A Computerized Tomography Study of Vocal Tract Setting
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Summary: Background: Vocal tract setting in hyperfunctional patients is characterized by a high larynx and
narrowing of the epilaryngeal and pharyngeal region. Similar observations have been made for various singing styles,
eg, belting. The voice quality in belting has been described to be loud, speech like, and high pitched. It is also often
described as sounding “pressed” or “tense”. The above mentioned has led to the hypothesis that belting may be stren-
uous to the vocal folds. However, singers and teachers of belting do not regard belting as particularly strenuous.
Purpose: This study investigates possible similarities and differences between hyperfunctional voice production
and belting. This study concerns vocal tract setting.

Methods: Four male patients with hyperfunctional dysphonia and one male contemporary commercial music
singer were registered with computerized tomography while phonating on [a:] in their habitual speaking pitch.
Additionally, the singer used the pitch G4 in belting. The scannings were studied in sagittal and transversal
dimensions by measuring lengths, widths, and areas.

Results: Various similarities were found between belting and hyperfunction: high vertical larynx position, small
hypopharyngeal width, and epilaryngeal outlet. On the other hand, belting differed from dysphonia (in addition
to higher pitch) by a wider lip and jaw opening, and larger volumes of the oral cavity.

Conclusions: Belting takes advantage of “megaphone shape” of the vocal tract. Future studies should focus on
modeling and simulation to address sound energy transfer. Also, they should consider aecrodynamic variables
and vocal fold vibration to evaluate the “price of decibels” in these phonation types.

Key Words: Nonclassical singing—Vocal loading—Vocal tract imaging—Computed tomography—Physiology of

singing.

INTRODUCTION

According to clinical observations, typically made through
laryngeal endoscopy, hyperfunctional dysphonia is character-
ized by an elevated larynx, a constricted pharynx and epilar-
yngeal outlet, Aditus laryngis, strongly adducted vocal folds,
and usually also medialization of the ventricular folds.'°
Hyperfunctional dysphonia leads to complaints of inadequate
vocal communication and vocal fatigue. According to experi-
ments with excised larynges, increased adduction and higher
pitch and loudness increase impact stress (pressure per unit
area) during vocal fold collisions in phonation.” Thus, hyper-
functional phonation has been regarded as a risk for vocal
fold trauma due to mechanical loading of the tissue.

Similar findings of the vocal tract as those listed for
patients in hyperfunctional dysphonia have been made for
contemporary commercial music (CCM) singers in belting
(high pitched, loud yelling-like singing), yet professional
CCM singers and teachers of CCM do not regard belting as
strenuous or harmful.*~'" Typically, one adds to the state-
ment “when it is produced correctly.” It has been hypothe-
sized that the sphincters of the vocal tract (pharynx,
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epilarynx, and larynx, the latter including both vocal folds
and ventricular folds) can be adjusted separately.® Thus, at
least theoretically, it would be possible to produce stronger
constrictions in the epilarynx and hypopharynx while using
only moderate adduction, which would diminish vocal load-
ing and yet increase the loudness of phonation. It is known
that narrowing of the epilaryngeal tube may lower phona-
tion threshold pressure and increase sound pressure level,
the strength of harmonics, and the level at 2—4 kHz, where
the human ear is most sensible.'”'* Specifically, Titze and
Story'? stated that the source-filter interaction and the vocal
tract inertance may be increased by narrowing the epilarynx
tube in an anterior-posterior (A-P) direction. This may
favorably affect the vocal fold vibration and may allow for
an economic voice production.

Based on laryngeal imaging, operatic singers are known
to take advantage of epilaryngeal narrowing®'* while
apparently keeping the vocal fold adduction, and thus bio-
mechanical loading, just moderate.'> Nasoendoscopic regis-
trations by Cookman and DeVore'® showed, for instance,
how a classically trained soprano singer uses a very tight
epilaryngeal narrowing when singing an aria, that the vocal
folds are not visible at all. Similar results were reported by
Mayerhoff et al'* in a group of healthy professional opera
singers by using nasoendoscopy. High degrees of both A-P
and medial supraglottic laryngeal compression were
observed during singing.

