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ABSTRACT

Purpose: To compare the results of the non-linear acoustic analysis of elderly male and female voices, speakers of 
Brazilian Portuguese. Methods: Recordings of 14 men and 15 women were used. The voices were consensually 
judged to be vocally healthy by three trained speech therapists. The non-linear acoustic analysis was performed 
by the Phase Space Reconstruction (PSR) analysis using the Voice Analysis program.  Results: A significant 
difference was observed in the parameter irregularity (p = 0.001) and spacing (p = 0.005), with worse results for 
the male group. While 93% of male voices presented degrees 2 or 3 of irregularity, these degrees were observed 
in 53% of female voices. In 78.6% of male voices, medium to large spacing was observed, a fact observed only 
in 26.7% of women. Conclusion: The results of the non-linear analysis, through the Phase Space Reconstruction, 
using the CIS Protocol, in the voices of the elderly, showed the best result in terms of the number of curves 
(four or more). Regarding the irregularity of the tracing, in men, the majority presented grades 2 and 3 and in 
women, half presented grade 1. Regarding the spacing, 78.6% of the male voices had medium to large spacing, 
a fact observed only in 26.7% of women.There was a difference between the sexes in the vocal findings of 
the elderly by the CIS protocol with the PSR, pointing out worse results irregularity and spacing in the male 
population, which suggests greater vocal aperiodicity in elderly men.

RESUMO

Objetivo: Verificar medidas acústicas das vozes de idosos pela análise não linear e realizar a comparação entre 
os sexos. Método: Participaram 29 idosos, falantes do Português Brasileiro, vocalmente saudáveis: 14 homens 
e 15 mulheres. Todas as vozes foram julgadas como vocalmente saudáveis por três fonoaudiólogas treinadas, por 
meio de avaliação perceptivo-auditiva. A análise acústica não linear foi realizada pela análise da Reconstrução 
de Espaço de Fase utilizando o programa Análise de Voz. Resultados: Foi observado diferença significativa no 
parâmetro irregularidade (p=0,001) e espaçamento (p=0,005) entre os sexos, com resultados piores no grupo 
masculino. Enquanto 93% das vozes masculinas apresentaram graus 2 ou 3 de irregularidade, estes graus 
foram observados em 53% das vozes femininas. Em 78,6% das vozes masculinas foi observado espaçamento 
de médio a grande, fato observado somente em 26,7% das mulheres. Conclusão: Os resultados da análise não 
linear, por meio da REF, com a utilização do protocolo CIE, em vozes de idosos, mostraram o melhor resultado 
quanto ao número de curvas (quatro ou mais). Em relação à irregularidade do traçado, nos homens, a maioria 
apresentou graus 2 e 3 e nas mulheres, a metade apresentou grau 1. Relativo ao espaçamento, 78,6% das vozes 
masculinas foi observado espaçamento de médio a grande, fato observado somente em 26,7% das mulheres. 
Houve diferença entre os sexos nos achados vocais de idosos pelo protocolo CIE com a análise de Reconstrução 
de Espaço de Fase, apontado piores resultados na irregularidade e espaçamento na população masculina, o que 
sugere maior aperiodicidade vocal em homens idosos.
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INTRODUCTION

Senescence is a natural physiological process of aging 
that involves bodily changes in the elderly. As part of the 
human body, the larynx also undergoes natural changes called 
presbylarynx(1). Aging can lead to several impacts on the body, 
such as soft tissue atrophy, cartilage ossification and cellular 
alterations and, as a consequence, it results in changes in 
the voice that can be inferred by the acoustic analysis of the 
voice signal(2-5). As an inherent part of the aging process, the 
structural changes caused by presbyphonia can reflect on the 
vocal quality of the elderly(1).

The increase in the elderly population and the search for 
treatments that improve the quality of life, resulted in an 
increase in the search for care for guidance and therapy for 
voice disorders by the elderly, which boosted research on the 
efficiency of voice therapies to overcome voice disorders in 
the elderly(6-14).

Traditional acoustic measures, such as Fundamental 
Frequency (fo), jitter, shimmer and Noise-to-Harmonic Ratio 
(NHR), can differentiate genders and vocal deviation in the 
elderly(2). In this context, previous studies have investigated 
vocal changes throughout life through acoustic measurements(2-6). 
Regarding disturbance measures, a previous study showed 
higher values in the elderly, with this value being higher for 
men compared to women(2). The information originating from 
these studies must be taken into account during the vocal 
assessment and therapeutic monitoring of the corresponding 
age group, including the elderly(3).

The non-linear analysis of the sound signal represents 
another possibility of voice evaluation(15). According to the 
literature, this type of analysis(15) emerged in the 1990s, 
and some researchers in Brazil studied the non-linear voice 
analysis through visual patterns(16-21). Also called recurrent 
quantification measure, this analysis was identified as an 
important complementary instrument in vocal analysis and with 
a promising future in studies to quantify a vocal deviation(21).

