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Foreword

In my first publication on voice, I noted that
“singing is an athletic activity and requires
good conditioning and coordinated inter-
action of numerous physical functions”
(Sataloff, 1981). At that time, care of voice
patients and training of voice students was
not particularly scientific or sophisticated.
That changed rapidly, and a decade later it
was clear that “improvements were made
possible by interdisciplinary collaborations
among professionals, who, at first, barely
spoke the same language” (Sataloff, 1992).
When the concept of a “singing voice spe-
cialist” was introduced (Carroll & Sataloff,
1981), it was not only novel but also some-
what controversial. By 2014, when Plural
Publishing produced the first edition of
The Vocal Atblete by Wendy LeBorgne and
Marci Rosenberg, substantial advances in
knowledge and interdisciplinary teamwork
had revolutionized the state-of-the-art in lar-
yngology, speech-language pathology, and
voice teaching. Their classic book was di-
rected toward singing teachers of all genres;
and it synthesized in accessible language
core knowledge in anatomy and physiol-
ogy, vocal health and fitness, voice peda-
gogy, and practical voice research.

The second edition of The Vocal Ath-
lete is updated and expanded including two
new chapters on vocal pathology and reg-
istration. It is admirably successful in filling
a gap in traditional academic voice peda-
gogy. The Vocal Atblete, Second Edition is
grounded in solid science and practical ex-
perience. It will be an invaluable addition to
the libraries of all singing teachers, speech-
language pathologists who work with voice
patients, singing voice specialists, and act-
ing voice specialists; and its information is

Xi

equally valuable for laryngology fellows and
laryngologists. Like the first edition, the sec-
ond edition will become a classic.

Robert T. Sataloff, MD, DMA, FACS
Professor and Chairman,

Department of Otolaryngology—
Head and Neck Surgery

Senior Associate Dean for

Clinical Academic Specialties

Drexel University College of Medicine
Philadelphia, Pennsylvania

Conductor, Thomas Jefferson
University Choir

Adjunct Professor,

Department of Otolaryngology—
Head and Neck Surgery

Sydney Kimmel Medical College
Thomas Jefferson University
Philadelphia, Pennsylvania

References

Carroll, L. M., & Sataloff, R. T. (1981). The
singing voice. In R. T. Sataloff (Ed.), Profes-
sional Voice: The Science and Art of Clini-
cal Care (pp. 382-401). New York, New
York: Raven Press.

Sataloff, R. T. (1981). Professional singers:
The science and art of clinical care. Ameri-
can Journal of Otolaryngology, 2(3),
251-266.

Sataloff, R. T. (1992). The human voice. Sci-
entific American, 267(6), 108-115.






Preface

Meeting Industry
Demands of the
Twenty-first Century
Vocal Athlete

Through our years of professional singing
training and performance (resulting in an
evolution to become voice pathologists and
singing voice specialists), we have encoun-
tered a transition in the industry demands
and injuries of the twenty-first century vo-
cal athlete. Today’s commercial music in-
dustry demands versatility of vocal athletes,
who are now expected to be skilled in mul-
tiple styles of singing. Not only are these
singers asked to perform vocal gymnastics
on an eight-show per week schedule, these
vocal athletes must also possess excellent
acting skills and strong dancing ability to be
competitive. These demands on the voice,
body, and psyche necessitate a physically,
vocally, and mentally fit singer who is agile
and adaptable.

In a time when major opera compa-
nies are closing their doors, the commercial
music industry boasts millions of viewers
on a weekly basis through mainstream me-
dia outlets (e.g., The Voice, American Idol,
X-Factor). According to Playbill.com, Broad-
way shows continue to generate record
ticket sales, with newer shows like Ham-
ilton grossing up to $4 million per week
and other hit shows, including older favor-
ites, still grossing $2 to 3 million per week.
When you consider that there are typically
more than 25 shows on Broadway at any
given time, in addition to another $1.4 bil-
lion spent on years of national tours, the
money spent by consumers on this genre

