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Oropharyngeal geometry and acoustic
parameters of voice in healthy and
Parkinson’s disease subjects

Geometria orofaringea e parametros acusticos
vocais de individuos higidos e com doencga de
Parkinson

ABSTRACT

Purpose: to verify whether there are differences in acoustic measures and oropharyngeal geometry between
healthy individuals and people with Parkinson’s disease, according to age and sex, and to investigate whether
there are correlations between oropharyngeal geometry measures in this population. Methods: 40 individuals
participated, 20 with a diagnosis of Parkinson’s disease and 20 healthy individuals, matched by age, sex, and
body mass index. Acoustic variables included fundamental frequency, jitter, shimmer, glottal-to-noise excitation
ratio, noise, and mean intensity. Oropharyngeal geometry variables were measured with acoustic pharyngometry.
Results: geometry variables were smaller in the group with Parkinson’s disease, and older adults with Parkinson’s
disease had a smaller oropharyngeal junction area than healthy older adults. Regarding acoustic parameters of
voice, fundamental frequency values were lower in males with Parkinson’s disease, and jitter values were higher
in the non-elderly subjects with Parkinson’s disease. There was a moderate positive correlation between oral
cavity length and volume, pharyngeal cavity length and vocal tract length, and pharyngeal cavity volume and
vocal tract volume. Conclusion: individuals with Parkinson’s disease had smaller glottal areas and oropharyngeal
junction areas than healthy individuals. When distributed into sex and age groups, the fundamental frequency
was lower in males with Parkinson’s disease. There was a moderate positive correlation between oropharyngeal
length and volume measures in the study sample.

RESUMO

Objetivo: verificar se existem diferengas nas medidas actsticas e da geometria orofaringea entre individuos
higidos e pessoas com Doenga de Parkinson, segundo a idade e sexo e investigar se ha correlagdes entre as medidas
geométricas orofaringeas nessa populagdo. Método: participaram 40 individuos, sendo 20 com diagnéstico
de Doenca de Parkinson e 20 individuos higidos, pareados por faixa etéria, sexo e indice de massa corporal.
As variaveis acusticas estudadas foram frequéncia fundamental, jitter, shimmer, glottal-to-noise excitation
ratio, ruido e média da intensidade. As variaveis geométricas da orofaringe foram aferidas por faringometria
acustica. Resultados: as variaveis geométricas foram menores no grupo com Doenga de Parkinson e os idosos
com Doenga de Parkinson apresentaram menor area da jungdo orofaringea que os idosos higidos. Com relagdo
aos parametros acusticos vocais, o valor da frequéncia fundamental foi menor no sexo masculino, no grupo
com Doenga de Parkinson e os valores de jitter foram maiores no grupo nao idoso dos sujeitos com Doenca de
Parkinson. Houve correlagdo positiva moderada entre o comprimento e volume da cavidade oral, comprimento
da cavidade faringea e o comprimento do trato vocal e do volume da cavidade faringea e o volume do trato
vocal. Conclusdo: individuos com Doencga de Parkinson apresentaram menores valores de area glotica e area
da jun¢do orofaringea, comparativamente aos higidos. Quando distribuidos por faixa etéria e sexo, a frequéncia
fundamental foi menor no grupo com doenca de Parkinson, na populagdo masculina. Houve correlagdo positiva
moderada entre as medidas de comprimento e volume da orofaringe, na amostra estudada.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic disease characterized
by degeneration of the compact portion of the substantia nigra
in the midbrain, causing the loss of dopaminergic neurons-,
Its main motor manifestations include bradykinesia, stiffness,
tremor at rest, and postural and gait changes®*. Other signs
may appear in the course of the disease, such as changes in
voice production — e.g., difficulties coordinating breathing/
phonation articulation, decreased vocal intensity, hoarseness,
raspy voice, increased nasality, and reduced muscle control in
laryngeal structures®.

Changes related to voice production in these individuals are
usually analyzed from the phonatory standpoint — i.e., related
to the glottal source and the aerodynamic function, with little
reference to the vocal tract (VT). Therefore, “filter” interferences
are not much considered — such filter modifies vocal fold vibration
patterns, as some segments of their structures create obstacles
to the soundwave generated in the glottal source®. Hence, VT
cavities, which encompass oropharyngeal structures, are directly
related to the resulting speech sound, and the dimensions of
these structures impact the quality of voice®.

It is known that changes suffered by people with PD directly
impact their speech and voice® and that the voice is produced
by the sound originating in the glottis with resonance effects
throughout the VT®. Hence, studying VT dimensions may provide
important answers to diagnosing and treating these individuals.
For instance, such a study may help identify which VT segments
increase or decrease vocal intensity and projection, associating
its dimensions with the resulting voice quality.

Moreover, different VT adjustments have been followed
up with therapeutic or voice improvement techniques, and its
geometry and voice results have been measured, which helped
monitor the effects of the techniques on the intended voice
quality. This hypothesis corroborates the idea that noninvasive
instrumental methods that measure VT and its adjustments in
the oropharyngeal region help improve the assessment and
follow-up of therapeutic results in voice clinical practice when
correlated with voice analysis®!).

For instance, the area, volume, and length of different
oropharyngeal segments can be analyzed with acoustic
pharyngometry (AP)®!?, whose physical principle is that a
sound generated in a tube is echoed back. This echo intensity
represents the cross-sectional area of the different constrictions
of the tube, and the distance of each constriction is calculated
by the time the echo takes to arrive, making it possible to map
the whole cavity from the incisors to the glottis®!'*!3.

