Thyroarytenoid muscle and vocal fry: a literature review
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BSTRACT

The work of speech-language pathologists uses exercises such as the vocal fry (VF), which originates from the great contractile ac-
tivity of the intrinsic laryngeal thyroarytenoid muscle (TA). The aim of this study was to review the literature related to TA and VE.
A literature review of the last 20 years on the subject was performed in the databases LILACS, SciELO, PubMed, Web of Science
and Google Scholar. It was found that the internal beam of the TA has slow twitch fibers, isotonic, resistant to fatigue; the external
beam provides fast twitch, fatigable and isometric fibers. The VF is characterized by the perception of the vibration of the glottal
pulses during the emission of the lowest frequencies in the vocal range (crackling in bass or vocal fry), mainly by the action of the
TA, especially its inner portion, which shows evident shortening, dropping the mucosa in great volume along the free edge, increasing
subglottic pressure and jitter, shimmer and noise levels, and reducing the airflow. Based on the literature, the isometric exercise with
the external TA happens with VF sustained in the lowest possible frequency to the subject (maximum contraction), for six seconds,
five to ten times daily, consistent with its predominance of fast twitch fibers. In the isotonic exercise with the internal TA, high
sounds must be to stretch the muscle, alternating emissions by VF (concentric contraction) and in modal register and falsetto head
(high-pitched sounds) (eccentric contraction) with several daily series of eight to 12 repetitions, consistent with the predominance

of slow twitch fibers.
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INTRODUCTION

The human voice is the result of complex interactions
between muscle, connective, epithelial, cartilage, ligaments,
nerve and bone elements. The voice is produced intentionally
or as a reflex, playing an artistic and a communication role
throughout human evolution”. From this complex voice
generator, it is noteworthy the intrinsic thyroarytenoid (TA)
laryngeal muscle, primary component of the oscillator that
generates sound waves: the vocal folds (VFs), also called the
vocal muscle!.

The natural emission of voice requires muscle activity,
including the TA muscle, which participates in the glottal
adduction and in the production of both low and high frequency
sounds. Also the work performed by audiologists uses vocal
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exercises related to the activity of specific muscles, in con-
formity with treatment goals, such as the technique of vocal
fry (VF), held by the great contraction of the TA muscle!*.
Therefore, it is necessary for the speech-language pathologist
to know the neuroanatomical and physiological traits of the
TA and its role in the technique of VF used in the clinic, to
support the criteria for its use and indication.

In general, it can be stated that the literature lacks resear-
ches focused on physiology and the effectiveness of the exer-
cises used for voice disorders. The physiological goal of most
vocal exercises is still widely considered in intuitive terms®,
which leads the present work to a systematization of current
knowledge to improve understanding about both: TA and VE.
In the otorhinolaryngology practices, TA acquires importance
as a major responsible for voice production, supporting the
mucosa oscillation that generates the voice signal. The neu-
roanatomical and physiological conditions of the TA and the
characteristics of spontaneous speech in vocal fry allow the
otorhinolaryngologist to investigate traumatic brain injuries
and neurological diseases that cause severe dysarthrophonia
which may present its first manifestations at the laryngeal/
phonatory level, requiring specific referrals™?.

In view of all this, the aim of this study was to conduct a
review of the literature related to the TA and VF. To this end,
we performed a literature review on the subject in the databa-
ses LILACS, SciELO, PubMed, Web of Science and Google
Scholar, covering the last 20 years.
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LITERATURE REVIEW
Skeletal muscle

A skeletal muscle is the one in which the functional
unit is the muscle fiber, a thin, long, multinucleated cell
called myocyte, with diameters ranging between 10 and
100 micrometers. Each muscle fiber consists of thousands
of myofibrils or contractile elements, cylindrical filaments
that fill the interior of the cell, whose diameters range from
1 to 2 micrometers. These myofibrils are composed by
myofilaments of proteins (myosin, actin, tropomyosin and
troponin) arranged side by side, resulting in the sarcomere,
which is the unit responsible for muscle contraction!". The
ability to contract is a characteristic of the muscle tissue,
whose action occurs by the sliding of myofilaments, one over
another, causing contraction'?.

