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ABSTRACT

Purpose: to verify speech characteristics regarding the production of fricative sounds
in people with dentofacial deformities (DFD), through acoustic analysis, evaluating pos-
sible interferences of the variation of the osseous bases in the articulation of speech.

Methods: fifteen adults of both genders, aged between 17 and 42, participated in the
study. They were distributed in three groups: Gll (n = 5) Skeletal Class II, Glll (n =
5) Skeletal Class Ill, and CG (n = 5) without DFD. All of them had their voices recor-
ded, with key words containing the fricative sounds of Brazilian Portuguese (BP), and
acoustically analyzed; the parameters: duration, intensity, and formants F1, F2. The
Mann-Whitney test was used to compare the groups.

Results: there were differences (p <0.05) when comparing Gll and Gl with CG. For
the variable duration Glll obtained higher value in the fricative sound /z/ (r = 0.016,
p <0.05). The variable intensity was higher for Gl in /z/ (r = 0.028, p <0.05), and
higher for Glll in /f/ (r = 0.028, p <0.05), /v/ (r = 0.028, p<0.05) and /f/ (r = 0.036,
p <0.05). For the variable F1, Gl obtained a higher value for the syllable /za/ (r =
0.047, p <0.05). In the variable F2, Gll obtained the lowest value in the syllable /3a/ (r
= 0.047, p <0.05).

Conclusion: the disharmony of the maxillomandibular osseous bases results in inter-
ference in speech acoustic characteristics regarding fricative sounds.

Keywords: Speech Acoustics; Maxillofacial Abnormalities; Orthognathic Surgery;
Articulation Disorder; Speech, Language and Hearing Sciences
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INTRODUCTION

The speech is one of the ways humans use to
communicate. However, its production requires proper
interaction between different structures of the vocal
tract, such as maxillomandibular osseous bases, dental
arches, teeth, and hard palate; and of soft tissue: soft
palate, tongue, lips, cheeks, and organic spaces'.
I's a complex task, which needs to be performed in
coordinated, organized and planned fashion in order to
guarantee full comprehension of what had been said by
the interlocutor?®. For the understanding of the adjust-
ments that take place during the process of producing
speech, it's necessary to use some resources, as the
acoustic analysis*”.

The acoustic analysis is a tool which has been
increasingly used in clinical practice, and many studies
have been aiding in better understanding the production
of speech. Since it's an evaluation of non-invasive
technique, it permits the inference of the movements
made during speech production, resulting in a sound
signal. As this signal is decomposed, it's possible
to detail the mechanisms that led to its production.
Through the analysis of the formants, the behavior of
the vocal tract during speech can be verified*”.

The formants are identified by the energy peaks
in the acoustic spectrum, i.e., it's a resonator with
response in frequency, and the formant’s peak varies
according to the adjustments in the vocal tract*®>72, The
formants F1 and F2 are the main ones for speech, for
the formant F1 is influenced by the height of the tongue
and opening of the jaw, and the F2, by the anteropos-
terior variations of the tongue™.

The modifications of facial proportions, such as
occur in people with dentofacial deformities (DFD),
may impair articulation in speech, causing alterations
and distortions''*. The DFD is characterized by the
discrepancy between the maxillomandibular osseous
bases modifying the intraoral space and originating
malocclusions with skeletal association. Studies point
to alterations in speech present in people with DFD'#16,
some of which occur in the production of fricative
sounds. In the skeletal Class Il face pattern, adaptations
on alveolar fricative phonemes are mentioned, accom-
panying mandibular slide and/or tongue projection
between the teeth for the sounds /s/ and /z/"'". In the
skeletal Class Il face pattern, these same fricative
sounds are produced with distortions due to elevation
of the back or central part of the tongue. The labio-
dental fricatives may appear inverted regarding the
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articulators in which the lower incisors touch the upper
lip when producing the sounds /f/ and /v/ 3.