As a type of non-linear analysis, which describes the 
vocal dynamics in a tracing, which can be viewed in a 
two- or three-dimensional way, depending on time, Phase Space 
Reconstruction (PSR) stands out among the other analyses.

The method for extracting measurements is carried out using 
the delay time technique, and allows capturing the vibrations 
of the vocal folds in relation to time(22).

The PSR tracing, or also called trajectory, represents all the 
dynamics of a system, where periodic systems are represented 
by closed trajectories and aperiodic systems by irregular 
trajectories. A fundamental step necessary to obtain the PSR is 
the application of the delay time method, through a time delay 
vector. This delay is fundamental in measuring the phase space. 
The final graph formed from the phase space reconstruction 
represents the vibratory dynamics of the vocal folds in relation 
to time and its configuration is greatly influenced in relation to 
vocal quality. This method offers more information about the 
non-linear dynamics present in the human voice. PSR is an 
effective tool in differentiating normal and deviated voices, as 
changes directly affect phase space trajectories(20).

It should be noted that there is no standardization in the 
terminology, in the way of measuring and in the description of 
grades for the three analyzed parameters of the two-dimensional 
graph. In this sense, a recent study was carried out with the 
aim of developing a proposal to standardize the analysis of 
the phase space reconstruction (PSR) tracing in healthy voices 
of adult women and men(20). Standardization was performed 
using the CIE protocol (curve, irregularity and spacing) 
which evaluates the number of curves in the trajectory 
(0 to 4 or more, with the best result being 4 or more turns) and 
the parameters of irregularity and spacing from a numerical 
scale of 0 to 3 points, from best to worst configuration. 
The Voice Analysis software developed by Montagnoli was 
used for this study(23). Using this same methodology(20), a later 
study(24) investigated the voices of patients with vocal fold 
pathologies (nodule, cyst and sulcus vocalis). The findings 
of this study showed a predominance of 4 curves and mild 
irregularity, since the spacing parameter was small for the 
presence of cysts and nodules, and medium for the presence 
of sulcus vocalis.

Although the qualitative analysis of the PSR tracings is a 
resource for diagnostic complementation in vocal assessment, 
this analysis is still being implemented and investigated and, 
therefore, studies aimed at standardizing the tracings in voices 
of different life cycles are essential.

The qualitative evaluation of the graphs generated with 
the PSR tracing, through the CIE protocol, is a resource 
that may help to further understand the voice quality of 
the elderly from the point of view of non-linear acoustic 
analysis. Given the vocal changes that may occur in the 
elderly, it is relevant to investigate how such changes can be 
inferred through non-linear analysis of the sound signal and, 
in particular, through the PSR with evaluation by the CIE 
protocol. In addition, it is also relevant to understand whether 
these measures differ in terms of sex. It is assumed that the 
values of the number of curves, the grade of irregularity 
and the grade of spacing of the PSR are different from the 
values found for adults using the CIE protocol. Furthermore, 
these characteristics are expected to be different between 
men and women.

In this context, this article aimed to analyze voices of 
elderly people through non-linear analysis by PSR with 
standardized CIE protocol and compare these findings 
between genders.

METHODS

This study is part of a broader research that involved acoustic 
analysis (nasalance values and changes in vocal quality) 
in different life cycles through acoustic measures, which 
was approved by the Human Research Ethics Committee 
of the institution, under the Decisions No. 0657/2013 and 
1,054,283/2015. All participants signed the Free Prior 
Informed consent. The study included audio voice recordings 
of elderly men and women, collected and stored between 2013 
and 2017. Thus, this was an analytical and cross-sectional 
observational study.
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Case study

The study included 29 individuals, aged between 60 and 
93 years, of both sexes without vocal complaints, 14 men 
(mean age 73.9 years) and 15 women (mean age 77.1 years). 
The inclusion criteria were as follows: participants of both 
sexes, aged sixty years or older, with satisfactory general health 
conditions on the day of the examination, and adequate vocal 
quality for age according to auditory-perceptual assessment.

This evaluation was carried out consensually by experienced 
three speech-language pathologists in the evaluation of speech 
and voice alterations, based on a perceptive-auditory evaluation 
using the G parameter of the GRBAS Scale(25). As proposed by 
Yamasaki et al.(26), this study considered the general grade of 
vocal quality equal to zero or one, as they indicate a normal 
variation in vocal quality.

The following individuals were excluded: smoker at the 
time of data collection or history of smoking in the last five 
years; professional vocal training; history of head and neck 
surgeries; history of neurological, pulmonary or respiratory 
diseases; speech-language pathology care for voice; vocal 
complaints in the week of the recording; individuals with 
hearing complaints and speech disorders; participants who 
reported nasal obstruction, cold and/or flu or respiratory 
allergies on the day of collection.