is staggering and continues to grow. In the
pop music market in 2012 alone, physical
albums, digital albums, and digital songs
surpassed 1.65 billion units, indicating a
strong public desire and potentially lucra-
tive business for commercial music singers.
Yet, there are only a very small handful of
vocal pedagogy training programs for con-
temporary commercial music (CCM) sing-
ing in the United States. Therefore, these
vocal athletes learn their craft by relying
on god-given talent, they make their way
by imitation, or they study with a voice
teacher who may or may not have experi-
ence or training in the commercial music
genre. Some of these choices may unfortu-
nately lead to vocal problems if they cannot
withstand demands of the profession. By no
means do we suggest that classical voice
pedagogy is not a valid and proven effec-
tive method of vocal training, as it has hun-
dreds of years of history and successes in
the classical genre. However, even though
running is part of a gymnastics floor rou-
tine, it would be unlikely that an Olympic
gymnast would train exclusively with a run-
ning coach when he/she is required to per-
form backflips on a balance beam. This has
become even more relevant as newer musi-
cals continue to push the boundaries with
shows like Hamilton and other pop/rock
musicals. With CCM vocal styles continuing
to dominate and evolve, the need for teach-
ers trained in this type of pedagogy contin-
ues to grow.

This book was developed to aid sing-
ing teachers (of all genres), voice patholo-
gists who work with singers, and the singers
themselves in their understanding of the
vocal mechanism, specific care of the body

xiii
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and instrument, and the science behind
how we learn and how we can maximize
performance for longevity in a commercial
music market. The second edition has been
updated with numerous new references
and two entirely new chapters on vocal pa-
thology and registration, making this book
a truly comprehensive source for classical
and contemporary teaching. Section I in-
troduces the Structure and Function of the
Voice as it applies to vocal athletes. Chap-
ter 1 presents the mechanics, structure, and
function of the singer’s body, incorporat-
ing anatomy of body framework and the
integration of movement and movement
strategies for active performers. The next
two chapters (Chapters 2 and 3) go beyond
typical anatomy and physiology of the res-
piratory and laryngeal mechanisms. These
chapters incorporate relevant research and
functional utility of breath and sound pro-
duction in the commercial music performer
including topics on how dancers who sing
use different breathing strategies and infor-
mation on vocal fold vibration patterns in
high-demand voice users. Chapter 4 details
the central command center (neurologic
control) of the voice, from both a physical
and an emotional perspective. Included in
Chapter 4 is information relevant to perfor-
mance anxiety in vocal athletes. Chapter 5
in Section I sets up a basic understanding
of vocal acoustics and resonance, providing
singers and teachers with a user-friendly
chapter on these often challenging topics
using relevant singing illustrations. Finally,
Chapter 6 provides a wonderful overview
on perception, aesthetics, and registration
in the contemporary vocal athlete.

As vocal health and fitness are para-
mount for amateur and elite vocal athletes
for long-term careers, Section II is devoted
to providing a unique perspective on rel-
evant topics for vocal athletes. Section II
includes invited expert authors on the top-

ics of: the impact of reflux on the singer
(Chapter 10, Adam D. Rubin, MD, and Cris-
tina Jackson-Menaldi, PhD); what singers
need to know when undergoing anesthesia
(Chapter 11, Sam A. Schechtman, MD, and
Andrew Rosenberg, MD); and team mem-
bers’ roles on a multidisciplinary voice care
team (Chapter 9, Leda Scearce, MM, MS).
Chapter 7 details the how and why of pho-
notrauma on the vocal folds and provides
insight into wound healing and injury pre-
vention, followed by a comprehensive re-
view of common pathologies found in vo-
cal athletes (Robbi Kupfer, MD). The Life
Cycle of the Voice (Chapter 12) provides
an overview of the changes that happen to
the singing voice throughout the lifespan,
with specific attention to the under 40 sing-
ers who populate the commercial music
scene. Chapter 13 (Medicines, Myths, and
Truths) confirms and dispels many of the
common old wives’ tales related to vocal
health and hygiene, including tradition and
alternative medical therapies.