So far, most studies of patients with hyperfunctional dys-
phonia have been carried out using endoscopy. Such a
method visualizes the pharynx and larynx from above. The
present study aimed to investigate the total vocal tract
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setting in patients diagnosed with hyperfunctional dyspho-
nia and in a singer while belting using computerized tomog-
raphy. Based on previous laryngeal endoscopy data, we
hypothesized that (1) laryngeal and pharyngeal settings
would be similar when comparing dysphonic patients and
belters, and (2) high vertical laryngeal position, narrow out-
let of epilarynx tube, and constricted pharynx would be
present in both dysphonic patients and belters.

MATERIAL AND METHODS

Subjects

The plan for this study was reviewed and approved by the
University of Chile Hospital Review Board. Informed con-
sent was obtained from five volunteer subjects: four vocally
untrained male patients (average age 25 years) diagnosed
with mild hyperfunctional dysphonia and a 32-year-old
male CCM singer with no vocal complaints. All subjects
underwent flexible laryngoscopy (with stroboscopy) assess-
ment (Olympus ENF-P4; Olympus, Center Valley, PA) to
confirm their vocal condition (functional dysphonia and/or
normal voicing). Laryngoscopic assessment was performed
by a laryngologist using intranasal topical anesthesia for all
subjects. Inclusion criteria for dysphonic subjects were lar-
yngoscopic diagnosis of mild hyperfunctional dysphonia
without vocal fold lesions and no previous voice therapy or
training. All subjects were assessed with the GRBAS scale,
where all of them presented at least 1 for G, R, B, and S.
For the normal-voiced singer, the inclusion criteria were lar-
yngoscopic diagnosis of a normal larynx structure and func-
tion, no self-reported voice complaints at the moment of the
experiment, and more than 3 years of voice training in
CCM technique. The singer was assessed with GRBAS
scale = 00000.

In the present study, hyperfunctional dysphonia diagnosis
was made based on frequently occurring features found in
the literature, ie, compression of the glottis and supraglottic
structures during phonation, poor voice quality, and vocal
complaints.' ~°

Computed tomography (CT) study

Procedures and tasks

Computerized tomography was carried out at the Univer-
sity of Chile Hospital, Department of Imaging and Radiol-
ogy. The images of the vocal tract were taken through a
SOMATON Sensation 64 (Siemens Healthcare, Earlangen,
Germany) CT machine, using 100kV of voltage, 0.4 sec-
onds of time of rotation, and 1.2 mm of slice thickness. All
subjects were at supine position inside the CT machine,
with their heads fixed through a frame. During image acqui-
sition, dysphonic subjects were asked to produce a sustained
vowel [a:] in a comfortable and habitual pitch and loudness.
The singer was required to perform two different phonatory
tasks: (1) a sustained vowel [a:] in a comfortable and habit-
ual pitch and loudness (pitch B2) and (2) a sustained vowel
[a:] at a high pitch and loudness, using a clear belting quality
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FIGURE 1. Spectrum of the belting sample recorded from the
singer subject.

(pitch G4). Subjects' pitch was controlled by one of the
experimenters using an electronic keyboard as a reference.
As there is a maximum amount of radiation allowed, sub-
jects were scanned only once during each phonatory task.

To ensure that the singer's belting performance was
according to the musical genre, a second procedure was per-
formed in which some audio samples were acoustically
recorded for perceptual analysis. The recordings were made
some days after CT acquisition in an acoustically treated
room of the Voice Research Laboratory at the University
of Chile using a professional condenser-omnidirectional
microphone (model NT2-A; Rode, Long Beach, CA) at a
distance of 30 cm from the mouth of the singer, who was in
an upright position. Samples were digitally recorded in a
WAV format (at 44 KHz of sampling rate; 16 bits) using a
USB audio interface (Focusrite Scarlett 8i-6; Focusrite
Audio Engineering, High Wycombe, UK) and the software
Pro Tools 9.0 (Avid Corporation, Burbank, CA). The same
three tasks used for the CT were recorded. Perceptual evalu-
ation of the audio samples was made by five blinded judges
(trained CCM teachers). Three of the evaluators were
trained in the Complete Vocal Technique (CVT),'” and
they classified the sample as representing “overdrive,”
according to CVT terminology. “Overdrive” has been
regarded as one subtype of the general term belting.”'®
Figure 1 shows an example of the spectral structure of the
belting sample of our singer. The spectrum with a strong
second harmonic resembles those of the overdrive, obtained
by McGlashan et al’ and Sundberg et al.'®

Audio and CT recordings were made in separate sessions.
In order to ensure similar productions, each task was prac-
ticed by the singer several times before acquisition. Further-
more, one of the researchers controlled vocal productions
for each task during both sessions.