AP allows the patient to breathe freely during the procedure;
it is quick, low-cost (in comparison with other imaging
examinations), noninvasive, and does not expose the patient to
radiation as other examinations'¥. AP was first used in sleep
research>1517 but it is still little used in studies in Brazil, with
recent voice-related publications®!?,

The analysis of acoustic parameters of voice ensures greater
quality in voice assessment, as it furnishes data that are not

purely subjective — i.e., they do not depend exclusively on the
evaluator’s auditory experience. It also detects vocal manifestations
in subclinical conditions in people with neurological diseases,
even helping diagnose these diseases'®!”.

Hence, oropharyngeal geometry measures and acoustic
parameters of voice must be verified in healthy and PD subjects,
considering their age and sex and the possible correlations
between oropharyngeal measures. Such results may contribute to
studies aiming to ground the use of AP to diagnose and monitor
voice therapy results.

Thus, the objective of this study was to verify whether
there are differences in oropharyngeal geometry and acoustic
measures between healthy and PD subjects, according to age
and sex, and whether the oropharyngeal geometry measures
are correlated in this population.

METHODS

Altogether, 40 individuals aged 50 to 70 years participated
in the study — 20 of them diagnosed with PD (10 men and 10
women). Their results were compared with individuals without
PD; hence, 20 healthy subjects were included (10 men and 10
women), matched with PD patients for age, sex, and body mass
index (BMI). PD participants were recruited at the Neurology
Outpatient Center in a University Hospital. The healthy group
comprised companions of patients who attended the hospital
and the Speech-Language-Hearing Teaching Clinic in the same
institution, as well as research subjects’ friends and acquaintances
not diagnosed with any neurological or voice changes.

Thus, the study had a convenience sample and was approved
by the Human Research Ethics Committee under evaluation report
no. 2.524.982. All study participants signed an informed consent
form. The inclusion criteria were as follows: patients diagnosed
with PD, classified into stages 1, 2, and 3 on the original version
of the Hoehn & Yahr scale (HY)®”, with preserved cognition,
verified with the Mini-Mental State Examination (MMSE)®D.
Stratification into age groups considered people 60 years or
older as older adults®?.

Information on laryngeal disease diagnoses was obtained
with videolaryngoscopy, before beginning data collection. Only
individuals without any laryngeal lesions or malformations
were included in the research. Individuals with PD associated
with other neurological or psychiatric comorbidities, reported
laryngeal surgery, head and neck surgery, smokers, alcohol
drinkers, or who had the flu or an allergic reaction (such as
rhinitis or sinusitis) at the time of the research were excluded
from the study.

Sample characterization demonstrates the homogeneity
between the two study groups regarding their age, MMSE
results, educational attainment, and BMI (Table 1).

Acoustic analysis was made with voice recordings. Participants
were instructed to sit on a comfortable chair at a 90° angle and
emit a sustained vowel /e/ for 5 seconds and count from 1 to 10
in their usual voice. Speech tasks were recorded at a 44000 Hz
sample rate, with 16 bits per sample. The collection was made

Silva et al. CoDAS 2023;35(2):¢20210304 DOI: 10.1590/2317-1782/20232021304en 2/7



Table 1. Sample characterization (n = 40 individuals)

Healthy group (n = 20)

mean (standard deviation)

minimum-maximum values

Age (years) - 13 older adults and 7 adults 61 (5) 50-69
Mini-Mental State Examination 24 (4) 14-30
Years at school 8 (5 2-12
Body mass index 26 (2) 23-29
Parkinson’s disease group (n = 20) mean (standard deviation) minimum-maximum values

Age (years) - 12 older adults and 8 adults 61 (6) 50-69
Mini-Mental State Examination 27 (3) 20-30
Years at school 9 (4) 4-15
Body mass index 25 (2) 21-31

Time with disease (years) 7 (5) 1-20

Stage of the disease (HY) 2(1) 1-2

Caption: HY = Hoehn &Yahr Scale®?

with an n3 notebook, Intel® Core™ i3-2348M, using an Andrea
PureAudio™ USB-AS external sound card and a Karsect HT-2
headset microphone kept about 4 centimeters away from their
mouth at an approximately 45° angle.

Acoustic data were recorded and edited in Voxmetria®
software, manufactured by CTS informadtica. The initial and
final seconds in the sustained vowel recordings were eliminated
to exclude the most irregular parts of the sample, preserving 3
seconds of emission for analysis. Data on fundamental frequency
(f0), jitter, shimmer, glottal-to-noise excitation ratio (GNE), and
noise were extracted from the vowel /¢/ emission, and the mean
intensity was obtained from the number count. All parameters
were calculated with Voxmetria®.

All participants had their oropharyngeal geometry assessed
with AP while awake. The acoustic pharyngometer used was
manufactured by Eccovision® — Sleep Group Solutions, Florida,
which was installed in the laboratory of the institution where
this study was conducted, controlling temperature (25 °C) and
noise (below 60 dB SPL) during the examination.

The pharyngometer was automatically calibrated to take VT
and oropharyngeal measures®!'?. Participants remained seated
on a chair with back support, head and trunk aligned. They were
instructed to bite the plastic mouthpiece and seal it with their
lips, preventing acoustic escape. The mouthpiece is connected
to the pharyngometer on one end, positioned horizontally to
the examiner and parallel to the floor. To keep their posture,
participants were instructed to gaze at a point in front of them
and breathe naturally.

For each measure, the program (software) generated a graph
relating the distance (ordinate axis) to the area (abscissa axis),
subdivided into three regions: oral (from the incisors to the soft
palate), pharyngeal (from the soft palate to the hypopharynx),
and laryngeal (glottal region).