Muscle fibers are united into groups to form fascicles
that, when grouped within a layer of connective tissue, forms
a whole muscle. The skeletal muscle contractions are mostly
voluntary, controlled by the nervous system and triggered by
stimulus that reaches the muscle through the synapse between
a neuron (motoneuron) and the muscle fibers innervated by it.
This set is called a motor unit. Each axon innervates identical
muscle fibers, in which the number of axons varies according
to the size of the muscle innervated"?.

The speed and strength of the contraction are determined
by the number of activated motor units"''¥. The control of
muscle strength is essential to the accomplishment of any
movement, including voice production.

A skeletal muscle, adapted to each motor act, usually has all
types of muscle fibers, although it presents a variable distribu-
tion, the predominance of a certain fiber type always occurs™.

The skeletal muscle fibers differ in their resistance to fati-
gue and in the development of tension, in straight accordance
with their own oxidative capacity of transforming chemical
energy into a mechanical one!'V, in which are known two types:
slow-twitch fibers (ST): red, type I, tonic; and fast-twitch fibers
(FT): white, type II, or phasic®7.

The ST fibers (Type 1) are adapted to continuous muscle
contractions, with fatigue resistance, they do not support
overload, they do support repetitive activity of low demand
instead, since their maximal contraction is lower, they’re re-
cruited even in anaerobic activities. These fibers carry many
mitochondria, are bulky and have high levels of myoglobin,
substance responsible for its red color').

The FT fiber (Type II) can support overload, shows rapid
and discontinuous contractions, although little repetitive, and
are more susceptible to muscle fatigue. They can be classified
as FT-A or Ila, FT-B or IIb, and FT-C or Ilc, according to their
motor function"'¥.

The FT-A or Ila fibers have the characteristics of the FT-B
and ST fibers (more resistant). They are larger in diameter
than the ST, with stronger tightening and greater contractile
speed, it maintains the contraction for a longer period of time,
with both aerobic and anaerobic capacity, and are considered
an intermediate kind. The FT-B fibers or IIb, also called fast-
oxidative-glycolytic, are fast, possess the greatest anaerobic
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potential and little resistance to fatigue, the real fast twitch
fiber. The FT-C or IIc muscle fibers are more rare and may
participate in the enervation or in the process of transformation
of motor units!*!¥,

In voluntary muscle contraction, regardless of the intensity
of the exercise, the ST fibers are activated first, with recruit-
ment of fibers of type FI-A when there is a need of fast and
powerful energy supply. The FI-B fibers are recruited only
in maximum or near maximum levels of muscle activity!"'9,

In denervated canine larynges, we found that FT fibers
atrophied more and more rapidly than the ST ones, and
reduced its diameter while the ST, even in the process of
atrophy, underwent through an enlargement of the diameter.
These changes occurred, generally within three months after
denervation'?.

Thyroarytenoid muscle

The thyroarytenoid muscle (TA) is a paired skeletal
muscle that is part of the intrinsic muscles of the larynx and
each comprises a vocal fold; it receives motor and sensory
support from the vagus nerve through one of its branches
(cranial nerve X), the inferior laryngeal nerve (ILN) is located
laterally to the elastic membrane and to the thyroarytenoid
ligaments(]’3'6'8‘9"4*]6'“)).

The TA has two main muscle beams: the tiromuscular or
external (external TA) which is inserted in the inner surface
of the thyroid cartilage, extending itself until the muscular
process of the arytenoid cartilage; and the vocalis or tirovocal
(internal TA), or vocal muscle, inserted into the prior inner
surface of the thyroid cartilage and posteriorly in the vocal
process of the arytenoid cartilage!'*-¢31¢19 There is a third
beam of muscle fibers that composes the TA, the thyroaryte-
noid muscle called ventricular or vestibular, directed upwards
in relation to the vestibular folds*¢%16 In addition to these
three beams, the thyroepiglottic muscle presses the epiglottis
through the contraction of TA fibers that extend all the way to
the aryepiglottic folds"®.