Image analysis

CT images were analyzed by a radiologist specializing in
head and neck imaging and by two speech-language pathol-
ogists specializing in vocology; the OsiriX software (version
5.0.2 64-bit, Pixmeo SARL, Bernex, Switzerland.) was used
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FIGURE 2. (A) To the left, measurement of sagittal distances: (1) vertical position of larynx; (2) horizontal length of vocal tract; (3) lip
opening; (4) jaw opening; (5) tongue dorsum height; (6) oropharyngeal width; (7) velum elevation; and (8) hypopharyngeal width. (B) To
the right, measurement of sagittal areas: A1, oral; A2, pharyngeal; and A3, epilaryngeal.

in the image analysis. Vocal tract distances were measured
from midsagittal CT images, and cross-sectional areas were
measured both from midsagittal and transversal images.
Thirteen anatomic measurements were performed: eight dis-
tances (millimeters), three cross-sectional areas (square
millimeters) on sagittal plane, and two cross-sectional areas
on transversal plane (square millimeters). All these variables
were based on previous CT'”*" and MRI*' ™ studies:

a. Anatomic distances (Figure 2A): (1) the vertical length
(VL) of the vocal tract (the distance between the lowest
point of the odontoid process of the Atlas and the
vocal folds, following a vertical line); (2) the horizontal
length (HL) of the vocal tract (the distance between the
lowest point of the Atlas and the narrowest point
between the lips); (3) the lip opening (LO; the distance
between the lower edge of the upper lip and the upper
edge of the lower lip); 4) the jaw opening (JO; the dis-
tance between the lowermost edge of the jawbone con-
tour and the anterior end of the hard palate); (5)
tongue dorsum height (TDH; the distance between the
lowermost edge of the jaw bone and the uppermost
point of the tongue dorsum); (6) oropharynx width
(OW; the distance between the lowest point of the sec-
ond vertebra and the most posterior part of the tongue
contour, following a straight line from the anterior
uppermost edge of the jawbone contour to the anterior
lowest point of the second vertebra); 7) velum elevation
(VE; the distance between the posterior end of the hard
palate and the anterior lowest point of the uvula); and
(8) hypopharynx width (HW; the distance between the
lowest point of the pharynx and the internal edge of
the epiglottis, following a line from the anterior upper-
most edge of the jawbone contour to the lower point of
the pharynx).

b. Sagittal cross-sectional areas (Figure 2B): (1) Al—oral
cavity (measured from the lips to the velum, up to the
line connecting the lowermost edge of the jawbone

contour and a break of declivity on the velum surface);
(2) A2—the pharyngeal region (measured from the line
ending A1, down to the horizontal line connecting the
lower edge of the opisthion in the occipital bone, and
the lowermost edge of the jawbone contour); and (3)
A3—the epilaryngeal region (measured from the line
ending A2, down to the vocal folds).

c. Transversal cross-sectional areas (Figure 3): (1) Ap—
the inlet of the lower pharynx (the region just above
the collar of the epiglottis, following a line just above
the tip of arytenoids parallel to the bottom line of the
CT image), and (2) Ae—the outlet of the epilaryngeal
tube (the region just below the collar of the epiglottis,
where the epilarynx and the piriform sinuses form three
separate tubes, following a line from the backbone to
the jawbone trough the tip of arytenoids, parallel to
the bottom line of the CT image).

Given the small number of subjects and the great individ-
ual variability in the vocal tract length and configuration
possible to find between humans,”® the data were normal-
ized in order to analyze similarities or differences between
measures obtained from the singer and the dysphonic sub-
jects. Sagittal distances were normalized toward the dis-
tance between the superior edge of the anterior arch of the
first vertebra and the anterior inferior edge of the fifth verte-
bra of each subject (reference value), whereas sagittal areas
were normalized considering the total sagittal area of each
subject as the reference value. Normalization was made in
order to express each measure as a percentage of the refer-
ence value, following the formula 100 x (measure to normal-
ize/reference value). For each measure (sagittal distances
and sagittal areas), the average was calculated in order to
be compared with each corresponding individual normal-
ized value.