Participants were instructed to breathe in naturally for a few
moments, always through the nose. Then, in agreement with the
researcher, they would breathe out through the mouth — measures
were taken at the end of each outbreathing®'?,

Four measures were taken, shown in four widows on the
equipment screen, namely:

*  Measures of the oropharyngeal area (recorded in the first two
windows): participants were instructed to breathe in through
the nose and slowly out through the mouth. Oropharyngeal
measures were based on the graphs, characterized as possible
calibrating graphs, presented in superposition and maximum
percentage of reproducibility, with up to 6% acceptable
variance.

e Measure of the oropharyngeal junction (recorded in the
third window): participants were instructed to breathe in
and out through the nose. This made it possible to identify
the oropharyngeal junction, delimited at the end of the oral
cavity when the soft palate is lowered.

*  Measure of the glottal region (recorded in the fourth window):
participants were instructed to breathe in through the nose
and perform the Valsalva maneuver, in which individuals
shut their nostrils with their fingers and then force the air,
closing the glottis. Thus, the end of the pharyngeal cavity
was located in the graph, indicating the glottal region.

The data were compiled and presented as measures of central
tendency and dispersion. The Shapiro-Wilk test was used to
verify the normality of the data series, which determined the
comparison tests between the group means (independent t-test or
Mann-Whitney test). The variables were correlated with Pearson’s
test, interpreted with the following criteria: 0.90 to 1.00 = “Very
high”; 0.70 to 0.90 = “High”; 0.50 to 0.70 = “Moderate”; 0.30
t0 0.50 =“Low”; 0.10 to 0.30 = “Small”?®. Besides Pearson’s
rho, determination coefficients, r2, were also presented. The
statistical package used was Statistica StatSoft 12, considering
significant values at p < 0.05.

RESULTS

The mean values of oropharyngeal geometry and acoustic
parameters of voice are shown in Tables 2, 3, and 4, as well as
the comparison between the PD group and the healthy group
(HG). Measures in Table 3 were stratified by sex and in Table 4,
by age groups.

Regarding oropharyngeal geometry, variables related to
glottal area (GA) and oropharyngeal junction area (OJA) were
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Table 2. Values of oropharyngeal segment geometry measures and acoustic parameters of voice in healthy subjects and Parkinson’s disease
patients and results of the comparison between both groups

Healthy Group (n = 20) Parkinson’s Disease Group (n = 20)
Oropharyngeal mean mean p-value
Geometry (standard deviation) range P5-P95% (standard deviation) range P5-P95%
Lengths
OCL (cm) 8.5(1.1) 6.7-11.0 7.1-10.6 8.4 (0.9) 6.7-10.5 7.1-10.2 0.79*
PCL (cm) 6.5 (2.5) 2.2-10.7 3.3-10.7 5.8 (1.8) 2.6-9.4 3.0-9.0 0.67"
VTL (cm) 15.0 (2.1) 13.1-17.8 13.2-17.9 14.3(1.7) 13.1-17.8 13.2-17.9 0.37"
Volumes
OCV (cmd) 36.7 (11.6) 17.0-60.6 19.7-54.3 34.8 (10.6) 20.2-54.0 21.3-53.8 0.59*
PCV (cm?) 13.1 (8.2) 2.4-36.3 3.7-22.0 11.3(9.1) 2.2-34.6 3.0-29.2 0.33"
VTV (cm?) 49.7 (15.5) 26.1-81.3 30.1-78.0 46.4 (16) 31.0-88.6 31.1-74.8 0.39"
Areas
OJA (cm?) 1.5(1.0) 0.5-3.9 0.7-3.6 0.9 (0.8) 0.4-4.6 0.5-1.5 <0.01"
GA (cm?) 1.3(0.7) 0.3-2.9 0.4-2.6 0.8 (0.5) 0.05-2.9 0.3-1.2 0.04"
Acoustic mean mean
Para\To (ie(t:::rs of (standard deviation) range P5-P95% (standard deviation) range P5-P95% p-value
fO (Hz) 160.9 (38.8) 111.3-233.4 113.8-232.6 149.9 (43.7) 94.2-239.9 99.6-225.7 0.40*
Jitter (%) 0.41 (0.65) 0.09-2.86 0.1-1.5 0.78 (1.14) 0.10-4.21 0.1-3.3 0.06"
Shimmer (%) 6.47 (4.5) 1.8-20.0 1.9-13.7 8.54 (6.0) 3.1-23.3 3.3-19.7 0.26"
GNE 0.78 (0.17) 0.40-0.98 0.5-1.0 0.72 (0.20) 0.24-0.95 0.3-1.0 0.25"
Noise 1.12(0.72) 0.33-2.73 0.4-2.4 1.29 (0.89) 0.11-3.40 0.4-3.3 0.51"
Mean Intensity (dB) 40.0 (5.6) 31.2-52.0 31.3-48.6 39.5 (4.2) 30.2-45.4 32.4-45.0 0.35*

*Independent t-test — 5% significance level; "Mann-Whitney test — 5% significance level

Caption: OCL = Oral Cavity Length; PCL = Pharyngeal Cavity Length; VTL = Vocal Tract Length; OCV = Oral Cavity Volume; PCV = Pharyngeal Cavity Volume;
VTV = Vocal Tract Volume; OJA = Oropharyngeal Junction Area; GA = Glottal Area; fO = Fundamental Frequency; GNE = Glottal-to-Noise Excitation Ratio (Proportion
Between Glottal Excitation and Noise); range = Minimum-Maximum Values; cm = Centimeters; Hz = Hertz; dB = Decibels