The fricative sounds are the most described ones in
literature as being altered in people with DFD®6.1819_ For
this reason, this research sought to contemplate the
investigation of these sounds.

The production of fricative sounds is characterized
by friction, duration, intensity and form of articulation.
The air friction is generated by narrowing the articulators
throughout the vocal tract, from the glottis, passing
through the palate, tongue, teeth and getting to the lips.
In Brazilian Portuguese, there are three places of articu-
lation for producing fricative sounds: labiodental (/f v/),
alveolar (/s z/) and postalveolar (/[ 3/), with opposite
phonological voicing: voiced and voiceless”8.

The duration of friction in posterior fricatives (/[ 3/)
is longer than in medial fricatives, while the anterior is
shortest of all. Literature®” points to acoustic difference
in relation to the sonority trait, as the voiceless are 40
ms longer, in average, than the voiced. This happens
because the voiceless fricatives are produced only by
the action of frictional source, whereas the voiced ones
join the efforts of glottal source to a frictional source.

The fricative sounds also have as a characteristic
being the weakest sound of Brazilian Portuguese, i.e.,
the sounds with less intensity, being the voiceless
stronger or more intense than the voiced ones. This is
S0 because in the voiced, in order to keep its voicing,
a drop of transglottal pressure is generated, losing the
strength of glottal closure®”.

As to form of articulation in producing fricative
sounds, one articulator is considered active and
another, passive®. In the fricatives /s z/, which are
alveolar, the active articulator is the tip of the tongue,
and the passive articulator is the lower alveolar ridge.
In the fricatives /f v/, which are labiodental, the active
articulator is the lower lip, and the passive are the
upper incisors. In the postalveolar fricatives /[ 3/, the
active articulator is the anterior part of the tongue, and
the passive is the central part of the hard palate2°2'.

The production of fricative sounds is also articulated
in conjunction with the previous and posterior vowels,
making it possible to analyze them acoustically. This
coproduction changes the vocal tract, at the left margin
of the following vowel and at the right margin of the
vowel preceding the fricative sound, which may be
observed by the acoustic signal in the movement of the
formants. Thus, there are in the vowels acoustic hints
of the fricative consonants, for they are changed by



the place of articulation of the preceding and following
sound?.

There are few studies that used acoustic analysis
to verify the speech in people with DFD. Lee?' used
it to complement the perceptive judgement of the
production of the fricative /s/ before and after surgery,
whereas Prado' sought to verify the relation between
oral motor control and orofacial functions using
acoustic analysis to investigate instability parameters in
diadochokinesis.

Based on these facts, this research sought to
analyze the possible interference of the position of the
osseous bases in articulating fricative sounds in speech.
Aiming at this, the following research hypotheses were
developed:

People with DFD present difference in performing
the duration of alveolar (/s z/), labiodental (/f v/) and
postalveolar (/[ 3/) fricatives, and such difference is
related to the configuration of the altered vocal tract,
when compared to people without DFD.

People with DFD present difference in performing
the intensity of alveolar (/s z/), labiodental (/f v/) and
postalveolar (/[ 3/) fricatives, and such difference is
related to the configuration of the altered vocal tract,
when compared to people without DFD.

People with DFD present differences in the configu-
ration of the vocal tract when performing the alveolar (/s
z/), labiodental (/f v/) and postalveolar (/[ 3/) fricatives,
related to the first formant (F1) of the stressed vowel “a”
subsequent to the fricative sounds, when compared to
people without DFD.

People with DFD present differences in the configu-
ration of the vocal tract when performing alveolar (/s
z/), labiodental (/f v/) and postalveolar (/[ 3/) fricatives,
related to the second formant (F2) of the stressed vowel
“a” subsequent to the fricative sounds, when compared
to people without DFD.

The acoustic analysis of speech sounds is able
to detect possible interferences caused by the varia-
tions in the osseous bases of people with DFD, when
compared to people without DFD.

