold length (L), both of which would raise FO but at the
same time decrease the passive tension (s,) and the depth
of vibration (d,), which would decrease F0. Typically,
large changes in FO are associated with increased con-
traction of both the CT and TA muscles (Hirano, Ohala,
and Vennard, 1969; Titze, 1994). Thus, the primary
control for FO is through the coordinative contraction of
the TA and CT muscles, and subglottal pressure. FO
control, including the differentiated contraction of the
complex TA muscle, anterior pull by the hyoid bone
(Honda, 1983), cricoid tilt via tracheal pull (Sundberg,
Leanderson, and von Euler, 1989), and the associations
with adduction and vocal quality all need much study.
The intensity of voiced sounds, related to the loudness
of the voice, is a combination and coordination of res-
piratory, laryngeal, and vocal tract aspects. Intensity
increases with an increase in subglottal pressure, which
itself depends on both lung volume reduction (an in-
crease in air pressure in the lungs) and adduction of the
vocal folds (which offers resistance to the flow of air
from the lungs). An increase in the subglottal pressure
during phonation can affect the cyclic glottal flow wave-
form (Fig. 1) by increasing its flow peak, increasing the
maximum flow declination rate (MFDR, the maximum
rate that the flow shuts off as the glottis is closing), and
the sharpness of the baseline corner when the flow is near
zero (or near its minimum value in the cycle). Greater
peak flow, MFDR, and corner sharpness respectively
increase the intensity of F0, the intensity of the first for-
mant region (at least), and the intensity of the higher
partials (Fant, Liljencrants, and Lin, 1985; Gauffin and
Sundberg, 1989). Glottal adduction level greatly affects
the source spectrum or quality of the voice, increasing
the negative slope of the spectrum as one changes voice
production from highly compressed voice (a relatively
flat spectrum) to normal adduction to highly breathy
voice (a relatively steep spectrum) (Scherer, 1995). The
vocal tract filter function will augment the spectral in-
tensity values of the glottal flow source in the region of
the formants (resonances), and will decrease their inten-

sity values in the valleys of the resonant structure (Titze,
1994). The radiation away from the lips will increase the
spectrum slope (by about 6 dB per octave).

Maintenance of vocal fold oscillation during phona-
tion depends on the tissue characteristics mentioned
above, as well as the changing shape of the glottis and
the changing intraglottal air pressures during each cycle.
During glottal opening, the shape of the glottis corre-
sponding to the vibrating vocal folds is convergent
(wider in the lower glottis, narrower in the upper glottis),
and the pressures on the walls of the glottis are positive
due to this shape and to the (always) positive subglottal
pressure (for normal egressive phonation) (Fig. 2). This
positive pressure separates the folds during glottal open-
ing. During glottal closing, the shape of the glottis is di-
vergent (narrower in the lower glottis, wider in the upper
glottis), and the pressures on the walls of the lower glot-
tis are negative because of this shape (Fig. 2), and nega-
tive throughout the glottis when there also is rarefaction
(negative pressure) of the supraglottal region. This
alternation in glottal shape and intraglottal pressures,
along with the alternation of the internal forces of the
vocal folds, maintains the oscillation of the vocal folds.
The exact glottal shape and intraglottal pressure
changes, however, need to be established in the human
larynx for the wide range of possible phonatory and vo-
cal tract acoustic conditions.
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Figure 2. Pressure profiles within the glottis. The upper trace
corresponds to the data for a glottis with a 10° convergence
and the lower trace to data for a glottis with a 10° divergence,
both having a minimal glottal diameter of 0.04 cm (using a
Plexiglas model of the larynx; Scherer and Shinwari, 2000).
The transglottal pressure was 10 cm H,O in this illustration.
Glottal entrance is at the minimum diameter position for the
divergent glottis. The length of the glottal duct was 0.3 cm.
Supraglottal pressure was taken to be atmospheric (zero). The
convergent glottis shows positive pressures and the divergent
glottis shows negative pressures throughout most of the glottis.
The curvature at the glottal exit of the convergent glottis pre-
vents the pressures from being positive throughout (Scherer,
DeWitt, and Kucinschi, 2001).
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Figure 3. Factors leading to pitch, quality, and loudness pro-
duction. See text.

When the two medial vocal fold surfaces are not mir-
ror images of each other across the midline, the geomet-
ric asymmetry creates different pressures on the two sides
(i.e., pressure asymmetries; Scherer et al., 2001, 2002)
and therefore different driving forces on the two sides.
Also, if there is tissue asymmetry, that is, if the two vocal
folds themselves do not have equal values of tension
(stiffness) and mass, one vocal fold may not vibrate like
the other one, creating roughness, subharmonics, and
cyclic groupings (Isshiki and Ishizaka, 1976; Gerratt
et al., 1988; Wong et al., 1991; Titze, Baken, and Herzel,
1993; Steinecke and Herzel, 1995).

Figure 3 summarizes some basic aspects of phona-
tion. The upper left suggests muscle contraction effects
of vocal fold length (via CT and TA action), adduction
(via TA, lateral cricoarytenoid, posterior cricoarytenoid,
and interarytenoid muscle contraction), tension (via CT,
TA, and adduction), and glottal shape (via vocal fold
length, adduction, and TA rounding effect). When lung
volume reduction is then employed, glottal airflow and
subglottal pressure are created, resulting in motion of the
vocal folds (if the adduction and pressure are sufficient),
glottal flow resistance (transglottal pressure divided by
the airflow), and the fundamental frequency (and pitch)
of the voice. With the vocal tract included, the glottal
flow is affected by the resonances of the vocal tract
(pressures acting at the glottis level) and the inertance of
the air of the vocal tract (to skew the glottal flow wave-
form to the right; Rothenberg, 1983), and the output
spectra (quality) and intensity (loudness) result from the
combination of the glottal flow, resonance, and radia-
tion from the lips.

Many basic issues of glottal aerodynamics, aero-
acoustics, and modeling remain unclear for both normal
and abnormal phonation. The glottal flow (the volume
velocity flow) is considered a primary sound source, and
the presence of the false vocal folds may interfere with
the glottal jet and create a secondary sound source

(Zhang et al., 2001). The turbulence and vorticities of
the glottal flow may also contribute sound sources
(Zhang et al., 2001). The false vocal folds themselves
may contribute significant control of the flow resistance
through the larynx, from more resistance (decreasing the
flow if the false folds are quite close) to less resistance
(increasing the glottal flow when the false folds are in an
intermediate position) (Agarwal and Scherer, in press).
Computer modeling needs to be practical, as in two-
mass modeling (Ishizaka and Flanagan, 1972), but also
closer to physiological reality, as in finite element mod-
eling (Alipour, Berry, and Titze, 2000; Alipour and
Scherer, 2000). The most complete approach so far is
to combine finite element modeling of the tissue with
computational fluid dynamics of the flow (to solve the
Navier-Stokes equations; Alipour and Titze, 1996).
However, we still need models of phonation that are
helpful in describing and predicting subtle aspects of
laryngeal function necessary for differentiating vocal
pathologies, phonation styles and types, and approaches
for phonosurgery, as well as for providing rehabilitation
and training feedback for clients.
See also VOICE ACOUSTICS.

—Ron Scherer
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Voice Quality, Perceptual Evaluation of

Voice quality is the auditory perception of acoustic ele-
ments of phonation that characterize an individual
speaker. Thus, it is an interaction between the acoustic
speech signal and a listener’s perception of that signal.
Voice quality has been of interest to scholars for as long
as people have studied speech. The ancient Greeks asso-

ciated certain kinds of voices with specific character
traits; for example, a nasal voice indicated a spiteful and
immoral character. Ancient writers on oratory empha-
sized voice quality as an essential component of polished
speech and described methods for conveying a range of
emotions appropriately, for cultivating power, brilliance,
and sweetness, and for avoiding undesirable character-
istics like roughness, brassiness, or shrillness (see Laver,
1981, for review).

Evaluation of vocal quality is an important part of
the diagnosis and treatment of voice disorders. Patients
usually seek clinical care because of their own perception
of a voice quality deviation, and most often they judge
the success of treatment for the voice problem by im-
provement in their voice quality. A clinician may also
judge success by documenting changes in laryngeal
anatomy or physiology, but in general, patients are more
concerned with how their voices sound after treatment.
Researchers from other disciplines are also interested
in measuring vocal quality. For example, linguists are
interested in how changes in voice quality can signal
changes in meaning; psychologists are concerned with
the perception of emotion and other personal informa-
tion encoded in voice; engineers seek to develop algo-
rithms for signal compression and transmission that
preserve voice quality; and law enforcement officials
need to assess the accuracy of speaker identifications.

Despite this long intellectual history and the substan-
tial cross-disciplinary importance of voice quality, mea-
surement of voice quality is problematic, both clinically
and experimentally. Most techniques for assessing voice
quality fall into one of two general categories: perceptual
assessment protocols, or protocols employing an acous-
tic or physiologic measurement as an index of quality. In
perceptual assessments, a listener (or listeners) rates a
voice on a numerical scale or a set of scales representing
the extent to which the voice is characterized by critical
aspects of voice quality. For example, Fairbanks (1960)
recommended that voices be assessed on 5-point scales
for the qualities harshness, hoarseness, and breathiness.
In the GRBAS protocol (Hirano, 1981), listeners evalu-
ate voices on the scales Grade (or extent of pathology),
Roughness, Breathiness, Asthenicity (weakness or lack
of power in the voice), and Strain, with each scale rang-
ing from 0 (normal) to 4 (severely disordered). A recent
revision to this protocol (Dejonckere et al., 1998) has
expanded it to GIRBAS by adding a scale for Instabil-
ity. Many other similar protocols have been proposed.
For example, the Wilson Voice Profile System (Wilson,
1977) includes 7-point scales for laryngeal tone, laryn-
geal tension, vocal abuse, loudness, pitch, vocal inflec-
tions, pitch breaks, diplophonia (perception of two
pitches in the voice), resonance, nasal emission, rate, and
overall vocal efficiency. A 13-scale protocol proposed by
Hammarberg and Gauffin (1995) includes scales for
assessing aphonia (lack of voice), breathiness, tension,
laxness, creakiness, roughness, gratings, pitch instability,
voice breaks, diplophonia, falsetto, pitch, and loudness.
Even more elaborate protocols have been proposed by
Gelfer (1988; 17 parameters) and Laver (approximately
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50 parameters; e.g., Greene and Mathieson, 1989).
Methods like visual-analog scaling (making a mark on
an undifferentiated line to indicate the amount of a
quality present) or direct magnitude estimation (assign-
ing any number—as opposed to one of a finite number
of scale values—to indicate the amount of a quality
present) have also been applied in efforts to quantify
voice quality. Ratings may be made with reference to
“anchor” stimuli that exemplify the different scale
values, or with reference to a listener’s own internal
standards for the different levels of a quality.

The usefulness of such protocols for perceptual as-
sessment is limited by difficulties in establishing the cor-
rect and adequate set of scales needed to document the
sound of a voice. Researchers have never agreed on a
standardized set of scales for assessing voice quality, and
some evidence suggests that differences between listeners
in perceptual strategies are so large that standardization
efforts are doomed to failure (Kreiman and Gerratt,
1996). In addition, listeners are apparently unable to
agree in their ratings of voices. Evidence suggests that on
average, more than 60% of the variance in ratings of
voice quality is due to factors other than differences
between voices in the quality being rated. For example,
scale ratings may vary depending on variable listener
attention, difficulty isolating single perceptual dimen-
sions within a complex acoustic stimulus, and differences
in listeners’ previous experience with a class of voices
(Kreiman and Gerratt, 1998). Evidence suggests that
traditional perceptual scaling methods are effectively
matching tasks, where external stimuli (the voices) are
compared to stored mental representations that serve as
internal standards for the various rating scales. These
idiosyncratic, internal standards appear to vary with lis-
teners’ previous experience with voices (Verdonck de
Leeuw, 1998) and with the context in which a judgment
is made, and may vary substantially across listeners
as well as within a given listener. In addition, severity
of vocal deviation, difficulty isolating individual dimen-
sions in complex perceptual contexts, and factors like
lapses in attention can also influence perceptual mea-
sures of voice (de Krom, 1994). These factors (and pos-
sibly others) presumably all add uncontrolled variability
to scalar ratings of vocal quality, and contribute to lis-
tener disagreement (see Gerratt and Kreiman, 2001, for
review).

In response to these substantial difficulties, some
researchers suggest substituting objective measures of
physiologic function, airflow, or the acoustic signal for
these flawed perceptual measures, for example, using a
measure of acoustic frequency perturbation as a de facto
measure of perceived roughness (see ACOUSTIC ASSESS-
MENT OF VOICE). This approach reflects the prevailing
view that listeners are inherently unable to agree in their
perception of such complex auditory stimuli. Theoretical
and practical difficulties also beset this approach. Theo-
retically, we cannot know the perceptual importance
of particular aspects of the acoustic signal without valid
measures of that perceptual response, because voice
quality is by definition the perceptual response to a par-

ticular acoustic stimulus. Thus, acoustic measures that
purport to quantify vocal quality can only derive their
validity as measures of voice quality from their causal
association with auditory perception. Practically, con-
sistent correlations have never been found between per-
ceptual and instrumental measures of voice, suggesting
that such instrumental measures are not stable indices of
perceived quality. Finally, correlation does not imply
causality: simply knowing the relationship of an acoustic
variable to a perceptual one does not necessarily illumi-
nate its contribution to perceived quality. Even if an
acoustic variable were important to a listener’s judg-
ment of vocal quality, the nature of that contribution
would not be revealed by a correlation coefficient. Fur-
ther, given the great variability in perceptual strategies
and habits that individual listeners demonstrate in their
use of traditional rating scales, the overall correlation
between acoustic and perceptual variables, averaged
across samples of listeners and voices, fails to provide
useful insight into the perceptual process. (See Kreiman
and Gerratt, 2000, for an extended review of these
issues.)

Gerratt and Kreiman (2001) proposed an alternative
solution to this dilemma. They measured vocal quality
by asking listeners to copy natural voice samples with a
speech synthesizer. In this method, listeners vary speech
synthesis parameters to create an acceptable auditory
match to a natural voice stimulus. When a listener
chooses the best match to a test stimulus, the synthesis
settings parametrically represent the listener’s perception
of voice quality. Because listeners directly compare each
synthetic token they create with the target natural voice,
they need not refer to internal standards for particular
voice qualities. Further, listeners can manipulate acous-
tic parameters and hear the result of their manipulations
immediately. This process helps listeners focus attention
on individual acoustic dimensions, reducing the percep-
tual complexity of the assessment task and the associated
response variability. Preliminary evaluation of this
method demonstrated near-perfect agreement among
listeners in their assessments of voice quality, presum-
ably because this analysis-synthesis method controls the
major sources of variance in quality judgments while
avoiding the use of dubiously valid scales for quality.
These results indicate that listeners do in fact agree in
their perceptual assessments of pathological voice qual-
ity, and that tools can be devised to measure perception
reliably. However, how such protocols will function in
clinical (rather than research) applications remains to be
demonstrated. Much more research is certainly needed
to determine a meaningful, parsimonious set of acoustic
parameters that successfully characterizes all possible
normal and pathological voice qualities. Such a set could
obviate the need for voice quality labels, allowing
researchers and clinicians to replace quality labels with
acoustic parameters that are causally linked to auditory
perception, and whose levels objectively, completely, and
validly specify the voice quality of interest.

—Bruce Gerratt and Jody Kreiman
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Voice Rehabilitation After
Conservation Laryngectomy

Partial or conservation laryngectomy procedures are
performed not only to surgically remove a malignant
lesion from the larynx, but also to preserve some func-
tional valving capacity of the laryngeal mechanism.
Retention of adequate valvular function allows conser-
vation of some degree of vocal function and safe
swallowing. As such, the primary goal of conservation
laryngectomy procedures is cancer control and oncologic
safety, with a secondary goal of maintaining upper air-
way sphincteric function and phonatory capacity post-
surgery. However, conservation laryngectomy will
always necessitate tissue ablation, with disruption of the
vibratory integrity of at least one vocal fold (Bailey,
1981). From the standpoint of voice production, any
degree of laryngeal tissue ablation has direct and poten-
tially highly negative implications for the functional
capacity of the postoperative larynx. Changes in laryn-
geal structure result in aerodynamic, vibratory, and ulti-
mately acoustic changes in the voice signal (Berke,
Gerratt, and Hanson, 1983; Rizer, Schecter, and Cole-
man, 1984; Doyle, 1994).

Vocal characteristics following conservation laryn-
gectomy are a consequence of anatomical influences
and the resultant physiological function of the post-
surgical laryngeal sphincter, as well as secondary physi-
ological compensation. In some instances, this level of
compensation may facilitate the communicative process,
but in other instances such compensations may be detri-
mental to the speaker’s communicative effectiveness
(Doyle, 1997). Perceptual observations following a vari-
ety of conservation laryngectomy procedures have been
diverse, but data clearly indicate perceived changes
in voice quality, the degree of air leakage through the
reconstructed laryngeal sphincter, the appearance of
compensatory hypervalving, and other features (Blau-
grund et al., 1984; Leeper, Heeneman, and Reynolds,
1990; Hoasjoe et al., 1992; Doyle et al., 1995; Keith,
Leeper, and Doyle, 1996). Two factors in particular,
glottic insufficiency and the relative degree of compli-
ance and resistance to airflow offered by the recon-
structed valve, appear to play a significant role in
compensatory behaviors influencing auditory-perceptual
assessments of voice quality (Doyle, 1997). Excessive
closure of the laryngeal mechanism at either glottic or
supraglottic (or both) levels might decrease air escape,
but may also create abnormalities in voice quality due
to active (volitional) hyperclosure (Leeper, Heeneman,
and Reynolds, 1990; Doyle et al., 1995; Keith, Leeper,
and Doyle, 1996; Doyle, 1997). Similarly, volitional,
compensatory adjustments in respiratory volume in an
effort to drive a noncompliant voicing source charac-
terized by postsurgical increases in its resistance to
airflow may negatively influence auditory-perceptual
judgments of the voice by listeners. This may then call
attention to the voice, with varied degrees of social pen-
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alty. In this regard, the ultimate postsurgical effects of
conservation laryngectomy on voice quality may result
in unique limitations for men and women, and as such
require clinical consideration.

The clinical evaluation of individuals who have
undergone conservation laryngectomy initially focuses
on identifying behaviors that hold the greatest poten-
tial to negatively alter voice quality. Excessive vocal
effort and a harsh, strained voice quality are commonly
observed (Doyle et al., 1995). Standard evaluation
may include videoendoscopy (via both rigid and flexible
endoscopy) and acoustic, aerodynamic, and auditory-
perceptual assessment. Until recently, only limited
comprehensive data on vocal characteristics of those
undergoing conservation laryngectomy have been avail-
able. Careful, systematic perceptual assessment has
direct clinical implications in that information from such
an assessment will lead to the definition of treatment
goals and methods of monitoring potential progress. A
comprehensive framework for the evaluation and treat-
ment of voice alterations in those who have undergone
conservation laryngectomy is available (Doyle, 1977).

Depending on the auditory-perceptual character of
the voice, the clinician should be able to discern func-
tional (physiological) changes to the sphincter that may
have a direct influence on voice quality. Those auditory-
perceptual features that most negatively affect overall
voice quality should form the initial targets for thera-
peutic intervention. For example, the speaker’s attempt
to increase vocal loudness may create a level of hyper-
closure that is detrimental to judgments of voice quality.
Although the rationale for such “abnormal” behavior
is easily understood, the speaker must understand the
relative levels of penalty it creates in a communicative
context. Further treatment goals should focus on (1)
enhancing residual vocal functions and capacities, and
(2) efforts to reduce or eliminate compensatory behav-
iors that negatively alter the voice signal (Doyle, 1997).
Thus, primary treatment targets will frequently address
changes in voice quality and/or vocal effort. Increased
effort may be compensatory in an attempt to alter pitch
or loudness, or simply to initiate the generation of
voice. Clinical assessment should determine whether
voice change is due to under- or overcompensation for
the disrupted sphincter. Therefore, strategies for voice
therapy must address changes in anatomical and physi-
ological function, the contributions of volitional com-
pensation, and whether changes in voice quality may be
the result of multiple factors.

Voice therapy strategics for those who have under-
gone conservation laryngectomy have evolved from
strategics used in traditional voice therapy (e.g., Colton
and Casper, 1990; Boone and McFarland, 1994). Doyle
(1997) has suggested that therapy following conservation
laryngectomy should focus on “(1) smooth and easy
phonation; (2) a slow, productive transition to voice
generation at the initiation of voice and speech produc-
tion, (3) increasing the length of utterance in conjunc-
tion with consistently easy phonation, and (4) control of
speech rate via phrasing.”” The intent is to improve vocal

efficiency and generate the best voice quality without
excessive physical effort. Clinical goals that focus on
“easy” voice production without excessive speech rate
are appropriate targets. Common facilitation methods
may involve the use of visual or auditory feedback, ear
training, and respiration training (Boone, 1977; Boone
and McFarland, 1994; Doyle, 1997).

Maladaptive compensations following conservation
laryngectomy often tend to be hyperfunctional behav-
iors. However, a subgroup of individuals may present
with weak and inaudible voices because of pain or dis-
comfort in the early postsurgical period. Such compen-
sations may remain when the discomfort has resolved,
and may result in perceptible limitations in verbal com-
munication. In such cases of hypofunctional behavior,
voice therapy is usually directed toward facilitating
increased approximation of the laryngeal valve by means
of traditional voice therapy methods (Boone, 1977; Col-
ton and Casper, 1990). A weak voice requires the clini-
cian to orient therapy tasks toward systematically
increasing glottal resistance. Although a ‘“‘rough” or
“effortful” voice may be judged as abnormal, it may
be preferable for some speakers when compared to a
breathy voice quality. This is of particular importance
when evaluating goals and potential voice outcomes rel-
ative to the speaker’s sex.

The physical and psychological demands placed on
the patient during initial attempts at voicing might
increase levels of tension that ultimately may reduce
the individual’s phonatory capability. Those individuals
who exhibit increased fundamental frequency, exces-
sively aperiodic voices, or intermittent voice stoppages
may be experiencing problems that result from post-
operative physiological overcompensation because they
are struggling to produce voice. Many individuals who
have undergone conservative laryngectomy may demon-
strate considerable effort during attempts at postsurgical
voice production, particularly early during treatment.
Because active glottic hypofunction is infrequently
noted in those who have undergone conservative laryn-
gectomy, clinical tasks that focus on reducing over-
compensation (i.e., hyperfunctional closure) are more
commonly used.

See also LARYNGECTOMY.

— Philip C. Doyle
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Voice Therapy: Breathing Exercises

Breathing—the mechanical process of moving air in and
out of the lungs—plays an important role in both speech
and voice production; however, the emphasis placed on
breathing exercises relative to voice disorders in the
published literature is mixed. A review of voice therapy
techniques by Casper and Murray (2000) did not suggest
any breathing exercises for voice disorders. Some books
on voice and voice disorders have no discussion of
changing breathing behavior relative to voice disorders
(Case, 1984; Colton and Casper, 1996), others do (e.g.,
Aronson, 1980; Boone and McFarlane, 2000; Cooper,
1973; Stemple, Glaze, and Gerdeman, 1995). Although
breathing exercises are advocated by some, little is
known about the role played by breathing, either directly
or indirectly, in disorders of the voice. Reed (1980) noted
the lack of empirical evidence that breathing exercises
were useful in ameliorating voice disorders.

At present, then, there is a paucity of data on the re-
lationship of breathing to voice disorders. The data that
do exist generally describe the breathing patterns that
accompany voice disorders, but there are no data on
what kind of breathing behavior might contribute to
voice disorders. For example, Sapienza, Stathopoulos,
and Brown (1997) studied breathing kinematics during
reading in ten women with vocal fold nodules. They
found that the women used more air per syllable, more
lung volume per phrase, and initiated breath groups at
higher lung volumes than women without vocal nodules.
However, as the authors point out, the breathing behav-
ior observed in the women with nodules was most likely
in response to inefficient valving at the larynx and did
not cause the nodules.

Normal Breathing

When assessing and planning therapy for disorders of
the voice, it is important to know what normal function
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is. Hixon (1975) provides a useful parameterization of
breathing for speech that includes volume, pressure,
flow, and body configuration or shape. For conversa-
tional speech in the upright body position, the following
apply. Lung volume is the amount of air available for
speaking or vocalizing. The volumes used for speech are
usually within the midvolume range of vital capacity
(VC), beginning at 60% VC and ending at around 40%
VC (Hixon, 1973; Hixon, Mead, and Goldman, 1976;
Hoit et al., 1989). This volume range is efficient and
economical, in that extra effort is not required to over-
come recoil forces (Hixon, Mead, and Goldman, 1976).
Most lung volume exchange for speech is brought about
by rib cage displacement and not by displacement of the
abdomen (Hixon, 1973). The rib cage is efficient in dis-
placing lung volume because it covers a greater surface
area of the lungs, it consists of muscle fiber types that are
able to generate fast and accurate pressure changes, and
it is well endowed with spindle organs for purposes of
sensory feedback. Pressure (translaryngeal pressure) is
related to the intensity of the voice (Bouhuys, Proctor,
and Mead, 1966). Pressure for conversational speech is
typically around 4-7 cm H,O, or 0.4-0.7 kPa (Isshiki,
1964; Stathopoulos and Sapienza, 1993). Pressure is
generated by both muscular and inherent recoil forces,
and the interworking of these forces depends on the level
of lung volume (Hixon, Mead, and Goldman, 1976).
Reference to flow is in the macro sense and denotes
shorter inspiratory durations relative to longer expira-
tory durations. This difference in timing reflects the
speaker’s desire to maintain the flow of speech in his or
her favor. In the upright body position, body configura-
tion refers to the size of the abdomen relative to the size
of rib cage. For speech production in the upright body
position, the abdomen is smaller and the rib cage is
larger relative to relaxation (Hixon, Goldman, and
Mead, 1973).

The upright body configuration provides an econom-
ical and efficient mechanical advantage to the breathing
apparatus. The abdomen not only produces lung volume
change in the expiratory direction, it also optimizes the
function of the diaphragm and rib cage. It does so in two
ways. First, inward abdominal placement lifts the dia-
phragm and the rib cage (Goldman, 1974). This action
positions the expiratory muscle fibers of the rib cage and
muscle fibers of the diaphragm on a more favorable
portion of their length-tension curve. This allows quicker
and more forceful contractions for both inspiration and
expiration while using less neural energy. Second, this
inward abdominal position as it is maintained provides a
platform against which the diaphragm and rib cage can
push in order to produce the necessary pressures and
flows for speech. If the abdomen did not offer resistance
to the rib cage during the expiratory phase of speech
breathing, it would be forced outward and would move
in a paradoxical manner during expiration. Paradoxical
motion results in reduced economy of movement, or
wasted motion. Thus, the pressure generated by the rib
cage would alter the shape of the breathing apparatus
and would not assist in developing as rapid and as large
an alveolar pressure change (Hixon and Weismer, 1995).

Effects of Posture

Although much is known about speech breathing, little
of this information has found its way into the clinical
literature and been applied to voice therapy. As a result,
only one breathing technique to improve voice pro-
duction is usually described: The client is placed supine
and increased outward movement of the abdomen is
observed as the client breathes at rest.

The changes that occur in speech breathing with a
switch from the upright position are numerous and re-
flect the different effects of gravity (see Hoit, 1995, for a
comprehensive tutorial). In supine speech breathing
involves approximately 20% less of VC. The change of
body configuration from the upright position to the su-
pine position means that rib cage volume decreases and
abdominal volume increases. This modification changes
the mechanics of the breathing muscles and requires a
different motor control strategy for speech production.
For example, in the supine position there is little or no
muscular activity of the abdomen during speaking,
whereas in the upright body position the abdominal
muscles are quite active (Hixon, Mead, and Goldman,
1976; Hoit et al., 1988). In light of the mechanical and
neural control issues discussed earlier, it seems unwar-
ranted to position an individual supine to teach “natu-
ral” breathing for speech and voice. With regard to
breathing at rest, it should be noted that this task is not
specific to speech. Kelso, Saltzman, and Tuller (1986)
hypothesize that the control of speech is task-specific.
Hixon (1982) showed kinematic data from a patient with
Friedreich’s ataxia whose abdominal wall was assumed
to be paralyzed because it showed no inward displace-
ment and no movement during speech. However, when
this patient laughed, his abdominal wall was displaced
inward and displayed a great amount of movement. As
Hoit (1995) points out, it seems unlikely that techniques
for changing breathing behavior learned in a resting,
supine position would generalize to an upright body po-
sition. It seems curious why this technique is advocated.
It may be that this technique does not change breathing
behavior but is effective in relaxing individuals with
voice disorders. Relaxation techniques have been advo-
cated to reduce systemic muscular tension in individ-
uals with voice disorders (Boone and McFarlane, 2000;
Greene and Mathieson, 1989), and breathing exercises
are known to be beneficial in reducing heart rate and
blood pressure (Grossman et al., 2001; Han, Stegen,
Valck, Clement, and Woestijne, 1996).

Other Approaches

If learning breathing techniques in the supine position is
not useful, what else might be done with the breathing
apparatus to ameliorate voice disorders? Perhaps mod-
ifying lung volume would be useful. Hixon and Putnam
(1983) described breathing behavior in a 30-year-old
woman (a local television broadcaster) with a functional
voice problem. Although she had a normal voice and no
positive laryngeal signs, audible inspiratory turbulence
was evident during her broadcasts. Using breathing ki-
nematic measurement techniques, Hixon and Putnam
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found that this person spoke in the lower range of her
VC, between 45% and 10%. They believed the noisy
inspirations were due to the turbulence created by in-
creased resistance in the lower airways that occurs at low
lung volume. Therefore, it is possible the telecaster’s
noisy inspirations could have been eliminated or reduced
if she were to produce speech at higher (more normal)
lung volumes. However, the authors did not report any
attempts to modify lung volume. Of note, the woman
said that when she spoke at lower lung volumes, her voice
sounded more authoritative, and that her voice seemed
to be much lighter when she spoke at higher lung volumes.