Table 3. Values of oropharyngeal segment geometry measures and acoustic parameters of voice stratified by sex and results of the comparison
between healthy individuals and Parkinson’s disease patients

Males (n = 20) Females (n = 20)
Oropharyngeal mean mean
GF()eomz/atgy (standard deviation)  p-value P5-PO5% (standard deviation) p-value P5-P95%
HG (n=10) PD (n=10) HG PD  HG (n=10) PD (n=10) HG PD
Lengths
OCL (cm) 8.7(1.1) 8.8 (0.7)" 087¢ 72104  82-100  82(11)  80(0.9) 0.58* 71-102  6.9-9.4
PCL (cm) 6.3 (2.6) 6.2 (2.1) 088  3.8-10.7 3.4-9.2 6.7 (2.4)  5.4(0.4) 0.14* 3.3-9.7 3.8-7.5
VTL (cm) 15.0 (2.4) 15.0 (2.0) 0.85*  132-17.9 132-17.9 149(1.9) 13.6(1.1) 0.09* 13.2-17.5  13.2-15.8
Volumes
oCV (cm?) 30.1(11.9)  39.5(9.9¢  092* 230576 284-539 343(11.3) 30.1(9.4) 0.37* 19.9-465  20.8-44.9
PCV (cm?) 14909.7) 15.8(10.8  0.84* 3.8-294  42-321  11.3(6.3)  6.8(3.4) 0.07* 4.1-20 2.7-11
VTV (cm?) 540(17.0) 559 (17.1)  0.80"  10.0-79.8 34.2-821 45.4(13.2) 37.0(7.0) 0.201 28.0-63.6  31.1-48.1
Areas
0JA (cm?) 1.8(1.2) 1102 0.04' 0.7-3.5 0.6-3.1 1209  06(0.1) 0.02' 0.6-2.8 0.5-0.8
GA (cm?) 1.4 (0.8) 0.6 (0.3) 0.01* 0.4-2.8 0.2-1.1 1106  09(0.7) 0.42* 0.4-2.3 0.5-2.1
i mean mean
pagﬁﬁg of (standard deviation) p P5-P5% (standard deviation) p P5-P95%
Voice HG PD HG PD HG PD HG PD
fO (Hz) 133.9 (22.1)* 112.6 (12.0)* 0.01* 112.6-68.7 96.8-27.5 187.9 (32.8) 187.1 (28.3) 0.95* 145-233.1 157.5-233.2
Jitter (%) 0.3 (0.4) 0.7 (1.1) 0171 0.1-0.2 0.1-2.8 07(1.2)  0.4(0.8) 0.13" 0.1-1.8 0.1-2.9
Shimmer (%) 6.3 (3.5) 10.5 (7.0) 0117 23115 35216  66(55  6.4(4.3) 0.70" 21163  3.3-143
GNE 0.7 (0.1) 0.7 (0.1) 0.49* 0.4-0.9 0.6-1.0 08(0.1)  0.6(0.1) 0.07* 0.6-1.0 0.2-1.0
Noise 1.4 (0.7)" 1.1(0.6) 0.21* 0.6-2.6 0.3-2.0 0.7 (0.5) 1.5(1.1) 0.07* 0.3-1.8 0.4-3.3
Mean Intensity @B) 391 (5.5)  37.0(3.9)  0.33*  32.8-467 31.3-421 40.9(5.9)  40.0(4.1) 0.72* 33.4-50.4  35.3-45.2

*Independent t-test;"Mann-Whitney test; *Difference between the sexes p < 0.05; +*Difference between the sexes p < 0.0001

Caption: HG = Healthy Group; PD = Parkinson'’s Disease Group; OCL = Oral Cavity Length; PCL = Pharyngeal Cavity Length; VTL = Vocal Tract Length; OCV = Oral
Cavity Volume; PCV = Pharyngeal Cavity Volume; VTV = Vocal Tract Volume; OJA = Oropharyngeal Junction Area; GA = Glottal Area; fO = Fundamental Frequency;
GNE = Glottal-to-Noise Excitation Ratio (Proportion Between Glottal Excitation and Noise); cm = Centimeters; Hz = Hertz; dB = Decibels
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Table 4. Values of oropharyngeal segment geometry measures and acoustic parameters of voice stratified by age groups and results of the
comparison between healthy individuals and Parkinson’s disease patients

Oropharyngeal

Age > 60 years (n=25)

Age < 60 years (n=15)