Regarding the innervation, the internal laringeal ner-
ve (ILN) emerges from the vagus nerve, circumvents the
brachiocephalic stem to the right and the aorta to the left,
passing through the tracheoesophageal groove, presenting an
immense relationship with the inferior pole of the thyroid
gland until it makes its way into the larynx through the
bottom edge of the inferior constrictor pharyngeal muscle,
reaching the posterior larynx. It is divided into five motor
branches responsible for all the intrinsic muscles of the la-
rynx except for the cricothyroid (CT), which is innervated
by the superior laryngeal nerve of the vagus, which also
presents an afferent branch responsible for the sensitivity of
the subglottis!-¥5-1416.17),

The intrinsic muscles of the larynx, including the TA,
performs precision movements, with tension and postural
adjustments of the vocal folds!!310161819 " copperating with
the extrinsic muscles®31%1922 comprised by a ST and FT
fiber types®11:1523),

The fastest intrinsic muscles, such as the TA, the lateral
cricoarytenoid and the interarytenoids show a higher number
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of FT-A fibers, therefore more fatigable, while the slower ones,
as the cricothyroid and CAP, are rich in ST fibers, being more
resistant to fatigue® 152325,

The external TA is rich in FT fibers that are highly fatiga-
ble!371423) " jts contraction is isometric, involving resistance
without movement and tension without stretching!'*>'"14 ‘been
predominantly considered as an adductor, highly important for
the production and maintenance of glottal stability with steady
glottal closure in the face of higher levels of vocal intensity
(subglottic airway pressure)!+7:2%,

In dogs, is also observed that the ST fibers hardly exist in
the external TA, and that, after denervation, the TA suffers a
quick atrophy, due to the predominance of FT fibers!>.

The contraction of the internal TA increases the glottal
strength and endurance hence regulating vocal intensity®--19%),
increasing the mass and decreasing the length of the vocal
folds, closing the distance between the thyroid and arytenoid
cartilage, causing the accumulation of mucosa mass that coats
the vocal folds!*5,

The mass increase of the vocal folds amplify its inertia to
the airstream, slowing the speed of vibration cycles, producing
low frequency sounds, considering that the internal TA is the
responsible for the tension that produces bass sounds!+%1-

This muscle is rich in ST fiber, of isotonic contraction®32%:
which probably helps in finer movements of the vocal folds
during speech, such as prolonged adduction for extended
communication proposals”-

It is considered that the intrinsic muscle of the larynx is
relatively resistant to fatigue®*? and some authors®” attach
such resistance to the internal TA due to the predominance of
ST muscle fibers rather than to the external TA.

The cricothyroid muscle, responsible for the production of
high frequency sounds, or acute, is considered more resistant
than the TA, therefore it is recommended the adoption of a
more acute vocal pattern during vocal activities that are more
demanding, as a way to minimize or avoid vocal fatigue®-®

However, the ability of a muscle to sustain contraction
during a prolonged period of time is related to several factors:
the type of fiber distribution, its organization, traction angle,
muscle length, joint angle, speed of contraction, and motor
unit activation!12:20

In addition to the muscle characteristics, vocal fatigue may
be influenced by an increased viscosity of the vocal folds,
reduction of the blood flow and tension of the non-muscular
tissues>671422- Muscle fatigue may arise after prolonged
periods of speech, as a negative adjustment that happens as a
result of prolonged use of the voice”-'4222) regardless of how
well the muscles are developed.

Based on the abovementioned, it appears that the definition
and characteristics of vocal fatigue are still uncertain, and they
don’t lead to a consensus on the subject®671422

As for the top beam of the human TA (vestibular thyroa-
rytenoid), very little is known, due to the fact that only half
of the human population presents it but it may contribute
to the constriction of the laryngeal vestibule, benefitting the
approach of the medial vestibular folds, adding pressure on the
mucous glands of the laryngeal ventricle, releasing lubricating
secretions3+6.719-
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Basal register and vocal fry

The term “vocal register” still isn’t a consensus in litera-
ture™18192D_but some authors relate it with the different forms
of vocal emissions that covers the full range of sounds of the
human voice, from the deepest to the highest pitch, in which
the frequencies have an uniform quality of emission, occurring
variations related to relative changes in the cross section of
the vocal folds, produced by differential contractions of the
intrinsic muscles, representing the three main vocal registers of
human voice: vocal fry, modal and high or falsetto!-318.192627,

The basal register (BR) or pulsatile, is characterized by
the perception of the glottal vibration pulses during the emis-
sion™1%2730) " which allows us to compare this emission to the
sound of a “motor boat”, the “creak of a door” ,”food frying”
or to the “act of dragging a stick around a fence”!*”, presen-
ting the possibility of being produced during both: inhalation
and exhalation®.