When a person inspires to higher lung volumes, the
downward movement of the diaphragm pulls on the
trachea, and this pulling is believed to generate passive
adductory forces on the vocal folds (Zenker and Zenker,
1960). Solomon, Garlitz, and Milbrath (2000) found that
in men, there was a tendency for laryngeal airway resis-
tance to be reduced during syllable production at high
lung volumes compared with low lung volumes. Mil-
stein (1999), using video-endoscopic and breathing ki-
nematic analysis, found that at high lung volumes, the
laryngeal area appeared more dilated and the larynx
was in a lower vertical position in the neck than dur-
ing phonation at lower lung volumes. Plassman and
Lansing (1990) showed that with training, individuals
can produce consistently higher Iung volumes during
inspiration.

Even after the call by Reed (1980) more than 20 years
ago for more empirical data on breathing exercises to
treat voice disorders, little has been done. More research
in this area is decisively needed. Research efforts should
focus first on how and whether abnormal breathing be-
havior contributes to voice disorders. Then researchers
should examine what techniques are viable for changing
this abnormal breathing behavior—if it exists. Efficacy
research is of great importance because of the reluctance
of third-party insurers to cover voice disorders.

—Peter Watson
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Voice Therapy: Holistic Techniques

Whenever a voice disorder is present, a change in the
normal functioning of the physiology responsible for
voice production may be assumed. These physiological
events are measurable and may be modified by voice
therapy. Normal voice production depends on a relative
balance among airflow, supplied by the respiratory sys-
tem; laryngeal muscle strength, balance, coordination,
and stamina; and coordination among these and the
supraglottic resonators (pharynx, oral cavity, nasal
cavity). Any disturbance in the relative physiological
balance of these vocal subsystems may lead to or be
perceived as a voice disorder. Disturbances may occur in
respiratory volume, power, pressure, and flow, and may
manifest in vocal fold tone, mass, stiffness, flexibility,
and approximation. Finally, the coupling of the supra-
glottic resonators and the placement of the laryngeal
tone may cause or be implicated in a voice disorder
(Titze, 1994).

The overall causes of vocal disturbances may be me-
chanical, neurological, or psychological. Whatever the
cause, one management approach is direct modification
of the inappropriate physiological activity through direct
exercise and manipulation. When all three subsystems of
voice are addressed in one exercise, this is considered
holistic voice therapy. Examples of holistic voice therapy
include Vocal Function Exercises (Stemple, Glaze, and
Klaben, 2000), Resonant Voice Therapy (Verdolini,
2000), the Accent Method of voice therapy (Kotby,
1995; Harris, 2000), and the Lee Silverman Voice
Treatment (Ramig, 2000). The following discussion
considers the use of Vocal Function Exercises to
strengthen and balance the vocal mechanism.

The Vocal Function Exercise program is based on an
assumption that has not been proved empirically.
Nonetheless, this assumption and the clinical logic that
follows have been supported through many years of
clinical experience and observation, as well as sev-
eral efficacy studies (Stemple, 1994; Sabol, Lee, and
Stemple, 1995; Roy et al., 2001). In a double-blind,
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placebo-controlled study, Stemple et al. (1994) demon-
strated that Vocal Function Exercises were effective in
enhancing voice production in young women without
vocal pathology. The primary physiological effects were
reflected in increased phonation volumes at all pitch
levels, decreased airflow rates, and a subsequent increase
in maximum phonation times. Frequency ranges were
extended significantly in the downward direction.

Sabol, Lee, and Stemple (1995), experimenting with
the value of Vocal Function Exercises in the practice
regimen of singers, used graduate students of opera as
subjects. Significant improvements in the physiologic
measurements of voice production were achieved, in-
cluding increased airflow volume, decreased airflow
rates, and increased maximum phonation time, even in
this group of superior voice users.

Roy et al. (2001) studied the efficacy of Vocal Func-
tion Exercises in a population with voice pathology.
Teachers who reported experiencing voice disorders were
randomly assigned to three groups: Vocal Function
Exercises, vocal hygiene, and control groups. For 6
weeks the experimental groups followed their respec-
tive therapy programs and were monitored by speech-
language pathologists trained by the experimenters in
the two approaches. Pre- and post-testing of all three
groups using the Voice Handicap Index (VHI; Jacobson
et al.,, 1997) revealed significant improvement in the
Vocal Function Exercise group, and no improvement in
the vocal hygiene group. Subjects in the control group
rated themselves worse.

The laryngeal mechanism is similar to other muscle
systems and may become strained and imbalanced for a
variety of reasons (Saxon and Schneider, 1995). Indeed,
the analogy that we often draw with patients is a com-
parison of knee rehabilitation with rehabilitation of the
voice. Both the knee and the larynx consist of muscle,
cartilage, and connective tissue. When the knee is
injured, rehabilitation includes a short period of im-
mobilization to reduce the effects of the acute injury.
The immobilization is followed by assisted ambulation,
and then the primary rehabilitation begins, in the form
of systematic exercise. This exercise is designed to
strengthen and balance all of the supportive knee mus-
cles for the purpose of returning the knee as close to its
normal functioning as possible.

Rehabilitation of the voice may also involve a short
period of voice rest after acute injury or surgery to per-
mit healing of the mucosa to occur. The patient may
then begin conservative voice use and follow through
with all of the management approaches that seem nec-
essary. Full voice use is then resumed quickly, and the
therapy program often is successful in returning the
patient to normal voice production. Often, however,
patients are not fully rehabilitated because an important
step was neglected—the systematic exercise program to
regain the balance among airflow, laryngeal muscle
activity, and supraglottic placement of the tone.

A series of laryngeal muscle exercises was first de-
scribed by Bertram Briess (1957, 1959). Briess suggested
that for the voice to be most effective, the intrinsic

muscles of the larynx must be in equilibrium. Briess’s
exercises concentrated on restoring the balance in the
laryngeal musculature and decreasing tension of the
hyperfunctioning muscles. Unfortunately, many as-
sumptions Briess made regarding laryngeal muscle func-
tion were incorrect, and his therapy methods were not
widely followed. The concept of direct exercise to
strengthen voice production persisted. Barnes (1977)
described a modification of Briess’s work that she
termed Briess Exercises. These exercises were modi-
fied and expanded by Stemple (1984) into Vocal Func-
tion Exercises. The exercise program strives to balance
and strengthen the subsystems of voice production,
whether the disorder is one of vocal hyperfunction or
hypofunction.

The exercises are simple to teach and, when presented
appropriately, seem reasonable to patients. Indeed,
many patients are enthusiastic to have a concrete pro-
gram, similar in concept to physical therapy, during
which they may plot the progress of their return to vocal
efficiency. The program begins by describing the prob-
lem to the patient, using illustrations as needed or the
patient’s own stroboscopic evaluation video. The patient
is then taught a series of four exercises to be practiced at
home, two times each, twice a day, preferably morning
and evening. These exercises include the following:

1. Sustain the [i/ vowel for as long as possible on a mu-
sical note: F above middle C for females and boys, F
below middle C for males. (Pitches may be modified
up or down to fit the needs of the patient. Seldom are
they modified by more than two scale steps in either
direction.)

The goal of the exercise is based on airflow volume.
In our clinic, the goal is based on reaching 80—100 mL/s
of airflow. So, if the flow volume is 4000 mL, the goal is
40-45 s. When airflow measurements are not available,
the goal is equal to the longest /s/ that the patient is able
to sustain. Placement of the tone should be in an extreme
forward focus, almost but not quite nasal. All exercises
are produced as softly as possible, but not breathy. The
voice must be engaged. This is considered a warm-up
exercise.

2. Glide from your lowest note to your highest note on
the word knoll.

The goal is to achieve no voice breaks. The glide
requires the use of all laryngeal muscles. It stretches the
vocal folds and encourages a systematic, slow engage-
ment of the cricothyroid muscles. The word knoll
encourages a forward placement of the tone as well as an
expanded open pharynx. The patient’s lips are to be
rounded, and a sympathetic vibration should be felt on
the lips. (A lip trill, tongue trill, or the word whoop may
also be used.) Voice breaks will typically occur in the
transitions between low and high registers. When breaks
occur, the patient is encouraged to continue the glide
without hesitation. When the voice breaks at the top of
the current range and the patient typically has more
range, the glide may be continued without voice as the
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folds will continue to stretch. Glides improve muscular
control and flexibility. This is considered a stretching
exercise.

3. Glide from your highest note to your lowest note on
the word knoll.

The goal is to achieve no voice breaks. The patient is
instructed to feel a half-yawn in the throat throughout
this exercise. By keeping the pharynx open and focus-
ing the sympathetic vibration at the lips, the downward
glide encourages a slow, systematic engagement of the
thyroarytenoid muscles without the presence of a back-
focused growl. In fact, no growl is permitted. (A lip trill,
tongue trill, or the word hoom may also be used.) This is
considered a contracting exercise.

4. Sustain the musical notes C-D-E-F-G for as long as
possible on the word knoll minus the kn. The range
should be around middle C for females and boys, an
octave below middle C for men.

The goal is the same as for exercise 1. The -0/l is pro-
duced with an open pharynx and constricted, sympa-
thetically vibrating lips. The shape of the pharynx in
respect to the lips is like an inverted megaphone. This
exercise may be tailored to the patient’s present vocal
ability. Although the basic range of middle C (an octave
lower for men) is appropriate for most voices, the exer-
cises may be customized up or down to fit the current
vocal condition or a particular voice type. Seldom,
however, is the exercise shifted more than two scale steps
in either direction. This is considered a low-impact
adductory power exercise.

The quality of the tone is also monitored for voice
breaks, wavering, and breathiness. Tone quality
improves as times increase and pathologic conditions
begin to resolve. All exercises are done as softly as pos-
sible. It is much more difficult to produce soft tones;
therefore, the vocal subsystems will receive a better
workout than if louder tones are produced. Extreme care
is taken to teach the production of a forward tone that
lacks tension. In addition, attention is paid to the glot-
tal onset of the tone. The patient is asked to breathe in
deeply, with attention paid to training abdominal
breathing, posturing the vowel momentarily, and then
initiating the exercise gesture without a forceful glottal
attack or an aspirated breathy attack. It is explained to
the patient that maximum phonation times increase as
the efficiency of the vocal fold vibration improves. Times
do not increase with improved lung capacity. (Even
aerobic exercise does not improve lung capacity, but
rather the efficiency of oxygen exchange with the circu-
latory system, thus giving the sense of more air.)

The musical notes are matched to the notes produced
by an inexpensive pitch pipe that the patient purchases
for use at home, or a tape recording of live voice doing
the exercises may be given to the patient for home use.
Many patients find the tape-recorded voice easier to
match than the pitch pipe. We have found that patients
who think they are “tone deaf” can often be taught to

approximate the correct notes well with practice and
guidance from the voice pathologist.

Finally, patients are given a chart on which to mark
their sustained times, which is a means of plotting prog-
ress. Progress is monitored over time and, because of
normal daily variability, patients are encouraged not
to compare today with tomorrow, and so on. Rather,
weekly comparisons are encouraged. The estimated time
of completion for the program is 6-8 weeks. Some
patients experience minor laryngeal aching for the first
day or two of the program, similar to the muscle aching
that might occur with any new muscular exercise. As this
discomfort will soon subside, they are encouraged to
continue the program through the discomfort should it
occur.

When the patient has reached the predetermined
therapy goal, and the voice quality and other vocal
symptoms have improved, then a tapering maintenance
program is recommended. Although some professional
voice users choose to remain in peak vocal condition,
many of our patients desire to taper the exercise pro-
gram. The following systematic taper is recommended:

+ Full program, 2 times each, 2 times per day

+ Full program, 2 times each, 1 time per day (morning)
+ Full program, 1 time each, 1 time per day (morning)
+ Exercise 4, 2 times each, 1 time per day (morning)

+ Exercise 4, 1 time each, 1 time per day (morning)

+ Exercise 4, 1 time each, 3 times per week (morning)

- Exercise 4, 1 time each, 1 time per week (morning)

Each taper should last 1 week. Patients should maintain
85% of their peak time; otherwise they should move up
one step in the taper until the 85% criterion is met.

Vocal Function Exercises provide a holistic voice
treatment program that attends to the three major sub-
systems of voice production. The program appears to
benefit patients with a wide range of voice disorders be-
cause it is reasonable in regard to time and effort. It is
similar to other recognizable exercise programs: the
concept of physical therapy for the vocal folds is under-
standable; progress may be easily plotted, which is
inherently motivating; and it appears to balance and
strengthen the relationships among airflow, laryngeal
muscle activity, and supraglottic placement.

—Joseph Stemple
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Voice Therapy for Adults

Voice therapy for adults may be motivated by func-
tional, health-related, or diagnostic considerations.
Functional issues are the usual indication. Adults with
voice problems often experience significant functional
disruptions in occupational, social, communicative,
physical, or emotional domains, and in selected popula-

tions, voice therapy is effective in reducing such dis-
ruptions. Health-related concerns are less common
precipitants of voice therapy in adults. However, physi-
cal disease such as cancerous, precancerous, inflam-
matory, or neurogenic discase may exist and may be
exacerbated by behavioral factors such as smoking, diet,
hydration, or phonotrauma. Voice therapy may be a
useful adjunct to medical or surgical treatment in these
cases. Finally, voice therapy may be indicated in cases of
diagnostic uncertainty. A classic situation is the need
to distinguish between functional and neurogenic con-
ditions. The restoration of a normal or near-normal
voice with therapy may suggest a functional origin of
the problem. Lack of voice restoration suggests the need
for further clinical studies to rule out neurological causes.

Voice therapy can be characterized with reference
to several different classification schemes, which results
in a certain amount of nosological confusion. Many of
the conditions listed in the various classifications map
to several different voice therapy options, and by the
same token, each therapy option maps to multiple
classifications. Here we review voice therapy in relation
to (1) vocal biomechanics and (2) a specific therapy
approach—roughly the “what” and “how” of voice
therapy.

Vocal Biomechanics. The preponderance of voice
problems that are amenable to voice therapy involve
some form of abnormality in vocal fold adduction. Pho-
notraumatic lesions such as nodules, polyps, and non-
specific inflammation consequent on voice use are
traceable to hyperadduction resulting from vocal fold
impact stress. Adduction causes monotonic increases in
impact stress (Jiang and Titze, 1994). In turn, impact
stress appears to be a primary cause of phonotrauma
(Titze, 1994). Thus, therapy targeting a reduction in
adduction is indicated in cases of hyperadduction. An-
other large group of diagnostic conditions involves
hypoadduction of the vocal folds. Examples include
vocal fold paralysis, paresis, atrophy, bowing, and non-
adducted hyperfunction (muscle tension dysphonia; for a
discussion, see Hillman et al., 1989). Treatment that
increases vocal fold closure is indicated in such cases.

Voice therapy addresses adductory deviations using a
variety of biomechanical solutions. The traditional ap-
proach to hyperadduction and its sequelae has targeted
the use of widely separated vocal folds and small-
amplitude oscillations during voice production; exam-
ples are use of a ‘“quiet, breathy voice” (Casper et al.,
1989; Casper, 1993) or quiet “yawn-sigh” phonation
(Boone and McFarlane, 1993). This general approach is
sensible for the reduction of hyperadduction and thus
phonotraumatic changes, in that vocal fold impact
stress, and phonotrauma, should be reduced by it. There
is evidence that the quiet, breathy voice approach is
effective in reducing signs and symptoms of phono-
traumatic lesions for individuals who use it outside the
clinic (Verdolini-Marston et al., 1995). However, indi-
viduals may also restrict their use of a quiet, breathy
voice extraclinically because it is functionally limiting
(Verdolini-Marston et al., 1995).
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The traditional approach to hypoadduction has in-
volved “pushing” and “pulling” exercises, which should
reduce the glottal gap (e.g., Boone and McFarlane,
1994). Indeed, some data corroborate clinicians’ impres-
sions that this approach can increase voice intensity in
individuals with glottal incompetence (Yamaguchi et al.,
1993).

A more recent approach to treating adductory
abnormalities has focused on the use of a single “ideal”
vocal fold configuration as the target for both hyper-
adduction and hypoadduction. The configuration in-
volves barely separated vocal folds, which is “ideal”
because it optimizes the trade-off between voice output
strength (relatively strong) and vocal fold impact stress,
and thus reduces the potential for phonotraumatic injury
(Berry et al., 2001). Voice produced with this intermedi-
ate laryngeal configuration has been called “resonant
voice,” perceptually corresponding to anterior oral
vibratory sensations during “easy” voicing (Verdolini
et al.,, 1998). Programmatic approaches to resonant
voice training have shown reductions in phonatory ef-
fort, voice quality, and laryngeal appearance (Verdolini-
Marston et al., 1995), as well as reductions in functional
disruptions due to voice problems in individuals with
conditions known or presumed to be related to hyper-
adduction, such as nodules. Moreover, there is evidence
that individuals use this type of voicing outside the clinic
more than the traditional “quiet, breathy voice” because
it is functionally tractable (Verdolini-Marston et al.,
1995). Resonant voice training may also be useful in
improving vocal and functional status in individuals
with hypoadducted dysphonia. Recent theoretical mod-
eling has indicated that nonlinear source (vocal fold)-
filter (vocal tract) interactions are critical in maximizing
voice output germane to resonant voice and other voice
types (Titze, 2002).

A relatively small number of clinical cases involve
vocal fold elongation abnormalities as the salient feature
of the vocal condition. Often, the medical condition in-
volves cricothyroid paresis, although thyroarytenoid pa-
resis may also be implicated. Voice therapy has been less
successful in treating such conditions. Other elongation
abnormalities are functional, as in mutational falsetto.
The clinical consensus is that voice therapy generally is
useful in treating mutational falsetto.

Finally, in addition to addressing laryngeal kinemat-
ics, voice therapy usually also addresses nonphonatory
aspects of biomechanics that influence the vocal fold
mucosa. Such issues are addressed in voice hygiene pro-
grams (see VOICE HYGIENE). Mucosal performance and
mucosal vulnerability to trauma are the key concerns.
The primary issues targeted are hydration and behav-
ioral control of laryngopharyngeal reflux. Dehydration
increases the pulmonary effort required for phonation,
whereas hydration decreases it and also decreases laryn-
geal phonotrauma (e.g., Titze, 1988; Verdolini, Titze,
and Fennell, 1994; Solomon and DiMattia, 2000). Thus,
hydration regimens are appropriate for individuals with
voice problems and dehydration (Verdolini-Marston,
Sandage, and Titze, 1994). There is increasing support
for the view that laryngopharyngeal reflux plays a role in

a wide range of laryngeal diseases, including inflamma-
tory and even neurogenic and malignant disease. Voice
therapy can play a supportive role to the medical or
surgical treatment of laryngopharyngeal reflux by edu-
cating patients regarding behavioral issues such as diet
and sleeping position. Some data are consistent with the
view that control of laryngopharyngeal reflux can im-
prove both laryngeal appearance and voice symptoms in
individuals with a diagnosis of laryngopharyngeal reflux
(Shaw et al., 1996; Hamdan et al., 2001). However, vo-
cal hygiene programs alone in voice therapy apparently
produce little benefit if they are not coupled with voice
production work.

Specific Therapy Approach. Recently, interest has
emerged in cognitive mechanisms involved in skill ac-
quisition and factors affecting patient compliance as
related to voice training and therapy models. Speech-
language pathologists may train individuals to acquire
the basic biomechanical changes described in preceding
paragraphs, and others. The traditional approach is
eclectic and entails implementing a series of facilitating
techniques such as the “yawn-sigh” and “push-pull”
techniques, as well as other maneuvers, such as altering
the tongue position, changing the loudness of the voice,
using chant talk, and using digital manipulation. Facili-
tating techniques are used by many clinicians and are
generally considered effective. However, formal efficacy
data are lacking for most of the techniques. An ex-
ception is digital manipulation, specifically manual
circumlaryngeal therapy (laryngeal massage), used for
idiopathic, presumably hyperfunctional dysphonia. Brief
courses of aggressive laryngeal massage by skilled prac-
titioners have dramatically improved voice in individuals
with this condition (Roy et al., 1997). Also, variants of
“yawn-sigh” phonation, such as falsetto and breathy
voicing, may temporarily improve symptoms of adduc-
tory spasmodic dysphonia and increase the duration of
the effectiveness of botulinum toxin injections (Murry
and Woodson, 1995).

Several programmatic approaches to voice therapy
have been developed, some of which have been sub-
mitted to formal clinical studies. An example is the Lee
Silverman Voice Treatment (LSVT). This treatment uses
“loud” voice to treat not only hypoadduction and
hypophonia, but also prosodic and articulatory deficien-
cies in individuals with Parkinson’s disease. LSVT uti-
lizes a predetermined hierarchy of speech tasks in 16
therapy sessions delivered over 4 weeks. In comparison
with control and alternative treatment groups, LSVT
has increased vocal loudness and voice inflection for
as long as 2 years following therapy termination
(Ramig, Sapir, Fox et al., 2001; Ramig, Sapir, Coun-
tryman et al., 2001). Critical aspects of LSVT that may
contribute to its success include a large number of repe-
titions of the target “loud voice” in a variety of physical
contexts.

Another programmatic approach to voice therapy,
the Lessac-Madsen Resonant Voice Therapy (LMRVT),
was developed for individuals with either hyper- or
hypoadducted voice problems associated with nodules,
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polyps, nonspecific phonotraumatic changes, paralysis,
paresis, atrophy, bowing, and sulcus vocalis. LMRVT
targets the use of barely touching or barely separated
vocal folds for phonation, a configuration considered to
be ideal because it maximizes the ratio of voice output
intensity to vocal fold impact intensity (Berry et al.,
2001). In LMRVT, eight structured therapy sessions
typically are delivered over 8 weeks. Training empha-
sizes sensory processing and the extension of “resonant
voice” to a variety of communicative and emotional
environments. Data on preliminary versions of LMRVT
indicate that it is as useful as quiet, breathy voice train-
ing for sorority women with phonotrauma or the use
of amplification for teachers with voice problems in
reducing various combinations of phonatory effort,
voice quality, laryngeal appearance, and functional sta-
tus (Verdolini-Marston et al., 1995).

Another programmatic approach to voice therapy for
both hyper- and hypoadducted conditions is called Vocal
Function Exercises (VFE; Stemple et al., 1994). This
approach targets similar vocal fold biomechanics as
LMRVT, that is, vocal folds that are barely touching or
barely separated, for phonation. Training consists of
repeating maximally sustained vowels and pitch glides
twice daily over a period of 4-6 weeks. Carryover exer-
cises to conversational speech may also be used. A 6-
week program of VFE in teachers with voice problems
resulted in greater self-perceived voice improvement,
greater phonatory ease, and better voice clarity than that
achieved with vocal hygiene treatment alone (Roy et al.,
2001).

Another program, Accent Therapy, addresses the
ideal laryngeal configuration—barely touching or barely
separated vocal folds—in individuals with hyper- and
hypoadducted conditions (Smith and Thyme, 1976).
Training entails the use of specified rhythmic, prosodi-
cally stressed vocal repetitions, beginning with sustained
consonants and progressing to phrases and extended
speech. The Accent Method is more widely used in Eu-
rope and Asia than in the United States.

Electromyographic biofeedback has been reported to
be effective in reducing laryngeal hyperfunction and la-
ryngeal appearance in individuals with voice problems
linked to hyperadduction (nodules). Also, visual feed-
back using videoendoscopy may be useful in treating
numerous voice conditions; specific clinical observa-
tions have been reported relative to ventricular phona-
tion (Bastian, 1987).

Finally, some clinicians have found that sensory
differentiation exercises may help in the treatment of
repetitive strain injury—one of the fastest growing oc-
cupational injuries. Repetitive strain injury involves
decreased use of manual digits or voice and pain subse-
quent to overuse. Attention to sensory differentiation in
the treatment of repetitive strain injury is motivated by
reports of fused representation for groups of movements
in sensory cortex following extensive digit use (e.g., Byl,
Merzenich, and Jenkins, 1996).

—Katherine Verdolini
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Voice Therapy for Neurological Aging-
Related Voice Disorders

Introduction

The neurobiological changes that a person undergoes
with advancing age produce structural and functional
changes in all of the organs and organ systems in the
body. The upper respiratory system, the larynx, vocal
tract, and oral cavity all reflect both normal and abnor-
mal changes that result from aging. In 1983, Ramig and
Ringel suggested that age-related changes of the voice
must be viewed as part of the normal process of physio-
logical aging of the entire body (Ramig and Ringel,
1983). Neurological, musculoskeletal, and circulatory
remodeling account for changes in laryngeal function
and vocal output in older adults. These changes, how-
ever, do not necessarily result in abnormal voice quality.
A thorough laryngological examination coupled with a
complete voice assessment will likely reveal obvious
voice disorders associated with aging. It still remains
for the clinicians along with the help of the patient
to identify and distinguish normal age-related voice
changes from voice disorders. This entry describes
neurological aging-related voice disorders and their
treatment options. Traumatic or idiopathic vocal fold
paralysis is described in another entry, as is Parkinson’s
disease. This article focuses on neurologically based
voice disorders associated with general aging.

Voice production in the elderly is associated with
other bodily changes that occur with advancing age
(Chodzko-Zajko and Ringel, 1987), although changes in
specific organs may derive from various causes and
mechanisms. The effects of normal aging are somewhat
similar across organ systems. Aging of the vocal organs,
like other organ systems, is associated with decreased
strength, accuracy, endurance, speed, coordination, or-
gan system interaction (i.e., larynx and respiratory sys-
tems), nerve conduction velocity, circulatory function,
and chemical degradation at synaptic junctions.

Anatomical (Hirano, Kurita, and Yukizane, 1989;
Kahane, 1987) and histological studies (Luchsinger and
Arnold, 1965) clearly demonstrate that differences in
structure and function do exist as a result of aging. The
vocal fold epithelium, the layers of the lamina propria,
and the muscles of the larynx change with aging. The
vocal folds lose collaginous fibers, leading to increased
stiffness.

The neurological impact to the aging larynx includes
central and peripheral motor nervous system changes.
Central nervous system changes include nerve cell losses
in the cortex of the frontal, parietal, and temporal lobes
of the brain. This results in the slowing of motor move-
ments (Scheibel and Scheibel, 1975). Nerve conduction
velocity also contributes to speed of voluntary move-
ments such as pitch changes, increased loudness, and
speed of articulation (Leonard et al., 1997). Nervous
system changes are also associated with tremor, a
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Table 1. Diagnoses of Subjects Age 65 and Older Seen at the
University of Pittsburgh Voice Center

Diagnosis N %
Vocal fold atrophy 46 23
Vocal fold paralysis 39 19
Laryngopharyngeal reflux 32 16
Parkinson’s disease 26 13
Essential tremor 8 4
Other neurological disorders 16 8
Muscular tension dysphonia—primary 15 7
Muscular tension dysphonia—secondary 38 19
Edema 14 6
Spasmodic dysphonia 7 3

N = 205. The total number of diagnoses is larger since some
patients had more than one diagnosis.

condition seen more in the elderly than in young indi-
viduals. Finally, dopaminergic changes which decline
with aging may also affect the speed of motor processing
(Morgan and Finch, 1988).

The peripheral changes that occur in the elderly are
thought to be broadly related to environmental effects of
trauma (Woo et al., 1992), selective denervation of type
II fast twitch muscle fibers (Lexell, 1997) and decrease
in distal and motor neurons, resulting in decreased
contractile strength and an increase in muscle fatigue
(Doherty and Brown, 1993).

Voice Changes Related to Neurological Aging

The central and peripheral degeneration and con-
comitant regenerative neural changes that occur with
neurological aging may result in a number of voice dis-
orders. Excluding vocal fold paralysis, these neurological
changes account for disorders of voice quality and over-
all vocal output. Murry and Rosen reported on 205
patients 65 years of age and older. Table 1 shows the
diagnosis of this group (Murry and Rosen, 1999).

The most common symptoms reported by this group
of patients are shown in Table 2.

Neurological changes to the voice accompanying
aging are related to decreased neurological structure and

Table 2. The Most Common Voice Symptoms Reported by
Patients 65 Years of Age and Older

Symptom % of Patients
Loss of volume 28
Raspy or hoarse voice 24
Vocal fatigue 22
Difficulty breathing during speech 18
Talking in noisy environments 15
Loss of clarity 16
Tremor 7
Intermittent voice loss 6
Articulation-related problems 5

Total exceeds 100% as some individuals reported more than
one complaint.

function which result in patient perceived and listener
perceived vocal dysfunction. Indeed, if the neuromotor
systems are intact and the elderly patient is healthy, the
speaking and singing voice is not likely to be perceived
as “old” nor function as “old” (McGlone and Hollien,
1963). Conversely, the voice may be perceived as “old”
not solely due to neurological changes in the larynx and
upper airway, but due to muscular weakness of the
upper body (Ramig and Ringel, 1983), cardiovascular
changes (Orlikoff, 1990), or decreased hearing acuity
resulting in excessive vocal force (Chodzko-Zajko and
Ringel, 1987).

There are, however, certain aspects of voice produc-
tion that are characteristically associated with age-
related neuropathy. The clinical examination of elderly
individuals who complain of voice disorders should spe-
cifically address and test for loss of vocal range and
volume, vocal fatigue, increased breathy quality during
extended conversations, presence of tremor, and pitch
breaks (especially breaks into falsetto and hoarse voice
quality). Elderly singers should be evaluated for pitch
inaccuracies, increased breathiness, and changes in vi-
brato (Tanaka, Hirano, and Chijina, 1994).

A careful examination of the elderly patient with a
complaint about his or her voice consists of an extensive
history including medications, previous surgeries, and
current and previously diagnosed diseases. Acoustic,
perceptual, and physiological assessment of vocal func-
tion may reveal evidence of tremor, vocal volume defi-
ciencies, and/or vocal fatigue. Examination of the larynx
and vocal folds via flexible endoscopy as well as strobo-
videolaryngoscopy is essential to reveal vocal use pat-
terns, asymmetrical vibration, scarring, tremor (of the
larynx or other structures), atrophy, or lesions. In the
absence of suspected malignancies or frank aspiration
due to lack of glottic closure, voice therapy is the treat-
ment of choice for most elderly patients with neurologi-
cal aging-related dysphonias.