As for transversal areas, the ratio between the inlet of the
lower pharynx and the outlet of the epilarynx tube (Ap/Ae)
was calculated for each task.
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RESULTS
Table 1 shows mean values and ranges for vocal tract dis-
tances and areas measured from the four hyperfunctional
subjects (HS) and values obtained from single samples of
the singer during speech (SS) and during belting (SB) pro-
ductions. Table 1 shows that the laryngeal position in the
hyperfunctional subjects (mean =74.53 mm; range = 20.47)
was somewhat lower than in the singer during speech
(71.90 mm). During belting the singer had a higher laryn-
geal position than in speech (70.70 mm). No big differences
were found either for oropharyngeal width (HS mean =
12.73mm, range=11.90; SS=14.20mm; SB=16.50 mm)
or for hypopharyngeal width (HS mean=21.90mm,
range = 5.78; SS=17.70 mm; SB =21.20 mm). Other distan-
ces were also very similar between dysphonic subjects and

TABLE 1.

Mean Values and Range for Vocal Tract Distances and
Areas Measured from the Four Patients, and Values
Obtained from Single Samples from the Singer in
Speech and in Belting

Hyperfunctional
Patients

Singer Singer
Distances (mm) Mean Range (Speech) (Belting)
Vertical length 74.53  20.47 71.90 70.70
Horizontal 96.86 8.20 107.3 106.40
Lip opening 9.80 5.84 30.80 39.00
Jaw opening 81.91 6.68 105.00 110.70
Tongue dorsum height 57.36  22.46 72.80 62.50
Oropharynx width 12.73 11.09 14.20 16.50
Velum elevation 25.31 7.06 31.30 26.80

Hypopharynx width 21.90 5.78 17.70 21.20

Areas (mm?)

Ae 1.65 0.91 1.48 1.64
Ap 5.89 2.82 5.01 4.65
A1l 12.85 5,89 23.74 30.53
A2 4.52 0.84 6.20 6.87
A3 7.15 4.01 8.79 9.60
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FIGURE 3. Transversal measurement of areas. (A) To the left: pharyngeal inlet (Ap). (B) To the right: epilaryngeal outlet (Aditus laryngis)
(Ae).

belting except for the larger HL of the vocal tract (HS
mean = 96.86 mm, range = 8.20; SB = 106.40 mm), wider JO
(HS mean =81.91 mm, range = 6.68; SB=110.70 mm), and
wider LO (HS mean=9.80 mm, range=5.84; SB=39.00
mm) in the singer.

Normalized data (Table 2) show similar results related to
sagittal distances. To be considered a difference, an individ-
ual normalized value had to be higher or lower by at least 1
standard deviation of the mean normalized values of the
hyperfunctional subjects. The VL of the vocal tract was
found to be smaller for the singer (during speech and in belt-
ing) than hyperfunctional subjects, which suggests a slightly
higher laryngeal position for the singer. A slightly higher
laryngeal position was also observed in belting than in
speech. Similar results were observed for hypopharyngeal
width. No major differences were found between hyperfunc-
tional subjects and the singer during speech and belting for
the HL of the vocal tract, TDH, oropharyngeal width, and
VE. LO and JO showed a tendency to be smaller for hyper-
functional subjects and wider for the singer during both
speech and belting. Both LO and JO were wider during belt-
ing than in speech.

Sagittal cross-sectional areas seemed to be wider for belt-
ing than for hyperfunctional subjects (Table 1), such as Al
(HS mean = 12.85mm?, range = 5.89; SB=30.53 mm?), A2
(HS mean=4.52mm?’, range=0.84; SB=6.87 mm?’), and
A3 (HS mean=7.15mm? range=4.01; SB=9.60mm?).
However, according to normalized data, only Al was wider
in the singer than in hyperfunctional subjects, whereas A2
and A3 were narrower. Differences found in Al, A2, and
A3 were greater during belting (Table 3).