Hence, this study had the objective of verifying the
characteristics of speech regarding the production of
fricative sounds in people with dentofacial deformities
by means of the acoustic analysis, seeking to analyze
possible interferences of the variations in the osseous
bases in articulating speech. This study aimed to
contribute in understanding possible adaptations made
in these cases and, thus, to define which is the best
clinical procedure and prognostic.
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METHODS

This is a comparative cross-sectional study, previ-
ously approved by the Research Ethics Committee
of the Pontifical Catholic University of S&o Paulo
- PUC-SP, CAAE 57943016.7.0000.5482, protocol:
1.676.819, carried out after pertinent ethical processes.
All the participants (or the ones responsible for them),
signed an Informed Consent Form.

Fifteen adults of both genders participated in this
study, averaging 29.6 years of age, the youngest being
17, and the oldest, 42 years old.

The group being researched (GR) was composed
of 10 people - 6 women and 4 men - 5 of which with
skeletal Class Il pattern (Gll), and 5 with skeletal Class
[l pattern (Glll), who had been submitted to orthodontic
documentation and complementary exams (cone beam
computed tomography), to verify the maxillomandibular
discrepancy. The subjects were enrolled spontane-
ously after referral by an oral and maxillofacial surgeon
for speech-language-hearing evaluation in a speech-
language-hearing clinic.

The inclusion criteria for the GR were: presenting
DFD with finished orthodontic preparation, having
immediate indication for orthognathic surgery, carrying
out all the steps proposed for this research.

The control group (CG) was composed of 5 people
- 3 women and 2 men - similar to the GR as to age.
Inclusion criteria for the CG were: having dentofacial
balance with natural dental elements at least until
the second premolars, relation of the dental arches
with vertical and horizontal trespass at around 2 or 3
mm, not presenting alterations in the soft tissue that
might interfere with speech, not presenting disfluency,
not performing switches, omissions or distortions in
speech, and having as native and main language the
Brazilian Portuguese.

The exclusion criteria were: presenting genetic
syndromes or facial deformity secondary to facial
trauma; presenting congenital or acquired morpho-
logical alteration of temporomandibular joint (TMJ);
using removable orthodontic appliance; presenting
functioning characteristics of chronic mouth breathing;
having previously undergone orofacial and/or orthog-
nathic surgery; presenting neurological and/or
cognitive deficits.

All the participants were submitted to orofacial
myofunctional clinical evaluation by a skilled speech-
language-hearing therapist, with the purpose of inves-
tigating whether the participants met the inclusion
and exclusion criteria adopted for this research. The
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clinic where they were evaluated used its own specific
protocol: dental and skeletal occlusal pattern (Angle
classification and facial pattern), measures of anterior
dental-skeletal relation (overbite and overjet), and
orofacial myofunctional patterns. All the documentation
was recorded and photographed so that revision and
verification of the data bank would be possible, as well
as the image complementary exams regarding the
presence or absence of DFD.

Acoustic analysis

The equipment used for recording the data was:
Notebook Win brand CCE, model H125 with Processor
Intel® Pentium™, Windows 8, HD of 500GB, Realtek
onboard sound card model High Definition. The unidi-
rectional headset and microphone model PC VolP
SHM1500 brand Philips were used, with frequency
response of 20-15k Hz phone, phone impedance 32
Ohm, and maximum entry power of 100 mW; dynamic
microphone with sensibility of 20-11,000 Hz, -42+/-3db
Connectivity.

The program used for recording was the PRAAT
version 5.3.14, developed by the linguists Paul Boersma
e David Weenink, of the Phonetics Department of the
University of Amsterdam, freely acquired through the
website: http://www.fonologia.org/acustica_softwares
praat.php. The collected audios were saved and stored
on the Google Drive cloud system.