mean

mean

Geometry (standard deviation) p P5-P95% (standard deviation) p P5-P95%
HG (n=13) PD (n=12) HG PD HG (n=7) PD (n=8) HG PD
Lengths
OCL (cm) 8.1(1.1) 8.1(1.0) 0.90* 7.0-9.7 7.0-9.7 9.1(0.9) 8.7 (0.8) 0.39* 8.1-10.5 8.0-10.1
PCL (cm) 6.8 (2.7) 5.9 (1.6) 0.32* 3.5-10.7 4.0-9.0 5.9(1.9) 5.6 (2.1) 0.73* 3.8-8.3 3.2-8.9
VTL (cm) 14.9 (2.1) 14.0(1.4) 0.53" 13.2-17.9 13.2-16.5 15.1 (2.2) 14.7 (2.0 0.48" 13.2-17.9  13.2-17.7
Volumes
OCV (cmd) 32.6 (10.0)* 33.7 (11.5) 0.78* 18.7-45.6 21.7-52.3 44.4(10.9) 36.4(9.5 0.15* 30.5-58.6  24.3-50.1
PCV (cm?) 13.9 (9.0 10.8 (8.4) 0.31° 4.6-27.3 2.8-25.5 11.5(6.8) 12.1(10.4) 0.81" 3.1-19.6 3.2-28.2
VTV (cmd) 46.5 (15.4) 44.7 (16.4) 0.72'  28.7-73.1  31.1-71.5 557 (14.8) 49.1 (16.1) 0.421 40.5-76.8  32.6-70.5
Areas
OJA (cm?) 1.3(0.9) 0.9 (1.1)* 0.01' 0.6-3.1 0.5-2.5 1.7(1.2) 0.8 (0.2 0.08" 0.7-3.6 0.7-1.2
GA (cm?) 1.1(0.6) 0.8 (0.7) 0.14" 0.4-2.2 0.4-2.0 1.5(0.9) 0.7 (0.3 0.07" 0.5-2.8 0.2-1.0
Acoustic\l/’;gaemeters of (standarrrgiengiation) p P5-P85% (standar:;e:gviation) o P5-P85%
HG PD HG PD HG PD HG PD
fO (Hz) 172.1 (39.3) 159.0 (47.5) 0.46* 117.4-232.9 101.0-231.7 140.2 (30.3) 136.1 (35.6) 0.81* 114.5-186.9 98.2-185.4
Jitter (%) 0.4 (0.7) 0.8 (1.2) 0.11" 0.1-2.0 0.1-3.2 0.3(0.2) 0.6 (1.0) 0.002" 0.1-0.8 0.1-2.3
Shimmer (%) 6.7 (5.1) 9.3 (6.4) 0.21° 2.2-16.0 3.6-20.0 5.9(3.4) 7.2 (5.6) 0.817 2.2-11.0 3.2-16.3
GNE 0.8 (0.1) 0.6 (0.2) 0.05" 0.5-1.0 0.3-1.0 0.7 (0.2) 0.7 (0.1) 0.60" 0.5-1.0 0.6-1.0
Noise 1.0 (0.6) 1.5(0.9) 0.06" 0.4-2.3 0.4-3.3 1.3(0.8) 0.8 (0.7) 0.28" 0.4-2.5 0.2-2.0
Mean Intensity (dB) 39.7 (6.3) 38.3 (4.0) 0.52*  31.3-49.9 32.8-43.5 40.5 (4.3) 38.8 (4.7) 0.49* 34.9-46.0 33.5-45.3

*Independent t-test; '"Mann-Whitney test; *Difference between the ages p < 0.05

Caption: HG = Healthy Group; PD = Parkinson’s Disease Group; OCL = Oral Cavity Length; PCL = Pharyngeal Cavity Length; VTL = Vocal Tract Length; OCV = Oral
Cavity Volume; PCV = Pharyngeal Cavity Volume; VTV = Vocal Tract Volume; OJA = Oropharyngeal Junction Area; GA = Glottal Area; fO = Fundamental Frequency;
GNE = Glottal-to-Noise Excitation Ratio (Proportion Between Glottal Excitation and Noise); cm = Centimeters; Hz = Hertz; dB = Decibels

smaller in the PD group than in HG. No differences were found
between the groups in acoustic parameters of voice (Table 2).

Stratification by sex revealed smaller area values in the
PD group than in HG in both sexes, except for GA in females.
Moreover, PD group males had greater oral cavity length (OCL)
and oral cavity (OCV), pharyngeal cavity (PCV), and vocal tract
volumes (VTV) than PD group females. Regarding acoustic
parameters of voice, f0 values were lower in PD males than
HG males, and lower in males than females in both groups, as
expected (Table 3).

Stratification by age groups revealed differences between HG
and PD subjects in OJA, which was smaller in older adults with
PD. However, within the PD group, OJA was greater in older
adults than non-elderly adults. Regarding acoustic parameters
of voice, only jitter was greater among non-elderly adults with
PD (Table 4). Moreover, HG older than 60 years had lower
OCYV than HG non-elderly adults.

In correlation analysis of the oropharyngeal measures,
the following results were found: OCL had a moderate direct
correlation with OCV, representing 45% of volume variability
(p <0.0001; r=0.67; r> = 0.45). Likewise, pharyngeal cavity
length (PCL) and vocal tract length (VTL) had a moderate direct
correlation with PCV (p <0.0001; r=0.69; r>=0.47) and VTV
(p<0.0008; r=0.51;12=0.25), respectively representing 47%
and 25% of variability. The correlation of OCL, PCL, and VTL

with the other pharyngometry measures and acoustic parameters
had no statistical significance and small or low rho values.

DISCUSSION

Regarding the smaller GA in the PD population (Tables 2 and 3),
it must be pointed out that this area measured with AP does
not correspond to the same area measured with imaging
examinations, such as computed tomography (CT scan) or
magnetic resonance!!!"'¢2425 GA measured with AP corresponds
to the cross-sectional area by the glottis, while GA measured
with imaging examinations corresponds to the space between
one and the other vocal fold®-162429,

Hence, this explains the results of the present study, inferring
that the possible smaller interarytenoid space in PD subjects
than in HG®* has corroborated this result. Considering that GA
measured with AP corresponds to the cross-sectional area by
the glottis while breathing®'%%15 (abducted vocal folds), the
glottal configuration at rest interfered with such a measure. Thus,
given that the smaller interarytenoid space in PD subjects@?
diminishes such cross-sectional area, smaller GA in the PD
group than in HG is explained.

A study whose participants were in more advanced PD
stages found greater GA in them than in controls; this measure
is considered a marker of disease progression®. However,
two considerations must be made: 1) the said study used CT
scan®, unlike the present one; 2) PD stages in the present study
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corroborate these results (Table 1), as greater cross-sectional
GA could be expected in individuals in more advanced stages
of the disease, while those in the present study were in stages
1 and 2 in HY scale.