Treatments for Neurological Aging-Related
Voice Disorders

Treatments for elderly patients with mobile vocal folds
presenting with dysphonia include behavioral, pharma-
cological, and surgical approaches. A review of surgical
treatments can be found in Ford (1986), Koufman
(2000), Postma (1998), and Durson (1996). The use of
medications and their relationship to vocal production
and vocal aging can be found in the work of Sataloff and
colleagues (1997) and Vogel (1995).

Voice therapy for neurological aging-related voice
disorders varies, depending on the patient’s complaints,
diagnosis, and vocal use requirements. The most com-
mon needs of patients with neurological age-related
voice disorders are to increase loudness and endurance,
to reduce hoarseness or breathy voice qualities, and to
maintain a broad pitch range for singing. These needs
are met with vocal education including awareness of
vocal hygiene; direct vocal exercises; and management of
the vocal environment. Prior to voice therapy, and as
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part of the diagnostic process, a thorough audiological
assessment of the patient should be done. If the patient
wears a hearing aid or aids, he or she should wear them
for the therapy sessions.

Vocal Education

Vocal education coupled with vocal hygiene provides the
patient with an understanding of the aging process as it
relates to voice use. An understanding of how all body
organ systems are affected by normal aging helps to ex-
plain why the voice may not have the same quality, pitch
range, endurance, or loudness that was present in earlier
years. Since the voice is the product of respiratory and
vocal tract functions, all of the systems that contribute
to the aging of these organs are responsible for the
final vocal output. Recently, Murry and Rosen pub-
lished a vocal education and hygiene program for
patients (Murry and Rosen, 2000). This program is
an excellent guide for all aging patients with neurologi-
cal voice disorders. Nursing homes, senior citizen resi-
dences, and geriatric specialists should consider offering
this outline as the first step in patient education when
patients complain of voice disorders.

Direct Voice Therapy

Voice therapy is one treatment modality for almost
all types of neurological aging-related voice disorders.
The recent explosion of knowledge about the larynx is
matched by an equal growth of interest in its physiology,
its disorders, and their treatment. Increased use of la-
ryngeal imaging and knowledge of laryngeal physiology
have provided a base for behavioral therapy that is in-
creasingly focused on the specific nature of the observed
pathophysiology. While treatment is designed to restore
maximum vocal function, the aging process of weakness,
muscle wasting, and system endurance may not restore
the voice to its youthful characteristics. Rather, the
desired goals should be effective vocal communication
and forestalling continued vocal deterioration (Sataloff
et al., 1997).

Specific techniques for the aging voice have evolved
from our understanding of the aging neuromuscular
process. Confidential voice is the voice that one might
typically use to describe or discuss confidential matters.
Theoretically, it is produced with minimal vocal fold
contact. The confidential voice technique is used to (1)
eliminate hyperfunctional and traumatic behaviors; (2)
allow lesions such as vocal nodules to heal in the absence
of continued pounding; (3) eliminate excessive muscular
tension and vocal fatigue; (4) reset the internal volume
meter; and (5) force a heightened awareness of voice
use and the vocal environment. The goal is to create
healthier vocal folds and a neutral state from which
healthy voice use can be taught and developed through a
variety of other techniques (Verdolini-Marston, Burke,
and Lessass, 1995; Leddy, Samlan, and Poburka, 1997).

The confidential voice technique is appropriately
used to treat benign lesions, muscle tension dysphonia,
hyperfunctional dysphonia, and vocal fatigue in the

early postoperative period. It is not appropriate for
treatment of vocal fold paralysis, conditions with in-
complete glottal closure, or a scarred vocal fold.

Resonant voice, or voice with forward focus, usually
refers to an easy voice associated with vibratory sensa-
tions in facial bones (Verdolini-Marston, Burke, and
Lessass, 1995). Therapy focuses on the production of
this voice primarily through feeling and hearing. Exer-
cises to place the vocal mechanism in a specific manner
coupled with humming help the patient identify to opti-
mum pitch/placement for maximum voice quality. Res-
onant voice therapy is described as being useful in the
treatment of vocal fold lesions, functional voice prob-
lems, mild vocal atrophy, and paralysis.

Manual circumlaryngeal massage (manual laryngeal
musculoskeletal tension reduction) is a direct, hands-on
approach in which the clinician massages and manipu-
lates the laryngeal area in a particular manner while
observing changes in voice quality as the patient pho-
nates. The technique was first proposed by Aronson
(1990) and later elaborated by Morrison and Rammage
(1993). Roy and colleagues reported on their use of
the massage technique in controlled studies (Roy, Bless,
and Heisey, 1997). They reported almost normal voice
following a single session in 93% of 17 subjects with
hyperfunctional dysphonia.

General body massage in which muscles are kneaded
and manipulated is known to reduce muscle tensions.
This concept is adapted to massage the muscles in the
laryngeal area. One focus of the circumlaryngeal mas-
sage is to relieve the contraction of those muscles and
allow the larynx to lower. This technique is most often
used with patients who report neck or upper body ten-
sion or stiffness, tenderness in the neck muscles, odyno-
phonia, or those who demonstrate rigid postures. Vocal
function exercises are designed to pinpoint and exercise
specific laryngeal muscles. The four steps address warm-
up of the muscles, stretching and contracting of muscles,
and building muscle power. The softness of the pro-
ductions is said to increase muscular and respiratory
effort and control. The exercises are hypothesized to
restrengthen and balance laryngeal musculature, to im-
prove vocal fold flexibility and movement, and to re-
balance airflow (Stemple, Glaze, and Gerdeman, 1995).

Ramig and colleagues developed a structured inten-
sive therapy program, the Lee Silverman voice treat-
ment program, of four sessions per week for 4 weeks
specifically for patients with idiopathic Parkinson’s dis-
ease (Ramig, Bonitati, and Lemke, 1994). Since then,
the efficacy of the treatment for this population has been
extended to include aging patients and patients with
other forms of progressive neurological disease. This
treatment method of voice therapy may be the most
promising of all for neurological aging-related voice
disorders.

The Lee Silverman voice treatment program is based
on the principle that, to counteract the physical effects of
reduced amplitude of motor acts including voice and
speech production, rigidity, bradykinesia, and reduction
in respiratory effort, it is necessary to push the entire
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phonatory mechanism to exert greater effort by focus-
ing on loudness. To increase loudness, the respiratory
system must provide more driving power, and the
vocal folds must adduct more completely. Indeed, it
seems that the respiratory, the laryngeal, and the articu-
latory mechanisms all benefit from the effort to increase
loudness.

The program is highly structured and involves five
essential concepts: (1) voice is the focus; (2) a high degree
of effort is required; (3) treatment is intensive; (4) the
patient’s self-perception must be calibrated; and (5) pro-
ductions and outcomes are quantified. The scope of this
article does not permit inclusion of the extensive litera-
ture available on this method or an extensive description
of the therapy protocol, which is available in published
form.

The accent method, originally developed by Smith,
has been used to treat all types of dysphonias (Smith and
Thyme, 1976). It has been adopted more widely abroad
than in the United States and focuses on breathing as the
underlying control mechanism of vocal output and uses
accentuated and rhythmic movements of the body and
then of voicing. Easy voice production with an open-
throat feeling is stressed, and attention is paid primarily
to an abdominal/diaphragmatic breathing pattern. This
method is useful for treating those individuals with
vocal fatigue, endurance problems, or overall volume
weakness.

All voice therapy is a directed way of changing a
particular behavior or set of behaviors. Regardless of the
methods used, voice therapy demands the cooperation
of the patient in ways that may be novel and unusual.
Voice therapy differs from the medical approach, which
requires only that a pill be taken or an injection received.
It differs from the surgical approach, wherein the sur-
geon does the work. It differs from the work of voice and
acting coaches, who work to enhance and strengthen a
normal voice. Voice clinicians work with individuals
who never thought about the voice until they acquired a
voice disorder. They are primarily interested in rapid
restoration of normal voice, a task that cannot always be
accomplished.

Vocal Tremor

One neurological aging-related disorder that often resists
change is vocal tremor. Tremor often accompanies many
voice disorders having a neurological component. Vocal
tremor has been treated in the past with medications,
and in some cases with laryngeal framework surgery,
when vocal fold atrophy is also diagnosed. The specific
therapeutic techniques presented in this article may also
be helpful in reducing the perception of tremor especially
those that focus on increasing vocal fold closure (i.e.,
Lee Silverman voice treatment and the Accent Method).

Finally, the treatment of aging-related dysphonias
should include techniques used in training singers
and actors (Sataloff et al., 1997). General physical con-
ditioning, warmup, increased respiratory function exer-
cises, and the ability to monitor voice change help to

maintain voice or retard vocal weakness, fatigue, and
loss of clear voice quality.

The vocal environment should not be ignored as a
factor in communication for patients with neurological
aging-related voice disorders. Voice use is maximized in
environments where background noise is minimal, sound
absorption materials such as rugs and cushions are used
in large meeting rooms, and proper lighting is available
to help with visual components of communication.

Summary

Progressive neurological aging-related disorders offer a
challenge to the speech-language pathologist. In the ab-
sence of surgery for vocal fold paralysis, the patient with
mobile vocal folds and a neurological disorder may
benefit from specific exercises to maintain vocal com-
munication. Diagnosis, which identifies the vocal use
habits of the patient is critical to identify strategies and
the specific exercises needed to maintain and/or improve
voice production.
See also VOICE DISORDERS OF AGING.

—Thomas Murry
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Voice Therapy for Professional
Voice Users

A professional voice user is a person whose job function
critically depends on use of the voice. Not only singers
and actors but teachers, lawyers, clergy, counselors, air
traffic controllers, telemarketers, firefighters, police, and
auctioneers are among those who use their voices sig-
nificantly in their line of work.

Probably the preponderance of professional voice
users who seek treatment for voice problems have voice-
induced conditions. Typically, such conditions involve
either phonotrauma or functional problems. The full
range of non-use-related vocal pathologies may occur in
professional voice users as well, at about the same rate
as in the population at large. However, special consid-
erations may be required in therapy for professional
voice users because of their job demands.

The teaching profession is at highest risk for voice
problems. In 1999, teachers made up between 5% and
6% of the employed population in the United States.
At any given time, between one-fifth and one-half of
teachers in the United States and elsewhere are experi-
encing a voice problem (Sapir et al., 1993; Russell,
Oates, and Greenwood, 1998; E. Smith et al., 1998).
Voice problems appear to occur at about the same rates
among singers. Other occupations at risk for voice
problems are lawyers, clergy, telemarketers, and possibly
even counselors and social workers. Increasingly, pho-
notrauma is considered an occupational hazard in these
populations (Villkman, 2000).

A new occupational hazard for voice problems has
recently surfaced in the form of repetitive strain injury.
This condition, one of the fastest growing occupational
injuries in the United States in general, involves weak-
ness and pain from somatic overuse. Symptoms of re-
petitive strain injury typically begin in the fingers after
keyboard use. However, laryngeal symptoms may de-
velop if the individual replaces the keyboard with voice
recognition software.

The consequences of voice problems for professionals
are not trivial and may include temporary or permanent
loss of work. Conservative estimates of costs associated
with voice problems in teachers alone are on the order of
$2 billion annually in the United States (Verdolini and
Ramig, 2001). Thus, voice problems can be devastating
both occupationally and personally to many professional
voice users.

The goal of treatment for professional voice users is
to restore the best possible voice use—and, where rele-
vant, anatomy and physical function—relative to the job
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in question. Vocal hygiene, including hydration and
reflux control, plays a role in most treatment programs
for professional voice users (see VOCAL HYGIENE). Surgi-
cal management may be appropriate in selected cases.
However, for most professional voice users, the mainstay
of intervention for voice problems is behavioral work on
voice production, or voice therapy.

Traditional therapy for phonotrauma in professional
groups that use the voice quantitatively (e.g., teachers,
clergy, attorneys), that is, over an extended period of
time or at sustained loudness, has emphasized voice
conservation. In this approach, however, individuals are
limited at least as much by the treatment as by the dis-
ease. The current emphasis is on training individuals to
meet their voice needs while they recover from existing
problems, and to prevent new ones. An intermediate
vocal fold configuration, involving slight separation of
the vocal processes during phonation, appears relevant
to this goal (Berry et al., 2001). A variety of training
methods are available for this approach to vocalization,
including Lessac-Madsen resonant voice therapy (Ver-
dolini, 2000), Vocal Function Exercises (Stemple et al.,
1994), the Accent Method (S. Smith and Thyme, 1976),
and flow mode therapy (see, e.g., Gauffin and Sundberg,
1989). Training in this general laryngeal configuration
appears to be more effective than vocal hygiene in-
tervention alone and more effective than intensive res-
piratory training in reducing self-reported functional
problems due to voice in at least one class of professional
voice users, teachers (Roy et al., 2001).

Therapy for individuals with qualitative both quali-
tative voice needs recognizes that a special sound of
the voice is required occupationally. Therapy for per-
formers—singers and actors—with voice problems is
conceptually challenging, for many reasons. Vocal per-
formers have exacting voice needs, which may be com-
plicated by pathology; the voice training of singers and
actors is not standardized; few scientific studies on
training efficacy exist; and performers are subject to a
suite of special personality, career, and lifestyle issues.
All of these factors make many speech-language practi-
tioners feel that a specialty focus on vocology is impor-
tant in working with performing artists.

Voice therapy for performers often replicates voice
pedagogy methods. The primary differences are an em-
phasis on injury reduction and a shorter-term interven-
tion, with specific, measurable goals, in voice therapy.
The most comprehensive technical framework for pro-
fessional voice training in general has been proposed by
Estill (2000). The system identifies 11 or 12 physical
“degrees of freedom,” such as voice onset type, false
vocal fold position, laryngeal height, palatal position,
and aryepiglottic space, that are independently varied to
create “‘recipes” for a variety of sung and spoken voice
qualities. Research conducted thus far has corroborated
some aspects of the approach (e.g., Titze, 2002). The
system recently has gained currency in voice therapy as
well as vocal pedagogy. Voice training for acting tends
to be less technically oriented and more ‘“‘meaning
driven” than singing training (e.g. Linklater, 1997).

However, exceptions exist. Also, theatre and increas-
ingly singing training and voice therapy incorporate
general body work (alignment, movement) as a central
part of training.

In respect to training modalities, traditional speech-
language pathology models tend to be more analytical
and less experiential than typical performing arts models
of training. The motor learning literature indicates that
the performers may be right. The literature describes a
critical dependence of motor learning on sensory pro-
cessing and deemphasizes mechanical instruction (Ver-
dolini, 1997; see also Wulf, H68, and Prinz, 1998). The
motor learning literature also clearly indicates the need
for special attention to transfer in training. Skills ac-
quired in a clinic or studio may transfer poorly to
untrained stimuli in untrained environments if less spe-
cific transfer exercises are used. Biofeedback may be a
useful adjunct to voice therapy and training; however,
cautions exist. Terminal biofeedback, provided after
the completion of performance, contributes to greater
learning than on-line feedback, which occurs during on-
going performance (Armstrong, 1970, cited in Schmidt
and Lee, 1999, pp. 316-317). Also, systematic fading of
biofeedback support appears critical for transfer.

The voice therapist may need to address special chal-
lenges in the physical and political environments of per-
formers. Stage environments can be frankly toxic, and
compromising to vocal and overall physical health. Spe-
cific noxious substances that have been measured on
stages include aromatic diisocyanates, Penicillium fre-
quentans and formaldehyde in cork granulate, cobalt
and aluminum (pigment components), and alveolar-size
quartz sand (Richter et al., 2002). Open-air performing
environments can present particular vocal challenges to
performers, especially if these are unmiked. Heavy cos-
tumes weighing 80-90 Ib or more and unusual, con-
torted postures required during vocal performance may
add further challenges and may even contribute to
injury.

Politically, performers may find themselves contrac-
tually linked to heavy performance schedules without
the possibility of rest if they are ill or vocally indisposed.
Performers are threatened with loss of income, loss of
health care benefits, and loss of professional reputation if
they refuse to perform when they should not. Another
political issue has to do with directors’ drive toward
meeting commercial goals. Such goals may dictate vocal
practices that are at odds with performers’ best interest.
Directors and producers may sometimes show little con-
cern for performers’ vocal health, because numerous
vocalists are available to replace injured ones who are
unwilling or unable to perform.

It is probably safe to say that individuals who are
drawn to vocal performance are more extroverted, and
more emotionally variable, on average, than many indi-
viduals in the population at large. The vocal practitioner
should be comfortable dealing with performers’ individ-
ual personal styles. Moreover, mental attitude toward
performance plays a central role in the performing do-
main. The principles of sports psychology fully apply to
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the performing arts. A robust finding is that intermediate
anxiety levels, as opposed to low or high anxiety, tend to
maximize physical performance. Performers need to find
ways to establish intermediate arousal states and stay
there even in high-stress situations. Also, the direction of
attention appears key for distinguishing ‘“chokers”
(people who tend to perform poorly under pressure)
from persons who perform well under high stress.
According to some reports, chokers tend to show a pre-
dominance of left hemisphere activation when under the
gun, implying verbal analytic thinking and evaluative
self-awareness. High-level performers tend to show more
distributed brain activation, including right-hemisphere
activity consistent with imagery and target awareness
(Crews, 2001). Many other findings from the sports psy-
chology literature are applicable to attitude issues in
vocal performance.

Vocal performers may have erratic lifestyles that are
linked to their jobs. Touring groups literally may live on
buses. Exercise and fresh air may be restricted. Daily
routines may be nonexistent. Pay may be poor and spo-
radic. Benefits often are not provided unless the per-
formers belong to a union. Vocal performers with voice
problems often cannot pay for treatment because their
voice problems lead to lack of employment and thus lack
of income and benefits. Clinics wishing to work with
professional voice users should be equipped to provide
some form of fiscal support for treatment.

Practitioners working with vocal performers agree
that no single individual can fully assist a vocalist with
voice problems. Rather, convergent efforts are required
across specialities, to minimally include an otolaryn-
gologist, speech-language pathologist, voice teacher or
coach, and, patient. Different individuals take the lead,
depending on the issues at hand. The physician is re-
sponsible for medical issues. The speech-language pa-
thologist and voice teacher generally work together on
technical issues. The voice teacher is the most appropri-
ate person to address career issues with the performer,
particularly issues that bear on a potential mismatch be-
tween the individual’s aspirations and capabilities. The
importance of communication across individuals within
the team cannot be overemphasized.

—Katherine Verdolini
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Apraxia of Speech: Nature and
Phenomenology

Apraxia of speech is

a phonetic-motoric disorder of speech production caused by
inefficiencies in the translation of a well-formed and filled
phonologic frame to previously learned kinematic parameters
assembled for carrying out the intended movement, resulting in
intra- and inter-articulator temporal and spatial segmental and
prosodic distortions. It is characterized by distortions of seg-
ments, intersegment transitionalization resulting in extended
durations of consonants, vowels and time between sounds, syl-
lables and words. These distortions are often perceived as
sound substitutions and the misassignment of stress and other
phrasal and sentence-level prosodic abnormalities. Errors are
relatively consistent in location within the utterance and in-
variable in type. It is not attributable to deficits of muscle tone
or reflexes, nor to deficits in the processing of auditory, tactile,
kinesthetic, proprioceptive, or language information. (McNeil,
Robin, and Schmidt, 1997, p. 329)

The kernel perceptual behaviors that differentiate
apraxia of speech (AOS) from other motor speech dis-
orders and from phonological paraphasia are (1) length-
ened segment (slow movements) and intersegment
(segment segregation) durations (overall slowed speech),
resulting in (2) abnormal prosody across multisyllable
words and phrases, with a tendency to make errors on
more stressed than unstressed syllables; (3) relatively
consistent trial-to-trial location of errors and relatively
nonvariable error types; and (4) impaired measures of
coarticulation. Although apraxic speakers may produce
a preponderance of sound substitutions, these sub-
stitutions do not serve as evidence of either AOS or
phonemic paraphasia. Sound distortions serve as evi-
dence of a motor-level mechanism or influence in the
absence of an anatomical explanation; however, they
are not localizable to one part of the motor control ar-
chitecture and, taken alone, do not differentiate AOS
from the dysarthrias. Acoustically well-produced (non-
distorted) sound-level serial order (e.g., perseverative,
anticipatory, and exchange) errors that cross word
boundaries are not compatible with motor planning- or
programming-generated mechanisms and are attribut-
able to the phonological encoding mechanism.
Although this motor speech disorder has a languor-
ous and tortuous theoretical and clinical history and is
frequently confused with other motor speech disorders
and with phonemic paraphasia, a first-pass estimate of
some of its epidemiological characteristics has been pre-
sented by McNeil, Doyle, and Wambaugh (2000).
Based on retrospective analysis of the records of
3417 individuals evaluated at the Mayo Clinic for
acquired neurogenic communication disorders, including
dysarthria, AOS, aphasia, and other neurogenic speech,
language, and cognitive disorders, Duffy (1995) reported
a 4.6% prevalence of AOS. Based on this same retro-
spective analysis of 107 patient records indicating a di-
agnosis of AOS, Duffy reported that 58% had a vascular
etiology and 6% presented with a neoplasm. One per-

cent presented with a seizure disorder and 16% had a
diagnosis of degenerative disease, including Creutzfeldt-
Jakob disease and leukoencephalopathy (of the
remaining, 9% were unspecified, 4% were associated
with dementia, and 3% were associated with primary
progressive aphasia). In 15% of cases the AOS was
traumatically induced (12% neurosurgically and 3%
concomitant with closed head injury), and in the
remaining cases the cause was undetermined or was of
mixed etiology. Without doubt, these proportions are
influenced by the type of patients typically seen at the
Mayo Clinic, and may not be representative of other
patient care sites.

Among all of the acquired speech and language
pathologies of neurological origin, AOS may be the
most infrequent. Its occurrence unaccompanied by
dysarthria, aphasia, limb apraxia, or oral-nonspeech
apraxia is extremely rare. Comorbidity estimates
averaged across studies and summarized by McNeil,
Doyle, and Wambaugh (2000) indicated an AOS/oral-
nonspeech apraxia comorbidity of 68%, an AOS/limb
apraxia comorbidity of 67%, an AOS/limb apraxia and
oral-nonspeech apraxia comorbidity of 83%, an AOS/
aphasia comorbidity of 81%, and an AOS/dysarthria
comorbidity of 31%. Its frequent co-occurrence with
other disorders and its frequent diagnostic confusion
with those disorders that share surface features with it
suggest that the occurrence of AOS in isolation (pure
AOS) is extremely rare.

The lesion responsible for AOS has been studied since
Darley (1968) and Darley, Aronson, and Brown (1975)
proposed it as a neurogenic speech pathology that is
theoretically and clinically different from aphasia and
the dysarthrias. Because Darley defined AOS as a disor-
der of motor programming, the responsible lesion has
been sought in the motor circuitry, especially in Broca’s
area. Luria (1966) proposed that the frontal lobe mech-
anisms for storing and accessing motor plans or pro-
grams for limb gestures or for speech segments were
represented in Broca’s area. He also proposed the facial
region of the postcentral gyrus in the parietal lobe as a
critical area governing coordinated movement between
gestures (speech or nonspeech). AOS-producing lesions
subtending Broca’s area (Mohr et al., 1978) as well as
those in the postcentral gyrus (Square, Darley, and
Sommers, 1982; Marquardt and Sussman, 1984; McNeil
et al., 1990) have received support. Retrospective studies
of admittedly poorly defined and poorly described per-
sons purported to have AOS (e.g., Kertesz, 1984) do not
show a single site or common cluster of lesion sites re-
sponsible for the disorder. Prospective studies of the
AQOS-producing lesion have been undertaken by a num-
ber of investigators. Deutsch (1984) was perhaps the first
to conduct a prospective search, with a result that set the
stage for most of the rest of the results to follow. He
found that 50% of his AOS subjects (N =18) had a
lesion in the frontal lobe and 50% had posterior le-
sions. Marquardt and Sussman’s (1984) prospective
study of 12 subjects with AOS also failed to reveal a
consistent relationship among lesion location (cortical
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versus subcortical, anterior versus posterior), lesion vol-
ume, and the presence or absence of AOS. Dronkers
(1997) reported that 100% of 25 individuals with AOS
had a discrete left hemispheric cortical lesion in the pre-
central gyrus of the insula. One hundred percent of a
control group of 19 individuals with left hemispheric
lesions in the same arterial distribution as the AOS sub-
jects but without the presence of AOS were reported to
have had a complete sparing of this specific region of the
insula. McNeil et al. (1990) reported computed tomo-
graphic lesion data from four individuals with AOS un-
accompanied by other neurogenic speech or language
pathologies. The only common lesion site for these
“pure’’ apraxic speakers was in the facial region of the
left postcentral gyrus. Two of the four AOS subjects had
involvement of the insula, while two of three subjects
with phonemic paraphasia (diagnosed with conduction
aphasia) had a lesion in the insula. Two of the four sub-
jects with AOS and one of the three subjects with con-
duction aphasia evinced involvement of Broca’s area.
The unambiguous results of the Dronkers study not-
withstanding, the lesions responsible for AOS remain
open to study. It is clear, however, that the major
anterior/posterior divisions common to aphasiology and
traditional neurology as sites responsible for nonfluent/
fluent (respectively) disorders of speech production are
challenged by the AOS/lesion data that are available
to date.

Theoretical Accounts

The study of and clinical approach to AOS operate
under a scientific paradigm generally consistent with the
mechanisms ascribed to apraxia. That is, the majority of
practitioners view AOS as a disorder of previously
learned movements that is different from other speech
movement disorders (i.e., the dysarthrias). The diagnosis
can be confidently applied when assurance can be
obtained that the person has the cognitive or linguistic
knowledge underlying the intended movement and the
fundamental structural and sensorimotor abilities to
carry out the movement. Additionally, most definitions
of apraxia suggest an impairment of movements carried
out volitionally but executed successfully when per-
formed automatically. The diagnosis requires that
patients display the ability to process the language un-
derlying the movement. These criteria are generally
consistent with those used for the identification of other
apraxias, including oral nonspeech (buccofacial), writing
(agraphic), and limb apraxia.

Although AOS is predominantly viewed as a disorder
of motor programming (Wertz, LaPointe, and Rosen-
bek, 1984), derived from its historical roots based in
other apraxias (particularly limb-kinetic apraxia;
McNeil, Doyle, and Wambaugh, 2000), there are com-
peting theories. Whiteside and Varley (1998) proposed a
deficit of the direct phonetic encoding route to account
for AOS. In this theory, normal speech production in-
volves the retrieval from storage of verbal motor pat-
terns for frequently used syllables (the direct route), or
the patterns are calculated anew (presumably from

smaller verbal motor patterns) by an indirect route.
Speech produced by normal speakers for infrequently
occurring syllables, using the indirect route, are said to
share many of the core features of apraxic speakers, such
as (1) articulatory prolongation, (2) syllable segregation,
(3) inability to increase the speech rate and maintain
articulatory integrity, and (4) reduced coarticulation.
AOS is therefore proposed to be a deficit of the direct
encoding route, with a reliance on the indirect encoding
route.

Based on experimental evidence that the phonologi-
cal similarity effect should not be present in persons
with AOS, Rogers and Storkel (1998, 1999) hypothe-
sized a reduced buffer capacity as the mechanism re-
sponsible for AOS. In this account, the apraxic speaker
with a reduced buffer capacity is required to reload or
reprogram the appropriate (unspecified) buffer in a
feature-by-feature, sound-by-sound, syllable-by-syllable,
or motor-control-variable-by-motor-control-variable
fashion. This requirement would give rise to essentially
the same observable features of AOS as those commonly
used to define the entity and consistent with the observ-
able features discussed earlier.

Van der Merwe (1997) proposed a model of sensori-
motor speech disorders in which AOS is defined as a
disorder of motor planning. Critical to this view is the
separation of motor plans from motor programs. In this
model, motor plans carry information (e.g., lip round-
ing, jaw depression, glottal closure, raising or lowering
of the tongue tip, interarticulator phasing/coarticulation)
that is articulator-specific, not muscle-specific. Motor
plans are derived from specific speech sounds and specify
the spatial and temporal goals of the planned unit.
Motor programs, on the other hand, specify the move-
ment parameters (e.g., muscle tone, direction, force,
range, and rate of movement) of specific muscles or
muscle groups. For Van der Merwe, disorders of motor
programs result in the dysarthrias and cannot account
for the different set of physiological and behavioral signs
of AOS. The attributes ascribed to motor plans in this
model are consistent with the array of cardinal behav-
ioral features of AOS.

Though their view is expanded from the traditional
view of AOS as simply a disorder of motor program-
ming, McNeil, Doyle, and Wambaugh (2000) argue that
a combined motor planning and motor programming
impairment as specified by Van der Merwe (1997) is
required to account for the array of well-established
perceptual, acoustic, and physiological features.

Other theoretical accounts of AOS include the over-
specification of phonological representations theory of
Dogil, Mayer, and Vollmer (1994) and the coalitional/
dynamical systems breakdown theory of Kelso and
Tuller (1981). These accounts have received consider-
ably less examination in the literature and will not be
described here.

AOS is an infrequently occurring pathology that is
clinically recognized by most professionals dedicated to
the management of speech production disorders. It is
classified as a motor speech disorder in the scientific
literature. When it occurs, it is frequently accompanied
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by other speech, language, and apraxic disorders. Its
defining features are not widely agreed upon; however,
evidence from perceptual, acoustic, kinematic, aerody-
namic, and electromyographic studies, informed by re-
cent models of speech motor control and phonological
encoding, have led to clearer criteria for subject/patient
selection and a resurgence of interest in its proposed
mechanisms. The lesions responsible for acquired AOS
remain a matter for future study.

See also APRAXIA OF SPEECH: TREATMENT; DEVEL-
OPMENTAL APRAXIA OF SPEECH.

—Malcolm R. McNeil and Patrick J. Doyle
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Apraxia of Speech: Treatment

In the years since Darley (1968) first described apraxia of
speech (AOS) as an articulatory programming disorder
that could not be accounted for by disrupted linguistic or
fundamental motor processes, considerable work has
been done to elucidate the perceptual, acoustic, kine-
matic, aerodynamic, and electromyographic features
that characterize AOS (cf. McNeil, Robin, and Schmidt,
1997; McNeil, Doyle, and Wambaugh, 2000). Explana-
tory models consistent with these observations have been
proposed (Van der Merwe, 1997).