For the data recording procedure, the following
criteria were employed: The samples were recorded
in single-channel on the wav format, with minimum
frequency of 30Hz, and maximum of 24,000Hz to
capture the frequency of the fricatives, since they are
higher. The microphone was positioned at a fixed
distance from the mouth, by the speaker’s right lip
commissure (between 10 and 15 cm) to avoid sound
distortion from being excessively close to the micro-
phone. All the samples were recorded in a silent room,
by at least two speech-language-hearing therapists
specialized in this field.

The corpus used for the analysis was composed
of six words (logatomes) of Brazilian Portuguese (BP),
obeying the following pattern: the participant was
asked to read six words characterized as key words
for the interest phonemes of the Brazilian Portuguese:
sassa, zaza, fafa, vava, xaxa and jaja, inserted into the
vehicle sentence “say (key word) low”, stressing the
first syllable of the word. After presenting the model,
the participant was instructed to say each sentence
at a time, continuously, without pausing in-between
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words, at the usual tone and intensity, starting after the
command of the researcher.

Analysis of the acoustic data

The audio signals were analyzed by means of the
PRAAT software, using the broadband spectrum and
following these parameters: the stressed syllables of
the words were segmented and used. The duration of
the fricative sound was defined manually, observing
the characteristics of the acoustic wave, marking
the beginning of the fricative sound (wave peak) and
continuing until its modification, transitioning from
consonant to vowel. The measurements were taken
automatically by the program itself. After the duration
was defined, the intensity of the fricative sounds was
also automatically measured by the program. For
measuring the formants, the vowel succeeding the
fricative of the stressed syllable was analyzed, looking
for the stationary point of the vowel “a” for the automatic
measurement of F1 and F2 by the program. The
data acquired from the formants were normalized by
Lobanov method through the website: http://lingtools.
uoregon.edu/norm/norm1.php. This normalization is
considered fundamental for the comparison between
distinct speakers, as it minimizes the differences in
vocal tract size of each one of them’.

In order to verify whether people with DFD present
differences in performing alveolar (/s z/), labiodental
(/f v/) e postalveolar (/[ 3/) fricatives, measurements
were taken, and the following variables of interest were
analyzed: duration; intensity; formants F1 and F2 of
the vowels succeeding the fricative sounds, in order to
verify the characteristics of the vocal tract presented by
people with DFD, when compared to the CG.

Aiming at analyzing possible interferences
according to the type of DFD, the analyses of data were
carried out considering: Gll: subjects with DFD of the
skeletal Class Il pattern type; GllI: subjects with DFD
of the skeletal Class Ill pattern type; CG: control group
whose subjects didn’t have DFD.

To investigate the differences between the groups
regarding acoustic characteristics of speech, each
variable was analyzed for the three groups, looking for
the existence of statistical difference.

The statistical analysis used was the non-parametric
Mann-Whitney test, used in small samples when
the samples are independent for the comparison of
variables two by two. The median was also used as
central tendency measure. To obtain the result of each
comparison, the p-value<0.05 (5%) was used.



RESULTS

Fifteen adults of both genders took part in this
study, averaging 29.6 years of age, the youngest being
17, and the oldest, 42 years old.

Based on the collected data, the results referring
to the comparison between the groups analyzed: G,
Glll and CG, with analyses (Mann-Whitney test) in each
one of the stressed syllables for the acoustic variables
studied are found on Tables 1 to 4.

The data referring to the analyses concerning
duration (in ms) in performing the alveolar (/s z/),
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labiodental (/f v/) and postalveolar (/[ 3/) fricatives
are found on Table 1. The statistical analysis showed
significant difference in the comparison of the duration
of voiced fricative sounds /z/, with longer duration for
GllIl, when compared to CG, and tending to significance
in /3/ (Table 1). It can be verified, in general, that the
duration of all sounds in Gll and Glll was longer than
that of the CG, except for the fricative sound /f/. The
voiceless sounds were presented with longer duration
than the voiced ones in all groups.

Table 1. Analysis of the duration of fricatives (in ms) when performing alveolar (/s z/), labiodental (/f v/) and postalveolar (/[ 3/) fricatives,

in stressed syllable, in the three groups studied.