The transversal area of the epilaryngeal outlet (Ae) was
similar between all subjects (HS mean = 1.65 mm?, range =
0.91; SS=1.48 mm?; SB=1.64 mmz). Similar results were
found for the transversal pharyngeal inlet area (Ap) (HS
mean = 5.89 mm?, range=2.82; SS=5.0l mm? SB=4.65
mm?) (Table 1). The Ap/Ae ratio also showed similar
results. However, because Ap tended to be slightly smaller
for the singer during belting than for speech and for dys-
phonic patients, the Ap/Ae ratio slightly decreased during
belting (HS =3.59; SS =3.38; SB=2.83) (Table 4).
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TABLE 2.

Normalized Data for Sagittal Distances From Hyperfunctional Subjects and the Singer During Speech and Belting

Sagittal Distances (mm)

JO

HW

VE

ow

TDH

LO

HL

VL

N (%)
22.09
23.27

R (mm)
20.88
19.27
25.05
22.38

N (%)
27.36
28.16

R (mm)

N (%)
19.98*
13.28
15.38

R (mm)

N (%)
51.64*
65.54

82.95*%

56.79

R (mm)

48.80

N (%)
82.98
101.90*

N (%) R(mm)
8.88
99.06

16.13*
11.562

R (mm)

N (%)
106.08

N (%) R (mm)

69.05*
90.72

R (mm)

65.26

Subjects
HS 1

25.86
23.32

29.55

18.89
11.00
13.22

7.80

78.42
84.38

8.40
13.36

100.25

54.27

120.53*
107.15

99.80
92.05

75.12

HS 2

29.16*
23.07
24.397

34.40*
23.18*
28.275

71.26
55.09

85.10

9.90

83.91

72.00
85.73

HS 3

22.49

8.04*
14.17

98.26 7.52 7.75*% 79.75 82.21*
108.005 11.07

95.32

88.38

HS 4

64.23

91.537

83.015

Mean
SD
SS
SB

2.785
16.58*
19.98*

4.010
29.33
25.25

4.289
13.30
15.55

11.895
68.22

9.002
98.40

104.33*

3.225
28.86*
36.75*

8.004
100.56

8.42
67.38*
66.63*

17.70
21.20

14.20 31.30
26.80

16.50

72.80
62.50

107.30 30.80 105.00
39.00

71.90
70.70

58.90

110.70

100.28

106.40

Notes: To be considered a difference, the individual normalized value must be higher or lower by at least 1 SD of the normalized values from the hyperfunctional subjects (*).

Abbreviations: HL, horizontal length; HS, hyperfunctional subject; HW, hypopharyngeal width; JO, jaw opening; LO, lip opening; OW, oropharyngeal width; N, normalized values; R, real values; SB, singer in

belting; SD, standard deviation; SS, singer in speech; TDH, tongue dorsum height; VE, velum elevation; VL, vertical length.

Figures 4—6 compare the CT registrations obtained from
one patient (the most hyperfunctional one) and the singer in
speech and in belting. A similar larynx position is noted for
both subjects (at the level of the ffith vertebra approxi-
mately), slightly higher for the singer during belting com-
pared with speech and hyperfunctional subjects. Similarly,
it is possible to observe how the OW and HW were similar
between the subjects even though the patient had a slightly
smaller OW. The JO and LO, and the HL, were larger for
the singer (both in speech and in belting), and consequently
also the oral (Al), pharyngeal (A2), and epilaryngeal
regions (A3). Figure 5 shows that the pharyngeal inlet (Ap)
tended to be smaller in the singer during belting, and simi-
larly also the sinus piriformes. Figure 6 shows no particular
differences in the epilaryngeal tube outlet (Ae) between a
patient and the singer.

DISCUSSION AND CONCLUSIONS
According to the results, various similarities can be seen
between the patients with hyperfunctional dysphonia and
the singer while belting. These similarities include high verti-
cal laryngeal position (in the singer of the present study and
especially data form other studies concerning hyperfunc-
tional patients), similar oropharyngeal width (distance
between the posterior part of the tongue and the back wall
of the pharynx) and hypopharyngeal width (distance
between the epiglottis and the back wall of the pharynx),
small epilaryngeal outlet (A-P or anterior-posterior aryepi-
glottic constriction), and small pharyngeal inlet. Thus, one
may conclude that there were no particular differences
between hyperfunctional patients and the singer as it comes
to those vocal tract characteristics that have traditionally
been considered as signs of vocal hyperfunction.