Procedures

The voice recordings of the elderly, of both sexes, were 
selected from those previously stored in the Laboratório de 
Análise Articulatória e Acústica [Laboratory of Articulatory 
and Acoustic Analysis] of the institution.

Sample recording and edition

The recordings were carried out in a room with acoustic 
treatment using a MARANTZ PMD660 digital recorder, 
configured for single channel recording, with a sampling rate 
of 44.1 kHz and 16 bits of resolution; using a e835 Sennheiser 
microphone fixed on a pedestal, at 45 grades and five centimeters 
away from the mouth of the participants.

The sample consisted of the sustained emission of the 
vowel /a/ in pitch and usual loudness according to the instructions 
given to the participants. The recordings of three vocal productions 
of each patient were performed. The choice of one of these 
three vocal emissions for use in the study was carried out by 
one of the researchers, who carried out a visual inspection of 
the narrow-band spectrographic tracing of the acoustic signal 
using the PRAAT software(27) and thus determined the most 
stable emission.

All audios included in this study were analyzed as 
described and then used to extract the PSR in the Voice 
Analysis software(24).

Non-linear acoustic analysis

The non-linear analysis of the acoustic signal was performed 
using the Phase Space Reconstruction (PSR) method, whose 
image was extracted by the Voice Analysis software, provided by 
Montagnoli(23). According to standardization(20), the recordings 
were edited disregarding the first second of the acoustic signal 
and using the subsequent time of 0.5 seconds for men and 
0.25 seconds for women (Figure 1).

Then, it is necessary to carry out the visual perceptual 
evaluation of the image from the graph generated by the software. 

Figure 1. Print of the Voice Analysis software screen, with the spectrogram image and the PSR graph
Source: Galdino(20)
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In assessing the grade of spacing by the CIE protocol, using the 
software, the researchers selected and measured the distance in 
millimeters between the trajectories in the PSR image, taking 
into account the most frequent spacing of the tracing. It should 
be noted that the regions of the trajectories that contained the 
most frequent width were measured(20). The delay time setting 
in the software for extracting measurements was automatically 
defined in the Voice Analysis software(23) when the PSR graph 
was generated. After measuring the graph and marking the 
spacing size, a screenshot of the Voice Analysis software(23) 
was taken, keeping only the trajectory graph. In this context, 
three speech-language pathologists were trained to perform the 
visual perceptual evaluation of the graphics image generated 
according to the CIE protocol.

The CIE Protocol(23), in which curve measurements 
can vary from 0 to 4 curves or more, with the best result 
being the value of 4 or more curves, was used for the 
visual perceptual analysis of the generated graph. The 
irregularity of the wave trajectory can vary from grade 
0 to 3; being grade 0: normal (mild sporadic), grade 1: mild 
(mild or moderately sporadic throughout the tracing), grade 2: 
Moderate (moderate in every stroke or severe in curve regions) 
and grade 3: Severe (severe in curve regions or sporadic).

The wave path spacing is measured by the software and 
categorized on a scale from 0 to 3 millimeters, with grade 0: 
Minimum (up to 5.9 mm in the tracing), grade 1: Small (from 
6 mm to 8.9 mm), Grade 2: Medium (from 9 mm to 13.9 mm) 
and Grade 3: Large (greater than 14 mm)

The example of the number of curves and the grade of 
irregularity and spacing of the image, used in the proposal of 
the CIE Protocol(23) according to Figure 2, was followed to carry 
out the visual perceptual evaluation of the generated images.

It should be noted that the number of curves can be identified 
in Figure 2 by observing the following characteristics: a) The 
number of turns is counted in the graphics of the PSR with 
a trajectory in a spiral format; b) The number of trajectory 
curves in phase space is counted in graphs with random 
formats; and c) In the case of completely chaotic trajectories, 
in which it is not possible to identify the curves, it is suggested 
to identify as “no defined curves”. With regard to the analysis 
of the grade of irregularity, the configuration of the tracing 
must be observed from the best to the worst, being 0 for 
regular lines throughout the course, 1 for irregular lines in 
only one portion, 2 for lines with more than one portion 
irregular, 3 for traces with slight irregularity throughout 
the course and 4 for the entire course with irregular traces. 

Figure 2. Example of classification of numbers and curves and grades of irregularity and spacing according to Galdino(20)

Source: prepared by the authors
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The software allowed selecting and measuring the image of the PSR 
graph, and the width of the most frequent spacing of the tracing. 
As described by Galdino, 2019, the regions of the trajectories that 
contained the most frequent width were measured(23).

The visual judgment of the images, parameters, curves 
and irregularity was made by three trained speech-language 
pathologists, as proposed by Galdino(20). It should be noted 
that this study used a newer version of the Voice Software 
(Montagnoli)(23), in which it was possible to measure the spacing 
on the computer itself, right after extracting the PSR image. 
The images generated by the software were randomly organized 
and submitted to speech-language pathologists for analysis. 
The sending of 20% of the sample was replicated to carry out 
the agreement analysis.