The final section of this text (Section III)
includes six unique chapters. These chap-
ters span a review of both classical and
belting pedagogy (Chapters 14 and 15) and
the scientific studies on the how and why
of belting in elite and student performers
(Chapter 16). There is no book that incor-
porates this information into one text. The
assumption that traditional classical peda-
gogy can support any style of singing is
inconsistent with what singing science re-
search is now showing about physiologic
differences between classical and CCM
styles of singing. Chapter 17 and Chapter
18 are based on how we learn and acquire
new skills, providing singing teachers (re-
gardless of style) with invaluable informa-
tion on maximizing teaching and learner
outcomes. The book concludes with an in-
vited chapter on audio technology (Chap-
ter 19, Matthew Edwards, DMA) and the
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understanding and use of current tech-
nology (e.g., microphones, sound boards,
monitors) by every teacher and singer who
sings in a commercial style.

We would be remiss without including
functional exercises to develop and train
the concepts discussed in this text. There-
fore, over 60 exercises, from expert teach-
ers all over the world, to accompany and
parallel the concepts presented in this text-
book are included in the sister workbook:
The Vocal Athlete: Application and Tech-
nique for the Hybrid Singer, Second Edi-
tion (Rosenberg & LeBorgne, 2021).

Whether at the professional or novice
level or somewhere in between, there are
limited resources for training commercial
vocal styles relative to the number of sing-
ers who desire to sing them. This book aims
to provide scientifically based information
without usurping the art of singing peda-
gogy to provide twenty-first century hybrid
singers with a guide toward their goal of
becoming proficient and healthy CCM vo-
calists. This brings us back to the necessity
for sound vocal instruction and technique
to allow these singers to use their voices as
safely as possible in order to promote vocal
health in this group of singers who may al-
ready be at high risk for encountering vocal

problems. This is now more important than
ever, as in reality musical theater and other
CCM styles will continue to raise the bar.
Composers will continue to be commis-
sioned to write shows that will make money,
especially during current economic strains
when there is less willingness to finance
works that aren’t going to ensure financial
payoft. Therefore singers will continue to be
asked to “defy gravity” and generate more
complex vocal acrobatics in order to stay
employed. Ultimately, the CCM vocal athlete
and teachers are charged with the task of
providing voice students with a sound peda-
gogical technique that will (1) serve them
well in their chosen vocal style, (2) allow the
singer to cross over to varied vocal styles as
demanded, and (3) promote vocal longevity
and health.

hyebrid singeer - (n). Refers to the
vocal athlete who is highly skilled
performing in multiple vocal styles
possessing a solid vocal technique
that is responsive, adaptable, and ag-
ile in order to meet demands of cur-
rent and ever-evolving vocal music
industry genres.

XV
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Exercise Physiology
Principles for Training
the Vocal Athlete

Introduction

As with all physical actions, voice produc-
tion requires a combination of muscular
strength and coordination of multiple body
systems even for the most basic phonatory
tasks. Consider the complex mental, physi-
cal, and vocal actions necessary for high-
level singing regardless of style. Although
there are physiologic differences in how
these styles are produced, all genres of
singing require stable, strong musculature
functioning in a balanced, efficient manner
for optimal output. The concept of apply-
ing the principles of motor learning and
exercise physiology to voice training is not
new for the speech-language pathologist
specializing in rehabilitation of the voice.
These concepts and principles have also
been adopted by some vocal pedagogues
who use a physiologic approach to voice
training in their studios.

The following chapter highlights some
of the key principles of how muscles work,
the exercise science behind movement,
and how these philosophies might be ap-
plied when training high-level singers. The
subsequent chapter provides an overview
of basic motor learning principles with em-
phasis on how the teacher/clinician/singer
can maximize practice patterns, cueing,
and modeling to facilitate permanent car-
ryover of new vocal skill sets. For further
reading on these topics, the reader is en-
couraged to explore the references pro-
vided in this chapter for books and papers
on exercise science and motor learning.