Regarding vocal tract setting in singers, concordant data
were presented by Guzman et al'’ in a study that aimed to
assess vocal tract setting through laryngoscopy in a group
of healthy CCM singers while singing three different styles
(pop, rock, and jazz). All styles showed a narrow aryepiglot-
tic sphincter, constricted pharynx, and a high vertical laryn-
geal position compared with the resting position and the
rock style showing the most prominent changes. The
authors concluded that supraglottic activity is a common
laryngoscopic feature in CCM singers and it may not neces-
sarily be harmful, but it is a strategy to avoid vocal fold
damage. Previously, Borch and Sundberg’’ found a high
degree of supraglottic activity, including the aryepiglottic
folds, anterior part of the arytenoid mucosa, and ventricular
folds, in CCM singers.

As belting is defined as a high-pitched, loud yelling-like
singing, it is suitable to speculate that high vocal intensity
could contribute to vocal tract setting usually reported dur-
ing belting (high vertical laryngeal position, narrow epilar-
ynx tube outlet, and constricted pharynx). In fact, earlier
studies have reported that vocal intensity is an independent
variable affecting vocal tract shape.'” In a study by Guzman
et al,'’ carried out with CCM singers, statistically
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TABLE 3.

Normalized Data for Sagittal Areas From Hyperfunctional Subjects and the Singer During Speech and Belting

Sagittal Areas (mm?)

A1 A2 A3
Subjects R (mm?) N (%) R (mm?) N (%) R (mm?) N (%)
HS 1 12.92 52.45 4.80 19.48 6.91 28.05
HS 2 16.11 58.563* 4.22 15.33* 7.19 26.12
HS 3 10.22 52.19 4.11 20.99* 5.25 26.81
HS 4 12.14 46.07* 4.95 18.78 9.26 35.14*%
Mean 52.31 18.645 29.03
SD 4.406 2.073 3.594
SS 23.74 61.29% 6.20 16.00* 8.79 22.69*
SB 30.53 64.95* 6.87 14.61* 9.60 20.42*

Notes: To be considered a difference, the individual normalized value must be higher or lower by at least 1 SD of the normalized values from the hyperfunc-

tional subjects (*).

Abbreviations: A1, oral cavity; A2, pharyngeal region; A3, epilaryngeal region; HS, hyperfunctional subject; N, normalized values; R, real values; SB, singer in
belting; SD, standard deviation; SS, singer in speech.

TABLE 4.

Transversal Areas and Ap/Ae Ratio From Hyperfunc-
tional Subjects and the Singer During Speech and

Belting

Transversal Areas (mm?)

Subjects Ap Ae Ap/Ae
HS 1 7.39* 2.26* 3.26*
HS 2 5.82 1.43 4.06*
HS 3 4.57* 1.35 3.38
HS 4 5.80 1.57 3.69
Mean 5.89 1.65 3.59
SD 1.00 0.35 0.30
SS 5.01 1.48 3.38
SB 4.65% 1.64 2.83*

Notes: To be considered a difference, the individual normalized value
must be higher or lower by at least 1 SD of the mean values from the

hyperfunctional subjects (*).

Abbreviations: Ae, outlet of the epilaryngeal tube; Ap, inlet of the lower
pharynx; HS, hyperfunctional subject; SB, singer in belting; SD, standard

deviation; SS, singer in speech.
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significant differences were found for all laryngoscopic
parameters between three intensity levels studied. High
intensity produced the highest degree of A-P epilaryngeal
compression, medial laryngeal compression, and pharyn-
geal compression.'’ These outcomes are in agreement with
those observed by Mayerhoff et al.'"* The degree of both
medial and A-P compression of the epilarynx was greater
during loud phonation. Likewise, in a study assessing supra-
glottic configuration in different singing voice qualities,
greater A-P epilaryngeal compression was found when sub-
jects performed loud phonation and during the three loudest
voice qualities: belting, twang, and opera.® Association
between vocal loudness and epilaryngeal activity has also
been found in vocally trained actors.”®

As was mentioned before, a small epilaryngeal outlet (Ae)
and pharyngeal inlet (Ap) areas were found for hyperfunc-
tional subjects and the singer during belting. However,
because Ap tended to be smaller during belting, the Ap/Ae
ratio was found to be slightly lower. This configuration is in
concordance with other studies related to belting, where a