Standard

Duration (ms) Median Min Max deviation N Cl P-value

CG 163.0 153.0 184.0 22.3 5 19.5 -X-

/S/ (SAssa) Gll 183.0 148.0 196.0 19.1 5 16.8 0.251
Gl 175.0 144.0 211.0 25.3 5 22.2 0.347

CG 111.0 83.0 123.0 15.2 5 13.3 -X-

/2] (ZAza) Gll 125.0 82.0 148.0 26.8 5 23.5 0.347
Gl 135.0 122.0 174.0 20.5 5 18.0 0.016*

CG 172.0 124.0 204.0 32.5 5 28.4 -X-

/F/ (FAfa) Gll 163.0 136.0 198.0 23.0 5 20.2 0.917
Gl 125.0 121.0 165.0 18.8 5 16.5 0.117

CG 113.0 80.0 128.0 17.6 5 15.5 -X-

N/ (VAva) Gll 109.0 95.0 144.0 19.4 5 17.0 1.000
Gl 120.0 86.0 190.0 40.5 5 35.5 0.602

CG 161.0 124.0 203.0 30.2 5 26.5 -X-

/] (XAxa) Gll 178.0 145.0 200.0 25.1 5 22.0 0.917
Glll 167.0 144.0 190.0 16.8 5 14.7 0.917

CG 106.0 92.0 139.0 17.7 5 15.5 -X-

/3A/ (JAja) Gll 128.0 94.0 167.0 30.2 5 26.5 0.602
Glll 132.0 118.0 144.0 10.3 5 9.0 0.076**

Key: CI: confidence Interval; *statistically significant p-value; **p-value close to the statistically significant, indicating statistical tendency (Mann-Whitney test).
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The data referring to the analyses regarding the
intensity (in dB) when performing alveolar (/s z/),
labiodentals (/f v/) and postalveolar (/[ 3/) fricatives in
stressed syllable are found on Table 2. The parameter
intensity showed significant differences between the
groups with DFD in relation to the CG, with higher

intensity for Gll in the fricative /z/ and for Glll for /f/,
v/, [f/. However, for all sounds analyzed, Gll and Gilll
obtained very similar intensity averages. The presence
of significant differences and statistical tendencies to
significance appear reflected by the characterization of
the standard deviation and confidence interval.

Table 2. Analysis of the intensity of the fricative (in dB) when performing alveolar (/s z/), labiodental (/f v/) and postalveolar (/[ 3/)

fricatives, in stressed syllable, in the three groups studied

. . . Standard

Intensity (dB) Median Min Max S N Cl P-value

GC 61.0 37.0 72.0 12.8 5 11.2 -X-
/S/ (SAssa) Gll 68.0 65.0 75.0 3.8 5 3.3 0.075**
Gl 65.0 61.0 82.0 8.7 5 7.6 0.072**

GC 59.0 41.0 65.0 9.1 5 8.0 -X-
/2] (ZAza) Gll 67.0 61.0 73.0 4.5 5 3.9 0.028*
el 65.0 58.0 77.0 8.4 5 7.4 0.140

GC 57.0 34.0 61.0 11.3 5 9.9 -X-
/F/ (FAfa) Gll 70.0 57.0 75.0 8.3 5 7.3 0.093**
eIl 65.0 59.0 75.0 6.1 5 53 0.028*

GC 54.0 37.0 63.0 9.6 5 8.4 -X-
N/ (VAva) Gll 67.0 53.0 71.0 7.0 5 6.1 0.075**
Gl 65.0 57.0 77.0 8.3 5 7.3 0.028*

GC 68.0 47.0 75.0 11.0 5 9.6 -X-
/] (XAxa) Gll 79.0 68.0 83.0 6.0 5 53 0.059**
Glll 76.0 72.0 83.0 4.2 5 3.7 0.036*

GC 66.0 43.0 72.0 11.2 5 9.8 -X-

/3/ (JAja) Gll 71.0 62.0 83.0 8.8 5 7.7 0.251
GllI 72.0 65.0 84.0 7.1 5 6.2 0.094**

Key: Cl: confidence Interval; *statistically significant p-value; **p-value close to the statistically significant, indicating statistical tendency (Mann-Whitney test).