The answer that was repeated by two evaluators was decided 
as the final answer and, when there was no agreement between 
them, a fourth judge, also trained, was used to determine the 
answer with greater precision.

Data analysis

The inter and intra judge agreement of the visual perceptual 
analysis of the graphics extracted by the software was performed 
by the CCI test with results ranging from 0.91 to 1. However, the 
inter-judge agreement was 0.91 in the evaluation of the curves 

and 0.49 in the irregularity, which included the participation of 
a fourth evaluator, in situations where there was no agreement 
of at least two evaluators. The spacing value was extracted 
at the time of the measurement, and it was not necessary to 
perform the CCI test.

The Mann-Whitney U test with a significance level of p<0.05 
was used to compare results between genders.

RESULTS

Data are presented through graphs and tables derived from 
the non-linear analysis by PSR.

Regarding the voices of the elderly of both sexes, the results 
show that 100% of them had normal voice patterns, with a high 
number of curves in the trajectory and a better number of curves, 
that is, with four or more curves in the tracing(23).

The grades referring to the irregularity and spacing parameters 
obtained by the analysis with the REF CIE protocol of male and 
female voices are shown in figure 3 and figure 4.

Table 1 shows the classification of grades of irregularity and 
spacing of tracings in the PSR of men and women in percentage.

While 93% of the male voices had grades 2 or 3 of irregularity, 
these grades were observed in 53% of the female voices. In 
turn, 78.6% of male voices had medium to large spacing, 
which was observed only in 26.7% of females.

Figure 3. Classification of grades of irregularity of PSR tracings in percentage of men and women
Source: prepared by the authors

Figure 4. Classification of grades of spacing of PSR tracings in percentage of men and women
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DISCUSSION

Non-linear acoustic analysis has been described as a way 
to analyze chaotic systems, such as vocal production.

Previous studies investigating the REF(17,18) used the 
terms loops or loops as a way of analyzing the plot of 
the graph generated in the analysis extraction. The CIE 
(Curve, Irregularity and Spacing) protocol proposal discussed 
that, aiming at a better understanding and interpretation of the 
generated graph, instead of loops, the nomenclature should be 
replaced by curves, since when modifying the delay time in 
the program, the trajectory can be visualized in other angles 
and, in this way, it was possible to notice that the loops, in 
fact, are curves in the trajectory that overlap in the phase 
space. In this sense, the CIE protocol allowed understanding 
that the loops were actually curves that were superimposed, 
generated through the voice signal.

The results obtained by the CIE protocol regarding the 
number of voice curves showed that 100% of the subjects, 
both women and elderly men, had four or more curves in the 
trajectory of the PSR. The number of curves is related to better 
vocal quality, and voices with more curves suggest greater 
voice periodicity. Regarding women, the findings are in line 
with the study by Dajer et al.(28), who found a number of loops 
of degrees 4 and 3 (referring to the CIE protocol curves) in 
adult women without laryngeal pathologies.

In this same study, the authors found worse loop degrees 
for women with Reinke’s Edema.

The results presented in this study are also in line 
with the findings of Galdino(20), who reported that the vast 
majority of participants in his study of adult men and women 
(18 to 50 years old) with healthy voices, without vocal 
complaints and history of laryngeal surgeries, had four or 
more curves using the CIE Protocol. Regarding the number 
of curves found in the voices of elderly men, the results can 
also be compared to those presented by Galdino(20) for adult 
men with healthy voices.

The aforementioned non-linear analysis studies show that 
the number of curves changes according to the individual’s 
vocal deviation. Thus, the number of curves found in this 
study is explained by the neutral vocal quality of the elderly 
participants.

Regarding the irregularity parameter of the PSR, 40% of 
elderly women with healthy voices were classified as grade 2 
(moderate irregularity throughout the tracing or severe irregularity 
in curve regions), which indicates that the irregularity of the 
tracing can present with greater degree in the tracing in voices of 
elderly women evaluated by auditory-perceptual evaluation with 
degree less than or equal to 1. On the other hand, studies with 
healthy voices of young women reported maximum regularity, 
in opposition to the group of women with Reinke’s Edema that 
presented the worst value of irregularity(28). Tracing irregularity 
is related to the presence of noise in the voice signal, such as 
turbulent air flow from the lungs and conditions of the laryngeal 
mucosa, which are some of the factors considered as possible 
sources of noise in vocal dynamics. The possible increase in 
traditional acoustic measures, such as Jitter, Shimmer and 
signal-to-noise ratio, suggests the irregularity in the orbit of 
the tracing of the PSR(17).

Vocal changes can be seen from the fourth decade of life, 
approximately in adults, even before the onset of menopause(2,3). 
Such changes result from hormonal changes mainly in women, 
including the larynx. In addition, advancing age leads to 
alterations involving laryngeal structures, such as decreased 
neuromotor control, changes in the laryngeal mucosa, cartilage 
calcification, muscle atrophy, increased collagen fibers and 
decreased elastic fibers and hyaluronic acid, among other 
effects of presbylarynx, as prominence of the vocal process 
and laryngeal arching(29).