During emission in BR, the vestibular fold medialize itself
more sharply than during the modal register, the vocal folds
are shortened, and glottal closure is stronger!!-3467.9.18:19.21.30.3)
It is likely that this firm closure is due to the strong lateral
compression of the vocal folds, provided by the outer portion
of the TA®4!9, Even with the firm glottal closure, the mucosa
can be found loose and in great volume along the free edge
due to the shortening of the vocal folds!!:67-18:192130.3D) The
subglottic air rises in the form of bubbles between the vocal
folds, approximately at the junction of the prior two thirds of
the glottis®2"3233),

The vocal processes of the arytenoids appear to be levera-
ged anterior and medially and may further reduce the posterior
glottic gap®. The thickening of the vocal folds, together with
the decreased stiffness of the vocal ligament during the BR may
be the main contributing factors to reduce the speed of vocal
fold vibration by altering the characteristics of the vibratory
cycle, in which the vocal folds open and close from one to
three times in rapid succession (depending on the author) and
after that, they come to a closed position for a longer period
of time, in a vibration pattern of pulses that also characterizes
this register("3*4’6*7‘9'18"9’2]*28*30'36).

In this register, the larynx gets lowered in the neck 192837
and the vestibular folds get contracted to the point that they
come into contact with the vocal folds, reducing or even eli-
minating the ventricular space, causing the thick and compact
laryngeal structure of this register, which features the reduced
ventricular space of the muscular setting during BR, when
compared with the modal register'”.

It is possible to observe In the aerodynamic evaluation of
the emission in BR, an increased subglottic pressure and a
reduced airﬂOW“"8'19‘26’29*32'35).

As for the acoustic characteristics, there are different
opinions among authors as to the frequency range that can be
subsumed by the BR, ranging from 20 to 90 Hz, but all agree
that these are the lowest frequencies that the human voice can
produce(!:3467.9.18.19.2127.293032-34.38) We found that the standard
deviation of fundamental frequency during phonation greater
in BR than in modal register®**>.

The levels of frequency disturbance (jitter) during the BR
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emissions are also significantly higher than those observed in
the modal register, both in normal and in pathological voices,
the same happened with the measures of intensity of distur-
bance (shimmer) and with the presence of noise!!31932-39,

In the perceptual evaluation, there are clear differences
between emissions in BR and normal voices or even dysphonic.
The voice produced in BR presents tension, little modulation
and low intensity'** and can also be called as crackling
Voice(],3,4,10,l9,27)_

The crackling voice may also be called vocal fry or glot-
tal fry in American English"-*"?, or creaky voice in British
English?2% concepts that gets mixed emissions in BR. Ho-
wever, there isn’t necessarily an equivalence between them,
in other words, the BR is featured by a very low fundamental
frequency, with distinctive crackling®-33%_ However, cra-
ckling can occur in any frequency of the vocal range, not only
in BR"??. Thus, the term “vocal fry” is used to refer exclusively
to the crackling in the BR, while the term “creaky voice” in-
dicates the crackling introduced into any type of emission”®.

Regarding different genders , it is common to both, men
and women, two main features of the BR: The occurrence of
multiple opening and closing phases to each vibratory cycle
(glottal pulses)!3:46.7:9.18.19.21.27.28.30-36) g the same range of fre-
quencies in its production!3#:6.7:9.18.1921.293032-3538) ‘Tp addition,
men and women had significantly high contact ratio between
the vocal folds during BR when compared to the modal regis-
ter® in an electroglottography.

However, it was found that women had a significantly
higher ratio of contact between the vocal folds during the BR,
when compared to men’s rate, indicating greater asymmetry
between the duration of the opened and closed phases of the
glottal cycles in women, confirming that way that gender
differences exist not only in modal register but also in BR®?,

The continuous emission in BR (also known as pulsed,
considering the abovementioned features of the BR) in speech,
syllables or in vowels, used in speech therapy as a therapeutic
technique, sets up the traditional vocal fry(!35916.18.19.21.27-30).

In the researched literature, there is only one national
proposal, published in a monograph and in two chapters of
a book®*! through which they’ve described two ways of
implementing the vocal fry (VF), in which the physiological
characteristics differs between: tense and relaxed.