Overwhelmingly, the evidence supports a conceptual-
ization of AOS as a

neurogenic speech disorder caused by inefficiencies in the spec-
ification of intended articulatory movement parameters or
motor programs which result in intra- and interarticulator
temporal and spatial segmental and prosodic distortions. Such
movement distortions are realized as extended segmental, in-
tersegmental transitionalization, syllable and word durations,
and are frequently perceived as sound substitutions, the mis-
assignment of stress, and other phrasal and sentence-level
prosodic abnormalities. (McNeil, Robin, and Schmidt, 1997,
p- 329)

Traditional and contemporary conceptualizations of
the disorder have resulted in specific assumptions re-
garding appropriate tactics and targets of intervention,
and a number of treatment approaches have been pro-
posed that seek to enhance (1) postural shaping and

phasing of the articulators at the segmental and syllable
levels, and (2) segmental sequencing of longer speech
units (Square-Storer and Hayden, 1989).

More recently, arguments supporting the application
of motor learning principles (Schmidt, 1988) for the
purposes of specifying the structure of AOS treatment
sessions have been proposed, based on evidence that
such principles facilitate learning and retention of motor
routines involved in skilled limb movements (Schmidt,
1991). The empirical support for each approach to
treatment is reviewed here.

Enhancing Articulatory Kinematics at the Segmental
Level.  Several facilitative techniques have been recom-
mended to enhance postural shaping and phasing of the
articulators at the segmental and syllable levels and have
been described in detail by Wertz, LaPointe, and Rosen-
bek (1984). These techniques include (1) phonetic deri-
vation, which refers to the shaping of speech sounds
based on corresponding nonspeech postures, (2) pro-
gressive approximation, which involves the gradual
shaping of targeted speech segments from other speech
segments, (3) integral stimulation and phonetic placement,
which employ visual models, verbal descriptions and
physical manipulations to achieve the desired articu-
latory posture, and movement, and (4) minimal pairs
contrasts, which requires patients to produce syllable or
word pairs in which one member of the pair differs min-
imally with respect to manner, place, or voicing features
from the other member of the pair.

Several early studies examined, in isolation or in
various combinations, the effects of these facilitative
techniques on speech production, and reported positive
treatment responses (Rosenbek et al., 1973; Holtzapple
and Marshall, 1977; Deal and Florance, 1978; Thomp-
son and Young, 1983; LaPointe, 1984; Wertz, 1984).
However, most of these studies suffered from method-
ological limitations, including inadequate subject selec-
tion criteria, nonreplicable treatment protocols, and
pre-experimental research designs, which precluded firm
conclusions regarding the validity and generalizability of
the reported treatment effects. Contemporary investiga-
tions have addressed these methodological shortcomings
and support earlier findings regarding the positive effects
of treatment techniques aimed at enhancing articulatory
kinematic aspects of speech at the sound, syllable, and
word levels.

Specifically, in a series of investigations using single-
subject experimental designs Wambaugh and colleagues
examined the effects of a procedurally explicit treatment
protocol employing the facilitative techniques of integral
stimulation, phonetic placement, and minimal pair con-
trasts in 11 well-described subjects with AOS (Wam-
baugh et al., 1996, 1998, 1999; Wambaugh, West, and
Doyle, 1998; Wambaugh and Cort, 1998; Wambaugh,
2000). These studies revealed positive treatment effects
on targeted phonemes in trained and untrained words
for all subjects across all studies, and positive main-
tenance effects of targeted sounds at 6 weeks post-
treatment. In addition, two subjects showed positive
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generalization of trained sounds to novel stimulus con-
texts (i.e., untrained phrases), and one subject showed
positive generalization to untrained sounds within the
same sound class (voiced stops). These results provide
initial experimental evidence that treatment strategics
designed to enhance postural shaping and phasing of
the articulators are efficacious in improving sound
production of treated and untreated words. Further,
there is limited evidence that for some patients and some
sounds, generalization to untrained contexts may be
expected.

Enhancing Segmental Sequencing of Longer Speech
Units. Several facilitative techniques have been recom-
mended to improve speech production in persons with
AQS, based on the premise that the sequencing and co-
ordination of movement parameters required for the
production of longer speech units (and other complex
motor behaviors) are governed by internal oscillatory
mechanisms (Gracco, 1990) and temporal constraints
(Kent and Adams, 1989). Treatment programs and tac-
tics grounded in this framework employ techniques
designed to reduce or control speech rate while enhanc-
ing the natural rhythm and stress contours of the tar-
geted speech unit. The effects of several such specific
facilitative techniques have been studied. These include
metronomic pacing (Shane and Darley, 1978; Dworkin,
Abkarian, and Johns, 1988; Dworkin and Abkarian,
1996; Wambaugh and Martinez, 1999), prolonged
speech (Southwood, 1987), vibrotactile stimulation
(Rubow et al., 1982), and intersystemic facilitation (i.e.,
finger counting) (Simmons, 1978). In addition, the effects
of similarly motivated treatment programs, melodic in-
tonation therapy (Sparks, 2001) and surface prompts
(Square, Chumpelik, and Adams, 1985), have also been
reported.

As with studies examining the effects of techniques
designed to enhance articulatory kinematic aspects of
speech at the segmental level, the empirical evidence
supporting the facilitative effects of rhythmic pacing,
rate control, and stress manipulations on the production
of longer speech units in adults with AOS is limited.
That is, among the reports cited, only five subjects were
studied under conditions that permit valid conclusions
to be drawn regarding the relationship between applica-
tion of the facilitative technique and the dependent
measures reported (Southwood, 1987; Dworkin et al.,
1988; Dworkin and Abkarian, 1996; Wambaugh et al.,
1999). Whereas each of these studies reported positive
results, it is difficult to compare them because of differ-
ences in the severity of the disorder, in the frequency,
duration, and context in which the various facilitative
techniques were applied, in the behaviors targeted for
intervention, and in the extent to which important
aspects of treatment effectiveness (i.e., generalized
effects) were evaluated. As such, the limited available
evidence suggests that techniques that reduce the rate of
articulatory movements and highlight rhythmic and
prosodic aspects of speech production may be efficacious
in improving segmental coordination in longer speech

units. However, until these findings can be systematically
replicated, their generalizability remains unknown.

General Principles of Motor Learning. The contempo-
rary explication of AOS as a disorder of motor planning
and programming has given rise to a call for the appli-
cation of motor learning principles in the treatment of
AOS (McNeil et al., 1997, 2000; Ballard, 2001). The
habituation, transfer, and retention of skilled movements
(i.e., motor learning) and their controlling variables have
been studied extensively in limb systems from the per-
spective of schema theory (Schmidt, 1975). This research
has led to the specification of several principles regarding
the structure of practice and feedback that were found
to enhance retention of skilled limb movements post-
treatment, and greater transfer of treatment effects to
novel movements (Schmidt, 1991). Three such principles
are particularly relevant to the treatment of AOS: (1) the
need for intensive and repeated practice of the targeted
skilled movements, (2) the order in which targeted
movements are practiced, and (3) the nature and sched-
ule of feedback.

With respect to the first of these principles, clinical
management of AOS has long espoused intensive drill of
targeted speech behaviors (Rosenbek, 1978; Wertz et al.,
1984). However, no studies have examined the effects of
manipulating the number of treatment trials on the ac-
quisition and retention of speech targets in AOS, and
little attention has been paid to the structure of drills
used in treatment. That is, research on motor learning
in limb systems has shown that practicing several differ-
ent skilled actions in random order within training ses-
sions facilitates greater retention and transfer of targeted
actions than does blocked practice of skilled movements
(Schmidt, 1991). This finding has been replicated by
Knock et al. (2000) in two adult subjects with AOS in
the only study to date to experimentally manipulate
random versus blocked practice to examine acquisition,
retention, and transfer of speech movements.

The final principle to be discussed concerns the nature
and schedule of feedback employed in the training of
skilled movements. Two types of feedback have been
studied, knowledge of results (KR) and knowledge of
performance (KP). KR provides information only with
respect to whether the intended movement was per-
formed accurately or not. KP provides information re-
garding aspects of the movement that deviate from the
intended action and how the intended action is to be
performed. Schmidt and Lee (1999) argue that KP is
most beneficial during the early stages of training but
that KR administered at low response frequencies pro-
motes greater retention of skilled movements. Both types
of feedback are frequently employed in the treatment
of AOS. Indeed, the facilitative techniques of integral
stimulation and phonetic placement provide the type
of information that is consistent with the concept of
KP. However, these facilitative techniques are most fre-
quently used as antecedent conditions to enhance target
performance, and response-contingent feedback fre-
quently takes the form of KR. The effects of the nature,
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schedule, and timing of performance feedback have not
been systematically investigated in AOS.

In summary, AOS is a treatable disorder of motor
planning and programming. Studies examining the ef-
fects of facilitative techniques aimed at improving pos-
tural shaping and phasing of the articulators at the
segmental level and sequencing and coordination of seg-
ments into long utterances have reported positive out-
comes. These studies are in need of carefully controlled
systematic replications before generalizability can be in-
ferred. Further, the effects of motor learning principles
(Schmidt and Lee, 1999) on the habituation, mainte-
nance, and transfer of speech behaviors require system-
atic evaluation in persons with AOS.

—Patrick J. Doyle and Malcolm R. McNeil
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Aprosodia

Prosody consists of alterations in pitch, stress, and du-
ration across words, phrases, and sentences. These same
parameters are defined acoustically as fundamental fre-
quency, intensity, and timing. It is the variation in these
parameters that not only provides the melodic contour
of speech, but also invests spoken language with linguis-
tic and emotional meaning. Prosody is thus crucial to
conveying and understanding communicative intent.

The term “aprosodia” was first used by Monrad-
Krohn (1947) to describe loss of the prosodic features
of speech. It resurfaced in the 1980s in the work of
Ross and his colleagues to refer to the attenuated use
of and decreased sensitivity to prosodic cues by right
hemisphere damaged patients (Ross and Mesulam, 1979;
Ross, 1981; Gorelick and Ross, 1987).

Prosodic deficits in expression or comprehension can
accompany a variety of cognitive, linguistic, and psychi-
atric conditions, including dysarthria and other motor
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speech disorders, aphasia, chronic alcoholism, schizo-
phrenia, depression, and mania, as well as right hemi-
sphere damage (RHD) (Duffy, 1995; Myers, 1998;
Monnot, Nixon, Lovallo, and Ross, 2001). The term
aprosodia, however, typically refers to the prosodic
impairments that can accompany RHD from stroke,
head injury, or progressive neurologic disease with a
right hemisphere focus. Even the disturbed prosody of
other illnesses, such as schizophrenia, may be the result
of alterations in right frontal and extrapyramidal areas,
areas considered important to prosodic impairment sub-
sequent to RHD (Sweet, Primeau, Fichtner et al., 1998;
Ross et al., 2001).

The clinical presentation of expressive aprosodia is a
flattened, monotonic, somewhat robotic, stilted prosodic
production characterized by reduced variation in proso-
dic features and somewhat uniform intersyllable pause
time. The condition often, but not always, accompanies
flat affect, a more general form of reduced environmen-
tal responsivity, reduced sensitivity to the paralinguistic
features of communication (gesture, body language, fa-
cial expression), and attenuated animation in facial ex-
pression subsequent to RHD. Aprosodia can occur in
the absence of dysarthria and other motor speech dis-
orders, in the absence of depression or other psychiatric
disturbances, and in the absence of motor programming
deficits typically associated with apraxia of speech. Be-
cause it is associated with damage to the right side of
the brain, it usually occurs in the absence of linguistic
impairments (Duffy, 1995; Myers, 1998).

Expressive aprosodia is easily recognized in patients
with flat affect. Deficits in prosodic perception and
comprehension are less apparent in clinical presenta-
tion. It is important to note that receptive and expres-
sive prosodic processing can be differentially affected in
aprosodia.

First observed in the emotional domain, aprosodia
has also been found to occur in the linguistic domain.
Thus, patients may have problems both encoding and
decoding the tone of spoken messages and the intention
behind the message as conveyed through both linguistic
and emotional prosody.

In the acute stage, patients with aprosodia are usually
unaware of the problem until it is pointed out to them.
Even then, they may deny it, particularly if they suffer
from other forms of denial of deficit. Severity of neglect,
for example, has been found to correlate with prosodic
deficits (Starkstein, Federoff, Price et al., 1994). In rare
cases, aprosodia may last for months and even years
when other signs of RHD have abated. Patients with
persistent aprosodia may be aware of the problem but
feel incapable of correcting it.

Treatment of aprosodia is often limited to training
patients to adopt compensatory techniques. Patients
may be taught to attend more carefully to other forms of
emotional expression (e.g., gesture, facial expression)
and to signal mood by explicitly stating their mood to
the listener. There has, however, been at least one report
of successful symptomatic treatment using pitch bio-
feedback and modeling (Stringer, 1996). Treatment has

been somewhat limited by uncertainty about the under-
lying mechanisms of aprosodia. It is not clear the extent
to which expressive aprosodia is a motor problem, a
pragmatic problem, a resource allocation problem, or
some combination of conditions. Similarly, it is not clear
whether receptive aprosodia is due to perceptual inter-
ference in decoding prosodic features, to restricted at-
tention (which may reduce sensitivity to prosodic cues),
or to some as yet unspecified mechanism.

Much of the research in prosodic processing has been
conducted to answer questions about the laterality of
brain function. Subjects with unilateral left or right brain
damage have been asked to produce linguistic and emo-
tional prosody in spontaneous speech, in imitation, and
in reading tasks at the single word, phrase, and sentence
level. In receptive tasks they have been asked to deter-
mine the emotional valence of expressive speech and to
discriminate between various linguistic forms and emo-
tional content in normal and in filtered-speech para-
digms. Linguistic tasks include discriminating between
nouns and noun phrases based on contrastive stress pat-
terns (e.g., greenhouse versus green house); using stress
patterns to identify sentence meaning (Joe gave Ella
flowers versus Joe gave Ella flowers); and identifying
sentence types based on prosodic contour (e.g., the rising
intonation pattern for interrogatives versus the flatter
pattern for declaratives).

The emphasis on laterality of function has helped to
establish that both hemispheres as well as some sub-
cortical structures contribute to normal prosodic pro-
cessing. The extensive literature supporting a particular
role for the right hemisphere in processing content gen-
erated the central hypotheses guiding prosodic laterality
research. The first hypothesis suggests that affective or
emotional prosody is in the domain of the right hemi-
sphere (Heilman, Scholes, and Watson, 1975; Borod,
Koff, Lorch et al., 1985; Blonder, Bowers, and Heilman,
1991). Another hypothesis holds that prosodic cues
themselves are lateralized, independent of their function
(emotional or linguistic) (Van Lancker and Sidtis, 1992).
Finally, lesion localization studies have found that cer-
tain subcortical structures, the basal ganglia in particu-
lar, play a role in prosodic processing (Cancelliere and
Kertesz, 1990; Bradvik, Dravins, Holtas et al., 1991).
Cancelliere and Kertesz (1990) speculated that the basal
ganglia may be important not only because of their role
in motor control, but also because of their limbic and
frontal connections which may influence the expression
of emotion in motor action.

Research findings have varied as a function of task
type, subject selection criteria, and methods of data
analysis. Subjects across and within studies may vary in
terms of time post-onset, the presence or absence of ne-
glect and dysarthria, intrahemispheric site of lesion, and
severity of attentional and other cognitive deficits. With
the exception of site of lesion, these variables have rarely
been taken into account in research design. Data analy-
sis has varied across studies. In some studies it has been
based on perceptual judgments by one or more listeners,
which adds a subjective component. In others, data are
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submitted to acoustic analysis, which affords increased
objective control but in some cases may not match lis-
tener perception of severity of impairment (Ryalls, Joa-
nette, and Feldman, 1987).

In general, acoustic analyses of prosodic productions
by RHD patients supports the theory that prosody is
lateralized according to individual prosodic cues rather
than according to the function prosody serves (emo-
tional versus linguistic). In particular, pitch cues are
considered to be in the domain of the right hemisphere.
Duration and timing cues are considered to be in the
domain of the left hemisphere (Robin, Tranel, and
Damasio, 1990; Van Lancker and Sidtis, 1992; Baum
and Pell, 1997).

Research suggests that reduced pitch variation and a
somewhat restricted pitch range appear to be significant
factors in the impaired prosodic production of RHD
subjects (Colsher, Cooper, and Graff-Radford, 1987;
Behrens, 1989; Baum and Pell, 1997; Pell, 1999a). RHD
patients are minimally if at all impaired in the produc-
tion of emphatic stress. However, they may have an
abnormally flat pitch pattern in declarative sentences,
less than normal variation in pitch for interrogative sen-
tences, and may produce emotionally toned sentences
with less than normal acoustic variation (Behrens, 1988;
Emmory, 1987; Pell, 1999). Pitch variation is crucial
to signaling emotions, which may explain why impaired
production of emotional prosody appears particularly
prominent in aprosodia. Interestingly, in the case of
tonal languages (e.g., Chinese, Thai, and Norwegian) in
which pitch patterns in individual words serve a seman-
tic role, pitch has been found to be a left hemisphere
function (Packard, 1986; Ryalls and Reinvang, 1986;
Gandour et al., 1992).

Prosodic perception or comprehension deficits asso-
ciated with aprosodia tend to follow the pattern found in
production. Non-temporal properties such as pitch
appear to be more problematic than time-dependent
properties such as duration and timing (Divenyi and
Robinson, 1989; Robin et al., 1990; Van Lancker and
Sidtis, 1992). For example, Van Lancker and Sidtis
(1992) found that right- and left-hemisphere-damaged
patients used different cues to identify emotional stimuli.
Patients with RHD tended to base their decisions on
durational cues rather than on fundamental frequency
variability while left-hemisphere-damaged patients did
the opposite. These data suggest a perceptual, rather
than a functional (linguistic versus emotional), impair-
ment. Although a study by Pell and Baum (1997) failed
to replicate these results, the data are supported by data
from dichotic listening and other studies that have
investigated temporal versus time-independent cues such
as pitch information (Chobor and Brown, 1987; Sidtis
and Volpe, 1988; Divenyi and Robinson, 1989; Robin
et al., 1990).

Almost all studies of prosodic deficits have focused on
whether unilateral brain damage produces prosodic def-
icits, rather than describing the characteristics of proso-
dic problems in patients known to have prosodic deficits.
The body of laterality research has established that pro-

sodic deficits can occur in both left as well as right
hemisphere damage, and has furthered our understand-
ing of the mechanisms and differences in prosodic pro-
cessing across the hemispheres. However, the focus on
laterality has had some drawbacks for understanding
aprosodia per se. The main problem is that while sub-
jects in laterality studies are selected for unilateral brain
damage, they are not screened for prosodic impairment.
Thus, the data pool on which we rely for conclusions
about the nature of RHD prosodic deficits consists
largely of subjects with and subjects without prosodic
impairment. The characteristics of aprosodia, its mecha-
nisms, duration, frequency of occurrence in the general
RHD population, and the presence/absence of other
RHD deficits that may accompany it have yet to be
clearly delineated. These issues will remain unclear until
a working definition of aprosodia is established and de-
scriptive studies using that definition as a means of
screening patients are undertaken.

See also PROSODIC DEFICITS, RIGHT HEMISPHERE LAN-
GUAGE AND COMMUNICATION FUNCTIONS IN ADULTS;
RIGHT HEMISPHERE LANGUAGE DISORDER.

— Penelope S. Myers
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Augmentative and Alternative
Communication Approaches in Adults

An augmentative and alternative communication (AAC)
system is an integrated group of components used by
individuals with severe communication disorders to
enhance their competent communication. Competent
communication serves a variety of functions, of which
we can isolate four: (1) communication of wants and
needs, (2) information transfer, (3) social closeness, and
(4) social etiquette (Light, 1988). These four functions
broadly encompass all communicative interactions. An
appropriate AAC system addresses not only basic com-
munication of wants and needs, but also the establish-
ment, maintenance, and development of interpersonal
relationships using information transfer, social closeness,
and social etiquette.

AAC is considered multimodal, and as such it incor-
porates the full communication abilities of the adult. It
includes any existing natural speech or vocalizations,
gestures, formal sign language, and aided communica-
tion. “AAC allows individuals to use every mode possi-
ble to communicate” (Light and Binger, 1998, p. 1).

AAC systems are typically described as high-
technology, low- or light-technology, and no-technology
in respect to the aids used in implementation. High-
technology AAC systems use electronic devices to sup-
port digitized or synthesized communication strategies.
Low- or light-technology systems include items such
as communication boards (symbols), communication
books, and light pointing devices. A no-technology sys-
tem involves the use of strategies and techniques, such as
body movements, gestures, and sign language, without
the use of specific aids or devices.

AAC is used to assist adults with a wide range of
disabilities, including congenital disabilities (e.g., cere-
bral palsy, mental retardation), acquired disabilities
(e.g., traumatic head injury, stroke), and degenerative
conditions (e.g., multiple sclerosis, amyotrophic lateral
sclerosis) (American Speech-Language-Hearing Associ-
ation [ASHA], 1989). Individuals at any point across the
life span and in any stage of communication ability may
use AAC (see the companion entry, AUGMENTATIVE AND
ALTERNATIVE COMMUNICATION APPROACHES IN CHILDREN).

Adults with severe communication disorders benefit
from AAC. ASHA (1991, p. 10) describes these people
as “those for whom natural gestural, speech, and/or
written communication is temporarily or permanently
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inadequate to meet all of their communication needs.”
An important consideration is that ‘“‘although some
individuals may be able to produce a limited amount
of speech, it is inadequate to meet their varied com-
munication needs” (ASHA, 1991, p. 10). AAC may also
be used to support comprehension and cognitive abilities
by capitalizing on residual skills and thus facilitating
communication.

Many adults with severe communication disorders
demonstrate some ability to communicate using natural
speech. Natural speech is more time-efficient and lin-
guistically flexible than other modes (involving AAC).
Speech supplementation AAC techniques (alphabet
and topic supplementation) used in conjunction with
natural speech can provide extensive contextual knowl-
edge to increase the listener’s ability to understand
a message. As the quality of the acoustic signal and
the quality of environmental information improve,
comprehensibility—intelligibility in context—of mes-
sages is enhanced (Lindblom, 1990). Similarly, poor-
quality acoustic signals and poor environmental
information result in a deterioration in message com-
prehensibility. When a speaker experiences reduced
acoustic speech quality, optimizing any available con-
textual information through AAC techniques will in-
crease the comprehensibility of the message. ““Given that
communication effectiveness varies across social sit-
uations and listeners, it is important that individuals who
use natural speech, speech-supplementation, and AAC
strategies learn to switch communication modes de-
pending on the situation and the listener” (Hustad and
Beukelman, 2000, p. 103).

The patterns of communication disorders in adults
vary from condition to condition. Persons with aphasia,
traumatic brain injury, Parkinson’s disease, Guillain-
Barré syndrome, multiple sclerosis, and numerous motor
speech impairments benefit from using AAC (Beukel-
man and Mirenda, 1998). ACC approaches for a few
adult severe communication disorders are described
here.

Amyotrophic lateral sclerosis (ALS) is a disease of
rapid degeneration involving the motor neurons of the
brain and spinal cord that leaves cognitive abilities gen-
erally intact. The cause is unknown, and there is no
known cure. For those whose initial impairments are in
the brainstem, speech symptoms typically occur early in
the disease progression. On average, speech intelligibility
in this (bulbar) group declines precipitously approxi-
mately 10 months after diagnosis. For those whose im-
pairment begins in the lower spine, speech intelligibility
declines precipitously approximately 25 months after di-
agnosis. Some individuals maintain functional speech
much longer. Clinically, a drop in speaking rate predicts
the onset of the abrupt drop in speech intelligibility
(Ball, Beukelman, and Pattee, 2001). As a group, 80% of
individuals with ALS eventually require use of AAC.
Because the drop in intelligibility is so sudden, intelligi-
bility is not a good measure to use in determining the
timing of an AAC evaluation. Rather, because the
speaking rate declines more gradually, an AAC evalua-

tion should be completed when an individual reaches
50% of his or her habitual speaking rate (approximately
100 words per minute) on a standard intelligibility as-
sessment (such as the Sentence Intelligibility Test; York-
ston, Beukelman, and Tice, 1996). Frequent objective
measurement of speaking rate is important to provide
timely AAC intervention. Access to a communication
system is increasingly important as ALS advances
(Mathy, Yorkston, and Gutmann, 2000).

Traumatic brain injury (TBI) refers to injuries to the
brain that involve rapid acceleration and deceleration,
whereby the brain is whipped back and forth in a quick
motion, which results in compromised neurological
function (Levin, Benton, and Grossman, 1982). The goal
of AAC in TBI is to provide a series of communication
systems and strategies so that individuals can communi-
cate at the level at which they are currently functioning
(Doyle et al., 2000). Generally, recovery of cognitive
functioning is categorized into phases (Blackstone,
1989). In the early phase, the person is minimally re-
sponsive to external stimuli. AAC goals include provid-
ing support to respond to one-step motor commands and
discriminate one of an array of choices (objects, people,
locations). AAC applications during this phase include
low-technology pictures and communication boards and
choices of real objects to support communication. In the
middle phase, the person exhibits improved consistency
of responses to external stimuli. It is in this phase that
persons who are unable to speak because of severe cog-
nitive confusion become able to speak. If they do not
become speakers by the end of this phase, it is likely a
result of chronic motor control and language impair-
ments. AAC goals during this phase address providing a
way to indicate basic needs and giving a response
modality that increases participation in the evaluation
and treatment process. AAC intervention strategies
usually involve nonelectronic, low-technology, or no-
technology interventions to express needs. In the late
phase, if the person continues to be nonspeaking, it is
likely the result of specific motor or language impair-
ment. AAC intervention may be complicated by co-
existing cognitive deficits. Intervention goals address
provision of functional ways to interact with listeners in
a variety of settings and to assist the individual to par-
ticipate in social, vocational, educational, and recre-
ational settings. AAC intervention makes use of both
low- and high-technology strategies in this phase of
recovery.

Brainstem stroke (cerebrovascular accident, or CVA)
disrupts the circulation serving the lower brainstem. The
result is often severe dysarthria or anarthria, and re-
duced ability to control the muscles of the face, mouth,
and larynx voluntarily or reflexively. Communication
symptoms vary considerably with the extent of damage.
Some individuals are dysarthric but able to communi-
cate partial or complete messages, while others may be
unable to speak. AAC intervention is typically described
in five stages (Beukelman and Mirenda, 1998). In stage
1, the person exhibits no functional speech. The goal of
intervention is to provide early communication so that
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the person can respond to yes/no questions, initial choice
making, pointing, and introduction of a multipurpose
AAC device. In stage 2, the goal is to reestablish speech
by working directly to develop control over the respira-
tory, phonatory, velopharyngeal, and articulatory sub-
systems. Early in this stage, the AAC system will support
the majority of interactions; however, late in this stage
persons are able to convey an increasing percentage of
messages with natural speech. In stage 3, the person
exhibits independent use of natural speech. The AAC
intervention focuses on intelligibility, with alphabet sup-
plementation used early, but later only to resolve com-
munication breakdowns. In this stage, the use of AAC
may become necessary only to support writing. In stages
4 and 5, the person no longer needs to use an AAC
system.

In summary, adults with severe communication dis-
orders are able to take advantage of increased commu-
nication through the use of AAC. The staging of AAC
interventions is influenced by the individual’s communi-
cation abilities and the natural course of the disorder,
whether advancing, remitting, or stable.

—Laura J. Ball
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Augmentative and Alternative
Communication Approaches in
Children

The acquisition of communication skills is a dynamic,
bidirectional process of interactions between speaker and
listener. Children who are unable to meet their daily
needs using their own speech require alternative sys-
tems to support their communication interaction efforts
(Reichle, Beukelman, and Light, 2001). An augmenta-
tive and alternative communication (AAC) system is an
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integrated group of components used by a child to en-
hance or develop competent communication. It includes
any existing natural speech or vocalizations, gestures,
formal sign language, and aided communication. “AAC
allows individuals to use every mode possible to com-
municate” (Light and Drager, 1998, p. 1).

The goal of AAC support is to provide children with
access to the power of communication, language, and
literacy. This power allows them to express their needs
and wants, develop social closeness, exchange informa-
tion, and participate in social, educational, and com-
munity activities (Beukelman and Mirenda, 1998). In
addition, it provides a foundation for language develop-
ment and facilitates literacy development (Light and
Drager, 2001). Timeliness in implementing an AAC
system is paramount (Reichle, Beukelman, and Light,
2001). The earlier that graphic and gestural mode
supports can be put into place, the greater will be the
child’s ability to advance in communication develop-
ment.

Children experience significant cognitive, linguistic,
and physical growth throughout their formative years,
from preschool through high school. AAC support for
children must address both their current communication
needs as well as predict future communication needs and
abilities, so that they will be prepared to communicate
effectively as they mature. Because participation in the
general classroom requires many kinds of extensive
communication, effective AAC systems that are age ap-
propriate and context appropriate serve as critical tools
for academic success (Sturm, 1998, p. 391). Early inter-
ventions allow children to develop the linguistic, opera-
tional, and social competencies necessary to support
their participation in academic settings.

Many young children and those with severe multiple
disabilities cannot use traditional spelling and reading
skills to access their AAC systems. Very young children,
who are preliterate, have not yet developed reading and
writing skills, while older children with severe cognitive
impairments may remain nonliterate. For individuals
who are not literate, messages within their AAC sys-
tems must be represented by one or more symbols or
codes. With children, early communication develop-
ment focuses on vocabulary that is needed to communi-
cate essential messages and to develop language skills.
Careful analysis of environmental and communication
needs is used to develop vocabulary for the child’s AAC
system. This vocabulary selection assessment includes
examination of the ongoing process of vocabulary and
message maintenance.

The vocabulary needs of children comprise contextual
variations, including school talk, in which they speak
with relatively unfamiliar adults in order to acquire
knowledge. Home talk is used with familiar persons to
meet needs and develop social closeness, as well as to
assist parents in understanding their child. An example
of vocabulary needs is exhibited by preschool children,
who have been found to use generic small talk for nearly
half of their utterances, when in preschool and at home
(Ball et al., 1999). Generic small talk refers to messages

that can be used without change in interaction with a
variety of different listeners. Examples include “Hello’’;
“What are you doing?”’; “What’s that?”’; “I like that!”;
and “Leave me alone!”