Thus, these changes impact the results of acoustic measures, 
which must be considered in a vocal assessment. Although 
some studies report higher values in jitter, shimmer and NHR 
measurements in old age, non-linear acoustic measurements 
have gained prominence in research and vocal clinics due to their 
reliability, their relationship with auditory perceptual assessment 
and the possibility of analyzing more irregular and aperiodic 
acoustic signals where traditional analysis is not able to assess.

As for the irregularity parameter of the PSR of male 
voices, 50% of the elderly men were classified as grade 3 
(severe, complete or sporadic). The irregularity of male 
voices investigated by Galdino(20) was classified in 90.8% 
with grade 0 (normal). This difference can be explained 
by the study’s proposal to assess the voices of adults who 
have lower vocal aperiodicity compared to the elderly. 

Table 1. Inferential analysis of the variables curve, irregularity and spacing according to sex

Variable Sex Mean SD Mann-Whitney U test Z p-value

Curve Female 4.00 0.00 105.000 0.000 1.000

Male 4.00 0.00

Irregularity Female 1.53 0.92 31.500 -3.418 0.001*

Male 2.71 0.61

Spacing Female 1.13 0.83 43.000 -2.817 0.005*

Male 2.21 0.97

Mann-Whitney U test *p<0.05
Caption: SD=standard deviation.
Author: own file
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Laryngeal muscle aging and fusiform glottic cleft reflect changes 
in the voice quality of the elderly, making their voices more 
aperiodic and, therefore, with a greater grade of irregularity(2-5).

Worse values of tracing irregularity were found in men 
when compared to the values found in women. This difference 
between the sexes may be a result of the asymmetry of 
vibration of the vocal folds that occurs in old age. And, as 
reported by other studies, this characteristic is observed to 
a greater degree in males(29,30).

It should be noted that the acoustic study of elderly voices, 
through non-linear analysis, using the PSR is pioneering and 
there are no possible comparison studies. Thus, future research 
should be developed in order to better understand this analysis 
in healthy and dysphonic voices and also to understand the 
association between these measures and the auditory perceptual 
analysis. Furthermore, the existence of a number of curves 
compatible with normal voices, but with greater irregularity 
in the tracing, must be related to the fact that the elderly are 
vocally healthy. Thus, despite the presence of irregularity in 
the voice of the elderly, they continue to be considered with 
normal variation in vocal quality, according to the inclusion 
criteria of this study.

In voices with vocal deviation, the study by Dajer et al.
(17) considered tracing regularity between grades 5 and 0, 
with 5 being the most regular tracing and 0, the worst. Thus, 
the author reported that 75% of the voices were considered 
healthy, with grade 4; 18.75% had grades 5 and 6, and 25% 
had grade 3. In turn, most participants with Reinke’s edema 
had grade 3, and those with vocal fold nodules had grade 2.

Different protocols for evaluating the regularity/irregularity 
of the tracing with different degrees of results are found in the 
literature, making it difficult to compare the results found. In 
this sense, and based on the proposal by Galdino(20), the results 
found in this study show a moderate degree of irregularity.

Regarding the spacing parameter of the PSR of the participants 
in this study, the tracing of 53.33% of the elderly women with 
healthy voices was classified as grade 1 (small – from 6 mm to 
8.9 mm in the trajectory). In addition, spacing was strongly related 
to disturbances in frequency and amplitude of voice signals, such 
as jitter and shimmer measurements(20). These results are similar 
to the findings by Dajer et al.(28) who found a high degree of 
regularity in voice recordings of 23 women aged 25 to 45 years. 
In this study, Dajer et al.(28) used a four-degree scale with scores 
from 1 to 4; degree 4 being the best result, meaning trajectories 
with a high degree of convergence, that is, less spacing.

The spacing parameter of the PSR of the elderly in this 
study was classified as grade 3 (large = greater than or 
equal to 14mm of trajectory) in 50% of the voices of the 
healthy elderly. These findings are similar to those found 
by Galdino(19) for the voices of adult men without vocal 
complaints through the visual patterns of vocal dynamics, 
who observed that 58.22% of the individuals were classified 
with a grade 3 spacing.

The vibration irregularity present in old age, more prominently 
in elderly men, could explain the difference between genders 
found in the spacing parameter, as also pointed out in another 
parameter of the traditional analysis, such as the shimmer(30).

Different protocols for evaluating the spacing/convergence 
with different degrees of results are found in the literature, 
making it difficult to compare the results found. In addition, 
there are no studies in the literature with the population of 
elderly women. In this sense, and based on the proposal by 
Galdino(20), the results found in this study show a mild degree 
spacing.