FIGURE5. Pharyngeal inlet (Ap) in a patient with hyperfunctional dysphonia (A) and in singer in a speech task (B) and in belting (C).
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FIGURE 6. Epilaryngeal outlet (Ae) and sinus pyriformis in a patient with hyperfunctional dysphonia (A) and in a singer in a speech task

(B) and in belting (C).

narrower pharynx has been found in the context of a
stretched epilarynx tube,”'” which would contribute to the
characteristic metallic and bright voice quality of
belting,®2

The fact that our patients and the singer showed a similar
tendency to a higher laryngeal position should be analyzed
carefully. It has been shown previously that there is a great
individual variability in the vocal tract length.”® The four
hyperfunctional subjects from the present study showed a
VL of the vocal tract between 65.26 and 85.73 mm (mean =
74.53 mm). Also, we compared this mean length with only
one vocally normal CCM singer (SS=71.9mm; SB=70.7
mm). Considering the possible individual variability
between humans, it would be necessary to count with a
larger number of subjects for an accuracy analysis. How-
ever, the glottis was located approximately at the level of
the fifth vertebra both in the patients and in the singer.
According to literature, the rest position of the larynx is
between the fourth and sixth vertebra,’' and the glottis is
located between the fifth and sixth vertebra,”” which may
suggest that our patients and the singer showed a normal
larynx position during phonation.

It has also been proposed that a higher laryngeal position
would be associated with a hyperfunctional dysphonia.””
Nevertheless, it is possible that the mild form of hyperfunc-
tionality that our patients showed may not affect the verti-
cal laryngeal position significantly. In other words, this
grade of hyperfunction may not be necessarily characterized
by an excessively high vertical laryngeal position. More-
over, there is some evidence that speech type (ie, sustained
vowel versus connected speech) may affect the type of voice
production and detectability of vocal pathologies.”**”

The supine position during CT registration may also
affect the results even though earlier results (in normal
voiced subjects) have shown that supine and upright posi-
tions do not cause any particular differences in the formant
frequencies of phonation, which seems to suggest that no
remarkable differences exist in vocal tract setting either.”
However, in an MRI study Traser et al’® observed some
gravitational effects on the vocal tract of untrained subjects
during singing. According to their results, the vertical laryn-
geal position was significantly affected by gravity, resulting
in a higher larynx elevation during the supine position than
for an upright position. Similar findings were found by
Kitamura et al’’ and Traser et al’® In the same study by
Traser et al,” it was also reported that the supine position
did not significantly affect either the epilaryngeal region or
the OW in untrained subjects.

Although several similarities were found when comparing
dysphonic subjects and the singer, there were also some dif-
ferences. The singer had a wider JO and LO (both in speech
and in belting, being greater in the latter) and larger vol-
umes of the oral cavity (including larger HL) compared
with the patients. Already based on facial expression, it is
possible to see the wide JO and LO and a frontal and flat
tongue positioning in belting, which has been described to
take advantage of a “megaphone shape” of the vocal
tract.”” Classical singers, in turn, tend to use an inverse
megaphone shape, characterized by a smaller LO and a
wider pharyngeal cavity. The results of the present study are
in agreement with an earlier MRI study by Echternach
et al,'' where a greater LO and JO were found in a single
female singer during belting compared with head voice pro-
duction. The differences described are related to such acous-
tic features found in belting, in which both the fundamental
frequency and the second harmonic are located below the
first formant.*”

Because of the small number of subjects, data presented
in this study should be interpreted with caution. Also, a lim-
itation of the present study is the fact that no resting situa-
tion was assessed during CT (eg, rest expiratory lung
volume), which makes it difficult to establish a better com-
parison due to the individual variability of the vocal tract
structures. Finally, on the basis of the vocal tract setting, as
such, it is not possible to draw conclusions of how taxing
the voice production is in belting compared with hyperfunc-
tional speech. A future study will apply computerized
modeling, based on the CT images, to shed light on the
vocal tract transfer characteristics. Through this study it
might be possible to estimate the voice source needed to
establish such an acoustic output as is typically seen and
heard in the patients and in belting. This, in addition to fur-
ther aecrodynamic and electroglottographic and inverse fil-
tering results, will give further information on the price of
decibels in hyperfunction and belting.
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