The data referring to the analyses concerning the
first formant (F1) (in Hz) of the vowel “a” in performing
alveolar (/s z/), labiodental (/f v/) and postalveolar
(/] 3/) fricatives are found on Table 3. Significant
difference for Gll was found in the syllable [za], in that
F1 appears more elevated in relation to CG. The F1
of syllable [va] appears more elevated and tending
to significance in Glll. In syllable [xa], the tendency to
significance occurred in both groups (Gll and Glll), in
which F1 appears with lower frequency in relation to
CG.
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The date referring to the analyses regarding
the second formant (F2) (in Hz) of the vowel “a” in
performing alveolar (/s z/), labiodental (/f v/) and postal-
veolar (/] 3/) fricatives are found on Table 4. Significant
result was found only in the syllable [3a] for Gll, and
tendency to significance in Glll, in which F2 appears
with lower frequencies in relation to CG.
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Table 3. Analysis of the values of F1, of the vowel “a” in stressed position, when performing alveolar (/s z/), labiodental (/f v/) and
postalveolar (/[ 3/) fricatives in the three groups studied

. . Standard
F1 (Hz) In Median Min Max e N Cl P-value
GC 518.7 503.6 556.3 20.1 5 17.6 -X-
[SA] (SAssa) Gll 456.3 368.4 574.2 80.6 5 70.6 0.117
Glll 504.6 444.4 550.5 44.9 5 39.4 0.175
GC 317.3 284.9 419.3 545 5 47.8 -X-
[ZA] (ZAza) Gll 394.0 374.5 467.0 41.2 5 36.1 0.047*
Glll 3154 293.2 367.4 33.6 5 29.5 0.754
GC 548.2 483.6 640.2 60.6 5 53.1 -X-
[FA] (FAfa) Gll 531.1 414.6 687.1 102.8 5 90.1 0.602
Gl 554.2 508.1 678.0 69.1 5 60.6 0.754
GC 416.1 383.1 510.8 48.7 5 42.7 -X-
[VA] (VAva) Gll 459.6 365.1 506.2 54.4 5 47.7 0.602
Glll 456.4 417.5 610.5 79.4 5 69.6 0.076**
GC 526.8 523.1 635.9 48.2 5 42.3 -X-
[XA] (XAxa) Gll 482.6 398.7 602.0 73.7 5 64.6 0.076**
Glll 478.5 423.5 556.2 62.6 5 54.8 0.076**
GC 345.5 250.0 380.4 57.7 5 50.6 -X-
[JA] (JAja) Gll 297.9 252.7 437.0 69.4 5 60.8 0.917
Gl 355.6 274.6 455.0 79.0 5 69.3 0.465

Key: CI: confidence Interval; *statistically significant p-value; **p-value close to the statistically significant, indicating statistical tendency (Mann-Whitney test).

Table 4. Analysis of the values of F2, of the vowel “a” in stressed position, when performing alveolar (/s z/), labiodental (/f v/) and
postalveolar (/[ 3/) fricatives in the three groups studied

. . Standard

F2 (Hz) In Median Min Max e N Cl P-value

GC 1,392.2 1,239.0 1,551.4 1144 5 100.3 -X-

[SA] (SAssa) Gll 1,408.8 992.9 1,627.4 240.5 5 210.8 0.754
Glll 1,392.2 1,350.8 1,578.5 89.2 5 78.2 0.834

GC 1,512.4 1,398.5 1,710.2 114.9 5 100.7 -X-

[ZA] (ZAza) Gll 1,464.1 1,375.9 1,693.6 132.9 5 116.5 0.465
Gl 1,431.7 1,193.7 1,622.3 158.5 5 138.9 0.465