Extensive instructional resources are available to
school-age children. In the United States, the federal
government has mandated publicly funded education for
children with disabilities, in the form of the Individuals
with Disabilities Education Act, and provides a legal
basis for AAC interventions. Public policy changes have
been adopted in numerous other countries to address
resources available to children with disabilities.

AAC interventionists facilitate transitions from the
preschool setting to the school setting by ensuring com-
prehensive communication through systematic planning
and establishing a foundation for communication. A
framework for integrating children into general educa-
tion programs may be implemented by following the
participation model (Beukelman and Mirenda, 1998),
which includes four variables that can be manipulated to
achieve appropriate participation for any child. Children
transitioning from preschool to elementary school, self-
contained to departmentalized programs, or school to
post-school (vocational) will attain optimal participation
when consideration is made for integration, social par-
ticipation, academic participation, and independence.
An AAC system must be designed to support literacy
and other academic skill development as well as peer
interactions. It must be appealing to children so that
they find the system attractive and will continue using it
(Light and Drager, 2001).

AAC systems are used by children with a variety of
severe communication disorders. Cerebral palsy is a
developmental neuromuscular disorder resulting from a
nonprogressive abnormality of the brain. Children with
severe cerebral palsy primarily experience motor control
problems that impair their control of their speech mech-
anisms. The resulting motor speech disorder (dysarthria)
may be so severe that AAC technology is required to
support communication. Large numbers of persons with
cerebral palsy successfully use AAC technology (Beu-
kelman, Yorkston, and Smith, 1985; Mirenda and
Mathy-Laikko, 1989). Typically, AAC support is pro-
vided to these children by a team of interventionists. In
addition to the communication/AAC specialist, the pri-
mary team often includes occupational and physical
therapists, technologists, teachers, and parents. A sec-
ondary support team might include orthotists, rehabili-
tation engineers, and pediatric ophthalmologists.

Intellectual disability, or mental retardation, is char-
acterized by significantly subaverage intellectual func-
tioning coexisting with limitations in adaptive skills
(communication, self-care, home living, social skills,
community use, self-direction, health and safety, aca-
demics, leisure, and work) that appear before the age of
18 (Luckasson et al., 1992). For children with commu-
nication impairments, it is important to engage in AAC
instruction and interactions in natural rather than segre-
gated environments. Calculator and Bedrosian noted
that “communication is neither any more nor less than
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a tool that facilitates individuals’ abilities to function
in the various activities of daily living” (1988, p. 104).
Children who are unable to speak because of cognitive
limitations, with and without accompanying physical
impairments, have demonstrated considerable success
using AAC strategies involving high-technology (elec-
tronic devices) and low-technology (communication
boards and books) options (Light, Collier, and Parnes,
1985a, 1985b, 1985¢).

Autism and pervasive developmental disorders are
described with three main diagnostic features: (1) im-
paired social interaction, (2) impaired communication,
and (3) restricted, repetitive, and stereotypical patterns
of behaviors, interests, and activities (American Psy-
chiatric Association, 1994). These disorders occur as
a spectrum of impairments of different causes (Wing,
1996). Children with a pervasive developmental disorder
may have cognitive, social/communicative, language,
and processing impairments. Early intervention with an
emphasis on speech, language, and communication is
extremely important (Dawson and Osterling, 1997). A
range of intervention approaches has been suggested,
and as a result, AAC interventionists may need to work
with professionals whose views differ from their own,
thus necessitating considerable collaboration (Simeons-
son, Olley, and Rosenthal, 1987; Dawson and Osterling,
1997; Freeman, 1997).

Developmental apraxia of speech (DAS) results in
language delays, communication problems that influence
academic performance, communication problems that
limit effective social interaction, and significant speech
production disorder. Children with suspected DAS have
difficulty performing purposeful voluntary movements
for speech (Caruso and Strand, 1999). Their phonologi-
cal systems are impaired because of their difficulties in
managing the intense motor demands of connected
speech (Strand and McCauley, 1999). Children with
DAS have a guarded prognosis for the acquisition of
intelligible speech (Bernthal and Bankson, 1993). DAS-
related speech disorders may result in prolonged periods
of unintelligibility, particularly during the early elemen-
tary grades.

There is ongoing debate over the best way to manage
suspected DAS. Some children with DAS have been
treated with phonologically based interventions and
others with motor learning tasks. Some interventionists
support very intense schedules of interventions. These
arguments have changed little in the last 20 years. How-
ever, the need to provide these children with some means
to communicate so that they can successfully participate
socially and in educational activities is becoming in-
creasingly accepted. Cumley (1997) studied children with
DAS who were provided with AAC technology. He
reported that the group of children with lower speech
intelligibility scores used their AAC technology more
frequently than children with higher intelligibility. When
children with DAS with low intelligibility scores used
AAC technology, they did not reduce their speech ef-
forts, but rather used the technology to resolve commu-
nication breakdowns. The negative effect of reduced
speech intelligibility on social and educational participa-

tion has been documented extensively (Kent, 1993;
Camarata, 1996). The use of AAC strategies to support
the communicative interactions of children with such se-
vere DAS that their speech is unintelligible is receiving
increased attention (Culp, 1989; Cumley and Swanson,
2000).

In summary, children with severe communication
disorders benefit from using AAC systems, from a vari-
ety of perspectives. Children with an assortment of clin-
ical disorders are able to take advantage of increased
communication through the use of AAC. The provi-
sion of AAC intervention is influenced by the child’s
communication abilities and access to memberships.
Membership involves integration, social participation,
academic participation, and ultimately independence. A
web site (http://aac.unl.edu) provides current informa-
tion about AAC resources for children and adults.

—Laura J. Ball
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Autism

The term autism was first used in 1943 by Leo Kanner
to describe a syndrome of “disturbances in affective
contact,” which he observed in 11 boys who lacked the
dysmorphology often seen in mental retardation, but
who were missing the social motivation toward commu-
nication and interaction that is typically present even in
children with severe intellectual deficits. Despite their
obvious impairments in social communication, the chil-
dren Kanner observed did surprisingly well on some
parts of 1IQ tests, leading Kanner to believe they did not
have mental retardation.

Kanner’s observation about intelligence has been
modified by subsequent research. When developmentally
appropriate, individually administered IQ testing is
administered, approximately 80% of people with autism
score in the mentally retarded range, and scores remain
stable over time (Rutter et al., 1994). However, individ-
uals with autism do show unusual scatter in their abili-
ties, with nonverbal, visually based performance often
significantly exceeding verbal skills; unlike the perfor-
mance seen in children with other kinds of retardation,
whose scores are comparable across all kinds of tasks.
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Recent research on the genetics of autism suggests
that there are heritable factors that may convey suscep-
tibility (Rutter et al., 1997). This vulnerability may be
expressed in a range of social, communicative, and cog-
nitive difficulties expressed in varying degrees in parents,
siblings, and other relatives of individuals with autism.

Although genetic factors appear to contribute to some
degree to the appearance of autism, the condition can
also be associated with other medical conditions. Dykens
and Volkmar (1997) reported the following:

+ Approximately 25% of individuals with autism develop
seizures.

+ Tuberous sclerosis (a disease characterized by abnor-
mal tissue growth) is associated with autism with
higher than expected prevalence.

+ The co-occurrence of autism and fragile X syndrome
(the most common heritable form of mental retarda-
tion) is also higher than would be expected by chance.

Autism is considered one of a class of disabilities
referred to as pervasive developmental disorders, ac-
cording to the Diagnostic and Statistical Manual of the
American Psychiatric Association (4th ed., 1994). The
diagnostic criteria for autism are more explicitly stated
in DSM-IV than the criteria for other pervasive devel-
opmental disorders. The criteria for autism are the result
of a large field study conducted by Volkmar et al. (1994).
The field trial showed that the criteria specified in
DSM-1V exhibit reliability and temporal stability. Simi-
lar research on diagnostic criteria for other pervasive
developmental disorders is not yet available.

The primary diagnostic criteria for autism include the
following:

Early onset. Many parents first become concerned at
the end of the first year of life, when a child does not
start talking. At this period of development, children
with autism also show reduced interest in other people;
less use of communicative gestures such as pointing,
showing, and waving; and noncommunicative sound
making, perhaps including echoing that is far in advance
of what can be produced in spontaneous or meaningful
contexts. There may also be unusual preoccupations
with objects (e.g., an intense interest in vacuum cleaners)
or actions (such as twanging rubber bands) that are not
like the preoccupations of other children at this age.

Impairment in social interaction. This is the hallmark
of the autistic syndrome. Children with autism do not
use facial expressions, eye contact, body posture, or ges-
tures to engage in social interaction as other children do.
They are less interested in sharing attention to objects
and to other people, and they rarely attempt to direct
others’ attention to objects or events they want to point
out. They show only fleeting interest in peers, and often
appear content to be left on their own to pursue their
solitary preferred activities.

Impairment in communication. Language and com-
municative difficulties are also core symptoms in
autism. Communicative differences in autism include the
following:

+ Mutism. Approximately half of people with autism
never develop speech. Nonverbal communication, too,
is greatly restricted (Paul, 1987). The range of com-
municative intentions expressed is limited to requesting
and protesting. Showing off, labeling, acknowledging,
and establishing joint attention, seen in normal pre-
verbal children, are absent in this population. Wants
and needs are expressed preverbally, but forms for ex-
pression are aberrant. Some examples are pulling a
person toward a desired object without making eye
contact, instead of pointing, and the use of mala-
daptive and self-injurious behaviors to express desires
(Donnellan et al., 1984). Pointing, showing, and turn-
taking are significantly reduced.

For people with autism who do develop speech, both
verbal and nonverbal forms of communication are
impaired. Forty percent of people with autism exhibit
echolalia, an imitation of speech they have heard—
either immediate echolalia, a direct parroting of speech
directed to them, or delayed echolalia, in which they
repeat snatches of language they have heard earlier,
from other people or on TV, radio, and so on. Both
kinds of echolalia are used to serve communicative
functions, such as responding to questions they do not
understand (Prizant and Duchan, 1981). Echolalia
decreases, as in normal development, with increases in
language comprehension.

A significant delay in comprehension is one of the
strongest distinctions between people with autism and
those with other developmental disabilities (Rutter,
Maywood, and Howlin, 1992). Formal aspects of
language production are on par with developmental
level. Children with autism are similar to mental age—
matched children in the acquisition of rule-governed
syntax, but language development lags behind non-
verbal mental age (Lord and Paul, 1997). Articulation
is on par with mental age in children with autism who
speak; however, high-functioning adults with autism
show higher than expected rates of speech distortions
(Shriberg et al., 2001).

Word use is a major area of deficit in those who
speak (Tager-Flusberg, 1995). Words are assigned to
the same categories that others use (Minshew and
Goldsein, 1993), and scores on vocabulary tests are
often a strength. However, words may be used with
idiosyncratic meanings, and difficulty is seen with
deictic terms (i.e., you/l, here[there), whose meaning
changes, depending on the point of view of the
speaker). This was first thought to reflect a lack of self,
as evidenced by difficulty with saying /. More recent
research suggests that the flexibility required to shift
referents and difficulty assessing others’ state of
knowledge are more likely to account for this obser-
vation (Lee, Hobson, and Chiat, 1994).

Pragmatic, interpersonal uses of language present
the greatest challenges to speakers with autism. The
rate of initiation of communication is low (Stone and
Caro-Martinez, 1990), and speech is often idiosyn-
cratic and contextually inappropriate (Lord and Paul,
1997). Few references are made to mental states, and
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people with autism have difficulty inferring the mental
states of others (Tager-Flusberg, 1995). Deficits are
seen in providing relevant responses or adding new in-
formation to established topics; primitive strategies
such as imitation are used to continue conversations
(Tager-Flusberg and Anderson, 1991).

For individuals at the highest levels of functioning,
conversation is often restricted to obessive interests.
There is little awareness of listeners’ lack of interest in
extended talk about these topics. Difficulty is seen in
adapting conversation to take into account all partic-
ipants’ purposes. Very talkative people with autism are
impaired in their ability to use language in functional,
communicative ways (Lord and Paul, 1997), unlike
other kinds of children with language impairments,
whose language use improves with increased amount
of speech.

Paralinguistic features such as voice quality, into-
nation, and stress are frequently impaired in speakers
with autism. Monotonic intonation is one of the most
frequently recognized aspects of speech in autism. It is
a major contributor to listeners’ perception of oddness
(Mesibov, 1992). The use of pragmatic stress in spon-
taneous speech and speech fluency are also impaired
(Shriberg et al., 2001).

Stereotypic patterns of behavior. Abnormal preoc-
cupations with objects or parts of objects are character-
istic of autism, as is a need for routines and rituals
always to be carried out in precisely the same way.
Children with autism become exceedingly agitated over
small changes in routine. Stereotyped motor behaviors,
such as hand flapping, are also typical but are related to
developmental level and are likely to emerge in the pre-
school period.

Delays in imaginative play. Children with autism are
more impaired in symbolic play behaviors than in other
aspects of cognition, although strengths are seen in con-
structive play, such as stacking and nesting (Schuler,
Prizant, and Wetherby, 1997).

There is no medical or biological profile that can be
used to diagnose autism, nor is there one diagnostic test
that definitely identifies this syndrome. Current assess-
ment methods make use primarily of multidimensional
scales, either interview or observational, that provide
separate documentation of aberrant behaviors in each of
the three areas that are known to be characteristic of
the syndrome: social reciprocity, communication, and
restricted, repetitive behaviors. The most widely used for
research purposes are the Autism Diagnostic Interview
(Lord, Rutter, and Le Conteur, 1994) and the Autism
Diagnostic Observation Scale (Lord et al., 2000).

Until recently, autism was thought to be a rare disor-
der, with prevalence estimates of 4-5 per 10,000 (Lotter,
1966). However, these prevalence figures were based on
identifying the disorder in children who, like the classic
patients described by Kanner, had IQs within normal
range. As it became recognized that the social and com-
municative deficits characteristic of autism could be
found in children along the full range of the 1Q spec-

trum, prevalence estimates rose to 1 per 1000 (Bryson,
1997).

Currently, there is a great deal of debate about inci-
dence and prevalence, particularly about whether inci-
dence is rising significantly. Although clinicians see more
children today who receive a label of autism than they
did 10 years ago, this is likely to be due to a broadening
of the definition of the disorder to include children who
show some subset of symptoms without the full-blown
syndrome. Using this broad definition, current preva-
lence estimates range from 1 in 500 to as low as 1 in 300
(Fombonne, 1999). Although there is some debate about
the precise ratio, autism is more prevalent in males than
in females (Bryson, 1997).

In the vast majority of cases, children with autism
grow up to be adults with autism. Only 1%—2% of cases
have a fully normal outcome (Paul, 1987). The classic
image of the autistic child—mute or echolalic, with
stereotypic behaviors and a great need to preserve
sameness—is most characteristic of the preschool pe-
riod. As children with autism grow older, they gener-
ally progress toward more, though still aberrant, social
involvement. In adolescence, 10%—-35% of children with
autism show some degree of regression (Gillberg and
Schaumann, 1981). Still, with continued intervention,
growth in both language and cognitive skills can be seen
(Howlin and Goode, 1998).

Approximately 75% of adults with autism require
high degrees of support in living, with only about 20%
gainfully employed (Howlin and Goode, 1998). Out-
come in adulthood is related to IQ, with good outcomes
almost always associated with IQs above 60 (Rutter,
Greenfield, and Lockyer, 1967). The development of
functional speech by age 5 is also a strong predictor of
good outcome (DeMyer et al., 1973).

Major changes have taken place in the treatments
used to address autistic behaviors. Although a variety of
pharmacological agents have been tried, and some are
effective at treating certain symptoms (see McDougle,
1997, for a review), the primary forms of treatment for
autism are behavioral and educational. Early interven-
tion, when provided with a high degree of intensity
(at least 20 hours per week), has proved particularly
effective (Rogers, 1996). There is ongoing debate about
the best methods of treatment, particularly for lower
functioning children. There are proponents of operant
applied behavior treatments (Lovaas, 1987), of natural-
istic child-centered approaches (Greenspan and Wieder,
1997), and of approaches that are some hybrid of the
two (Prizant and Wetherby, 1998). Recent innovations
focus on the use of alternative communication systems
(e.g., Bondi and Frost, 1998) and on the use of environ-
mental compensatory supports, such as visual calendars,
to facilitate communication and learning (Quill, 1998).
Although all of these approaches have been shown to be
associated with growth in young children with autism,
no definitive study has yet compared approaches or
measured long-term change.

For higher functioning and older individuals with
autism, most interventions are derived from more
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general strategies used in children with language impair-
ments. These strategies focus on the development of
conversational skills, the use of scripts to support com-
munication, strategies for communicative repair, and
the use of reading to support social interaction (Prizant
et al., 1997). “Social stories,” in which anecdotal narra-
tives are encouraged to support social understanding and
participation, is a new method that is often used with
higher functioning individuals (Gray, 1995).

—Rhea Paul
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Bilingualism, Speech Issues in

In evaluating the properties of bilingual speech, an an-
terior question that must be answered is who qualifies as
bilingual. Scholars have struggled with this question for
decades. Bilingualism defies delimitation and is open to a
variety of descriptions and interpretations. For example,
Bloomfield (1933) required native-like control of two
languages, while Weinreich (1968) and Mackey (1970)
considered as bilingual an individual who alternately
used two languages. Beatens-Beardsmore (1982), ob-
serving a wide range of variations in different contexts,
concluded that it is not possible to formulate a single
neat definition, and stated that bilingualism as a concept
has “open-ended semantics.”

It has long been recognized that bilingual indi-
viduals form a heterogeneous population in that their
abilities in their two languages are not uniform. Al-
though some bilingual speakers may have attained a
native-like production in each language, the great ma-
jority are not balanced between the two languages. The
result is interference from the dominant language.
Whether a child becomes bilingual simultaneously (two
languages are acquired simultaneously) or successively
(one language, generally the home language, is acquired
earlier, and the other language is acquired, for example,
when the child goes to school), it is impossible to rule
out interference. In the former case, this may happen
because of different degrees of exposure to the two lan-
guages; in the latter, the earlier acquired language may
put its imprint on the one acquired later. More children
become bilingual successively, and the influence of one
language on the other is more evident. Yet even here
there is no uniformity among speakers, and the range
of interference from the dominant language forms a
continuum.

The different patterns that a bilingual child reveals in
speech may not necessarily be the result of interference.
Bilingual children, like their monolingual counterparts,
may suffer speech and/or language disorders. Thus,
when children who grow up with more than one lan-
guage produce patterns that are erroneous with respect
to the speech of monolingual speakers, it is crucial to
determine whether these nonconforming patterns are due
to the influence of the child’s other language or are
indications of a speech-language disorder.

To be able to make accurate diagnoses, speech-
language pathologists must use information from inter-
ference patterns, normal and disordered phonological
development in general as well as in the two languages,
and the specific dialect features. In assessing the phono-
logical development of a bilingual child, both languages
should be the focus of attention, and each should be
examined in detail, even if the child seems to be a domi-
nant speaker of one of the languages. To this end, all
phonemes of the languages should be assessed in dif-
ferent word positions, and phonotactic patterns should
be evaluated. Assessment tools that are designed for
English, no matter how perfect they are, will not be
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appropriate for the other language and may be the cause
of over- or underdiagnosis.

Certain cases lend themselves to obvious identifica-
tion of interference. For example, if we encounter in the
English language productions of a Portuguese-English
bilingual child forms like [t[iz] for “tease” and [t[1p] for
“tip,” whereby target [t/ turns into [t[], we can, with
confidence, say that these renditions were due to Portu-
guese interference, as such substitutions are not com-
monly observed in developmental phonologies, and the
change of [t/ to [tf] before [i/ is a rule of Portuguese
phonology.

The decision is not always so straightforward, how-
ever. For example, substitutions may reflect certain
developmental simplification processes that are univer-
sally phonetically motivated and shared by many lan-
guages. If a bilingual child’s speech reveals any such
processes, and if the first language of the child does not
have the opportunities for such processes to surface, then
it would be very difficult to identify the dominant lan-
guage as the culprit and label the situation as one of in-
terference. For example, if a 6-year-old child bilingual in
Spanish and English reveals processes such as final
obstruent devoicing (e.g., [baek] for “bag,” [bet] for
“bed”) and/or deletion of clusters that do not follow so-
nority sequencing ([tap] for ““stop,” [pit] for “spit”), we
cannot claim that these changes are due to Spanish in-
terference. Rather, these processes are among the com-
monly occurring developmental processes that occur in
the speech of children in many languages. However, be-
cause these common simplification processes are usually
suppressed in normally developing children by age 6, this
particular situation suggests a delay or disorder. In this
case, these processes may not have surfaced until age 6
because none of these patterns are demanded by the
structure of Spanish. In other words, because Spanish
has no voiced obstruents in final position and no con-
sonant clusters that do not follow sonority sequencing, it
is impossible to refer to the first language as the expla-
nation. In such instances we must attribute these pat-
terns to universally motivated developmental processes
that have not been eliminated according to the expected
timetable.

We may also encounter a third situation in which
the seemingly clear distinction between interference
and the developmental processes is blurred. This occurs
when one or more of the developmental processes are
also the patterns followed by the first (dominant) lan-
guage. An example is final obstruent devoicing in the
English language productions of a child with German,
Russian, Polish, or Turkish as the first language. Al-
though final obstruent devoicing is a natural process
that even occurs in the early speech of monolingual
English-speaking children, it is also a feature of the lan-
guages listed. Thus, the result is a natural tendency that
receives extra impetus from the rule of the primary sys-
tem. Other examples that could be included in the same
category would be consonant cluster reduction in chil-
dren whose primary language is Japanese, Turkish, or
Finnish, and single obstruent coda deletion in children

whose primary language is Japanese, Italian, Spanish, or
Portuguese.

Besides the interference patterns and common devel-
opmental processes, speech-language pathologists must
be watchful for some unusual (idiosyncratic) processes
that are observed in children (Grunwell, 1987; Dodd,
1993). Processes such as unusual cluster reduction, as in
[ren] for train (instead of the expected [ten]), fricative
gliding, as in [wig] for fig, frication of stops, as in [veen]
for ban, and backing, as in [pzk] for pat, may occur in
children with phonological disorders.

Studies that have examined the phonological patterns
in normally developing bilingual children (Gildersleeve,
Davis, and Stubbe, 1996) and bilingual children with a
suspected speech disorder (Dodd, Holm, and Wei, 1997)
indicate that children in both groups exhibit patterns
different from matched, monolingual peers. Compared
with their monolingual peers, normally developing bi-
lingual children and bilingual children with phonological
disorders had a lower overall intelligibility rating, made
more errors overall, distorted more sounds, and pro-
duced more uncommon error patterns. As for the differ-
ence between normally developing bilingual children and
bilingual children with phonological disorders, it appears
that children with phonological disorders manifest more
common simplification patterns, suppress such patterns
over time more slowly, and are likely to have uncommon
processes.

As speech-language pathologists become more adept
at differentiating common and uncommon phonological
patterns and interference patterns in bilingual children,
they will also need to consider not only the languages of
the client, but also the specific dialects of those lan-
guages. Just as there are several varieties of English
spoken in different countries (e.g., British, American,
Australian, South African, Canadian, Indian) and even
within one country (New England variety, Southern
variety, General American, and African American Ver-
nacular in the United States), other languages also show
dialectal variation. Because none of these varieties or
dialects of a given language is or can be considered a
disordered form of that language, the child’s dialectal
information is essential. Any assessment of the child’s
speech must be made with respect to the norm of the
particular variety she or he is learning. Not accounting
for dialect features may either result in the misdiagnosis
of a phonological disorder or escalate the child’s severity
rating.

Last but definitely not least is the desperate need for
information on phonological development in bilingual
children and assessment procedures unique to these in-
dividuals. Language skills in bilingual persons have al-
most always been appraised in reference to monolingual
standards (Grosjean, 1992). Accordingly, a bilingual
child is assessed with two procedures, one for each
language, that are designed to evaluate monolingual
speakers of these languages. This assumes that a bilin-
gual individual is two monolingual individuals in one
person. However, because of the constant interaction of
the two languages, each phonological system of a bilin-
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gual child may, and in most cases will, not necessarily be
acquired in a way identical to that of a monolingual
child (Watson, 1991).

In order to characterize bilingual phonology accu-
rately, detailed information on both languages being
acquired by the children is indispensable. However, data
on the developmental patterns in two languages sepa-
rately would not be adequate, as information on phono-
logical development in bilingual children is the real key
to understanding bilingual phonology. Because bilingual
speakers’ abilities in the two languages vary immensely
from one individual to another, developing assessment
tools for phonological development is a huge task, per-
haps the biggest challenge for the field.

See also BILINGUALISM AND LANGUAGE IMPAIRMENT.

—Mehmet Yavas
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Developmental Apraxia of Speech

Developmental apraxia of speech (DAS) is a devel-
opmental speech disorder frequently defined as difficulty
in programming of sequential speech movements based
on presumed underlying neurological differences. Theo-
retical constructs motivating understanding of DAS
have been quite diverse. Motor-based or pre-motor
planning speech output deficits (e.g., Hall, Jordon, and
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Robin, 1993), phonologically based deficits in represen-
tation (e.g., Velleman and Strand, 1993), or deficits in
neural tissue with organizational consequences (e.g.,
Crary, 1984; Sussman, 1988) have been posited. Reflect-
ing these varied views of causality, a variety of terms
have been employed: developmental apraxia of speech,
developmental verbal dyspraxia, and developmental
articulatory dyspraxia. Clinically, DAS has most often
been defined by exclusion from functional speech disor-
der or delay using a complex of behavioral symptoms
(e.g., Stackhouse, 1992; Shriberg, Aram, and Kwiat-
kowski, 1997).

The characterization of DAS was originally derived
from apraxia of speech in adults, a disorder category
based on acquired brain damage resulting in difficulty in
programming speech movements (Broca, 1861). Morley,
Court, and Miller (1954) first applied the term dyspraxia
to children based on a proposed similarity in behavioral
correlates with adult apraxic symptoms. A neurological
etiology was implied by the analogy but has not been
conclusively delineated, even with increasingly sophisti-
cated instrumental techniques for understanding brain-
behavior relations (see Bennett and Netsell, 1999;
LeNormand et al., 2000). Little coherence and consensus
is available in this literature at present. In addition, de-
spite nearly 40 years of research, differential diagnostic
correlates and range of severity levels characterizing
DAS remain imprecisely defined. Guyette and Deidrich
(1981) have suggested that DAS may not be a theoreti-
cally or clinically definable entity, as current empirical
evidence does not produce any behavioral symptom not
overlapping with other categories of developmental
speech disorder or delay. In addition, no currently
available theoretical constructs specifically disprove
other possible theories for the origins of DAS (see Davis,
Jakielski, and Marquardt, 1998). In contrast to devel-
opmental disorder categories such as hearing impair-
ment or cleft palate, lack of a link of underlying cause or
theoretical base with behavioral correlates results in an
“etiological” disorder label with no clearly established
basis. Evidence for a neurological etiology for DAS is
based on behavioral correlates that are ascribed to a
neurological basis, thus achieving a circular argument
structure for neural origins (Marquardt, Sussman, and
Davis, 2000).

Despite the lack of consensus on theoretical motiva-
tion, etiology, or empirical evidence precisely defining
behavioral correlates, there is some consensus among
practicing clinicians as well as researchers (e.g., Shriberg,
Aram, and Kwiatkowski, 1997) that DAS exists. It thus
represents an incompletely understood disorder that
poses important challenges both to practicing clinicians
and to the establishment of a consistent research base
for overall understanding. An ethical differential diag-
nosis for clinical intervention and research investiga-
tions should, accordingly, be based on awareness of the
current state of empirically established data regarding
theories and behavioral correlates defining this disorder.
Cautious application of the diagnostic label should be
the norm, founded on a clear understanding of positive
benefits to the client in discerning long-term prognosis,

appropriate decisions regarding clinical intervention,
and valid theory building to understand the underlying
nature of the disorder. Use of DAS as an “umbrella term
for children with persisting and serious speech difficulties
in the absence of obvious causation, regardless of the
precise nature of their unintelligibility”” (Stackhouse,
1992, p. 30) is to be avoided. Such practice continues
to cloud the issue of precise definition of the pres-
ence and prevalence of the disorder in child clinical
populations.

Accordingly, a review of the range of behavioral cor-
relates presently in use is of crucial importance to careful
definition and understanding of DAS. The relationship
of behavioral correlates to differential diagnosis from
“functional” speech disorder or delay is of primary im-
portance to discriminating DAS as a subcategory of
functional speech disorder. If no single defining charac-
teristic or complex of characteristics emerges to define
DAS, the utility of the label is seriously questionable for
either clinical or research purposes. In every instance,
observed behaviors need to be evaluated against devel-
opmental behaviors appropriate to the client’s chrono-
logical age. In the case of very young clients, the
differential diagnosis of DAS is complicated (Davis
and Velleman, 2000). Some listed characteristics may
be normal aspects of earliest periods of speech and
language development (e.g., predominant use of simple
syllable shapes or variability in production patterns
at the onset of meaningful speech; see Vihman, 1997,
for a review of normal phonetic and phonological
development).

Before the clinical symptoms presently employed to
define DAS are outlined, specific issues with available
research will be reviewed briefly. It should be empha-
sized that behavioral inclusion criteria are not con-
sistently reported and differing criteria are included
across studies. Criteria for inclusion in studies then be-
come recognized symptoms of involvement, achieving a
circularity that is not helpful for producing valid char-
acterization of the disorder (Stackhouse, 1992). Subject
ages vary widely, from preschoolers (Bradford and
Dodd, 1996) to adults (Ferry, Hall, and Hicks, 1975).
Some studies include control populations of functional
speech disorders for differential diagnosis (Stackhouse,
1992; Dodd, 1995); others do not (Horowitz, 1984).
Associated language and praxis behaviors are included
as differential diagnostic correlates in some studies
(Crary and Towne, 1984), while others explicitly exclude
these deficits (e.g., Hall, Jordon, and Robin, 1993). Se-
verity is not reported consistently. When it is reported,
the basis for assigning severity judgments is inconsistent
across studies. A consequence of this inconsistency is
lack of consensus on severity level appropriate to the
DAS label. In some reports, the defining characteristic is
severe and persistent disorder (e.g., Shriberg, Aram, and
Kwiatkowski, 1997). In other reports (e.g., Thoonen
et al., 1997), a continuum of severity is explored. In the
latter conceptualization, DAS can manifest as mild,
moderate, or severe speech disorder.