The production of the relaxed VF would be characterized
by a lower position of the larynx, the predominant action of
the TA muscle (especially its internal beam) minor participa-
tion of the vestibular folds, looser edges of the vocal folds, a
more relaxed laryngeal structure and by simple glottal pulses
with weak intensity. The tense VF, on the other hand, would
be characterized by elevation of the larynx, with consequent
increase in glottal adduction, action of the lateral cricoaryte-
noid (LCA) and external TA muscles, greater participation of
the vestibular folds, rigid vocal fold edges, tense laryngeal
framework, double or even triple glottal pulses and mild in-
tensity or slightly higher than in the relaxed VF, can also be
called: fry of scarce pulse®*!?.

As for the muscle activity used to produce the VF, the
literature refers to a predominance of the LCA and the TA
muscles®*+!? although that would be mainly related to the
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production of the tense VF®. Some authors consider that the
nomenclature through which both types of VF are characte-
rized, tense and relaxed, proved to be adequate and didac-
tic1%3D, However, field research to document the physiology
and the acoustic characteristics of these both types of VF is
still needed, since they were not found in the literature.

Most authors agree that the VF is predominantly produced
by the action of the TA muscle that forms the body of the vo-
cal folds, which is considered the main tensor that promotes
the low frequencies sounds of the human voice!!-39:18.19:29.34.35)
However, it is not mentioned any physiological differences in
the implementation of the VF.

Since the jitter is related to vocal roughness'” and emissions
in BR exhibit increased jitter"-'833% assuming that this may
be related to the theoretical conception of the tense VF, this
would imply that the characteristic of vocal roughness would
be generated by the rigidity of the muscular system®*!, but re-
search papers that investigate such relation could not be found.

However, some authors claim that the production of a tense
VFis incorrect*, remarking that the VF must be produced in
a prolonged emission and performed effortlessly when in BR,
also, it needs to be done after the almost complete exhalation,
or during the inhalation for lower pitch frequencies!*”, which
sets the vocal fry, as the described above and not as a creaky
voice that can occur at any frequency range, since that the VF
emitted with excessive muscular tension presents a more acute
fundamental frequency-*”.

The use of the VF can be seen in the end of the emission
of sentences of speakers without voice disorders’?”, it also
appears in the speech of some individuals in the form of mood
demonstration, such as the decreasing inflection of sadness,
boredom, level of fatigue or incorrect use of the laryngeal
system?7:283%) "and also as a speech resource in broadcasting to
build up the modeled vocal stereotype of “cheap seduction”™.

It is a voice quality that often appears in relaxed voices,
indicating low pressure, or in strained voices, showing expres-
sions of surprise, admiration or suffering®”.

However, many authors state that the persistent use of the
vocal fry in speech is usually considered harmful and should be
discontinued, as it represents hyperfunctional vocal behavior
that can lead to voice disorder*'®, also, daily communication
requires greater volume and projection, which is impractical
in this type of emission*%.

Individuals who use VF in their day-to-day speech tend
to build up a lot of vocal tension in the attempt to raise the
intensity of their voices, which usually is reduced in this type
of emission3¥. To disable the persistent use of the VF in usual
speech, it is suggested the direct change in the vocal frequency
of the patient’s phonation!-*%.

The constant use of VF in speech may present itself as a
clinical type of psychogenic dysphonia, defined as dysphonia
by fixation in BR. Although not common, this type of voice
disorder can be observed in male young adults in need of self-
affirmation or emphasized aggressive features.

It was found that patients with laryngeal contact granuloma
who presented abusive behavior of the voice, evidenced a lower
voice pitch, monotonous voice and excessive use of the VF
during normal speech®.

Rev Soc Bras Fonoaudiol. 2011;16(3):362-9



366

In addition, the voice crackling may represent a form of
long-term vocal instability evident in certain neurological
disorders!'?.

Vocal fry as a speech-language pathology technique

Although the vocal fry is studied as an emission in Basal
Register, it has been introduced for therapeutic purposes“” for
more than 20 years, indicated in the treatment of several voice
disorders"**3D such as: psychogenic illnesses (conversion
falsetto, incomplete voice change, mutational falsetto, pro-
longed voice change, delayed voice change), muscle tension
dysphonia (laryngeal isometry, vocal fatigue, uncomfortable
phonation, mid-posterior triangular gap); organic dysphonia
(nodules, polyps, cysts, edema and thickening of vocal folds)
hypernasality, cleft palate, velopharyngeal insufficiency or
incompetence, spasmodic dysphonia, ventricular phonation,
vertical partial laryngectomy; palatomia; presbylarynx; pa-
ralysis of the larynx, cases where it was observed acute vocal
pitch and tension in the vocal tract, or in the monitoring of the
laryngeal balance, when the individual can easily enter the VF,
and even in cases of dysphagia(!-3-616.1921.29-33.37)

