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Purpose: To develop the Videokymographic Index of Glottic Function (VIGF), a composite indicator from digital
videokymography parameters, captured by high-speed videolaryngoscopy exams of women with and without
laryngeal alterations of behavioral etiology. Methods: The sample consisted of 92 women aged between 18 and
45 years. Fifty-five (55) women with behavioral dysphonia, presenting with laryngeal and voice alterations, and
thirty-seven (37) women without any laryngeal and voice alterations. Voice evaluation was performed by consensus
via an auditory-perceptual analysis of the sustained vowel /a/ at a habitual pitch and loudness. Voice classification
was obtained by means of a general degree of dysphonia, where G0 indicated neutral voice quality and G1 to
G3 indicated altered voice quality. Laryngeal images were captured via digital videokymography analysis of a
sustained vowel /i/ at a habitual pitch and loudness. The VIGF was based on the midpoint of the glottal region for
analysis. Logistic regression was performed using the MINITAB 19 program. Results: Logistic regression was
composed of two stages: Stage 1 consisted of the analysis of all variables, where the maximum opening and closed
quotient variables showed statistical significance (p-value <0.05) and the model was well adjusted according to
the Hosmer-Lemeshow test (p-value=0.794). Stage 2 consisted of the re-analysis of the selected variables, also
showing a well-adjusted model (p-value=0.198). The VIGF was defined as follows: VIGF=e^(8.1318-0.2941AbMax0.0703FechGlo)/1+e^(8.1318-0.2941AbMax-0.0703FechGlo). Conclusion: The VIGF demonstrated a cut-off value
equal to 0.71. The probability of success was 81.5%, sensitivity 76.4%, and specificity 89.2%.
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RESUMO
Objetivo: Elaborar um indicador composto denominado Índice Videoquimográfico da Função Glótica – IVFG, a
partir de parâmetros da videoquimografia digital, captados pelo exame de videolaringoscopia de alta velocidade
de mulheres sem e com alterações laríngeas de etiologia comportamental. Método: A amostra foi composta por
92 mulheres, destas 55 apresentaram disfonia comportamental, com presença de alterações laríngeas e vocais, e
37 mulheres sem alterações laríngeas e vocais, entre 18 a 45 anos. A avaliação vocal foi realizada por consenso
pela análise perceptivo-auditiva da vogal /a/ em frequência e intensidade habituais, e classificação através do
grau geral da disfonia, onde G0 indicou qualidade vocal neutra e G1 a 3 qualidade vocal alterada. As imagens
laríngeas foram obtidas pela gravação da emissão da vogal /i/, em frequência e intensidade habituais para análise
da videoquimografia digital. A construção do IVFG se deu pela escolha do ponto médio da glote para análise e,
elaboração foi realizada regressão logística pelo programa MINITAB 19. Resultados: A regressão logística contou
com duas etapas, sendo que a etapa 1 constou da análise de todas as variáveis, onde as variáveis abertura máxima e
fechamento glótico apresentaram significância estatística (p-valor <0.05) e o modelo se encontrou bem ajustado de
acordo com o teste de Hosmer-Lemeshow (p-valor=0,794); na etapa 2, as variáveis selecionadas foram novamente
analisadas e o modelo também se mostrou bem ajustado (p-valor=0,198). O IVFG foi definido por IVFG=e^(8,13180,2941AbMax-0,0703FechGlo)/1+e^(8,1318-0,2941AbMax-0,0703FechGlo). Conclusão: O IVFG apresenta
valor de corte igual a 0,71. A probabilidade de acerto é de 81,5%, sensibilidade 76,4%, especificidade de 89,2%.
Study conducted at Universidade Federal de Minas Gerais – UFMG - Belo Horizonte (MG), Brasil.
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INTRODUCTION
Voice is a primary communication tool that transmits
important speaker characteristics(1). Phonation is coordinated
by neurophysiological mechanisms, which require harmony
and integrity of the phonation apparatus(1).
Voice is the result of the integration of multiple dimensions.
Hence, the classification of dysphonia can be based on several
criteria. Behavioral dysphonias have an etiology related to vocal
behavior(2). Mucosal tissue lesions, such as vocal nodules, edema,
polyps, among others, exemplify this dysphonia condition(1).
Phonatory effort related to behavioral dysphonia may limit
patients’ quality of life(3). Diagnosis is multidisciplinary and
includes laryngeal exams as fundamental tools that describe
vocal fold vibration patterns and glottal cycle phases(4).
An otolaryngology evaluation utilizes several methods and
technologies. Videolaryngostroboscopy is the method that allows
visualization of the mucosal wave movement of the vocal fold
vibration patterns(4). High-speed videoendoscopy (HSV) is an
instrument capable of capturing 2000 to 6000 images per second,
and the literature shows evidence of its diagnostic effectiveness.