It is important to emphasize that the use of the Voice Analysis 
Software (Montagnoli)(23) enabled and facilitated the analysis of 
the PSR. The following aspects were the main favorable points 
of using the program: easy handling; platform developed for 
Windows operating system; choice of the wave signal section 
according to the spectrography; and automatic measurement 
of delay time and spacing. The measurement is automatically 
calculated after selecting the section given in millimeters, 
offering the evaluator the best condition for graph analysis. 
Likewise, the use of the CIE(20) protocol enabled the analysis 
of the PSR graphs.

Limitation and recommendations

The limitations of the study are related to the small 
number of participants and the lack of otorhinolaryngological 
examination of the patients. None of the participants had vocal 
complaints and all of them were evaluated by auditory-perceptual 
assessment. In addition, future studies should compare the 
analysis of the PSR in different populations, of different age 
groups, for a better understanding of changes in this analysis 
with growth and aging.

CONCLUSION

The findings of the non-linear analysis, through PSR, with 
the use of the CIE protocol, in elderly voices, showed the best 
result regarding the number of curves (four or more). Regarding 
tracing irregularity, the majority of men has grades 2 and 3, while 
half of the women had grade 1. Regarding spacing, 78.6% of 
male voices had medium to large spacing, which was observed 
only in 26.7% of females.

There was a difference between the sexes in the findings of 
acoustic measures of the voices of the elderly by the non-linear 
analysis using the PSR, with the use of the CIE Protocol, with 
the worst results being obtained in irregularity and spacing in 
the male population, which suggests greater vocal aperiodicity 
in elderly men.

Further studies are suggested with a larger elderly population, 
confronting auditory-perceptual measures that may better clarify 
the results described here.

REFERENCES

1.	 Mezzedimi C, Di Francesco M, Livi W, Spinosi M, De Felice C. Objective 
evaluation of presbyphonia: spectroacoustic study on 142 patients with 
Praat. J Voice. 2017;31(2):257.e25-32. http://dx.doi.org/10.1016/j.
jvoice.2016.05.022. PMid:27427181.

2.	 Spazzapan EC, Cardoso M, Fabron EMG, Berti LC, Brasolotto AG, 
Marino VCC. Características acústicas da voz nos diferentes ciclos 
da vida: revisão integrativa da literatura. Revista Cefac (Online). 
2019;21(3):e15018.

https://doi.org/10.1016/j.jvoice.2016.05.022
https://doi.org/10.1016/j.jvoice.2016.05.022
https://pubmed.ncbi.nlm.nih.gov/27427181


Fernandes et al. CoDAS 2023;35(3):e20210280 DOI: 10.1590/2317-1782/20232021280en 8/8

3.	 Spazzapan EA, Cardoso VM, Fabron EMG, Berti LC, Brasolotto AG, 
Marino VCC. Características acústicas de vozes saudáveis de adultos: da 
idade jovem à meia-idade. CoDAS. 2018;30(5):e20170225. http://dx.doi.
org/10.1590/2317-1782/20182017225. PMid:30365649.

4.	 Stathopoulos ET, Huber JE, Sussman JE. Changes in acoustic characteristics 
of the voice across the life span: measures from individuals 4–93 years 
of age. J Speech Lang Hear Res. 2011;54(4):1011-21. http://dx.doi.
org/10.1044/1092-4388(2010/10-0036). PMid:21173391.

5.	 Soltani M, Ashayeri H, Modarresi Y, Salavati M, Ghomashchi H. 
Fundamental frequency changes of persian speakers across the life span. 
J Voice. 2014;28(3):274-81. http://dx.doi.org/10.1016/j.jvoice.2013.10.012. 
PMid:24461477.

6.	 Berg EE, Hapner E, Klein A, Johns MM 3rd. Voice therapy improves quality 
of life in age-related dysphonia: a case-control study. J Voice. 2008;22(1):70-4. 
http://dx.doi.org/10.1016/j.jvoice.2006.09.002. PMid:17070009.

7.	 Sauder C, Roy N, Tanner K, Houtz DR, Smith ME. Vocal function 
exercises for presbylaryngis: a multidimensional assessment of treatment 
outcomes. Ann Otol Rhinol Laryngol. 2010;119(7):460-7. http://dx.doi.
org/10.1177/000348941011900706. PMid:20734967.

8.	 Mau T, Jacobson BH, Garrett CG. Factors associated with voice therapy 
outcomes in the treatment of presbyphonia. Laryngoscope. 2010;120(6):1181-7. 
http://dx.doi.org/10.1002/lary.20890. PMid:20513037.

9.	 Lu FL, Presley S, Lammers B. Efficacy of intensive phonatory-respiratory 
treatment (LSVT) for presbyphonia: two case reports. J Voice. 2013;27(6):786.
e11-23. https://doi.org/10.1016/j.jvoice.2013.06.006.