Even though there is still no published scientific evidence
of the physiological and acoustic characteristics of the two
proposed ways of implementing the VF, the authors of this
theoretical conception suggest the use of the relaxed VF in
cases of hyperkinetic dysphonia with difficulty in controlling
the airflow, aphonia or dysphonia conversions and functional
delays of voice change, while indicate the use of tense VF in
cases of severe glottal insufficiency due to unilateral laryngeal
paralysis, sulcus vocalis, and abduction, spasmodic dysphonia
aiming for a better glottic closure and vocal stability®+!619),

On the other hand, other authors state that, when prac-
ticed in a tense way, and therefore more acute, the VF must
be corrected immediately, not being indicated to persist in
the use of the vocal fry in cases of hyperkinetic dysphonia in
order to avoid increasing the tension*”. With the purpose of
facilitating its production, low pitch sounds, yawning and neck
exercises could be used®.

Still, it is suggested to use the VF in the early treatment of
vocal fold nodules only as a sound facilitator, because in addi-
tion to providing limited tour of the mucosa, it request actively
the contraction of the TA muscle that is highly fatigable®+!?.

According to the researched literature, the vocal fry causes:
great contraction of the TA muscle, shortening it; relaxation of
the cricothyroid and the posterior cricoarytenoid; greater glot-
tal closure; anterior-posterior constriction of the laryngeal ves-
tibule; constriction of the nasopharynx; soft palate elevation;
disclosure of the Passavant ridge; mobilization and relaxation
of the mucosa, increasing its mass; improved glottal closure;
reduction of phonatory tension with increased comfortable
phonation after exercise; increase of the oral component of the
resonance; decreased hypernasality; improved loudness; hoar-
seness improvement; better direction of the airflow upwards
the oral cavity; increasing of the quotient of contact between
the vocal folds; decrease in fundamental frequency; impro-
ves the noise-harmonic ratio; higher number of harmonics;
and greater uniformity and distribution of frequencies in the
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spectrogram; increased energy of the vocal spectrum; more
regular audio signal and increase in the maximum phonation
time(I,3,9,19,21.26,28,29,32-34,37,38)_

In arecent survey it was found that in case of gaps, despite
the improvement in glottic closure with the use of VF, there
may be increased measures of noise, jitter and worsening of
vocal quality®V.

It is stated that the practice of exercises with lower-
frequency sounds, which occurs with the VF, stimulates the
production of mucous secretion from the glands of Morgagni’s
ventricle, allowing increased lubrication of the epithelium of
the vocal folds®*!%.

We emphasize the importance of proper implementation
and enforcement of the VF, in strict accordance with each
pathology, because the inappropriate duration or manner of
its execution may lead to the decrease of the fundamental
frequency that the patient normally uses in spontaneous con-
versation and overload the TA, leading to fatigue®+7:1%.

It is also stated that performing exercises in the VF fre-
quency or in a very low frequency range, requires an intense
effort from the TA. This may not be the ideal condition for the
muscles if they weren’t previously stretched which is possible
to achieve through the realization of smooth falsetto™'?.

When the exercise is performed with excessive effort, speed
or load, lactic acid (toxin with muscle enhancement function)
accumulates in the muscles, limiting their performance®.

Based on the theory here exposed, it is suggested not to use
the VF as the last exercise of the vocal warm-up sequence for
voice professionals or as the last exercise session in patients
with conditions in which the reduction of the fundamental
frequency is not the goal due to the setting of low a fundamen-
tal frequency, which can be kept in the speech in the modal
register too, causing fatigue®+79. Also, it is not recommended
to use it as the first exercise in these situations because of the
need for prior stretching of the TA before the VF practice™.

Stretching, when practiced regularly, increases muscle
strength and elasticity. The motor responses to stretching
balance the muscle tension; improve the elasticity and length
of the muscles; organize the posture, and enhance the develo-
pment of the gesture engine and proprioception®”.

As for the running time of the VF, there was a positive effect
on the vocal quality of adult subjects and in surgically repaired
patients with post-foramen cleft lip, after three minutes of the
VF technique®?.