Hence, regarding methods, the study with CT scan calculated GA
as the space between vocal folds in adduction and abduction®*?>,
With AP, on the other hand, GA is influenced not only by the
distance between vocal folds in glottal abduction but also by
the whole cross-sectional area in the region.

Regarding OJA measures, likewise smaller in PD subjects,
the lowered soft palate in the PD population is inferred to explain
such results®®. Stratification by sex shows that this measure is
smaller in PD in both males and females and that only OJA was
smaller in PD females. Therefore, it must be considered that, in
the study group, the interference of hypokinetic dysarthrophonia
had a greater impact on males.

Future studies should compare laryngeal examination data
with AP to verify vocal fold positioning at rest and in phonation
in this population, comparing them with GA measures. Moreover,
OJA results should be compared with nasalance values in these
groups, using instrumental and nasality measures and auditory-
perceptual analysis.

Smaller 0 values in PD males than same-sex HG (Table 3)
may be associated with stiffness in PD individuals, which is
characteristic of the disecase™®. Considering that such stiffness
can impact the function of vocal fold tensor muscles, it would
decrease the possibilities of tone flexibility in voice production.

Furthermore, hypokinetic dysarthrophonia caused by PD@2"
may affect the contraction not only of the cricothyroid muscle
(thus decreasing vocal fold stretch) but also of the extrinsic
laryngeal musculature. Hence, in sustained emission when
healthy individuals usually tend to increase voice pitch and
elevate the larynx, PD patients’ larynx may remain lowered due
to hypokinesia of suprahyoid muscles, which are responsible
for laryngeal elevation.

Nonetheless, differences in fO between males and females
in both groups (HG and PD) were expected, as men have
lower 0 than women®®. Also, greater OCL, OCV, PCV, and
VTV values in PD males than in PD females were likewise
expected, as male VT tends to have greater dimensions than
female VT4, Interestingly, such difference was not found
in HG, allowing the inference that the sample size may have
influenced this result, as well as not having controlled racial
factors in participating individuals — for it is known that ethnicity
influences oropharyngeal geometry measures®”.

As for the results of stratification by age, smaller OJA in
the PD group than in HG in the population older than 60 years
may be due to possibly hypofunctioning soft palates, caused by
both PD and aging — although resonance consequences were
not evident in this sample®®.

Lower OCV values in subjects older than 60 years than in
non-elderly adults in HG may be explained by tooth loss and the
consequent tendency to greater bone absorption characteristic
of aging, which diminishes OCV in this group®®.

As for those below 60 years old, greater jitter values in the PD
group than in HG may be explained by disease characteristics.
This parameter may be changed in people with neurological
dysphonia for the lack of control over glottal cycles of vocal
fold vibration —i.e., greater disturbance in vibratory cycles and
greater vocal instability®. Despite the normal mean values,
attention is drawn to such a difference between the groups; hence,
future studies should compare these results with disease stages.

Regarding correlations, the association between increased
OCL and OCV is explained by how the distance from the central
incisors to the soft palate influences the calculation of this cavity
volume. PCL and VTL likewise influence the calculation of
PCV and VTV measures®'*!9,

Therefore, the present study helped identify VT segments
with differences between healthy people and PD patients in
the initial stages of the disease. This identification may explain
possible voice deterioration in the course of the disease and may
be useful in early voice treatment in PD.

Furthermore, this research reinforced the presupposition
that AP improves VT assessments, whose measures can be
compared with respective voice results. Hence, future studies
should assess the effect of vocal techniques on oropharyngeal
geometry, comparing it with voice analysis. It was also observed
that AP is a quick noninvasive method that can be applied in older
adults and people with neurological changes like PD. Based on
the knowledge attained with this research, future studies should
investigate possible associations between VT dimensions and
acoustic measures of voice related to the formants”.

The limitations of this study include the number of participants,
as stratifications by sex and age diminished representativity.
Hence, this study should be continued with a larger sample.
Further research should also implement auditory-perceptual
voice assessments and voice self-assessment questionnaires,
which may contribute to multidimensional analyses of voice.
Nevertheless, this was an unprecedented study in a national
speech-language-hearing journal addressing VT geometry
measures in PD patients, using AP.

CONCLUSION

Individuals with PD had smaller GA and OJA than healthy
people. When distributed into sex and age groups, f0 was smaller
in PD males, and jitter values were greater in PD non-elderly
adults. There were moderate positive correlations between
OCL and OCV measures, PCL and VTL measures, and PCV
and VTV measures in the sample.

REFERENCES

1. Marques NGS, Oliveira MIS, Alves MN, Ledo SS, Souza SDB, Lopes GS.
Parkinson’s disease: the main damages caused in the individual. Res Soc
Dev. 2020;9(10):¢37491110023. http://dx.doi.org/10.33448/rsd-v9i11.10023.

2. Rodriguez-Violante M, Zeron-Martinez R, Cervantes-Arriaga A, Corona
T. Who can diagnose Parkinson’s disease first? Role of pre-motor
symptoms. Arch Med Res. 2017;48(3):221-7. http://dx.doi.org/10.1016/j.
arcmed.2017.08.005. PMid:28882322.

Silva et al. CoDAS 2023;35(2):¢20210304 DOI: 10.1590/2317-1782/20232021304en 6/7


https://doi.org/10.33448/rsd-v9i11.10023
https://doi.org/10.1016/j.arcmed.2017.08.005
https://doi.org/10.1016/j.arcmed.2017.08.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28882322&dopt=Abstract

10.

11.

12.

13.

14.

16.

17.