10.	 Nemr K, Souza GV, Simões-Zenari M, Tsuji DH, Hachiya A, Cordeiro 
GF, et al. Cognitive Vocal Program applied to individuals with signals 
presbylarynx: preliminary results. CoDAS. 2014;26(6):503-8. http://dx.doi.
org/10.1590/2317-1782/20142014108. PMid:25590914.

11.	 Kaneko M, Hirano S, Tateya I, Kishimoto Y, Hiwatashi N, Fujiu-Kurachi 
M, et al. Multidimensional analysis on the effect of vocal function exercises 
on aged vocal fold atrophy. J Voice. 2015;29(5):638-44. http://dx.doi.
org/10.1016/j.jvoice.2014.10.017. PMid:25944293.

12.	 Fabron EMG, Silvério KCA, Berretin-Felix G, Andrade EC, Salles PF, Moreira 
PAM, et al. Terapia vocal para idosos com progressão de intensidade, frequência 
e duração do tempo de fonação: estudo de casos. CoDAS. 2018;30(6):e20170224. 
http://dx.doi.org/10.1590/2317-1782/20182017224. PMid:30379196.

13.	 Godoy J, Silvério K, Brasolotto A. Effectiveness of vocal therapy for the 
elderly when applying conventional and intensive approaches: a randomized 
clinical trial. J Voice. 2019;33(5):809.e19-26. http://dx.doi.org/10.1016/j.
jvoice.2018.03.017. PMid:29793876.

14.	 Belsky MA, Shelly S, Rothenberger SD, Ziegler A, Hoffman B, Hapner 
ER, et al. Phonation resistance training exercises (phorte) with and without 
expiratory muscle strength training (EMST) for patients with presbyphonia: 
a noninferiority randomized clinical trial. J Voice. 2023;37(3):398-409. 
http://dx.doi.org/10.1016/j.jvoice.2021.02.015. PMid:33741235.

15.	 Bielamowicz S, Kreiman J, Gerratt BR, Dauer MS, Berke GS. Comparison 
of voice analysis systems for perturbation measurement. J Speech Hear. 
1996;39(1):126-34. http://dx.doi.org/10.1044/jshr.3901.126.

16.	 Dajer ME. Padrões Visuais de sinais de voz através de técnica de análise 
não linear [dissertation]. São Carlos (SP): Escola de Engenharia de São 
Carlos, Universidade de São Paulo; 2006.

17.	 Dajer ME, Pereira JC, Maciel CD. Chaos tool implementation for 
non-singer and singer voice comparison (preliminary study). J Phys Conf 
Ser. 2007;90:012082. http://dx.doi.org/10.1088/1742-6596/90/1/012082.

18.	 Dajer ME. Análise de sinais de voz por padrões visuais de dinâmica vocal 
[thesis]. São Carlos (SP): Escola de Engenharia de São Carlos, Universidade de 
São Paulo; 2010. http://dx.doi.org/10.11606/T.18.2010.tde-15092010-102656.

19.	 Galdino DG. Análise acústica não linear dos Padrões Visuais de dinâmica 
Vocal (PVDV) de homens adultos [dissertation]. São Carlos (SP): Escola 
de Engenharia de São Carlos, Universidade de São Paulo; 2012.

20.	 Galdino DG. Padronização da análise não linear de vozes saudáveis 
pela reconstrução do espaço de fase (REF) [thesis]. São Carlos (SP): 
Escola de Engenharia de São Carlos, Universidade de São Paulo; 2019. 
http://dx.doi.org/10.11606/T.82.2019.tde-27022020-165647. 

21.	 Lopes L, Vieira V, Behlau M. Performance of different acoustic measures 
to discriminate individuals with and without voice disorders. J Voice. 
2022;36(4):487-98. http://dx.doi.org/10.1016/j.jvoice.2020.07.008. 
PMid:32798120.

22.	 Jiang JJ, Zhang Y, McGilligan C. Chaos in voice, from modeling to 
measurement. J Voice. 2006;20(1):2-17. http://dx.doi.org/10.1016/j.
jvoice.2005.01.001. PMid:15964740.

23.	 Montagnolli AN. Análise de voz. Sistema de auxílio à análise acústica da 
voz [software]. São Carlos: Arlindo Neto Montagnolli; 2019.

24.	 Teles LCS, Gonçalves MF, Galdino DG, Montagnolli NA. Nonlinear 
analysis by phase space reconstruction in voice signals with benign laryngeal 
lesions [Internet]. The Voice Foundation; 2020 [cited 2020]. Available 
from: chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://
voicefoundation.org/wp-content/uploads/2020/05/SLP-P24-Nonlinear-
Analysis-by-Phase-Space-Reconstruction-in-Voice-Signals-with-Benign-
Laryngeal-Lesions.pdf

25.	 Hirano M. Clinical examination of voice. Viena: Springer-Verlag; 1981.
26.	 Yamasaki R, Madazio G, Leão SHS, Padovani M, Azevedo R, Behlau M. 