In a study with patients undergoing vertical partial laryn-
gectomy, the VF held for two minutes allowed greater vibration
and approach of the remaining supraglottic structures, with a
perceptual vocal improvement®".

However, other authors found a negative effect after three
minutes of execution of the VF in adults without changes in the
phonetic apparatus, probably due to muscle overload, reaching
better results with one minute of practice®®.

Adult women with hourglass chink® and adult women
with normal larynx®? performed the VF in three sets of 15
repetitions in their maximum phonation time, with 30 secon-
ds of total silence or passive rest between sets!'?, presenting
positive results on the larynx and voice.

Still, considering that the VF is predominantly produced
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by the action of the TA muscles, The isometric exercise of the
external TA®351119 " through the VF, can be accomplished by
keeping the maximum contraction for six seconds, with daily
repetition of five to ten times''¥. Thus, for isometric contrac-
tion, which exercises mainly the external TA, the VF should be
kept at the lowest possible frequency for the subject (maximal
muscle contraction), holding this emission as described above,
which would be compatible with the TA’s predominance of
fast twitch fibers!!:3-714.18.19.20.23)

The isotonic contraction, compatible with the predomi-
nance of slow twitch fibers in the internal TA®>1329_ involves
resistance to movement, occurring muscle tension during
movement, shortening (concentric contraction) and stretching
(eccentric contraction) the muscle!*>9 it is suggested the
practice of eight to 12 repetitions of the movement in several
series per day!!"'¥. In this case, for stretching the TA, it would
be necessary to use high-pitched sounds™, in other words, for
isotonic activation through the internal TA exercising, it should
be used VF emissions alternating with emissions in the head
modal register or falsetto register (high-pitched sounds)®!?,
with the maximum number of repetitions, as the literature
states, been that way, consistent with the prevalence of fatigue-
resistant ST fibers®>121829_n any way, with the increase of the
load, speed, or frequency of exercise, the result is increased
muscle resistance, named endurance, due to the conditioning
of the muscles involved!>??.

DISCUSSION

According to most authors!3-11:14-19.23.25.26.29.34.35) the TA for-
ms the body of the vocal folds and it’s divided functionally into
two beams, an internal one and an external one. The external
TA is rich in FT fibers, and is highly fatigable*71423  with
an isometric contraction*>119 jt’s predominantly adductor,
been related to the stability of the glottal closure in higher
levels of vocal intensity!+72%

The contraction of the internal TA increases the glottal
strength and resistance, regulating vocal intensity©-51929;
increases the mass of vocal folds, decreasing their length and
causing the accumulation of mucous mass that coats them -39
and produces low frequency sounds, because it’s considered
that the internal TA is the tensor for bass sounds"**!®). This
muscle is rich in ST fibers of isotonic contraction type, being
more resistant than the external TA®,

The literature characterizes the basal register by the percep-
tion of the glottal vibration pulses'**-? during the emission
of the lowest frequencies of the entire vocal range (crackling in
bass, also called vocal fry)?7> due to a very evident shortening
of the TA and a firmer glottal closure , having the mucosa loose
and in bulk along the free edge, occurring a reduction in the
ventricular space in reason of the approximation between the
ventricular folds!-34679.18.19.21.303D) Thyg, the subglottic pressure
is increased and the airflow is reduced!31926293235 Emissions in
this register show high levels of jitter, shimmer and noise when
compared to the modal register commonly used in spontaneous
speech! 18193235 'However, there is no consensus regarding the
definition of “vocal register”!3418.192620 i relation to the exact
range of frequencies produced in BR(:346. 7:9:18.1921.27.29.30.32-35.38)
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nor on the number of glottic pulses that occurs per vibration
Cycle in this register(l,SA.G],Q,]8,19,2],27,28,30—36)'

The VE, a speech-language pathology technique consis-
ted of continuous emissions in basal register during speech,
syllables or vowels!:339:16.18.1921.27-30) js mainly produced by the
action of the TA muscle!:%1819293435 " phregenting therapeutic
indications that range from the control to the breathing level,
passing through the glottic closure and mobilization of the
mucosa, until the closure of the velopharyngeal sphincter,
showing significant improvement in voice quality, in laryngeal
conditions and vocal nodules(!+6.2:16.19:21.26.28-34.37.38)

Despite the several indications for the use and effects re-
ported, there is no consensus on the runtime of VF(!!14:2131-33.38)
However, considering that the VF is produced by the predo-
minant action of the TA muscles!*%-18.19293439 and due to the
anatomophysiological characteristics of the muscle described
in the literature!-311.14-19.23.25.26.29.34.35 it ig believed that for iso-
metric exercise of the external TA, the VF should be kept in
the lowest possible frequency to the subject (maximal muscle
contraction), supporting it for six seconds, five to ten times
a day, in accordance with the compatibility of the FT fibers
features(],3-7,l 1,14,]8,]9,20,23).