Silva et al. CoDAS 2023;35(2):¢20210304 DOI: 10.1590/2317-1782/20232021304en

Cabreira V, Massano J. Parkinson’s disease: clinical review and update.
Acta Med Port. 2019;32(10):661-70. http://dx.doi.org/10.20344/amp.11978.
PMid:31625879.

Mu J, Chaudhuri KR, Bielza C, Pedro-Cuesta J, Larranaga P, Martinez-
Martin P. Parkinson’s disease subtypes identified from cluster analysis of
motor and non-motor symptoms. Front Aging Neurosci. 2017;9:301. http:/
dx.doi.org/10.3389/fnagi.2017.00301. PMid:28979203.

Berenguer MP, Briones HAY. Trastornos del habla en la enfermedad de
Parkinson. Rev Cient Cienc Med. 2019;22(1):36-42.

Barbosa PA, Madureira S. Manual de fonética actstica experimental. Sdo
Paulo: Cortez Editora; 2015. 591 p.

Gomes MLC, Carneiro DO, Dresch AAG. Perceptive and acoustic
analysis in forensic phonetics: research in voice disguise. Dominios Ling.
2016;10(2):559-89. http://dx.doi.org/10.14393/DL22-v10n2a2016-7.

Xu H, Bao Z, Liang D, Li M, Wei M, Ge X, et al. Speech and language
therapy for voice problems in Parkinson’s disease: a meta-analysis. J
Neuropsychiatry Clin Neurosci. 2020;32(4):344-51. http://dx.doi.org/10.1176/
appi.neuropsych.19020044. PMid:32374650.

Silva JMS, Gomes AOC, Silva HJ, Vasconcelos SJ, Coriolano MGWS,
Lira ZS. Effect of resonance tube technique on oropharyngeal geometry
and voice in individuals with Parkinson’s disease. J Voice. 2021;35(5):807.
E25-32. http://dx.doi.org/10.1016/j.jvoice.2020.01.025. PMid:32201236.

Oliveira KGSC, Lira ZS, Silva HJ, Lucena JA, Gomes AOC. Oropharyngeal
geometry and the singing voice: immediate effect of two semi-occluded
vocal tract exercises. J Voice. 2022;36(4):523-30. http://dx.doi.org/10.1016/j.
jvoice.2020.06.027. PMid:32712077.

Yamasaki R, Murano EZ, Gebrim E, Hachiya A, Montagnoli A, Behlau
M, et al. Vocal tract adjustments of dysphonic and non-dysphonic women
pre and post-flexible resonance tube in water exercise: a quantitative
MRI study. J Voice. 2017;31(4):442-54. http://dx.doi.org/10.1016/j.
jvoice.2016.10.015. PMid:28017460.

Boutet C, Moussa SAM, Celle S, Laurent B, Barthélémy JC, Barral FG, et al.
Supra-epiglottic upper airway volume in elderly patients with obstructive
sleep apnea hypopnea syndrome. PLoS One. 2016;11(6):¢0157720. http://
dx.doi.org/10.1371/journal.pone.0157720. PMid:27336305.

Gelardi M, del Giudice AM, Cariti F, Cassano M, Farras AC, Fiorella
ML, et al. Acoustic pharyngometry: clinical and instrumental correlations
in sleep disorders. Braz J Otorhinolaryngol. 2007;73(2):257-65. http://
dx.doi.org/10.1016/S1808-8694(15)31075-2. PMid:17589736.

Xue SA, Hao JG. Normative standards for vocal tract dimensions by race

as measured by acoustic pharyngometry. J Voice. 2005;20(3):391-400.
http://dx.doi.org/10.1016/j.jvoice.2005.05.001. PMid:16243483.

. Ibrahim K. Normal standard curve for acoustic pharyngometry. Otolaryngol

Head Neck Surg. 2001;124(3):323-30. http://dx.doi.org/10.1067/
mhn.2001.113136. PMid:11241000.

Zhao Y, Li X, Ma J. Combined application of pharyngeal volume and
minimal cross-sectional area may be helpful in screening persons suspected
of obstructive sleep apnea (OSA). Sleep Breath. 2022;26(1):243-50. http://
dx.doi.org/10.1007/s11325-021-02358-4. PMid:33966156.

Opsahl UL, Berge M, Lehmann S, Bjorvatn B, Opsahl P, Johansson A.
Acoustic pharyngometry - a new method to facilitate oral appliance therapy.
J Oral Rehabil. 2021;48(5):601-13. http://dx.doi.org/10.1111/joor.13134.
PMid:33314265.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Carrillo L, Ortiz KZ. Analise vocal (auditiva e actstica) nas disartrias. Pro-
Fono. 2007;19(4):381-6. http://dx.doi.org/10.1590/S0104-56872007000400010.

Englert M, Lima L, Behlau M. Acoustic voice quality index and acoustic
breathiness index: analysis with different speech material in the Brazilian
Portuguese. J Voice. 2020;34(5):810.E11-7. http://dx.doi.org/10.1016/j.
jvoice.2019.03.015. PMid:31005448.

Pereira MT, Oliveira DMS, Dias ACAM, Moraes AMF, Dias GAS, Oliveira
EM. Correlagao entre o equilibrio funcional e o estadiamento da Doenca
de Parkinson. Para Res Med J. 2017;1(3):1-8. http://dx.doi.org/10.4322/
prm;j.2017.030.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res. 1975;12(3):189-98. http://dx.doi.org/10.1016/0022-3956(75)90026-6.
PMid:1202204.

Rauen MS, Moreira EAM, Calvo MCM, Lobo AS. Nutritional status
assessment of institutionalized elderly. Rev Nutr. 2008;21(3):303-10.
http://dx.doi.org/10.1590/S1415-52732008000300005.