Muscle Fibers and
Laryngeal Function

In recent years, the understanding and devel-
opment of exercise physiology as it may be

315
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applied to voice production and optimization
have been integrated into voice therapy and
rehabilitation protocols (Patel, Bless, & Thi-
beault, 2010; Sandage & Pascoe, 2010; Saxon &
Schneider, 1995; Stathopoulos & Duncan,
2006; Stemple, Lee, D’Amico, &Pickup, 1994).
Similarly, vocal pedagogues have begun to
work to incorporate a physiologic and func-
tional approach to artistic singing and speaking
voice training in recent years. Physiological
studies regarding specifically exercise physi-
ology principles and voice provide the basis
for consideration of possible modalities to
improve the muscle strength of both the re-
spiratory and the laryngeal muscles as well as
detraining effects (Baker, Davenport, & Sapi-
enza, 2005; 1lli, Held, Frank, & Spengler, 2012;
Sabol, Lee, & Stemple, 1995; Sapienza, 2008;
Sapienza, Troche, Pitts, & Davenport, 2011;
Tay, Phyland, & Oates, 2011; Wingate, Brown,
Shrivastav, Davenport, & Sapienza, 2007).

A basic knowledge of what a muscle is
and how it works provides the voice peda-
gogue and singer with the building blocks
for functional understanding. There are
three types of muscle in the human body:
(1) smooth muscle, (2) cardiac muscle, and
(3) striated muscle. Smooth muscle is regu-
lated by the autonomic nervous system. Ex-
amples of smooth muscle structures include
the uterus, stomach, and esophagus. For
these structures, involuntary peristalsis (pro-
pelling contraction) is the primary pattern
of muscle contraction. Cardiac muscle is a
striated muscle that is also involuntary. The
heart is composed of cardiac muscle. Skel-
etal limb muscles and muscles of the larynx
are striated muscles under voluntary motor
control and will be the focus of this section.

Skeletal (Limb) Muscles

We have only just begun to explore and
understand how laryngeal skeletal muscles

produce fuel for muscle metabolism. Newer
research suggests that vocal dose and me-
tabolism of laryngeal muscle may differ
depending on person and vocal task and
should be considered as part of the picture
when considering causes of vocal fatigue.
More research is warranted in this area to
help understand potential implications for
how we view and manage vocal training,
detraining, and fatigability in both habilita-
tion and rehabilitation.

The human body contains about 400
skeletal muscles making up about 40% to
50% of human body weight (Powers &
Howley, 2009; Suzuki et al., 2002). These
muscles allow for movement, postural
stability, and generation of heat. Skeletal
muscle can be grouped by fiber type with
two primary categories: type I slow twitch
fibers and type II fast twitch fibers. Slow
twitch fibers have certain characteristics
that make them more resistant to fatigue
compared with fast twitch fibers. Two
reasons slow twitch fibers are fatigue re-
sistant are: (1) they have a higher number
of capillaries surrounding them compared
with other fiber types, providing increased
blood supply, and (2) they have numer-
ous oxidative enzymes (which help slow
down the way a muscle gets energy). Fast
twitch fibers can further be subcategorized
into type Ila and type IIx. Type IIx fibers
are now thought to be the fastest but least
efficient because the characteristics of this
fiber type lead it to expend a significant
amount of energy per unit of work (Pow-
ers & Howley, 2009). Type Ila fibers fall
between type I and type IIx. Ila fibers have
some degree of fatigue resistance, though
they are not as fatigue resistant as type I
fibers. Type Ila are adaptable with training
and can further arm themselves against fa-
tigue by increasing their oxidative capacity
with training (Powers & Howley, 2009). It
is interesting to note that muscle fibers can
adapt to imitate other fiber types based on
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training and load (MacIntosh, Gardiner, &
McComas, 2006; Powers & Howley, 2014).