Still, as stated by the literature, it is believed that for an
isotonic practice of the internal TA, it would be necessary to
use high sounds to stretch it, that is, emissions in VF (concen-
tric contraction) should be alternated with emissions in modal
register (eccentric contraction) or head falsetto (high-pitched
sounds) with eight to 12 several daily series of repetition, com-
patible with the characteristics of the ST fibers!!-#391112.14.18.19.24).

Due to the limited number of studies on the variables:
form of practice of the VF; anatomophysiological and acoustic
characteristics of the emission in VF; runtime of the technique;
features of the studied population, anatomophysiological cha-
racteristics of the TA muscles, and also, about the relationship
between these variables, it is of supreme importance the conti-
nuation of studies in this area to enable the clinical application
of VF with increasingly strong evidence.

CONCLUSION

The internal beam of the TA presents isotonic, fatigue resis-
tant, slow twitch fibers, while the external beam has fatigable,
isometric, fast twitch fibers. The VF is characterized by the
perception of the glottal vibration pulses during the emission
of low frequencies in the vocal range (crackling in bass or
vocal fry), mainly by the action of the TA, especially its inner
portion, which gets shortened in an evident way, dropping
the mucosa in great volume along the free edge, increasing
subglottic pressure and the levels of jitter, shimmer and noise,
and reducing the airflow as well.

The isometric practice of the external TA takes place with
a sustained VF in the lowest possible frequency to the subject
(maximal contraction) for six seconds, in 5-10 daily repeti-
tions. In the isotonic practice of the internal TA, it would be
used high-pitched sounds to stretch it, alternating between
emissions in VF (concentric contraction) and in modal register
and falsetto head (high-pitched sounds) (eccentric contraction),
with several daily series of eight to 12 repetitions.
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RESUMO

O trabalho do fonoaudiélogo utiliza-se de exercicios vocais como o Som Basal (SB), que se origina da grande atividade contratil do
musculo laringeo intrinseco tiroaritenoideo (TA). O objetivo deste estudo foi revisar a literatura relacionada ao TA e ao SB. Realizou-
se levantamento bibliografico dos tltimos 20 anos sobre o assunto nas bases de dados LILACS, SciELO, PUBMED, Web of Science
e Google Scholar. Verificou-se que o feixe interno do TA apresenta fibras de contracdo lenta, isotonicas, resistentes a fadiga; o feixe
externo apresenta fibras de contragdo rpida, fatigdveis, isométricas. O SB caracteriza-se pela percepgio dos pulsos de vibragio glotica
durante a emissao nas frequéncias mais graves da tessitura vocal (crepitagdo em graves ou vocal fry), principalmente pela agao do TA,
especialmente sua por¢do interna, que se encurta de forma evidente, soltando a mucosa em grande volume ao longo da borda livre,
aumentando a pressdo subglética e os niveis de jitter, shimmer e ruido, e reduzindo o fluxo aéreo. Com base na literatura, a exercitagio
isométrica do TA externo ocorreria com o SB sustentado na frequéncia mais grave possivel ao sujeito (contra¢do médxima), durante
seis segundos, de cinco a dez vezes didrias, compativel com o predominio de fibras de contragio rapida. Na exercitagao isotonica do
TA interno, utilizar-se-iam sons agudos para estird-lo, alternando emissdes em SB (contragdo concéntrica) e em registro modal de

cabega ou em falsete (sons hiperagudos) (contra¢@o excéntrica), com varias séries didrias de oito a 12 repeti¢des, compativel com o

predominio de fibras de contragdo lenta.

Descritores: Voz/fisiologia; Misculos laringeos/fisiologia; Fonagao/fisiologia; Reabilitagio; Fonoterapia
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