Despite the foregoing critique, the large available
literature on DAS suggests some consensus on behav-
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ioral correlates that should be evaluated in establishing a
differential diagnosis. The range of expression of these
characteristics, although frequently cited, has not been
specified quantitatively. Accordingly, these behaviors
should not be considered definitive but suggestive of
directions for future research as well as guidelines for the
practicing clinician based on emerging research.

Exclusionary criteria for a differential diagnosis have
been suggested in the areas of peripheral motor and
sensory function, cognition, and receptive language. Ex-
clusionary criteria frequently noted include (1) no peri-
pheral organic disorder (e.g., cleft palate), (2) no sensory
deficit (i.e., in vision or hearing), (3) no peripheral muscle
weakness or dysfunction (e.g., dysarthria, cerebral palsy),
(4) normal IQ, and (5) normal receptive language.

Phonological and phonetic correlates have also been
listed. Descriptive terminology varies from phonetic
(e.g., Murdoch et al., 1995) to phonological (Forrest and
Morrisette, 1999; Velleman and Shriberg, 1999) accord-
ing to the theoretical perspective of the researcher, com-
plicating understanding of the nature of the disorder and
comparison across studies. In addition, behavioral cor-
relates have been established across studies with highly
varied subject pools and differing exclusionary criteria.
The range of expression of symptoms is not established
(i.e., what types and severity of suprasegmental errors
are necessary or sufficient for the diagnosis?). Some
characteristics are in common with functional disorders
and thus do not constitute a differential diagnostic char-
acteristic (i.e., how limited does the consonant or vowel
repertoire have to be to express DAS?). In addition,
not all symptoms are consistently reported as being
necessary to a diagnosis of DAS (e.g., not all clients
show ““groping postures of the articulators’’). Long-term
persistence of clinical symptoms in spite of intensive
therapy has also frequently been associated with DAS.
Phonological/phonetic correlates reported include (1)
limited consonant and vowel phonetic inventory, (2)
predominant use of simple syllable shapes, (3) frequent
omission of errors, (4) a high incidence of vowel errors,
(5) altered suprasegmental characteristics (including rate,
pitch, loudness, and nasality), (6) variability and lack of
consistent patterning in speech output, (7) increased
errors on longer sequences, (8) groping postures, and (9)
lack of willingness or ability to imitate a model.

Co-occurring characteristics of DAS in several related
areas have also been mentioned frequently. However,
co-occurrence may be optional for a differential diagno-
sis, because these characteristics have not been con-
sistently tracked across available studies. Co-occurring
characteristics frequently cited include (1) delays in gross
and fine motor skills, (2) poor volitional oral nonverbal
skills, (3) inconsistent diadokokinetic rates, (4) delay in
syntactic development, and (5) reading and spelling
delays.

Clearly, DAS is a problematic diagnostic category
for both research and clinical practice. Although it has
long been a focus of research and a subject of intense
interest to clinicians, little consensus exists on definition,
etiology, and characterization of behavioral or neural
correlates. Circularity in the way in which etiology and

behavioral correlates have been described and studied
does not lend to precision in understanding DAS. Re-
search utilizing consistent subject selection criteria is
needed to begin to link understanding of DAS to ethical
clinical practices in assessment and intervention and to
elucidate the underlying causes of this disorder.

See also MOTOR SPEECH INVOLVEMENT IN CHILDREN.

—Barbara L. Davis
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Dialect, Regional

Dialects or language varieties are a result of systematic,
internal linguistic changes that occur within a language.
Unlike accents, in which linguistic changes occur mainly
at the phonological level, dialects reflect structural
changes in phonology, morphology, and syntax, as well
as lexical or semantic changes. The degree of mutual
intelligibility that a speaker’s language has with a des-
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ignated standard linguistic system is often used to dis-
tinguish dialect from language. Mutual intelligibility
means that speakers of one dialect can understand
speakers of another dialect.

Although the construct of mutual intelligibility is fre-
quently employed to differentiate dialect from language,
there are counterexamples. On one hand, speakers may
have the same language, but the dialects may not be
mutually intelligible. For example, Chinese has a num-
ber of dialects, such as Cantonese and Mandarin, each
spoken in different geographical regions. Although Can-
tonese and Mandarin speakers consider these dialects,
the two lack mutual intelligibility since those who speak
only Cantonese do not easily understand those who
speak only Mandarin, and vice versa. On the other hand,
speakers may produce different languages but have mu-
tual intelligibility. For instance, Norwegian, Swedish,
and Danish are thought of as different languages, yet
speakers of these languages can easily understand one
another.

A dialect continuum or dialect continua may account
for lack of mutual intelligibility in a large territory. A
dialect continuum refers to a distribution of sequentially
arranged dialects that progressively change speech or
linguistic forms across a broad geographical area. Some
speech shifts may be subtle, others may be more dra-
matic. Assume widely dispersed territories are labeled
towns A, B, C, D, and E and are serially adjacent to one
another, thereby creating a continuum. B is adjacent to
A and C, C is adjacent to B and D, and so on. There will
be mutual intelligibility between dialects spoken in A
and B, between B and C, between C and D, and between
D and E. However, the dialects of the two towns at the
extremes, A and E, may not be mutually intelligible,
owing to the continuous speech and language shifts that
have occurred across the region. It is also possible that
some of the intermediate dialects, such as B and D, may
not be mutually intelligible.

Because different conditions influence dialects, it is
not easy to discriminate dialect precisely from language.
Using mutual intelligibility as a primary marker of dis-
tinction should be considered relative to the territories of
interest. For example, in the United States, the concept
of mutual intelligibility appears valid, whereas it is not
completely valid in many other countries.

Dialects exist in all languages and are often discussed
in terms of social or regional varieties. Social dialects
represent a speaker’s social stratification within a given
society or cultural group. Regional dialects are asso-
ciated with geographical location or where speakers live.
Regional and social dialects may co-occur within lan-
guage patterns of the same speaker. In other words, so-
cial and regional dialects are not mutually exclusive.

Regional dialects constitute a unique cluster of lan-
guage characteristics that are distributed across a speci-
fied geographical area. Exploration of regional dialectal
systems is referred to as dialectology, dialect geography,
or linguistic geography. For many years, dialects spoken
in cities were thought of as prestigious. Therefore, in
traditional dialect studies, data were mainly collected in
rural areas. Surveys, questionnaires, and interview tech-

niques were used as primary mechanisms of data col-
lection. A field worker would visit an area and talk to
residents using predetermined elicitation techniques that
would encourage the speaker to produce the distinctive
items of interest. The field worker would then manually
note whether the individual’s speech contained the dis-
tinctive linguistic features of interest. These methods
generated a number of linguistic atlases that contained
linguistic maps displaying geographical distributions of
language characteristics.

Data were used to determine where a selected set of
features was produced and where people stopped using
this same set of features. The selected features could in-
clude vocabulary, specific sounds, or grammatical forms.
Lines, or isoglosses, were drawn on a map to indicate the
existence of specific features. When multiple isoglosses,
or a bundle of isoglosses, surround a specific region, this
is used to designate dialect boundaries. The bundle of
isoglosses on a linguistic map would indicate that people
on one side produced a number of lexical items and
grammatical forms that were different from the speech of
those who lived outside the boundary. Theoretically, the
dialect was more distinctive, with a greater amount of
bundling.

After the 1950s, audio and, eventually, video record-
ings were made of speakers in designated regions.
Recordings allow a greater depth of analysis because
they can be repeatedly replayed. Concurrent with these
technological advances, there was increased interest in
urban dialects, and investigators began to explore di-
versity of dialects within large cities, such as Boston,
Detroit, New York, and London. Technological devel-
opments also led to more quantitative studies. Strong
statistical analysis (dialectometry) has evolved since the
1970s and allows the investigator to explore large data
sets with large numbers of contrasts.

Several factors contribute to the formation of regional
dialects. Among these factors are settlement and migra-
tion patterns. For instance, regional English varieties
began to appear in the United States as speakers immi-
grated from different parts of Britain. Speakers from the
eastern region of England settled in New England, and
those from Ulster settled in western New England and in
Appalachia. Each contributed different variations to the
region in which they settled.

Regional dialect formation may also result from
the presence of natural boundaries such as mountains,
rivers, and swamps. Because it was extremely difficult to
traverse the Appalachian mountain range, inhabitants of
the mountains were isolated and retained older English
forms that contributes some of the unique characteristics
of Appalachian English. For example, the morphologi-
cal a-prefix in utterances such as “He come a-running”
or “She was a-tellin’ the story” appears to be a retention
from older forms of English that were prevalent in the
seventeenth century.

Commerce and culture also play important roles in
influencing regional dialects, as can be observed in the
unique dialect of people in Baltimore, Maryland.
Speakers of “Bawlamerese” live in “Merlin” (Mary-
land), whose state capitol is “Napolis” (Annapolis),
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located next to “Warshnin” (Washington, D.C.), and
refer to Bethlehem Steel as “Bethlum.” Because the
“Bethlum” mill, located in Fells Point, has been a pri-
mary employer of many individuals, language has
evolved to discuss employment. Many will say they work
“down a point” or “down a mill,” where the boss will
“har and far” (hire and fire) people. While most people
working “down a point” live in “Dundock” (Dundalk),
some may live as far away as “Norf Abnew” (North
Avenue), “Habberdy Grace” (Harve de Grace), or even
“Klumya” (Columbia).

Two other types of geolinguistic variables are often
associated with regional dialects. One variable is a set of
linguistic characteristics that are unique to a geographi-
cal area or that occur only in that area. For instance,
unique to western Pennsylvania, speakers say ‘“‘youse”
(you singular), ““yens” (you plural) and “yens boomers”
(a group of people). The second variable is the frequency
of occurrence of regional linguistic characteristics in a
specific geographic area. For example, the expression
“take ’er easy” is known throughout the United States,
but mainly used in central and western Pennsylvania.

—Adele Proctor
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Dysarthrias: Characteristics and
Classification

The dysarthrias are a group of neurological disorders
that reflect disturbances in the strength, speed, range,
tone, steadiness, timing, or accuracy of movements nec-
essary for prosodically normal, efficient and intelligible
speech. They result from central or peripheral nervous
system conditions that adversely affect respiratory, pho-
natory, resonatory, or articulatory speech movements.
They are often accompanied by nonspeech impairments
(e.g., dysphagia, hemiplegia), but sometimes they are the
only manifestation of neurological disease. Their course
can be transient, improving, exacerbating-remitting,
progressive, or stationary.

Endogenous or exogenous events as well as genetic
influences can cause dysarthrias. Their neurological
bases can be present congenitally or they can emerge
acutely, subacutely, or insidiously at any time of life.
They are associated with many neurological conditions,

but vascular, traumatic, and degenerative diseases are
their most common cause in most clinical settings; neo-
plastic, toxic-metabolic, infectious, and inflammatory
causes are also possible.

Although incidence and prevalence are not precisely
known, dysarthria often is present in a number of fre-
quently occurring neurological diseases, and it probably
represents a significant proportion of all acquired neu-
rological communication disorders. For example, ap-
proximately one-third of people with traumatic brain
injury may be dysarthric, with nearly double that preva-
lence during the acute phase (Sarno, Buonaguro, and
Levita, 1986; Yorkston et al., 1999). Dysarthria proba-
bly occurs in 50%—-90% of people with Parkinson’s dis-
ease, with increased prevalence as the disease progresses
(Logemann et al., 1978; Mlcoch, 1992), and it can be
among the most disabling symptoms of the disease in
some cases (Dewey, 2000). Dysarthria emerges very fre-
quently during the course of amyotrophic lateral sclero-
sis (ALS) and may be among the presenting symptoms
and signs in over 20% (Rose, 1977; Gubbay et al., 1985).
It occurs in 25% of patients with lacunar stroke (Arboix
and Marti-Vilata, 1990). In a large tertiary care center,
dysarthria was the primary communication disorder in
46% of individuals with any acquired neurological dis-
ease seen for speech-language pathology evaluation over
a 4-year period (Duffy, 1995).

The clinical diagnosis is based primarily on auditory
perceptual judgments of speech during conversation,
sentence repetition, and reading, as well as performance
on tasks such as vowel prolongation and alternating
motion rates (AMRs; for example, repetition of “puh,”
“tuh,” and “kuh” as rapidly and steadily as possible).
Vowel prolongation permits judgments about respira-
tory support for speech as well as the quality, pitch, and
duration of voice. AMRs permit judgments about the
rate and rhythm of repetitive movements and are quite
useful in distinguishing among certain dysarthria types
(e.g., they are typically slow but regular in spastic dys-
arthria, but irregular in ataxic dysarthria). Visual and
physical examination of the speech mechanism at rest
and during nonspeech responses (e.g., observations of
asymmetry, weakness, atrophy, fasciculations, adventi-
tious movements, pathological oral reflexes) and in-
formation from instrumental measures (e.g., acoustic,
endoscopic, videofluorographic) often provide confirma-
tory diagnostic evidence.

Dysarthria severity can be indexed in several ways,
but quantitative measures usually focus on intelligibility
and speaking rate. The most commonly used intelligibil-
ity measures are the Computerized Assessment of Intel-
ligibility in Dysarthric Speakers (Yorkston, Beukelman,
and Traynor, 1984) and the Sentence Intelligibility Test
(Yorkston, Beukelman, and Tice, 1996), but other mea-
sures are available for clinical and research purposes
(Enderby, 1983; Kent et al., 1989).

A wide variety of acoustic, physiological, and ana-
tomical imaging methods are available for assessment.
Some are easily used clinically, whereas others are pri-
marily research tools. Studies using them have often
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yielded results consistent with predictions about patho-
physiology from auditory-perceptual classification, but
discrepancies that have been found make it clear that
correspondence between perceptual attributes and phys-
iology cannot be assumed (Duffy and Kent, 2001).
Methods that show promise or that already have refined
what we understand about the anatomical and phys-
iological underpinnings of the dysarthrias include
acoustic, kinematic, and aerodynamic methods, elec-
tromyography, electroencephalography, radiography,
tomography, computed tomography, magnetic reso-
nance imaging, functional magnetic resonance imaging,
positron emission tomography, single-photon emission
tomography, and magnetoencephalography (McNeil,
1997; Kent et al., 2001).

The dysarthrias can be classified by time of onset,
course, site of lesion, and etiology, but the most widely
used classification system in use today is based on the
auditory-perceptual method developed by Darley,
Aronson, and Brown (1969a, 1969b, 1975). Often re-
ferred to as the Mayo Clinic system, the method iden-
tifies dysarthria types, with each type representing a
perceptually distinguishable grouping of speech charac-
teristics that presumably reflect underlying pathophysi-
ology and locus of lesion. The following summarizes the
major types, their primary distinguishing perceptual
attributes, and their presumed underlying localization
and distinguishing neurophysiological deficit.

Flaccid dysarthria is due to weakness in muscles
supplied by cranial or spinal nerves that innervate res-
piratory, laryngeal, velopharyngeal, or articulatory
structures. Its specific characteristics depend on which
nerves are involved. Trigeminal, facial, or hypoglossal
nerve lesions are associated with imprecise articulation
of phonemes that rely on jaw, face, or lingual movement.
Vagus nerve lesions can lead to hypernasality or weak
pressure consonant production when the pharyngeal
branch is affected or to breathiness, hoarseness, dip-
lophonia, stridor, or short phrases when the laryngeal
branches are involved. When spinal respiratory nerves
are affected, reduced loudness, short phrases, and alter-
ations in breath patterning for speech may be evident. In
general, unilateral lesions and lesions of a single nerve
produce relatively mild deficits, whereas bilateral lesions
or multiple nerve involvement can have devastating
effects on speech.

Spastic dysarthria is usually associated with bilateral
lesions of upper motor neuron pathways that innervate
relevant cranial and spinal nerves. Its distinguishing
characteristics are attributed to spasticity, and they often
include a strained-harsh voice quality, slow rate, slow
but regular speech AMRs, and restricted pitch and
loudness variability. All components of speech produc-
tion are usually affected.

Ataxic dysarthria is associated with lesions of the
cerebellum or cerebellar control circuits. Its distinguish-
ing characteristics are attributed primarily to inco-
ordination, and they are perceived most readily in
articulation and prosody. Characteristics often include
irregular articulatory breakdowns, irregular speech

AMRs, inappropriate variations in pitch, loudness, and
duration, and sometimes excess and equal stress across
syllables.

Hypokinetic dysarthria is associated with basal gan-
glia control circuit pathology, and its features seem
mostly related to rigidity and reduced range of motion.
Parkinson’s disease is the prototypic disorder associated
with hypokinetic dysarthria, but other conditions can
also cause it. Its distinguishing characteristics include
reduced loudness, breathy-tight dysphonia, monopitch
and monoloudness, and imprecise and sometimes rapid,
accelerating, or “‘blurred” articulation and AMRs. Dys-
fluency and palilalia also may be apparent.

Hyperkinetic dysarthria is also associated with basal
ganglia control circuit pathology. Unlike hypokinetic
dysarthria, its distinguishing characteristics are a prod-
uct of involuntary movements that interfere with in-
tended speech movements. Its manifestations vary across
several causal movement disorders, which can range
from relatively regular and slow (tremor, palatophar-
yolaryngeal myoclonus), to irregular but relatively sus-
tained (dystonia), to relatively rapid and predictable or
unpredictable (chorea, action myoclonus, tics). These
movements may be a nearly constant presence, but
sometimes they are worse during speech or activated
only during speech. They may affect any one or all levels
of speech production, and their effects on speech can be
highly variable. Distinguishing characteristics usually
reflect regular or unpredictable variability in phrasing,
voice, articulation, or prosody.

Unilateral upper motor neuron dysarthria has an ana-
tomical rather than pathophysiological label because it
has received little systematic study. It most commonly
results from stroke affecting upper motor neuron path-
ways. Because the damage is unilateral, severity usually
is rarely worse than mild to moderate. Its characteristics
often overlap with varying combinations of those asso-
ciated with flaccid, spastic, or ataxic dysarthria (Duffy
and Folger, 1996; Hartman and Abbs, 1992).

Mixed dysarthrias reflect combinations of two or
more of the single dysarthria types. They occur more
frequently than any single dysarthria type in many clini-
cal settings. Some diseases are associated only with a
specific mix; for example, flaccid-spastic dysarthria is the
only mix expected in ALS. Other diseases, because the
locus of lesions they cause is less predictable (e.g., mul-
tiple sclerosis, traumatic brain injury), may be associated
with virtually any mix. The presence of mixed dysarthria
is very uncommon or incompatible with some diseases
(e.g., myasthenia gravis is associated only with flaccid
dysarthria), so sometimes the presence of a mixed dys-
arthria can make a particular disease an unlikely cause
or raise the possibility that more than a single disease is
present.

Because of their potential to inform our understand-
ing of the neural control of speech, and because their
prevalence in frequently occurring neurological diseases
is high and their functional effects are significant, dys-
arthrias draw considerable attention from clinicians and
researchers. The directions of clinical and more basic
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research are broad, but many current efforts are aimed
at the following: refining the differential diagnosis and
indices of severity; delineating acoustic and physiological
correlates of dysarthria types and intelligibility; more
precisely establishing the relationships among perceptual
dysarthria types, neural structures and circuitry, and
acoustic and pathophysiological correlates; and devel-
oping more effective treatments for the underlying
impairments and functional limitations imposed by
them. Advances are likely to come from several dis-
ciplines (e.g., speech-language pathology, speech science,
neurology) working in concert to integrate clinical,
anatomical, and physiological observations into a co-
herent understanding of the clinical disorders and their
underpinnings.
See also DYSARTHRIAS: MANAGEMENT.

—Joseph R. Duffy
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Dysarthrias: Management

Dysarthria is a collective term for a group of neurologi-
cal speech disorders caused by damage to mechanisms
of motor control in the central or peripheral nervous
system. The dysarthrias vary in nature, depending on
the particular neuromotor systems involved. Conse-
quently, a number of issues are considered when devising
a management approach for a particular patient. These
issues include the type of dysarthria (reflecting the under-
lying neuromuscular status), the physiological processes
involved, severity, and the expected course.
Management of the dysarthrias is generally focused
on improving the intelligibility and naturalness of
speech, or on helping the speaker convey more commu-

nicative intent using speech plus the environment, con-
text, and augmentative aids. Intelligibility refers to the
degree to which the listener is able to understand the
acoustic signal (Kent et al., 1989). Comprehensibility
refers to the dynamic process by which individuals con-
vey communicative intent, using the acoustic signal plus
all information available from the environment (York-
ston, Strand, and Kennedy, 1996). In conversational
interaction, listeners take advantage of environmental
cues such as facial expression, gestures, the situation, the
topic, and so on. As the acoustic speech signal becomes
more degraded, contextual information becomes more
critical for maintaining comprehensibility.

Decisions regarding whether to focus treatment on
intelligibility or on comprehensibility depend largely
on the severity of the dysarthria. Management for
mildly dysarthric individuals focuses on improving in-
telligibility and naturalness. Individuals with moderate
levels of severity benefit from both intelligibility and
comprehensibility approaches. Finally, management of
very severe dysarthria often focuses on augmentative
communication.

Management focus also depends on whether the dys-
arthria is associated with a condition in which physio-
logical recovery is likely to occur (e.g., cerebrovascular
accident) versus one in which the dysarthria is likely to
get progressively worse (e.g., amyotrophic lateral sclero-
sis [ALS]). For patients with degenerative diseases such
as ALS, early treatment may focus on maintaining in-
telligibility. Later in the disease progression, the focus of
treatment is less on the acoustic signal and more on
communicative interaction, maximizing listener support
and environmental cues, allowing the patient to continue
to use speech for a much longer period of time before
having to use augmentative and alternative commu-
nication. Yorkston (1996) provides a comprehensive
review of the treatment efficacy literature for the dys-
arthrias associated with a number of different neurolog-
ical disorders.

Intelligibility

Deficits in intelligibility vary according to the type of
dysarthria as well as the relative contribution of the basic
physiological mechanisms involved in speech: respira-
tion, phonation, resonance, and articulation. Medical
(e.g., surgical, pharmacological), prosthetic (e.g., palatal
lift), and behavioral interventions are used to improve
the function of those physiological systems.

Behavioral intervention for respiratory support fo-
cuses on achieving and maintaining a consistent sub-
glottal air pressure level, allowing adequate loudness and
length of breath groups (Yorkston et al., 1999). Methods
to improve respiratory support (Netsell and Daniel,
1979; Hixon, Hawley, and Wilson, 1982) often involve
having the speaker blow and maintain target levels of
water pressure (i.e., 5 cm H,O) for 5 seconds. Sustained
phonation tasks are also used, giving the speaker feed-
back on maintained loudness. Finally, individuals are
encouraged to produce sentences with appropriate
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phrase lengths, focusing on maintaining adequate respi-
ratory pressure. In each case, the clinician works to focus
the speaker’s attention and effort toward taking in more
air and using more force with exhaled air. Occasion-
ally speakers may release too much airflow during
speech. Netsell (1995) has suggested the use of inspir-
atory checking, in which patients are taught to use the
inspiratory muscles to counter the elastic recoil forces of
the respiratory system. For individuals who exhibit dis-
coordination (e.g., ataxic dysarthria), respiratory treat-
ment is focused on helping the speaker consistently
initiate phonation at appropriate inspiratory lung vol-
ume levels, taking the next breath at the appropriate
phrase boundary, given the expiratory lung volume
level.

Laryngeal system impairment frequently results in
either hypophonia, in which the vocal folds do not
achieve adequate closure for phonation (as in flaccid
dysarthria, or the hypokinetic dysarthria that accom-
panies Parkinson’s disease), or hyperphonia, in which
the vocal folds exhibit too much closure (as in spastic
dysarthria). Individuals with lower motor neuron deficits
involving the laryngeal muscles may benefit from surgi-
cal intervention either to medialize the vocal fold or to
augment the bulk of the fold. The most common proce-
dure for medialization is a type I thyroplasty, often with
arytenoid adduction (Isshiki, Okamura, and Ishikawa,
1975; Nasseri and Maragos, 2000). Teflon and autoge-
nous fat are also used to increase the bulk of a paralyzed
or atrophied fold (Heikki, 1998). Patients with myas-
thenia gravis are typically successfully treated with anti-
cholinesterase drugs or with a thymectomy. This medical
management usually results in improvement in their
voice and vocal fatigue.

Behavioral treatment for hypophonia focuses on
increasing glottal closure, but it also requires that the
patient maximize respiratory pressures. For mild weak-
ness, exercises to increase the patient’s awareness of effi-
cient glottal adduction, without extraneous supraglottic
tension, are helpful. Effort closure techniques such as
pushing and grunting may maximize vocal fold adduc-
tion (Rosenbek and LaPoint, 1985). The Lee Silver-
man Voice Therapy Program (Ramig et al., 1995, 1996)
has been shown to be efficacious for individuals with
Parkinson’s disease and is a commonly used therapy
technique to reduce the hypophonic aspects of their
dysarthria.

Treatment of phonation due to laryngeal spasticity
is difficult, and behavioral intervention typically is
not successful for this group of patients. Techniques to
facilitate head and neck relaxation as well as laryngeal
relaxation, strategies to maximize efficiency of the respi-
ratory system, and the use of postural control may be
helpful. Patients with phonatory deficits due to laryngeal
dystonia pose similar problems. Medical management,
such as botulinum toxin injection, is frequently used to
improve the vocal quality of individuals with spasmodic
dysphonia and laryngeal dystonias.

Behavioral approaches to the treatment of resonance
problems focus on increasing the strength and function

of the soft palate, but researchers and clinicians disagree
as to their effectiveness. Kuehn and Wachtel (1994) sug-
gest the use of continuous positive airway pressure in a
resistance exercise program to strengthen the velopha-
ryngeal muscles. A common prosthetic approach is to
use a palatal lift, which is a rigid appliance that covers
the hard palate and extends along the surface of the soft
palate, raising it to the pharyngeal wall. Palatal lifts
should be considered for patients who are consistently
unable to achieve velopharyngeal closure and who have
relatively isolated velopharyngeal impairment.

Treatment focused on improving articulation often
uses the hierarchical practice of selected syllable, words
and phrases (Robertson, 2001). However, because artic-
ulatory imprecision may be due to reduced respiratory
support, velopharyngeal insufficiency, or rate control,
the treatment of articulation is not always focused on
improving the place and manner of articulatory con-
tacts. When specific work on improving articulatory
function is warranted, behavioral approaches involve
focusing the speaker’s attention on increased effort for
bigger and stronger movements. Compensatory strat-
egies such as using a different place of articulation or
exaggerating selected articulatory movements may be
used (DeFao and Schaefer, 1983). The use of minimal
contrasts (tie/sigh) or intelligibility drills (having the
speaker produce a carefully selected set of stimulus
words) focus the speaker’s attention on making specific
sound contrasts salient and clear. Strength training is
sometimes advocated, but only when the speaker is ha-
bitually generating less force than is necessary for speech
and has the capacity to increase strength with effort.
Strengthening is most appropriate for speakers with
flaccid dysarthria; it is contraindicated for patients with
disorders such as myasthenia gravis, in which muscular
activity causes increasing weakness, and for patients
with degenerative disorders such as ALS.

Surgical and medical management may also improve
articulation. Neural anastomosis is sometimes used to
improve function to a damaged nerve, usually the sev-
enth cranial nerve (Daniel and Guitar, 1978). Botulinum
toxin has been used to improve speech in speakers with
orofacial and mandibular dystonias (Schulz and Ludlow,
1991). Although pharmacological treatment is frequently
used to decrease limb spasticity, its effects on articulation
are less clear (Duffy, 1995). Medications to decrease
tremor or chorea sometimes help improve speech by
reducing the extraneous movement.

Rate control is frequently the focus of treatment for
dysarthric individuals. Yorkston et al. (1999) point out
that this variable alone may result in the most dramatic
changes in speech intelligibility for some individuals.
Rate control is most effective for individuals with hypo-
kinetic or ataxic dysarthria, but it may be appropriate
for individuals with other types of dysarthria as well.
Rate reduction improves intelligibility by facilitating
increased precision of movement through the full range,
by facilitating more appropriate breath group units, and
by allowing listeners more time to process the degraded
acoustic signal.
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Behavioral approaches are geared toward slowing the
rate by increasing consonant and vowel duration, in-
creasing interword interval durations, and increasing
pause time at phrasal boundaries, while working to
avoid any diminution in speech naturalness. Instrumen-
tation can also be helpful in rate control. In delayed au-
ditory feedback, the speaker’s own voice is fed back to
the speaker through earphones after an interval delay.
This technique typically slows the rate of speech and
improves intelligibility. Visual biofeedback is used to fa-
cilitate the speaker’s use of pause time and to slow the
rate. Oscilloscopes can provide real-time feedback re-
garding rate over time. Computer screens can be used
that cue the speaker to a target rate and mark the loca-
tion of pauses (Beukelman, Yorkston, and Tice, 1997).

Comprehensibility

When there is evidence that the individual is able to im-
prove respiratory, phonatory, articulatory, or resonating
aspects of speech through behavioral, prosthetic, or
medical management, intelligibility is the primary focus
of management. However, as the severity of dysarthria
increases, management focuses more on the communi-
cation interaction between the dysarthric speaker and his
or her communicative partners. Management strategies
are designed to help the listener maximize the use of
context to improve ability to understand even a very
degraded acoustic signal. Such strategies include being
sure to have the listener’s attention, making eye contact,
providing (or asking for) the topic, signaling topic
changes, reducing environmental noise, using simple but
complete grammatical constructs, using predictable
wording, adding gestures if possible, and using alphabet
board supplementation. Also important is to adopt a
consistent strategy for communication repair that is
agreed upon by both speaker and listener. By working
on communication interaction between speaker and lis-
tener, the dysarthric individual is often able to continue
to use speech as a primary mode of communication.