Research on human laryngeal muscles
and rat models indicates that human la-
ryngeal skeletal muscles have similar char-
acteristics to skeletal limb muscles with
regard to fiber type, capillary density, and
metabolic features (Hoh, 2005; Suzuki
et al., 2002). The thyroarytenoid (TA) mus-
cle contains only a few hundred muscle
fibers compared with some of the larger
limp muscles, which can contain hundreds
of thousands of muscle fibers (MacIntosh
et al., 2006). Cadaver studies on laryngeal
muscles revealed similar numbers of mus-
cle fibers across cadavers but variation in
muscle fiber type both within and across
cadavers (Rosenfield, Miller, Sessions, &
Patten, 1982). This leads one to ponder
whether or not these types of difference
were a result of different vocal activity
over a lifetime, or if different vocal activity
was self-selected because of predisposed
vocal presets based on individualized, ge-
netically based muscle fiber typing. Studies
on fiber typing have been conducted for
the TA muscle, posterior cricoarytenoid
muscle, and interarytenoid (IA) muscles
(Tellis, 2004; Tellis, Rosen, Thekdi, & Sci-
ote, 2004). The TA muscle and lateral cri-
coarytenoid muscle (LCA) are composed
of about 80% type II fibers and 20% type
I fibers. In contrast, the posterior cricoary-
tenoid muscle (PCA) is composed primar-
ily of type I fibers (65%; Happak, Zrunek,
Pechmann, & Streinzer, 1989; Tellis, 2004).
Type I fibers also appear to be abundant in
the cricothyroid muscle (CT) (Li, Lehar, Na-
kagawa, Hoh, & Flint, 2004). Interestingly,
the metabolic characteristics of the IA mus-
cle fibers make them susceptible to quick
fatigue. Based on studies that have differen-
tiated muscle fiber types for the laryngeal
muscles, the fast twitch fiber density of the
TA, IA, and LCA allow for rapid valving and
closure for airway protection. In contrast,

the slow twitch fibers that predominate in
the PCA make the muscle very fatigue re-
sistant, allowing for repetitive opening of
the airway for respiration 24 hours per day.
Most skeletal muscle is fairly evenly divided
50/50 between type I and type II muscle
fibers, but muscle fiber types do not func-
tion in isolation and they can even combine
toward a more hybrid muscle fiber type.
Some elite athletes have larger distribution
of one type over another, making them bet-
ter sprinters versus distance runners or vice
versa. Implication of this for vocal athletes
warrants further consideration and investi-
gation (Sandage & Smith, 2017).

Muscle Fuel

We will briefly describe how muscle tis-
sue derives power in order to contract and
relax. Bioenergetics refers to how energy
stores are produced for muscular contrac-
tion (Sandage & Smith, 2017). There are
three main avenues from which a muscle
can derive fuel. Adenosine triphosphate
serves as the primary power source needed
for muscular contraction. This is available
in small amounts for immediate consump-
tion. This is the immediate energy system
wherein there is a quick, powerful muscu-
lar response that lasts only a few seconds
until it is depleted. After ATP is depleted,
a supplemental fuel source (non-oxidative,
glycolytic) is required to sustain activity.
Finally, for longer contractions (2-3 min-
utes), oxidative energy sources become
the primary fuel to sustain activity (Brooks,
Fahey, & Baldwin, 2005; Sandage & Smith,
2017). These three pathways are not al-
ways used in isolation, rather they work
together depending on the task. When
training, these bioenergetic sources that
support muscle metabolism are upregu-
lated and adaptation. The result is better
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fatigue resistance for that particular muscle
for that specific task. Once that activity
ceases, however, those stores are down-
regulated, leading to a detraining effect.
Smith and colleagues measured vocal dose
of classroom music teachers. Intervals of
the majority of voiced segments over a
7.5-hour teaching were around 3 seconds,
supporting the hypothesis that vocal tasks
associated with classroom music teaching
rely on immediate bioenergetic muscle fuel
sources. This type of research can better
inform voice rehabilitation paradigms for
this population (Smith, Sandage, Pascoe,
Plexico, Lima, & Cao, 2017). The consider-
ation of these phenomena for habilitative
voice training requires further investigation
(Sandage & Smith, 2017).