Auditoryperceptual evaluation of normal and dysphonic voices using the 
voice deviation scale. J Voice. 2017;31(1):67-71. http://dx.doi.org/10.1016/j.
jvoice.2016.01.004. PMid:26873420.

27.	 Boersma P, Weenink D. Praat: doing phonetics by computer (Version 5.3.56) 
(computer program) [Internet]. Praat; 2007 [cited 2017 May 17]. Available 
from: http://www.praat.org

28.	 Dajer ME, Andrade FAS, Montagnoli AN, Pereira JC, Tsuji DH. Vocal 
dynamic visual pattern for voice characterization. J Phys Conf Ser. 
2011;332:012026. http://dx.doi.org/10.1088/1742-6596/332/1/012026.

29.	 Pontes P, Yamasaki R, Behlau M. Morphological and functional aspects of 
the senile larynx. Folia Phoniatr Logop. 2006;58(3):151-8. http://dx.doi.
org/10.1159/000091729. PMid:16636563.

30.	 Spazzapan EA. Características acústicas da voz de falantes do português 
brasileiro nos diferentes ciclos da vida [dissertation]. Marília: Faculdade 
de Filosofia e Ciências, Universidade Estadual Paulista; 2018.

Author contributions
We hereby declare that LAF – Participated in the study design, data 
collection, data organization, results analysis, and preparation of the article; 
VCCM – Participated in the data collection, data organization, results analysis, 
and preparation of the article; EAS – Participated in the study design, data 
collection, data organization, results analysis, and preparation of the article; 
DGG – Participated in the methodological preparation of the project, training 
of judges and critical reading of the article; LCST – Participated in the 
methodological preparation of the project, training of judges and critical 
reading of the article; ANM – Developed the software used in the research, 
participated in the critical analysis of the protocol used in the methodology and 
the manuscript; DSK – Participated in the study design, data collection, data 
organization, results analysis, and preparation of the article; EMGF – Participated 
in the study design, data collection, data organization, results analysis, and 
preparation of the article. The article has not been published and is not under 
consideration for publication in another print or electronic journal either in 
part or in full.

https://doi.org/10.1590/2317-1782/20182017225
https://doi.org/10.1590/2317-1782/20182017225
https://pubmed.ncbi.nlm.nih.gov/30365649
https://doi.org/10.1044/1092-4388(2010/10-0036)
https://doi.org/10.1044/1092-4388(2010/10-0036)
https://pubmed.ncbi.nlm.nih.gov/21173391
https://doi.org/10.1016/j.jvoice.2013.10.012
https://pubmed.ncbi.nlm.nih.gov/24461477
https://pubmed.ncbi.nlm.nih.gov/24461477
https://doi.org/10.1016/j.jvoice.2006.09.002
https://pubmed.ncbi.nlm.nih.gov/17070009
https://doi.org/10.1177/000348941011900706
https://doi.org/10.1177/000348941011900706
https://pubmed.ncbi.nlm.nih.gov/20734967
https://doi.org/10.1002/lary.20890
https://pubmed.ncbi.nlm.nih.gov/20513037
https://doi.org/10.1016/j.jvoice.2013.06.006
https://doi.org/10.1590/2317-1782/20142014108
https://doi.org/10.1590/2317-1782/20142014108
https://pubmed.ncbi.nlm.nih.gov/25590914
https://doi.org/10.1016/j.jvoice.2014.10.017
https://doi.org/10.1016/j.jvoice.2014.10.017
https://pubmed.ncbi.nlm.nih.gov/25944293
https://doi.org/10.1590/2317-1782/20182017224
https://pubmed.ncbi.nlm.nih.gov/30379196
https://doi.org/10.1016/j.jvoice.2018.03.017
https://doi.org/10.1016/j.jvoice.2018.03.017
https://pubmed.ncbi.nlm.nih.gov/29793876
https://doi.org/10.1016/j.jvoice.2021.02.015
https://pubmed.ncbi.nlm.nih.gov/33741235
https://doi.org/10.1044/jshr.3901.126
https://doi.org/10.11606/T.18.2010.tde-15092010-102656
https://doi.org/10.11606/T.82.2019.tde-27022020-165647
https://doi.org/10.1016/j.jvoice.2020.07.008
https://pubmed.ncbi.nlm.nih.gov/32798120
https://pubmed.ncbi.nlm.nih.gov/32798120
https://doi.org/10.1016/j.jvoice.2005.01.001
https://doi.org/10.1016/j.jvoice.2005.01.001
https://pubmed.ncbi.nlm.nih.gov/15964740
https://doi.org/10.1016/j.jvoice.2016.01.004
https://doi.org/10.1016/j.jvoice.2016.01.004
https://pubmed.ncbi.nlm.nih.gov/26873420
https://doi.org/10.1088/1742-6596/332/1/012026
https://doi.org/10.1159/000091729
https://doi.org/10.1159/000091729
https://pubmed.ncbi.nlm.nih.gov/16636563