GC 1,111.3 990.5 1,354.1 149.9 5 131.3 -X-

[FA] (FAfa) Gll 1,113.9 908.9 1,714.2 340.8 5 298.8 1.000

Gl 969.6 919.2 1,410.0 207.7 5 182.1 0.251

GC 1,103.4 861.8 1,143.2 114.0 5 99.9 -X-

[VA] (VAva) Gll 1,044.8 871.7 1,261.1 1491 5 130.7 0.917
Gl 950.0 925.5 1,050.3 62.7 5 55.0 0.117

GC 1,678.2 1,605.4 2,010.5 163.9 5 143.6 -X-

[XA] (XAxa) Gll 1,791.8 1,483.1 1,914 .1 199.8 5 175.2 0.754
GlNl 1,705.7 1,583.1 1,875.8 106.6 5 934 0.917

LA GC 2,030.4 1,976.0 2,097.5 47.6 5 4.7 -X-
(Aja) Gll 1,759.2 1,726.5 2,048.2 132.7 5 116.3 0.047*
GlNl 1,914 .1 1,907.5 2,054.6 63.2 5 55.4 0.076**

Key: CI: confidence Interval; *statistically significant p-value; **p-value close to the statistically significant, indicating statistical tendency (Mann-Whitney test).
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DISCUSSION

This research had the purpose of verifying acousti-
cally speech modifications in people with DFD already
described in literature, and contribute to broadening the
understanding of changes that may occur in speech as
a result of structural modification of the vocal tract and
adaptation due to vocal adjustments.

In literature, there are references to acoustic
changes related to the speech of people with Class I
and Class IlI'*?', The changes described are related to
the acoustic parameters regarding the duration of the
fricative, intensity and formants of the vowels which
analyze the position of the tongue and the movement
of the jaw'®'®1722. The acoustic analysis aids in the
comprehension of articulatory adjustments modifica-
tions of people with DFD?', as it has been carried out in
this study.

Regarding the duration of the sounds, it was noted
that Glll presented longer duration in the alveolar /z/
and postalveolar /3/ fricative sounds, when compared
to the CG, indicating difference in performing these
sounds. Literature points out that the duration of the
friction is related to the place where the sound is articu-
lated, as the central and the posterior last longer®’. It
was noted that in Class Ill DFD, due to anteroposterior
discrepancy, more airflow may escape by reducing
friction especially in these fricatives, creating the need
of adapting the position of the tongue to block the
escape'®'% and possibly leading to a longer duration.

In general terms, more duration in the voiceless
fricatives /f/, /s/, /|| was found in this study for the three
groups analyzed, in agreement with what is found in
literature, which defines these sounds as the longest
lasting in relation to the voiced ones®”.

Concerning the variable intensity, it seems inter-
esting to observe that, for all sounds analyzed, the
CG always had sound intensity averages lower than
Gll and Gill, in which the resulting average of intensity
were found to be very similar. In general terms, it may
be inferred that there’s a greater speech effort on the
part of the groups with DFD, in view of the disharmony
of the maxillomandibular relation'®?. The necessary
adjustments as a consequence of the discrepancy of
the osseous bases may demand more effort and airflow
and thus increase the intensity of the sounds.

Nonetheless, statistically significant differences
appear only for one or the other type of DFD, when
compared to the CG, even though several results with
statistical tendency to the presence of differences
occur. These situations may perhaps be explained by
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the characterization of the standard deviation and confi-
dence interval observed especially for the CG.

More intensity was found for Gll in relation to the
CG only in the sound /z/ and tendency to difference
in the sound /f/. This datum may be associated to the
need to protrude the jawbone, broadening the space
to organize the tongue, enabling the organization of the
airflow®1213 leading to the intensification of the sound.