Basic Training Principles
for Exercise Science

The analogy of the singer as an athlete is not
a new one. In the sport fitness arena, we
think of capabilities such as strength, flexi-
bility, endurance, and recovery. These areas
can be maximized with focused training. In
the world of vocal athletes, these skills are
also important, but measuring, reporting,
and monitoring development of these skills
becomes complex as there is much varia-
tion in how a singer produces sound and
much of the “behind the scenes” actions
are not visible, nor can they be easily differ-
entiated. Further, there is great variability
across singers as to how they perceive and
describe their vocal output and we cannot
be sure that reported symptoms correlate
with anatomical changes in a predictable
way. Additionally, research that has been
done has been in a research setting and
not reallife performance settings, which
often require eight shows of high-level

vocal performance per week. Still, as we
continue to gain more knowledge on how
exercise physiology principles apply to and
translate to voice training, we will evolve
our training paradigms to maximize and
customize vocal training for optimal per-
formance with lower risks of vocal injury
(Phyland, 2017).

There is ample research on impact of
exercise and strength training on general
skeletal muscles, such as limb muscles;
however, adequate research on impact of
exercise on laryngeal muscles is inherently
more challenging because of the locations
and sizes of these muscles. The presence of
vocal fold mucosa also differentiates the vo-
cal folds, therefore findings from research
done on general limb muscles cannot nec-
essarily be transferred to laryngeal muscles.
There is research to suggest that there are
reasonable similarities between limb mus-
cles and intrinsic laryngeal muscles (Hoh,
2005; Sciote, Morris, Horton, Brandon, &
Rosen, 2002; Tellis et al., 2004). Specific
similarities that have been described in-
clude muscle fiber type, metabolic attri-
butes, changes in neuromuscular junction,
and capillary density changes associated
with aging (Kersing & Jennekins, 2001;
McMullen & Andrade, 2006; Suzuki et al.,
2002).

There are five primary principles de-
scribed in exercise science literature to max-
imize strength, function, endurance, and
longevity. The overriding tenet of these
principles is that muscles, if trained in the
appropriate manner, will undergo muscle
fiber changes in addition to neural and met-
abolic changes, resulting in an adaptation
to the new demand imposed upon them.
This concept is referred to as Specific
Adaptation to Imposed Demand (SAID).
There is evidence in exercise physiology
literature that if training is done with the
following principles in mind, the above
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described physiologic changes will occur.
The five principles of exercise training are:
intensity, frequency, overload, specificity,
and reversibility.

Intensity, frequency, and overload are
best described inclusively. In order for the
target muscle to undergo the desired physi-
ologic adaptations, there must be adequate
frequency, and an appropriate amount of
intensity. These two factors will help en-
sure that the third principle (overload) is
realized. Both frequency and intensity must
surpass the target muscle’s comfort zone;
otherwise, the target muscle will persist
in a state of homeostasis (maintenance)
and adaptation will not occur. Demanding
muscular exertion beyond its maintenance
level will overload the muscle, leading to
adaptation and change. A brief discussion
of vocal load is appropriate here in order
to differentiate it from the principle of over-
load. The concept of vocal load is discussed
frequently in voice literature. Vocal load is
typically used to describe vocal mileage
with the specific parameters of duration,
volume, and pitch in mind. A heavy or high

The concept of neural adaptation as
part of athletic training and in par-
ticular vocal training should not be
underappreciated. When training the
voice, we must not only consider the
biomechanical strengthening and co-
ordination but also the neuromus-
cular efficiencies that are also being
strengthened. With this in mind, a
teacher must be monitoring if the
student is in a “learning state” with
a receptive nervous system to receive
new neurologic input in order to max-
imize learning and successful dupli-
cation. More on this is discussed in
the motor learning chapter.

load would involve above average activity
in any or all of these parameters (Solomon,
2008; Titze, 1999). There is more discus-
sion on impact of increased vocal load on
vocal integrity in Chapter 7.