See also DYSARTHRIAS: CHARACTERISTICS AND CLASSI-
FICATION.

—FEdythe A. Strand
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Dysphagia, Oral and Pharyngeal

“Dysphagia” is an impaired ability to swallow. Dys-
phagia can result from anatomic variation or neuro-
muscular impairment anywhere from the lips to the
stomach. Although some investigators choose to con-
sider the voluntary oral preparatory stage of deglutition
as a separate stage, swallowing is traditionally described
as a three-stage event (oral, pharyngeal, and esopha-
geal). Historically, research as well as evaluation and
treatment of dysphagia were directed primarily toward
the esophageal stage, which is generally treated by a
gastroenterologist. However, over the past few decades,
speech-language pathologists have become increasingly
responsible for the research in, as well as the diagnosis
and treatment of, the oral and pharyngeal aspects of
deglutition.

The neuroanatomical substrate of dysphagia reflects
lower motor neuron innervation by cranial nerves V,
VII, IX, X, and XII. Dysphagia can result from uni-
lateral or bilateral cortical insult. Within the cortex,
primary sites that contribute to deglution include the
premotor cortex, primary motor cortex, primary soma-
tosensory cortex, insula, and the ventroposterior medial
nucleus of the thalamus (Alberts et al., 1992; Daniels,
Foundas, Iglesia, et al., 1996; Daniels and Foundas,
1997). Other portions of the cortical system have also
been found to be active during swallowing (Hamdy et
al., 1999, 2001; Martin et al., 2001).

Dysphagia is associated with an increased risk of
developing malnutrition and respiratory complications
such as aspiration pneumonia. In a study by Schmidt
et al. (1994), the odds ratio that pneumonia would de-
velop was 7.6 times greater for stroke patients who were
identified as aspirators than for stroke patients who did
not aspirate. Furthermore, the odds ratio of dying was
9.2 times greater for patients who aspirated thickened
viscosities than for those who did not aspirate or who
aspirated only thin fluids. Davalos et al. (1996) studied
the effects of dysphagia on nutritional status in stroke
patients who had similar nutritional status at the time of
hospital admission. One week after the stroke, 48.3%
of patients who developed dysphagia while in the hospi-
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Table 1. Clinical Signs Suggestive of Dysphagia in Adults

Difficulty triggering the swallow

Difficulty managing oral secretions, with or without drooling

Abnormal or absent laryngeal elevation during swallow
attempts

Choking or coughing during or after intake of food or liquid

Wet-sounding cough

Wet, gurgly voice quality

Decreased oral sensation

Weak sign of the cough

Prolonged oral preparation with food

Inability to clear the mouth of food after intake

Absent gag reflex

Food or liquid leaking from a tracheostomy site

Fullness or tightness in the throat (globus sensation)

Food or liquid leaking from the nose

Regurgitation of food

Sensation of food sticking in the throat or sternal region

Xerostomia (dry mouth)

Odynophagia (pain on swallowing)

Repeated incidents of upper respiratory infections with or
without a diagnosis of aspiration pneumonia

Tightness or pain in the chest, particularly after eating or
when lying down

Heartburn or indigestion

Unintended weight loss not related to disease

tal were malnourished, while only 13.6% of patients
without dysphagia were malnourished. In a study of the
nutritional status of patients admitted to a rehabilitation
service, 65% of patients admitted with stroke and dys-
phagia were malnourished (Finestone et al., 1995).

Inadequate nutrition negatively affects the ability of
the immune system to fight disease and contributes to the
development of respiratory and cardiac insufficiency, the
formation of decubitus ulcers, and impaired gastro-
intestinal function. The already comprised patient can
become increasingly comprised, which prolongs the hos-
pital length of stay and increases medical costs.

Certain clinical signs help to alert health care pro-
viders to the likely presence of dysphagia. Table 1 lists
commonly observed clinical signs that are suggestive of
dysphagia in the adult population. The absence of any or
all of these signs does not indicate that a patient has a
safe swallow or that the patient is able to ingest an ade-
quate number of calories by mouth to remain properly
nourished. For example, a diminished or absent gag has
not been found to distinguish aspirators from non-
aspirators (Horner and Massey, 1988). Many of these
signs can be indicative of a serious medical illness.
Therefore, patients who exhibit these signs and who have
not been seen by a physician should be referred for
medical examination.

Although clinical indicators have been found to have
a relationship to laryngeal penetration, a significant
number of patients who aspirate do so with no clinical
indication. The incidence of silent aspiration is very
high, and the difficulty of detecting it is suggested by the
following: (1) Discriminant analysis of 11 clinical indi-
cators resulted in identification of the presence of aspi-
ration in only 66% of patients (Linden, Kuhlemeier, and
Patterson, 1993). (2) In a heterogeneous group of 1101

patients with dysphagia, 276 (59%) of the 469 patients
who aspirated were found to have silent aspiration
(Smith et al., 1999). (3) When 47 stroke patients with
mixed sites of lesions were examined, 24 (51%) of the
patients were found to aspirate; of those 24 patients, 11
(46%) were silent aspirators (Horner and Massey, 1988).
(4) In a study of 107 patients in a rehabilitation facility,
43 (40%) were found to aspirate on videofluoroscopic
examination; however, clinical evaluation identified only
18 (42%) of the aspirators (Splaingard et al., 1988). Be-
cause of the additional expense encountered in caring for
patients with respiratory or nutritional complications,
studies such as these support the argument that money,
as well as life, can be saved when patients are properly
evaluated.

Dysphagia can occur at any age across the life span.
Among young adults, traumatic brain injury is a not
uncommon cause of acquired dysphagia, whereas elderly
individuals are more likely to acquire dysphagia as a
result of illness. However, young adults are also suscep-
tible to the same causes of dysphagia as the elderly.
Neurological disorders take a particular toll: it has been
estimated that 300,000-600,000 persons per year experi-
ence dysphagia secondary to neurological disorders, and
the greatest percentage of these experience dysphagia
secondary to stroke (Doggett et al., 2001). After stroke
and neurological disease, the most frequent causes of
dysphagia in adults include muscle disease, head and
neck surgery, radiation to the head and neck, dementia,
motor end-plate disease, traumatic brain injury, systemic
disease, cervical spine disease, medication effects, and
senescent changes in the sensorimotor system.

Evaluation and Treatment

There are various methods for studying the swallow. The
choice of method for a particular patient depends on the
information that is sought. When a patient is first seen,
the assessment begins with a clinical examination (Perl-
man et al., 1991). The clinical examination provides im-
portant information that assists in the decision-making
process, but it is not intended to identify the underlying
variables that result in difficulty with oral intake. Fur-
thermore, this examination provides no information rel-
ative to the pharyngeal stage of the swallow and does
not elicit adequate information to determine proper
therapy. Therefore, the clinician will turn to one or more
imaging modalities or other specific techniques.

Videofluoroscopy is the most frequently used assess-
ment technique because it provides the most complete
body of information. Interpretation of this examination
is performed after observation of no less than two dozen
events within the oral cavity, pharynx, and larynx. For
most patients, this is the only instrumental procedure
that will be performed.

Endoscopy permits the examiner to evaluate the
status of vocal fold function, the extent of vallecular or
pyriform sinus stasis, and the presence of spillover or of
delayed initiation of the pharyngeal stage of the swallow
(Langmore, Schatz, and Olsen, 1988; Aviv et al., 2000).
Additionally, the view of velar function is superior to
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that obtained with videofluoroscopy. Information relat-
ing to the oral stage of deglutition, the extent of eleva-
tion of the hyoid bone, or information on the larynx or
pharynx during the moment of swallow is not observed
with endoscopy.

Ultrasound allows for observation of the motion of
the tongue (Sonies, 1991). Additionally, the shadow
reflected from the hyoid bone permits the examiner to
observe and to measure the displacement of the hyoid.
The advantages to using ultrasound for assessing the
oral stage of the swallow are the absence of exposure to
ionizing radiation and the fact that the parent can hold
an infant or small child and feed the child a familiar
food while the examination is being performed. The in-
formation obtainable with ultrasound is restricted to the
oral stage of deglutition. When a small child has a tra-
cheotomy tube, it is often extremely difficult to obtain a
good ultrasound image, because the tracheostomy tube
prohibits good transducer placement.

Muscle paralysis is best determined with intramuscu-
lar electromyography (Cooper and Perlman, 1997; Perl-
man et al., 1999). In the examination of swallowing, it is
advisable to use bipolar hooked wire electrodes, because
needle electrodes can cause discomfort and the subject
may alter the swallowing pattern.

Respirodeglutometry (RDG) is a method for assess-
ing the coordination of respiration and deglutition
(Perlman, Ettema, and Barkmeier, 2000). This technique
is presently being investigated to determine the physio-
logical correlates of RDG output and to determine
changes in the respiratory-swallowing pattern as a func-
tion of age and various medical diagnoses.

Decisions regarding behavioral, medical, or surgical
intervention are made once the evaluation has been
completed. Therapeutic intervention is determined as a
function of the anatomical and physiological observa-
tions that were made during the evaluation process.
Specific treatments are beyond the scope of this discus-
sion but can be found in textbooks listed in Further
Readings.

—Adrienne L. Perlman
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Early Recurrent Otitis Media and
Speech Development

Otitis media can be defined as inflammation of the
middle ear mucosa, resulting from an infectious process
(Scheidt and Kavanagh, 1986). When the inflammation
results in the secretion of effusion, or liquid, into the
middle ear cavity, the terms otitis media with effusion
(OME) and middle ear effusion (MEE) are often used.
Middle ear effusion may be present during the period of
acute inflammation (when it is known as acute otitis
media), and it may persist for some time after the acute
inflammation has subsided (Bluestone and Klein,
1996a).

The prevalence of OME in young children is remark-
ably high. OME has been described as one of the most
common infectious diseases of childhood (Bluestone and
Klein, 1996a) and evidence from several large studies
supports this conclusion. For example, in a prospective
epidemiologic study of 2253 children enrolled by age 2
months, Paradise et al. (1997) reported that nearly 80%
of children had at least one episode of OME by 12
months of age; more than 90% had an episode by age 24
months. The mean cumulative percentage of days with
MEE was 20.4% between 2 and 12 months of age, and
16.6% between 12 and 24 months. Low socioeconomic
status, male sex, and amount of exposure to other chil-
dren were associated with an increased prevalence of
OME during the first 2 years of life (Paradise et al.,
1997).

The literature addressing the hypothesis that early
recurrent OME poses a threat to children’s speech and
language development is large and contentious (for
reviews, see Stool et al., 1994; Shriberg, Flipsen, et al.,
2000). OME has been reported to result in adverse

effects, no effects, and small beneficial effects (e.g., Shri-
berg, Friel-Patti, et al., 2000), sometimes within the same
study. Substantive methodological differences may ac-
count for much of the disparity in findings, with the
method by which OME is diagnosed in different studies
being critically important. The gold standard for diag-
nosing OME is an examination of the tympanic mem-
brane via pneumatic otoscopy, after any necessary
removal of cerumen, to determine whether indicators of
effusion such as bulging, retraction, bubbling, or abnor-
mal mobility are present (Stool et al., 1994; Bluestone
and Klein, 1996b). Behavioral symptoms such as irrita-
bility are neither sensitive nor specific to the condition,
and the validity of parental judgments concerning the
frequency or duration of episodes of OME is poor even
when repeated feedback is provided (Anteunis et al.,
1999). In addition, it is important that OME be docu-
mented prospectively rather than via retrospective re-
ports or chart reviews, because a substantial percentage
of apparently healthy and symptom-free children are
found to have OME on otoscopic assessment (Bluestone
and Klein, 1996a).

A second important difference among studies of
OME and speech development is the extent to which
hearing levels are documented. The hypothesis that
OME poses a threat to speech or language development
is typically linked to the assumption that effusion causes
conductive hearing loss, which prevents children from
perceiving and processing speech input in the usual
fashion (e.g., K. Roberts, 1997). However, the presence
of effusion is a poor predictor of hearing loss. Although
hearing thresholds for the majority of children with
MEE fall between 21 and 30 dB (mild to moderate
degrees of impairment), thresholds from 0 to 50 dB are
not uncommon (Bess, 1986). Hearing thresholds must be
measured directly to determine whether OME has effects
on development independent of its variable effects on
hearing (e.g., Shriberg, Friel-Patti, et al., 2000).

Studies also vary with respect to their ability to sepa-
rate the contribution of OME to poor developmental
outcome from the effects of other variables with which
OME is known to be associated, such as sex and socio-
economic status. As noted earlier, OME is significantly
more prevalent in males than in females, and in children
from less privileged backgrounds than in their more
privileged counterparts (Paradise et al., 1997; Peters
et al., 1997). Statistical procedures are necessary to con-
trol for such confounding in order to distinguish the
effects of OME from those of other variables. Several
recent studies have shown that after controlling for so-
cioeconomic confounds, OME accounts for little if any
of the variance in developmental outcome measures
(e.g., J. E. Roberts et al., 1998; Paradise et al., 2000).

Finally, studies have also differed substantially in the
measures used to document the outcome variable of
speech development and in the extent to which effect
sizes for significant differences on outcome measures are
reported (cf. Casby, 2001). No accepted standard metric
for speech delay or disorder currently exists, although
the Speech Disorders Classification System developed by
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Shriberg et al. (1997) represents an important advance
toward meeting this need. Instead, the effects of OME
on speech have been sought on a wide range of articu-
latory and phonological measures, not all of which are
known to be predictive of eventual speech outcome (e.g.,
Rvachew et al., 1999).

When these cautions are borne in mind, the literature
on early recurrent otitis media and speech development
suggests converging evidence that OME in and of itself
has a negligible relationship to early speech develop-
ment. Several prospective investigations have shown
little or no relationship between cumulative duration of
otitis media (documented otoscopically) and measures of
speech production in otherwise healthy children. In a
longitudinal study of 55 low-SES children, J. E. Roberts
et al. (1988) found no correlation between OME and
number of consonant errors or phonological processes
on a single-word test of articulation at ages 3, 4, 5, 6, 7,
or 8 years. Shriberg, Friel-Patti, et al. (2000) examined
ten speech measures derived from spontaneous speech
samples obtained from 70 otherwise healthy, middle
to upper middle class 3-year-olds who were classified
according to the number of episodes of OME from 6 to
18 months of age; only one significant speech difference
was found, in which the group with more OME para-
doxically obtained higher intelligibility scores than the
group with fewer bouts of OME. Paradise et al. (2000)
likewise found no relationship between cumulative du-
ration of MEE and scores on the Percentage of Con-
sonants Correct—Revised measure (PCC-R; Shriberg,
1993) in 241 sociodemographically diverse children at
age 3 years. Paradise et al. (2001) reported that PCC-R
scores from children with even more persistent MEE
from 2 to 36 months of age did not differ significantly
from those of children with the less persistent levels of
effusion reported by Paradise et al. (2000). Further,
children with persistent and substantial MEE who were
randomly assigned to undergo prompt tympanostomy
tube placement had no better PCC-R scores at age 3
than children who underwent tube placement after a
delay of 6-9 months, during which their MEE persisted
(Paradise et al., 2001). These findings of little or no
relationship between OME and speech development
mirror those of several recent reports showing negli-
gible associations between early OME and later oral
and written language performance (Peters et al., 1997,
Casby, 2001).

By contrast with these negative findings concerning
the impact of OME, several studies in which hearing was
documented showed poorer speech outcomes for chil-
dren with elevated hearing thresholds. In a sample of 70
middle to upper middle class 3-year-olds who received
otoscopic evaluations every 6 weeks and hearing evalu-
ations every 6 months between 6 and 18 months of age,
Shriberg, Friel-Patti, et al. (2000) reported that children
with hearing loss, defined as average thresholds >20 dB
(HL) during one evaluation between 6 and 18 months of
age, had a significantly increased risk of scoring more
than 1.3 standard deviations below the sample mean on
several percentage-consonants-correct metrics. Shriberg
et al. note the need for some caution in interpreting these

findings, given that increased risk was not found across
all speech metrics and that confidence intervals for risk
estimates were wide. In addition, the results of structural
equation modeling suggested that hearing loss did not
operate directly to lower speech performance, but rather
was mediated significantly by language performance,
providing another indication of the need for multi-
factorial approaches to identifying the factors and
pathways involved in normal and abnormal speech
development.

Although the best available current evidence sug-
gests that OME itself does not represent a significant risk
to speech development in otherwise healthy children,
the question of whether OME may contribute inde-
pendently to outcome when it occurs in conjunction with
other risk factors or health conditions (e.g., Wallace
et al., 1996; J. E. Roberts et al., 1998; Shriberg, Flipsen,
et al., 2000) remains open. Additional investigations that
include prospective otoscopic diagnosis of OME; fre-
quent and independent assessments of hearing; valid,
reliable assessments of both medical and sociodemo-
graphic risk factors; and a multifactorial analytic strat-
egy will be needed to answer this question.

See also OTITIS MEDIA: EFFECTS ON CHILDREN’S
LANGUAGE.

— Christine Dollaghan and Thomas Campbell
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Laryngectomy

Total laryngectomy is a surgical procedure to remove
the larynx. Located in the neck, where it is commonly
referred to as the Adam’s apple, the larynx contains the
vocal folds for production of voice for speech. Addi-
tionally, the larynx serves as a valve during swallowing
to prevent food and liquids from entering the airway and
lungs. When a total laryngectomy is performed, the pa-
tient loses his or her voice and must breathe through an
opening created in the neck called a tracheostoma.

Total laryngectomy is usually performed to remove
advanced cancers of the larynx, most of which arise from
prolonged smoking or a combination of tobacco use and
alcohol consumption. Laryngeal cancers account for less
than 1% of all cancers. About 10,000 new cases of la-
ryngeal cancer are diagnosed each year in the United
States, with a male-female ratio approximately 4 to 1
(American Cancer Society, 2000). The Surveillance,
Epidemiology and End Results (SEER) program of the
National Cancer Institute (Ries et al., 2000) reports that
laryngeal cancer rates rise sharply in the fifth, sixth, and
first half of the seventh decades of life (Casper and Col-
ton, 1998). The typical person diagnosed with cancer
of the larynx is a 60-year-old man who is a heavy smoker
with moderate to heavy alcohol intake (Casper and
Colton, 1998). Symptoms of laryngeal cancer vary,
depending on the exact site of the disease, but persistent
hoarseness is common. Other signs include lowered
pitch, sore throat, a lump in the throat, a lump in the
neck, earache, difficulty swallowing, coughing, difficulty
breathing, and audible breathing (National Cancer In-
stitute, 1995). It is estimated that there are 50,000 lar-
yngectomees (laryngectomized people) living in the
United States today.

As a treatment of laryngeal cancer, total laryngec-
tomy is a proven technique to control disease. The pri-
mary disadvantages of total laryngectomy are the loss of
the vocal folds that produce voice for speech and the
need for a permanent tracheostomy for breathing. Be-
fore the introduction of the extended partial laryngec-
tomy, patients with cancer of the larynx were treated
primarily with total laryngectomy (Weber, 1998). To-
day, early and intermediate laryngeal cancers can be
cured with conservation operations that preserve voice,
swallowing, and nasal breathing, and total laryngectomy
is performed only in cases of very advanced cancers that
are bilateral, extensive, and deeply invasive (Pearson,
1998). Radiation therapy is often administered before or
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after total laryngectomy. In addition, radiation therapy
alone and sometimes in combination with chemotherapy
has proved to be curative treatment for laryngeal cancer,
depending on the site and stage of the disease (Chyle,
1998). Controversy and research continue over nonsur-
gical versus surgical intervention or a combination of
these for advanced laryngeal cancer, weighing the issues
of survival, preservation of function, and quality of life
(Weber, 1998).

A person with laryngeal cancer and the family mem-
bers have many questions about survival, treatment
options, and the long-term consequences and outcomes
of various treatments. An otolaryngologist is the physi-
cian who usually diagnoses cancer of the larynx and
provides information about possible surgical interven-
tions. A radiation oncologist is a physician consulted for
opinions about radiation and chemotherapy approaches
to management. If the patient decides to have a total
laryngectomy, a speech pathologist meets with the pa-
tient and family before the operation to provide in-
formation on basic anatomy and physiology of normal
breathing, swallowing, and speaking, and how these will
change after removal of the larynx (Keith, 1995). Also,
the patient is informed that, after a period of recovery
and rehabilitation, and with a few modifications, most
laryngectomized people return to the same vocational,
home, and recreational activities they participated in
prior to the laryngectomy.

Besides voicelessness, laryngectomized persons expe-
rience other changes. Since the nasal and oral tracts
filter the air as well as provide moisture and warmth in
normal breathing, laryngectomees often require an envi-
ronment with increased humidity, and they may wear
heat- and moisture-exchanging filters over their trache-
ostoma to replicate the functions of nasal and oral
breathing (Grolman and Schouwenberg, 1998). There is
no concern for aspiration of food and liquids into the
lungs after total laryngectomy, because the respiratory
and digestive tracts are completely separated and no
longer share the pharynx as a common tract. Unless the
tongue is surgically altered or extensive pharyngeal or
esophageal reconstruction beyond total laryngectomy is
performed, most laryngectomees return to a normal diet
and have few complaints about swallowing other than
that it may require additional effort (Logemann, Pau-
loski, and Rademaker, 1997).

There are nonspeech methods of communicating that
can be used immediately after total laryngectomy. These
include writing on paper or on a slate, pointing to letters
or words or pictures on a speech or communication
board, gesturing with pantomimes that are universally
recognizable, using e-mail, typing on portable keyboards
or speech-generating devices, and using life-line emer-
gency telephone monitoring systems. None of these
methods of communicating is as efficient or as personal
as one’s own speech.

A common fear of the laryngectomee is that he or she
will never be able to speak without vocal folds. There
are several methods of alaryngeal (without a larynx)
speech. Immediately or soon after surgery, a laryngec-

tomized person can make speech movements with the
tongue and lips as before the surgery, but without voice.
This silent speech is commonly referred to as “mouthing
words” or ‘“‘whispering”’; however, unlike a normal
whisper, air from the lungs does not move through
the mouth after a laryngectomy. The effectiveness of
the technique is variable and depends largely on the
laryngectomee’s ability to precisely articulate speech
movements and the ability of others to recognize or
“read” them.

Artificial larynges have been used since the first
recorded laryngectomy in 1873 (Billroth and Gussen-
bauer, 1874). Speech with an artificial larynx, also
known as an electrolarynx, can be an effective method of
communicating after laryngectomy, and many people
can use one of these instruments as early as a day or two
after surgery. Most modern instruments are battery
powered and produce a mechanical tone. Usually the
device is pressed against the neck or under the chin at a
location where it produces the best sound, and the per-
son articulates this “voice” into speech. If the neck is too
swollen after surgery or the skin is hard as a result of
radiation therapy, the tone of the artificial larynx may
not be conducted into the throat sufficiently for produc-
tion of speech. In this circumstance it may be possible to
use an oral artificial larynx with a plastic tube to place
the tone directly into the mouth, where it is articulated
into speech. Speech with an artificial larynx has a sound
quality that is mechanical, yet a person who uses an
artificial larynx well can produce intelligible speech in
practically all communication situations, including over
the telephone. Most laryngectomized people require
training by a speech pathologist to use an artificial
larynx optimally.

A laryngectomized person may be able to learn to use
esophageal voice, also known as esophageal speech. For
this method, commonly known as “burp speech,” the
person learns to use the esophagus (food tube) to pro-
duce voice. First the laryngectomee pumps or sucks air
into the esophagus. Sound or “voice” is generated as
the air trapped in the upper esophagus moves back up
through the narrow junction of the pharynx and esoph-
agus known as the PE segment. Then the voice is
articulated into speech by the tongue and lips.

A key to producing successful esophageal speech is
getting air into the esophagus consistently and effi-
ciently, followed by immediate sound production for
speech. Esophageal speech has distinct advantages over
other alaryngeal speech techniques. The esophageal
speaker requires no special equipment or devices, and
the speaker’s hands are not monopolized during conver-
sation. A significant disadvantage of esophageal speech
is that it takes a relatively long time to learn to produce
voice that is adequate for everyday speech purposes.
Additionally, insufficient loudness and a speaking rate
that is usually slower than before laryngectomy are
common concerns of esophageal speakers. Although
some become excellent esophageal speakers, many do
not attain a level of fluent speech sufficient for all com-
municative situations.
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Tracheoesophageal puncture with a voice prosthesis is
another method of alaryngeal voice production (Singer
and Blom, 1980; Blom, 1998). During the surgery to re-
move the larynx or at a later time, the surgeon makes an
opening (puncture) just inside and inferior to the supe-
rior edge of the tracheostoma. The opening is a tract
through the posterior wall of the trachea and the ante-
rior wall of the esophagus. Usually a catheter is placed
in the opening and a prosthesis is placed a few days
later. A speech pathologist specially trained in trache-
oesophageal voice restoration measures the length of the
tract between the trachea and the esophagus, and a sili-
cone tube with a one-way valve—a voice prosthesis—
is placed in the puncture site. The prosthesis is non-
permanent and must be replaced periodically. It does not
generate voice itself. When the person exhales and the
tracheostoma is covered with a thumb, finger, or special
valve, air from the lungs moves up the trachea, through
the prosthesis, into the upper esophagus, and through
the PE segment to produce voice. Because lung air is
used to produce voice with a tracheoesophageal punc-
ture, the speech characteristics of pitch and loudness,
rate, phrasing, and timing more closely resemble the
laryngectomee’s presurgical speech qualities than can be
achieved with other forms of alaryngeal speech. For
many laryngectomees, fluent speech can be achieved
soon after placement of a voice prosthesis.

There are disadvantages associated with tracheoe-
sophageal puncture. The laryngectomee may dislike
using a thumb or finger to cover the tracheostoma when
speaking, and use of a tracheostoma valve for hands-
free speaking may not be possible. Expenses associated
with tracheoesophageal puncture include those for initial
training in the use and maintenance of the prosthesis
with a speech pathologist and subsequent clinical visits
for modification or replacement of the voice prosthesis,
and ongoing costs of prosthesis-related supplies. If the
PE segment is hypertonic and the tracheoesophageal
voice is not satisfactorily fluent for conversation, or if it
requires considerable effort to produce, injection of bot-
ulinum neurotoxin, commonly known as Botox, may be
required (Hoffman and McCulloch, 1998; Lewin et al.,
2001), or myotomy of the pharyngeal constrictor mus-
cles may be considered (Hamaker and Chessman, 1998).

Historically, laryngectomees and speech pathologists
have felt strongly about one form of alaryngeal speech
being superior to others. In the 1960s, newly laryngec-
tomized persons were discouraged from using artificial
larynges, which were thought to delay or interfere with
the learning of esophageal speech (Lauder, 1968). Today
some think tracheoesophageal speech is superior because
many laryngectomees are able to speak fluently and
fairly naturally with this method only a few weeks after
surgery. Others maintain that esophageal speech, with
no reliance on a prosthesis or other devices, is the gold
standard against which all other methods should be
compared (Stone, 1998). Most believe any form of
speech after laryngectomy is acceptable and should be
encouraged, since speaking is a fundamental and essen-
tial part of being human.

People who undergo total laryngectomy experience
the same emotions of shock, fear, stress, loss, depres-
sion, and grief as others with life-threatening illnesses.
Along with regular medical follow-up to monitor for
possible recurrence of cancer and to review all the body
systems, laryngectomized persons may benefit from re-
ferral to other professionals and resources for psycho-
logical, marital, nutritional, rehabilitation, and financial
concerns.

The International Association of Laryngectomees
and the American Cancer Society provide services to
laryngectomized persons. They sponsor peer support
groups, provide speech therapy, and distribute educa-
tional materials on topics of interest, such as car-
diopulmonary resuscitation for neck breathers, smoking
cessation, and specialized products and equipment for
laryngectomized persons.

See also ALARYNGEAL VOICE AND SPEECH REHABILITA-
TION.

—Jack E. Thomas
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Mental Retardation and Speech in
Children

Mental retardation is defined by the American Associa-
tion on Mental Retardation as significantly subaverage
intellectual functions with related limitations in social
and behavioral skills. According to the most recent esti-
mates (Larson et al., 2001), the prevalence of mental re-
tardation in the noninstitutionalized population of the

United States is 7.8 people per thousand; if institution-
alized individuals are included in the prevalence rates,
the number increases to 8.73 per thousand. Mental re-
tardation is associated with limitations in learning and in
the ability to communicate, and has a profound effect on
a child’s ability to learn to talk. At one time it was
believed that the language acquisition of all persons with
mental retardation represented a slow-motion version of
normal language development. This hypothesis has two
major flaws: first, patterns of language development vary
across types of mental retardation, and second, within a
single type of mental retardation, there is considerable
heterogeneity.

The majority of research on children with mental re-
tardation has involved children with Down syndrome
(or trisomy 21). This syndrome is the most common
genetic cause of mental retardation, occurring in ap-
proximately one out of every 800 births. Because Down
syndrome is identifiable at birth, researchers have been
able to trace developmental patterns from the first
months of life. The development of speech and language
is severely affected in children with Down syndrome,
with levels lower than would be expected, given mental
age (Miller, 1988). Speech intelligibility is compromised
throughout the life span because of problems with artic-
ulation, prosody, and voice.

Children with Down syndrome differ from the normal
population in respect to a variety of anatomical and
physiological features that may affect speech production.
These features include differences in the vocal cords, the
presence of a high palatal vault and a larger than normal
tongue in relation to the oral cavity, weak facial muscles,
and general hypotonicity. Although the precise effect of
these differences is difficult to determine, they undoubt-
edly influence speech-motor development and thus the
articulatory and phonatory abilities of children with
Down syndrome. An additional factor affecting the
speech of children with Down syndrome is fluctuating
hearing loss associated with otitis media and middle ear
pathologies.