Hinkle DE, Wiersma W, Jurs SG. Applied statistics for the behavioral
sciences. 5th ed. Boston: Houghton Mifflin; 2003.

Perju-Dumbrava L, Lau K, Phyland D, Papanikolaou V, Finlay P, Beare
R, et al. Arytenoid cartilage movements are hypokinetic in Parkinson’s
disease: a quantitative dynamic computerised tomographic study. PLoS One.
2017;12(11):e0186611. http://dx.doi.org/10.1371/journal.pone.0186611.
PMid:29099841.

Ma A, Lau KK, Thyagarajan D. Radiological correlates of vocal fold
bowing as markers of Parkinson’s disease progression: a cross-sectional
study utilizing dynamic laryngeal CT. PLoS One. 2021;16(10):¢0258786.
http://dx.doi.org/10.1371/journal.pone.0258786. PMid:34653231.

Dias AE, Limongi JCP, Hsing WT, Barbosa EG. Telerehabilitation in
Parkinson’s disease: influence of cognitive status. Dement Neuropsychol.
2016;10(4):327-32. http://dx.doi.org/10.1590/s1980-5764-2016dn1004012.
PMid:29213477.

Skodda S, Gronheit W, Schlegel U. Intonation and speech rate in Parkinson’s
disease: general and dynamic aspects and responsiveness to levodopa
admission. J Voice. 2011;25(4):¢199-205. http://dx.doi.org/10.1016/].
jvoice.2010.04.007. PMid:21051196.

Behlau M, Madazio G, Azevedo R, Brasil O, Vilanova LC. Disfonias
neurologicas. In: Belhlau M, editor. Voz: o livro do especialista II. Rio de
Janeiro: Revinter; 2005. p. 111-62.

Monahan K, Kirchner HL, Redline S. Oropharyngeal Dimensions in
Adults: Effect of Ethnicity, Gender, and Sleep Apnea. J Clin Sleep Med.
2005;1(3):257-63. http://dx.doi.org/10.5664/jcsm.26340. PMid:17566185.
Teixeira DSDC, Frazdo P, Alencar GP, Baquero OS, Narvai PC, Lebrao
ML, et al. Estudo prospectivo da perda dentaria em uma coorte de idosos
dentados. Cad Saude Publica. 2016;32(8):e00017215. http://dx.doi.
org/10.1590/0102-311X00017215. PMid:27509546.

Author contributions

JMSS did collection and article review;, AOCG was responsible for study
conception and design, data interpretation, and article writing and review,
MGWSC did data analysis and interpretation and article review; JPT did
article writing; HVSLL did article writing; CEBP did article writing, HJS was
responsible for study conception and result analysis; ZSL was responsible for
study conception and design and article review.

717


https://doi.org/10.20344/amp.11978
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31625879&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31625879&dopt=Abstract
https://doi.org/10.3389/fnagi.2017.00301
https://doi.org/10.3389/fnagi.2017.00301
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28979203&dopt=Abstract
https://doi.org/10.14393/DL22-v10n2a2016-7
https://doi.org/10.1176/appi.neuropsych.19020044
https://doi.org/10.1176/appi.neuropsych.19020044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32374650&dopt=Abstract
https://doi.org/10.1016/j.jvoice.2020.01.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32201236&dopt=Abstract
https://doi.org/10.1016/j.jvoice.2020.06.027
https://doi.org/10.1016/j.jvoice.2020.06.027
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32712077&dopt=Abstract
https://doi.org/10.1016/j.jvoice.2016.10.015
https://doi.org/10.1016/j.jvoice.2016.10.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28017460&dopt=Abstract
https://doi.org/10.1371/journal.pone.0157720
https://doi.org/10.1371/journal.pone.0157720
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27336305&dopt=Abstract
https://doi.org/10.1016/S1808-8694(15)31075-2
https://doi.org/10.1016/S1808-8694(15)31075-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17589736&dopt=Abstract
https://doi.org/10.1016/j.jvoice.2005.05.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16243483&dopt=Abstract
https://doi.org/10.1067/mhn.2001.113136
https://doi.org/10.1067/mhn.2001.113136
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11241000&dopt=Abstract
https://doi.org/10.1007/s11325-021-02358-4
https://doi.org/10.1007/s11325-021-02358-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33966156&dopt=Abstract
https://doi.org/10.1111/joor.13134
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33314265&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33314265&dopt=Abstract
https://doi.org/10.1590/S0104-56872007000400010
https://doi.org/10.1016/j.jvoice.2019.03.015
https://doi.org/10.1016/j.jvoice.2019.03.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31005448&dopt=Abstract
https://doi.org/10.4322/prmj.2017.030
https://doi.org/10.4322/prmj.2017.030
https://doi.org/10.1016/0022-3956(75)90026-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://doi.org/10.1590/S1415-52732008000300005
https://doi.org/10.1371/journal.pone.0186611
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29099841&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29099841&dopt=Abstract
https://doi.org/10.1371/journal.pone.0258786
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34653231&dopt=Abstract
https://doi.org/10.1590/s1980-5764-2016dn1004012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29213477&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29213477&dopt=Abstract
https://doi.org/10.1016/j.jvoice.2010.04.007
https://doi.org/10.1016/j.jvoice.2010.04.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21051196&dopt=Abstract
https://doi.org/10.5664/jcsm.26340
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17566185&dopt=Abstract
https://doi.org/10.1590/0102-311X00017215
https://doi.org/10.1590/0102-311X00017215
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27509546&dopt=Abstract