There are a number of adaptive
changes that occur during this training pro-
cess. Of particular interest are the changes
in the muscle fibers, neural adaptations,
and metabolism. These changes are not in
tandem, however. In fact, the neural and
metabolic adaptations typically precede the
muscle fiber hypertrophy (Lieber, 2010;
Sale, 1988). Initial gains in strength are
due to the neural adaptations, which oc-
cur over a period of 4 to 5 weeks. These
changes can be seen after about 2 weeks of
training before any measurable increase in
actual muscle bulk (Lieber, 2010).

Metabolic changes are also an impor-
tant contributor to improved muscular
strength. When the appropriate frequency
and intensity levels are implemented for
the target muscle, there is increased effi-
ciency in the delivery of adenosine triphos-
phate (ATP), which provides energy to the
muscle for contraction. In turn, muscle fa-
tigue is reduced. Over time an increase in
capillary density around the muscle occurs.

This ensures that there is better oxy-
gen transmission from the blood to the
target muscle (MacIntosh, Gardiner, & Mc-
Comas, 20006). This is an important benefit
because capillary density has been shown
to decrease with age (Russell, Nagai, &
Connor, 2008).

Specificity refers to the concept that
strength training must be designed to ap-
propriately target the specific muscle or

The neuromuscular junction is the
place where the nerve meets the
muscle.

319



320 THE VOCAL ATHLETE

Real-life physical example of intensity,
frequency, overload, specificity, and
reversibility principles: If you wanted
to improve leg muscle strength by us-
ing squats (specificity), the frequency
(how many times you perform the ex-
ercise), the intensity (how challeng-
ing you make the squat influenced
by how low you go or by adding
weight), and overload (challenging
the muscle via heavier weight and/or
lower bend beyond its maintenance
levelto the point of muscle failure) will
over time result in progressive mus-
cle change. If you stop doing squats,
the muscle fibers will revert (revers-
ibility) back to their pre-exercise
state.

muscle group with the intended skill or
task. Research in exercise science sug-
gests that while some generalization exists
across muscles, there is not full carryover
to the muscles if the training task differs
from the demanded task. As an example,
consider the two activities of running and
cycling. Both tasks require the use of the
majority of the muscles in the leg, but train-
ing specifically for one task (running) does
not automatically make one skilled in the
other (cycling). This concept likely has im-
plications regarding different styles of sing-
ing, especially when employing different
registers or vocal genres.

The final exercise principle is revers-
ibility or detraining. Put very simply, if you
stop going to the gym, you lose previously
attained gains in strength and endurance.
Recall that the muscle adapts to increased
demands. Therefore, if the demand de-
creases or stops, there will be a detrain-
ing effect, and the muscle will return to its

pre-training level of function, as all of the
physiologic gains will have reversed. De-
training happens very quickly. Further, the
longer the hiatus from training, the longer
it will take to regain the strength. For ex-
ample, if you stop strength training for
2 weeks, exercise science research suggests
that it could take up to 4 weeks to reac-
quire post-training gains (Sandage & Pas-
coe, 2010). If this applies to voice training,
there are implications to consider regard-
ing complete vocal rest.

Research on Exercise
Science for vVoice

Historically, there is an association between
exercise physiology and kinesiology with
physical fitness, athletics, and physical ther-
apy. Speech pathologists have also applied
these principles to voice therapy and reha-
bilitation (Patel, Bless, & Thibeault, 2010;
Sandage & Pascoe, 2010; Saxon & Schnei-
der, 1995; Stathopoulos & Duncan, 2006;
Stemple, Lee, D’Amico, & Pickup, 1994; Thi-
beault, Zelazny, & Cohen, 2009). Vocal ped-
agogy has also moved toward a physiologic
and functional approach to voice training.
One study looked at the impact of overload
principle on voice training. The experimen-
tal group that had target overload tasks in
the form of lip trills at a certain intensity
for a period of time over six sessions dem-
onstrated improved vocal quality, stability,
intensity, and acoustic measures compared
with the traditional voice training group,
and these gains were maintained over a
30-day period, suggesting that adaptations
had occurred (DaSilva, Riberio, Siqueira,
Moreira, Brasolotto, & Silverio, 2017).
Physiologic studies regarding specifi-
cally exercise physiology principles and
voice provide the basis for consideration of
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