Fragile X syndrome, the most common known cause
of inherited mental retardation (Down syndrome is
more common but is not inherited), has an estimated
prevalence of approximately one per 1250 in males and
one per 2500 in females, with males exhibiting more se-
vere effects. Little research has been done on the speech
of young children with fragile X syndrome. Available
reports on older children (Abbeduto and Hagerman,
1997) indicate abnormalities in articulatory develop-
ment, disfluncies, and the presence of atypical rate and
rhythm. These abnormalities may be attributed, in part,
to differences in the structure and function of the oral-
motor systems of boys with fragile X syndrome, in-
cluding excessive drooling, hypotonia involving the
oral-facial muscles, and the presence of a narrow, high-
arched palate. Like their peers with Down syndrome,
children with fragile X syndrome have a high incidence
of otitis media and intermittent hearing loss.

Autism is a developmental disorder with prevalence
estimates ranging from two to five per 10,000 (3:1
males). This disorder is characterized by deficits in social
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interaction, communication, and play; two out of three
children with autism are mentally retarded (Pennington
and Bennetto, 1998). Although in phonetic form, the
prelinguistic vocalizations are like those of nonretarded
infants, social communication skills in the prelinguistic
period are atypical. About 50% of autistic children fail
to develop spoken language; the other 50% exhibit
delays in acquiring language, although not to the same
extent as children with Down syndrome do. Speech
production is characterized by echolalia and abnormal
prosody (see AUTISM).

Williams syndrome, a genetic disorder that includes
mental retardation, is relatively rare, occurring in one in
25,000 live births. One of the most striking aspects of
Williams syndrome is that, in spite of marked impair-
ments in cognition, linguistic skills appear to be rela-
tively normal (Bellugi, Lai, and Wang, 1997; Mervis and
Bertrand, 1997). This dissociation of language and cog-
nition underscores the importance of examining the re-
lationship between mental retardation and speech in a
variety of mentally retarded populations.

The foundations for speech development are laid in
the first year of life, with the emergence of nonmean-
ingful vocal types that serve as precursors for the pro-
duction of words and phrases. Of particular importance
is the production of consonant-vowel syllables, such as
[baba], which generally appear around age 6—7 months.
Phonetically, these ‘“‘canonical” babbles are similar or
even identical to the forms used in first words; thus, the
production [mama] may be a nonmeaningful babble at §
months and a word at 14 months. The difference is rec-
ognition of the sound-meaning relationships that are the
basis for words. In general, prelinguistic vocal develop-
ment of infants with mental retardation resembles that
of their nonretarded peers in terms of types of vocal-
izations and schedule for emergence. Infants with retar-
dation begin to produce canonical babble within the
normal time frame or with minor delays.

Despite the nearly normal onset of canonical babble,
however, the emergence of words is often delayed among
infants with mental retardation, particularly those with
Down syndrome (Stoel-Gammon, 1997). Research sug-
gests great variability among children in this domain,
with a few reports of word use in the second year of
life for a few children with Down syndrome but the ma-
jority showing first words appearing between 30 and 60
months. The magnitude of the delay cannot be easily
predicted from the degree of retardation. Moreover,
once words appear, vocabulary growth is relatively slow.
Whereas nonretarded children have a vocabulary of
250 words at 24 months, this milestone is not reached
until the age of 4—6 years for most children with Down
syndrome.

In terms of phonemic development, acquisition pat-
terns for children with mental retardation are similar to
those documented for nonretarded children (Rondal and
Edwards, 1997). In the early stages, words are “‘sim-
plified” in terms of their structure: consonant clusters are
reduced to single consonants, unstressed syllables are
deleted, and consonants at the ends of words may be
omitted. Phonemes that are later-acquired in normal

populations, primarily fricatives, affricates, and liquids,
also pose difficulties for children with mental retarda-
tion. Among nonretarded children acquiring English,
correct pronunciation of all phonemes is achieved by the
age of 8 years. Some reports suggest that the phonolo-
gies of children with Williams syndrome may be rela-
tively adultlike by the (chronological) age of 8.

In contrast, individuals with Down syndrome, even
when they have a mental age of 8, exhibit many articu-
lation errors. Moreover, comparisons of phonological
development in three populations matched for mental
age, Down syndrome, non-Down syndrome with mental
retardation, and typically developing, revealed a greater
number and variety of error types in the children with
Down syndrome (Dodd, 1976). A persistent problem in
children with Down syndrome, is that their speech is
hard to understand (Kumin, 1994). Parents report low
levels of intelligibility through adolescence as a result of
speech sound errors, rate of speech, disfluencies, abnor-
mal voice quality, and unusual voice quality. There is
some indication that children with fragile X syndrome
also suffer from low levels of intelligibility (Abbeduto
and Hagerman, 1997).

For many children with mental retardation, delays
in the acquisition of speech and language may serve
as the first indication of a cognitive delay (except for
Down syndrome, which is easily diagnosed at birth).
Parents may be the first to raise concerns about atypical
patterns of development, and pediatricians and social
workers should be aware of the link between linguistic
and cognitive development. Once mental retardation
has been confirmed, assessment typically adheres to
traditional practices in speech-language pathology. In
the prelinguistic period, which may be quite protracted
for some children, assessment is initially based on
unstructured observations and parental report. If lan-
guage is slow to emerge, it is important to assess hear-
ing and oral-motor function. More formal assessments
are done in two ways: by means of standardized tests
that focus on the individual sounds and structures of
a predetermined set of words (i.e., a normed articula-
tion test) and by analyzing samples of conversational
speech to determine intelligibility and overall speech
characteristics.

Recommendations for the treatment of speech deficits
in children with mental retardation range from inter-
vention directed toward underlying causes such as hear-
ing loss and deficits in speech-motor skills (Yarter, 1980)
to programs aimed at modifying parent-to-child speech
in order to provide optimal input in the face of delayed
language acquisition. Most phonological interventions
focus on increasing the phonetic repertoire and reducing
the number of errors, using therapy techniques similar to
those for children with phonological delay or disorder.
In some cases, therapy may occur at home, with the
parents, as well as in the clinic (Dodd and Leahy, 1989;
Cholmain, 1994).

See also COMMUNICATION SKILLS OF PEOPLE WITH
DOWN SYNDROME; MENTAL RETARDATION.

—Carol Stoel-Gammon
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Motor Speech Involvement in Children

Motor speech involvement of unknown origin is a rela-
tively new diagnostic category that is applied when
children’s speech production deficits are predominantly
linked to sensorimotor planning, programming, or exe-
cution (Caruso and Strand, 1999). The disorder occurs in
the absence of obvious neuromotor causes and often
includes concomitant language deficits. This category is

broader than and encompasses that of DEVELOPMENTAL
APRAXIA OF SPEECH (DAS), which refers specifically to
impaired planning, or praxis. Classically, developmental
speech production deficits have been categorized as ei-
ther phonological or DAS. However, recent empirical
evidence suggests that a wider range of children (e.g.,
those with specific language impairment [SLI] or incon-
sistent speech errors) may exhibit deficits that are influ-
enced by motor variables and, in these cases, may be
classified as motor speech involved.

Although the underlying causes of motor speech
involvement are unclear, there is general evidence that
motor and cognitive deficits often co-occur (Diamond,
2000). Neurophysiological findings support the inter-
action of cognitive and motor development, most nota-
bly in common brain mechanisms in the lateral
perisylvian cortex, the neocerebellum, and the dorso-
lateral prefrontal cortex (Diamond, 2000; Hill, 2001).
Apparently, speech motor and language domains co-
develop and mutually influence one another across
development.

In late infancy, basic movement patterns observed in
babbling are linked to emerging intents and words
(de Boysson-Bardis and Vihman, 1991; Levelt, Roelofs,
and Meyer, 1999). At this level, it is apparent how lan-
guage and motor levels constrain one another. How-
ever, the relations between language and motor levels in
later periods of development have not been specified.
Language models include categories such as concepts,
semantics, syntax, and phonology (Levelt, Roelofs, and
Meyer, 1999). Motor systems are discussed in the very
different terms of cortical inputs to pattern generators in
the brainstem, which in turn provide inputs to motor
neuron pools for the generation of muscle activity. Sen-
sory feedback is also a necessary component of motor
systems (A. Smith, Goffman, and Stark, 1995). Although
it is established that motor and language domains both
show a protracted developmental time course, speech
production models are not explicit about the nature of
the linkages. The general view is that increasingly com-
plex linguistic structures are linked to increasingly com-
plex movements in the course of development. Motor
speech deficits occur when movement variables interfere
with the acquisition of speech and language production.

A large range of speech and language characteristics
have been reported in children diagnosed with motor
speech disorders. In the following summary, emphasis
is placed on those that are at least partially motor in
origin.

Variability. Children with motor speech disorders
have been reported to produce highly variable errors,
even across multiple productions of the same word
(Davis, Jakielski, and Marquardt, 1998). When the defi-
cit involves movement planning, imitation and repeti-
tion may not aid performance (Bradford and Dodd,
1996). Although variability is observed in speech motor
(A. Smith and Goffman, 1998) and phonetic output of
young children who are normally developing, it is ex-
treme and persistent in disordered children. Usually,
variability is discussed as a phonetic error type. How-
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ever, kinematic analysis of lip and jaw movement reveals
that children with SLI show movement output that is
less stable than that of their normally developing peers,
even when producing an accurate phonetic segment
(Goffman, 1999). Thus, both phonological and motor
factors may contribute. Deficits in planning and imple-
menting spatially and temporally organized movements
may influence the acquisition of stable phonological
units (Hall, Jordan, and Robin, 1993).

Duration. Increased movement durations are a hall-
mark of immature motor systems (B. L. Smith, 1978;
Kent and Forner, 1980). In children with motor speech
involvement, the slow implementation of movement may
lead to decreased performance on a nonlinguistic dia-
dochokinetic task (Crary, 1993) as well as increased
error rates on longer and more complex utterances. An
additional error type that may also be related to timing
is poor movement coordination across speech subsys-
tems. Such timing deficits in articulatory and laryngeal
coordination may lead to voicing and nasality errors.
Hence, these errors may have origins in movement
planning and implementation. A decreased speech rate
provides the child with time to process, plan, and im-
plement movement (Hall, Jordan, and Robin, 1993),
but it may also negatively influence speech motor
performance.

Phonetic Movement Organization and Sequencing. As
they develop, children produce increasingly differenti-
ated speech movements, both within and across articu-
latory, laryngeal, and respiratory subsystems (Gibbon,
1999; Moore, 2001). A lack of differentiated and co-
ordinated movement leads to a collapsing of phonetic
distinctions. It follows that segmental and syllabic in-
ventories are reduced for children with motor speech
deficits (Davis, Jakielski, and Marquardt, 1998). Vowel
and consonant errors may be considered in reference
to articulatory complexity. Vowel production requires
highly specified movements of the tongue and jaw (Pol-
lock and Hall, 1991). Consonant sounds that are early-
developing and that are most frequently seen in the
phonetic inventories of children with motor speech defi-
cits make relatively few demands on the motor system
(Hall, Jordan, and Robin, 1993). Kent (1992) suggests
that early-developing stop consonants such as [b] and [d]
are produced with rapid, ballistic movements. Fricatives
require fine force control and are acquired later. Liquids,
which require highly controlled tongue movements, are
learned quite late in the developmental process. Using
electropalatography, Gibbon (1999) has provided direct
evidence that children with speech deficits contact the
entire palate with the tongue, not just the anterior re-
gion, in their production of alveolar consonants. Such
data indicate that motor control of differentiated tongue
movements has not developed in these children. Overall,
as proposed by Kent (1992), motor variables account for
many aspects of the developmental sequence frequently
reported in speech- and language-impaired children.
Syllable shapes may also be influenced by motor
factors. The earliest consonant-vowel structure seen in

babbling is hypothesized to consist of jaw oscillation
without independent control of the lips and tongue
(MacNeilage and Davis, 2000). More complex syllable
structures probably require increased movement control,
such as the homing movement for final consonant pro-
duction (Kent, 1992).

Prosodic Movement Organization and Sequencing. One
major aspect of motor development that has been
emphasized in motor speech disorders is rhythmicity.
Rhythmicity is thought to have origins in prelinguistic
babbling (and, perhaps, in early stereotypic movements,
such as kicking and banging objects) (e.g., Thelen and
Smith, 1994). Rhythmicity underlies the prosodic struc-
ture of speech, which is used to convey word and sen-
tence meaning as well as affect. Children with motor
speech disorders display particular deficits in prosodic
aspects of speech. Shriberg and his colleagues (Shriberg,
Aram, and Kwiatkowski, 1997) found that a significant
proportion of children diagnosed with DAS demon-
strated errors characterized by even or misplaced stress
in their spontaneous speech. In a study using direct
measures of lip and jaw movement during the produc-
tion of different stress patterns, Goffman (1999) reported
that children with a diagnosis of SLI, who also demon-
strated speech production and morphological errors,
were poor at producing large and small movements
sequentially across different stress contexts. For exam-
ple, in the problematic weak-strong prosodic sequence,
these children had difficulty producing small move-
ments corresponding to unstressed syllables. Overall, the
control of movement for the production of stress is a
frequently cited deficit in children with motor speech
disorders.

General Motor Development. 1In the clinical literature,
general neuromotor status has long been implicated as
contributing to even relatively subtle speech and lan-
guage deficits (Morris and Klein, 1987). Empirical
studies have provided evidence that aspects of gross and
fine motor (e.g., peg moving, gesture imitation) perfor-
mance are below expected levels in children with vari-
able speech errors, DAS (Bradford and Dodd, 1996),
and many diagnosed with SLI (Bishop and Edmundson,
1987; Hill, 2001). Such findings suggest that many
speech production disorders include a general motor
component.

As is apparent, an understanding of speech motor
contributions to the acquisition of speech and language
is in its infancy. However, it is clear that intervention
approaches for these children need to incorporate motor
as well as language components. Although efficacy
studies are scarce, several investigators have proposed
techniques for the treatment of motor speech disorders
in children. Although the emphasis has been on DAS,
these approaches could be tailored to more general
motor speech deficits. Major approaches to intervention
have focused on motor programming (Hall, Jordan,
and Robin, 1993) and tactile-kinesthetic and rhythmic
(Square, 1994) deficits. Hierarchical language organiza-
tion has also been emphasized, supporting the intimate
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links between linguistic and movement variables (Velle-
man and Strand, 1994).

New models of speech and language development
are needed that integrate motor and language variables
in a way that is consistent with recent neurophysiological
and behavioral evidence. Further, new methods of re-
cording respiratory, laryngeal, and articulatory behav-
iors of infants and young children during the production
of meaningful linguistic activity should provide crucial
data for understanding how language and motor com-
ponents of development interact across normal and dis-
ordered development. Such tools should also help
answer questions about appropriate interventions for
children whose deficits are influenced by atypical motor
control processes.

See also DEVELOPMENTAL APRAXIA OF SPEECH.

— Lisa Goffman
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Mutism, Neurogenic

Mutism is speechlessness. It can be neurologic or be-
havioral. Neurogenic mutism is a sign and can result
from many developmental or acquired nervous system
diseases and conditions. It usually accompanies other
signs, but in rare cases it appears in isolation. All
levels of the neuroaxis from the brainstem to the cortex
have been implicated. Damage to any of the putative
processes critical to speech, including intention, motor
programming, and execution, as well as linguistic and
prelinguistic processes have been invoked to explain
mutism’s appearance. A reasonably traditional review of
the syndromes and conditions of which mutism is a fre-
quent part and traditional and emerging explanations
for mutism’s appearance are offered here.

Definition. Dufty defines mutism traditionally as ‘“‘the
absence of speech” (1995, p. 282). Von Cramon (1981)
adds the inability to produce nonverbal utterances.
Lebrun (1990) requires normal or relatively preserved
comprehension. Gelabert-Gonzalez and Fernandez-Villa
(2001) require “unimpaired consciousness” (p. 111).
Each of these definitions has strengths, but none domi-
nates the literature. Therefore, the literature can be a bit
of a muddle. The literature is also challenging because of
the mutism population’s heterogeneity. One response to
this heterogeneity has been to classify mutism according
to relatively homogeneous subtypes.

Traditionally, groupings of mute patients have been
organized according to the putative pathophysiology
(Turkstra and Bayles, 1992), by syndrome, by etiology,
or by a mix of syndrome and medical etiology (Lebrun,
1990; Dufty, 1995). This last approach guides the orga-
nization of the following discussion.

Akinetic Mutism. Akinetic mutism (AM) is a syn-
drome of speechlessness and general akinesia that exists
in the context of residual sensory, motor, and at least
some cognitive integrity and a normal level of arousal.
The designation abulic state may be a synonym (Dulffy,
1995), as are apallic state and coma vigil. Persons with
AM often are silent, despite pain or threat. Bilateral and

occasionally unilateral left or right anterior cerebral
artery occlusion with involvement of the anterior cingu-
late gyrus or supplementary motor area is frequently
implicated (Nicolai, van Putten, and Tavy, 2001). Re-
cent data suggest that the critical areas are the portions
of the medial frontal lobes immediately anterior to the
supplementary motor area and portions of the anterior
cingulate gyrus above the most anterior body of the
corpus callosum. These regions appear to be involved in
gating intention (plans of action) (Picard and Strick,
1996; Cohen et al., 1999). Lesions of the globus pallidus,
thalamus, and other subcortical structures can also result
in AM. Schiff and Plum (2000) advocate for a com-
panion syndrome of “hyperkinetic mutism” resulting
most frequently from bilateral temporal, parietal, and
occipital junction involvement in which the patient is
speechless but moving. The cause may be any nervous
system—altering condition, including degenerative dis-
eases such as Creutzfeldt-Jacob disease (Otto et al.,
1998), that alters what Schiff and Plum (2000) posit
to be a series of corticostriatopallidal-thalamocortical
(CSPTC) loops. CSPTC loops are critical to triggering
or initiating vocalization (Mega and Cohenour, 1997)
and to the drive or will to speak. AM is to be differ-
entiated from persistent vegetative state, which reflects
extensive damage to all cerebral structures, most criti-
cally the thalamus, with preservation of brainstem func-
tion (Kinney et al., 1994).

Mutism in Aphasia. Mutism can be a feature of severe
global aphasia. Patients with severe anomia, most often
in relation to thalamic lesions, may initially exhibit no
capacity for spontaneous language and little for naming,
but they can repeat. Certain types of transcortical motor
aphasia (Alexander, Benson, and Stuss, 1989), most
particularly the adynamic aphasia of Luria (1970), may
be associated with complete absence of spontaneous
speech. However, these patients are reasonably fluent
during picture description, and this syndrome likely
reflects a prelinguistic disorder involving defective spon-
taneous engagement of concept representations (Gold
et al., 1997).

Mutism in Apraxia. Immediately after stroke, a pro-
found apraxia of speech (called aphemia and by a vari-
ety of other names in the world’s literature) can cause
mutism, as can primary progressive apraxia of speech.
In the acute stage of stroke, the mutism is thought to
signal an apraxia of phonation. The hypothesis is that
mutism due to apraxia reflects a profound failure of
motor programming.

Mutism in Dysarthria. Mutism can be the final stage
of dysarthria (anarthria) in degenerative diseases such
as amyotrophic lateral sclerosis, slowly progressive an-
arthria (Broussolle et al., 1996), olivopontocerebellar
atrophy, Parkinson’s disease, Shy-Drager syndrome,
striatonigral degeneration, and progressive supranuclear
palsy (Nath et al., 2001). Speech movements are im-
possible because of upper and lower motor neuron
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destruction. Cognitive changes may hasten the mutism
in some of these degenerative diseases. Anarthric mutism
can be present at onset and chronically in locked-in
syndrome (Plum and Posner, 1966) and the syndrome of
bilateral infarction of opercular motor cortex. Relatively
recently, a syndrome beginning with mutism and evolv-
ing to dysarthria, called temporary mutism followed by
dysarthria (TMFD) (Orefice et al., 1999) or mutism and
subsequent dysarthria syndrome (MSD) (Dunwoody,
Alsagoff, and Yuan, 1997), has been described. Ponto-
mesencephalic stroke is one cause.

Mutism in Dementia. Mutism has been reported in
Alzheimer’s disease, cerebrovascular dementia, and most
frequently and perhaps earliest in frontotemporal de-
mentia (Bathgate et al., 2001). It can also occur in other
corticosubcortical degenerative diseases, including corti-
cobasal degeneration. Its occurrence in the late stages
of these conditions is predictable, based on the hierar-
chical organization of cognitive, linguistic, and speech
processes. When cognitive processes are absent or se-
verely degraded, speech does not occur.

Mutism Post Surgery. Mutism can occur after neuro-
surgery (Pollack, 1997; Siffert et al., 2000). So-called
cerebellar mutism can result from posterior fossa sur-
gery, for example. It is hypothesized that disruption of
connections between the cerebellum, thalamus, and sup-
plementary motor area causes impaired triggering of
vocalization (Gelabert-Gonzalez and Fernandez-Villa,
2001). Mutism may also occur after callosotomy (Suss-
man et al., 1983), perhaps because of damage to frontal
lobe structures and the cingulate gyrus.

Mutism in Traumatic Brain Injury. Mutism is frequent
in traumatic brain injury. Von Cramon (1981) called
it the “traumatic midbrain syndrome.” He speculated
that the mechanism is “temporary inhibition of neu-
ral activity within the brain stem vocalization center”
(p. 804) within the pontomesencephalic area. Often
mutism is followed by a period of whispered speech in
this population.

Summary. Speech depends on myriad general and spe-
cific cognitive, motor, and linguistic processes. These
processes are widely distributed in the nervous system.
However, the frontal lobes and their connections to
subcortical and brainstem structures are the most criti-
cal. Mutism, therefore, is common, but not inevitable, as
an early, late, or chronic sign of damage, regardless of
type, to these mechanisms.

—John C. Rosenbek
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Orofacial Myofunctional Disorders in
Children

Orofacial myology is the scientific and clinical knowl-
edge related to the structure and function of the muscles
of the mouth and face (orofacial muscles) (American
Speech-Language-Hearing Association [ASHA], 1993).
Orofacial myofunctional disorders are characterized by
abnormal fronting of the tongue during speech or swal-
lowing, or when the tongue is at rest. ASHA defines
an orofacial myofunctional disorder as “‘any pattern
involving oral and/or orofacial musculature that inter-
feres with normal growth, development, or function of
structures, or calls attention to itself”” (ASHA, 1993,
p- 22). With orofacial myofunctional disorders, the
tongue moves forward in an exaggerated way and may
protrude between the upper and lower teeth during
speech, swallowing, or at rest. This exaggerated tongue
fronting is also called a tongue thrust or a tongue thrust
swallow and may contribute to malocclusion, lisping, or
both (Young and Vogel, 1983; ASHA, 1989).

A tongue thrust type of swallow is normal for infants.
The forward tongue posture typically diminishes as the
child grows and matures. Orofacial myofunctional dis-
orders may also be due to lip incompetence, which is
a “lips-apart resting posture or the inability to achieve
a lips-together resting posture without muscle strain”
(ASHA, 1993, p. 22). During normal development, the
lips are slightly separated in children. With orofacial
myofunctional disorders, a lips-apart posture persists.

Orofacial myofunctional disorders may be due to a
familial genetic pattern that determines the size of the
mouth, the arrangement and number of teeth, and the
strength of the lip, tongue, mouth, or face muscles
(Hanson and Barrett, 1988). Environmental factors such
as allergies may also lead to orofacial myofunctional
disorders. For example, an open mouth posture may
result from blocked nasal airways due to allergies or
enlarged tonsils and adenoids. The open-mouth breath-
ing pattern may persist even after medical treatment for
the blocked airway. Other environmental causes of oro-
facial myofunctional disorders may be excessive thumb
or finger sucking, excessive lip licking, teeth clenching,
and grinding (Van Norman, 1997; Romero, Bravo, and
Perez, 1998). Thumb sucking, for example, may change
the shape of a child’s upper and lower jaw and teeth,
requiring speech, dental, and orthodontic intervention
(Umberger and Van Reenen, 1995; Van Norman, 1997).
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The severity of the problem depends on how long the
habit is maintained.

Typically, a team of professionals, including a dentist,
orthodontist, physician, and speech-language patholo-
gist, is involved in the assessment and treatment of chil-
dren with orofacial myofunctional disorders (Benkert,
1997; Green and Green, 1999; Paul-Brown and Clausen,
1999). Assessment is conducted to diagnose normal and
abnormal parameters of oral myofunctional patterns
(ASHA, 1997). The dentist focuses on the effect of pres-
sure of the tongue against the gums; this kind of tongue
pressure may interfere with the normal process of tooth
eruption. An orthodontist may be involved when the
tongue pressure interferes with alignment of the teeth
and jaw. A physician needs to verify that an airway
obstruction is not causing the tongue thrust. Speech-
language pathologists assess and treat swallowing dis-
orders, speech disorders, or lip incompetence that result
from orofacial myofunctional disorders. As with all
other assessment and treatment processes, speech-
language pathologists need to have the appropriate
training, education, and experience to practice in the
area of orofacial myofunctional disorders (ASHA, 2002).

An orofacial myofunctional assessment is typically
prompted by referral or a failed speech screening for a
child older than 4 years of age. Assessment should be
based on orofacial myofunctional abilities and educa-
tion, vocation, social, emotional, health, and medical
status. An orofacial myofunctional assessment by a
speech-language pathologist typically includes the fol-
lowing procedures (ASHA, 1997, p. 54):

+ Case history

+ Review of medical/clinical health history and status
(including any structural or neurological abnormalities)

+ Observation of orofacial myofunctional patterns

Instrumental diagnostic procedures

« Structural assessment, including observation of the

face, jaw, lips, tongue, teeth, hard palate, soft palate,

and pharynx

Perceptual and instrumental measures to assess oral

and nasal airway functions as they pertain to oro-

facial myofunctional patterns and/or speech produc-

tion (e.g., speech articulation testing, aerodynamic

measures)

Speech may be unaffected by orofacial myofunctional
disorders (Khinda and Grewal, 1999). However, some
speech sound errors, called speech misarticulations,
may be causally related to orofacial myofunctional dis-
orders. The sounds most commonly affected by orofacial
myofunctional disorders include s, z, sh, zh, ch, and ;.
Sound substitutions (e.g., th for s, as in “thun” for
“sun”’) or sound distortions may occur. A weak tongue
tip may result in difficulties producing the sounds ¢, d, n,
and /.

Speech-language pathologists evaluate speech sound
errors resulting from orofacial myofunctional disorders,
as well as lip incompetence and swallowing disorders
(ASHA, 1991). The assessment information is used to
develop appropriate treatment plans for individuals who

are identified with orofacial myofunctional disorders.
Before speech and swallowing treatment is initiated,
medical treatment may be necessary if the airway is
blocked due to enlarged tonsils and adenoids or aller-
gies. Excessive and persistent oral habits, such as thumb
and finger sucking or lip biting, may also need to be
eliminated or reduced before speech and swallowing
treatments are initiated.

Some speech and swallowing treatment techniques
include

+ Increasing awareness of mouth and facial muscles.

« Increasing awareness of mouth and tongue postures.

+ Completing an individualized oral muscle exercise
program to improve muscle strength and coordination.
Treatment strategies may include alternation of tongue
and lip resting postures and muscle retraining exercises
(ASHA, 1997, p. 69).

Establishing normal speech articulation.

Establishing normal swallowing patterns. Treatment
strategies may include modification of handling and
swallowing of solids, liquids, and saliva (ASHA, 1997,
p. 69).

The expected outcome of treatment is to improve
or correct the patient’s orofacial myofunctional swal-
lowing and speech patterns. Orofacial myofunctional
treatment may be conducted concurrently with speech
treatment.

Oral myofunctional treatment is effective in modify-
ing tongue and lip posture and movement and in im-
proving dental occlusion and a dental open bite or
overbite (Christensen and Hanson, 1981; ASHA, 1991;
Benkert, 1997). Lip exercises may be successful in treat-
ing an open-mouth posture (ASHA, 1989; Pedrazzi,
1997). A combination treatment approach, with a focus
on speech correction as well as exercises to treat tongue
posture and swallowing patterns, appears to be the
optimal way to improve speech and tongue thrust
(Umberger and Johnston, 1997). The length of treat-
ment varies according to the severity of the disorder,
the age and maturity of the patient, and the timing of
treatment in relation to orthodontia. Typically 14-20
sessions or more may occur over a period of 3 months to
a year (ASHA, 1989). The value of early treatment is
emphasized in the literature (Pedrazzi, 1997; Van Nor-
man, 1997).

ASHA has identified the basic content areas to be
covered in university curricula to promote competency
in the assessment and treatment of orofacial myo-
functional disorders (ASHA, 1989, p. 92), including the
following:

1. Oral-facial-pharyngeal structure, development, and
function

2. Interrelationships among oral-vegetative functions
and adaptations, speech, and dental occlusion, using
interdisciplinary approaches

3. Nature of atypical oral-facial patterns and their rela-
tionship to speech, dentition, airway competency, and
facial appearance
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4. Relevant theories such as those involving oral-motor
control and dental malocclusion

5. Rationale and procedures for assessment of oral
myofunctional patterns, and observation and partici-
pation in the evaluation and treatment of patients
with orofacial myofunctional disorders

6. Application of current instrumental technologies to
document clinical processes and phenomena asso-
ciated with orofacial myofunctional disorders

7. Treatment options

A Joint Committee of ASHA and the International
Association of Orofacial Myology has also delineated
the knowledge and skills needed to evaluate and treat
persons with orofacial myofunctional disorders (ASHA,
1993). The tasks required include the following:

Understanding dentofacial patterns and applied physi-
ology pertinent to orofacial myology

Understanding factors causing, contributing, or related
to orofacial myology

Understanding basic orthodontic concepts
Understanding interrelationships between speech and
orofacial myofunctional disorders

Demonstrating competence in comprehensive assess-
ment procedures and in identifying factors affecting
prognosis

Demonstrating competence in selecting an appropri-
ate, individualized, criterion-based treatment plan
Demonstrating a clinical environment appropriate to
the provision of professional services

Demonstrating appropriate documentation of all clini-
cal services

Demonstrating professional conduct within the scope
of practice for speech-language pathology (ASHA,
2001)

Further information on oral myofunction and oral
myofunctional disorders is available from ASHA’s Spe-
cial Interest Division on Speech Science and Orofacial
Disorders (www.asha.org) and the International Associ-
ation of Orofacial Myology (www.iaom.com).

—Diane Paul-Brown
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