More intensity was also verified in Glll in relation to
the CG in the sounds /f/, /v/, [[/. The anteroposterior
modification of the osseous bases, as in Glll, with
negative dental-skeletal overjet, leads to the need of
modifying the position of articulators in which the lower
incisors touch the upper lip, inverting the articulatory
point as described in literature' 324/ possibly causing
more intensity.

As to the analysis referring to the formant F1, signif-
icant difference was found in Gll in the syllable [za], in
which F1 appears more elevated in relation to the CG.
Considering that the formant F1 is influenced by the
height of the tongue and opening of the jaw, and that
the production of the syllable [za] is performed by the
active articulator (tip of the tongue) touching the passive
(lower alveolar ridge), a low-value production of F1
would be generated®?!, as observed in the CG. Since
the formant F1 is also related to the opening or closing
of the jaw®7, the results in Gll suggest a bigger opening
of the mouth in order to produce this sound, thus
possibly interposing the tongue between the teeth®72.
Hence, such result confirms the need for adjustment
of the position of tongue and jaw in Glll, agreeing with
literature concerning the functional characterization of
speech in these cases®!3171923,

The analyses of the formant F1 show tendency to
significant difference in the syllable [va], which appears
more elevated in Glll in relation to the CG. In the syllable
[xa], the tendency to significance occurs in both groups
(GIl and Glll), as F1 appear with lower frequency in
relation to the CG. In the people with skeletal Class I
pattern, in which the jawbone is situated more towards
the front in relation to the maxilla, the articulation of the
[va] may be impaired by the inversion of articulators
and closing of the jaw. In these people, the tongue is in
a lower position in the front, which may justify the value
of F1 in these two sounds in GllI*1013,

Regarding the analyses of the formant F2, only
lower frequency in the syllable [ja] was found in Gil,
when compared to the CG, indicating that the tongue
is positioned more towards the back. It's believed that
this finding results from the less anteroposterior space



in the lower part'®131°, There was also found a tendency
to difference in Glll compared to CG in the same sound.
It's suggested that people with DFD perform articu-
latory adjustments seeking to adapt the configuration
and size of their vocal tract to produce certain sounds.
This is in agreement with literature, which points to the
articulatory production of these sounds more towards
the back of the oral cavity'®2,

A fact to be highlighted concerning the results of
this study refers to the standard deviation observed.
Particularly in syllable [ja], the standard deviations for
the groups with DFD were greater than those obtained
for the CG, being that the significant difference
regarding the variable F2 appears in the comparison
of Gll with CG, even with Gll being more dispersed
around the average.

An important point to comment refers to the limitation
of this study concerning the number of subjects. In this
study, the number of subjects was reduced because of
the intention of standardizing the sample, especially the
subjects with DFD, in regard to possible discrepancies
of the vertical patterns, trying to avoid predispositions
as to the interference of this characterization combined
with anteroposterior bone discrepancies (skeletal Class
Il and Ill patterns).

In general terms, another important item to be
mentioned as a possible limitation of this study refers
to the big standard deviation found in some of the
analyses, which would justify the predominance of
tendencies to significance. It may be inferred that a
larger amount of subjects in future studies, maintaining
the rigor in selecting the sample, may bring a larger
number of significant results.

CONCLUSION

This research was able to verify the characteristics
of speech in producing fricative sounds in people with
DFD by means of acoustic analysis.

For the skeletal Class Il dentofacial deformity, more
intensity was found in the fricative sound /z/, higher
values in F1 in the syllable [za] and lower values in F2
in syllable [ja].

For the skeletal Class Il dentofacial deformity,
longer duration of the fricative sound /z/ was found, as
well as more intensity in the sounds /f/ /v/ e [f/.

The present study concludes that there is inter-
ference in the acoustic characteristics of speech,
regarding the fricative sounds, when the osseous
bases are not in harmony. The types of adaptations
associated with the dental-skeletal deformities were
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described, contributing to a better understanding of
speech production of the fricative sounds in Brazilian
Portuguese in these cases.
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