HSV allows for real-time visualization of the mucosal vibration
of the vocal folds and possible visualization of glottic closure
irregularities during phonation. Moreover, it allows for the
extraction of digital videokymography (DKG) parameters(5,6).
DKG is an instrument that allows for direct vibratory observation
of the vocal fold vibration patterns and quantitative analysis of
the glottic function on a horizontal plane of observation(7). DKG
evaluation provides the detection of laryngeal asymmetries,
amplitude of mucosal wave propagation, and glottal closure
information(8-10). Its analysis looks at the maximum, minimum,
and mean amplitude of vocal fold vibration, each vocal fold’s
frequency, and closed quotient, which is a measure of glottal
closure(11).
Diagnostic accuracy is of fundamental importance to improve
the treatment of patients with dysphonia. Research using HSV
and DKG are promising since they are technologies that allow
the visualization of the glottic cycle in a real and static way,
and with a midline selection point that allows for analysis and
understanding of the dynamics of voice production(12).
Composite indicators or numerical indices are tools that
enable the synthesis of variables related to a particular event(13).
In light of the voice’s multidimensional characteristics, the
main variables used in the characterization of these indices
are auditory-perceptual analysis (sustained vowel phonation,
connected speech, and phonetically balanced text), and acoustics,
aerodynamics, and respiratory analyses(14-17).
Numerical indices are instruments that can be applied in the
voice clinic, during the evaluation and therapeutic processes,
and used to monitor the evolution of the dysphonia, as a
complementary method to vocal intervention. Among the most
used indices are the Dysphonia Severity Index (DSI)(14), the
Cepstral Spectral Index of Dysphonia (CSID)(15), the Acoustic
Voice Quality Index (AVQI)(16), and the Acoustic Breathiness
Index (ABI)(17), which take into consideration acoustic, cepstral,
and aerodynamic analyses to determine dysphonia.

Improved laryngeal diagnostic accuracy can optimize voice
therapy by helping to better define vocal techniques and improve
voice treatment prognosis.
The purpose of this study was to develop a composite
indicator called Videokymographic Index of Glottic Function
– VIGF, from digital videokymography (DKG) parameters,
captured by high-speed videoendoscopy (HSV) in women with
and without behavioral laryngeal alterations. VIGF could help
further improve the diagnostic accuracy of voice disorders, as
videokymography is composed of several parameters and its
analysis provides different information about the glottal cycle.
METHODS
This is a retrospective study for the construction of a
Composite Indicator, which followed all the steps recommended
by the Standards for Reporting Diagnostic Accuracy Studies
(STARDS)(17). This research was approved by the Research
Ethics Committee from the Federal University of Minas Gerais
(UFMG), protocol number CAAE 44848115.0.0000.5149.
This study used a convenience sample of 92 women, who
were divided into two groups. Group 1 (G1) was composed
of women with laryngeal alterations, altered voice quality,
and presence of vocal complaints. Inclusion criterion for G1
participants was having a diagnosis of behavioral dysphonia(18).
Group 2 (G2) was composed of women with no laryngeal
alterations, with neutral voice quality, and no vocal complaints.
Data was extracted from the high-speed videoendoscopy (HSV)
database of the Functional Health Observatory (OSF/UFMG)
from 2017 to 2018. Participants were contacted by telephone
and asked about their agreement to carry out this research, as
this was a database analysis.
Inclusion criteria for laryngeal images selection included
having women between 18 and 45 years of age. Inclusion
criteria for G1 was a diagnosis of behavioral dysphonia that
included an altered laryngeal exam with the presence of vocal
fold tissue or structural alterations affecting its vibration patterns
and/or glottal closure, altered auditory-perceptual voice quality,
and presence of vocal complaints(18). Inclusion criteria for G2
included a laryngeal exam without any alterations, a neutral
voice quality, and no vocal complaints. Exclusion criteria
included being pregnant or being in a menstrual or premenstrual
period on the day of the examination. Exclusion criteria further
included women who presented with exacerbated nausea reflex,
self-reported trauma or surgery in the cervical region, laryngeal
or infectious diseases of the upper airways, hormonal diseases,
or low sharpness of HSV images.
Laryngeal diagnoses were obtained via HSV by two
otolaryngologists with more than five years of experience.
Each exam consisted of 2,000 recorded images per second,
using a 70° rigid laryngoscope with a 300W xenon light
(KayPentax®, Lincoln Park, New Jersey) with a color high-speed
videoendoscopy system model 9710. The image resolution used
was 512 x 512 pixels with 8 bit RGB color mode. Laryngeal
images were obtained by recording a sustained vowel /i/, at a
habitual pitch and loudness. The best sequence of images was
selected after the beginning of the vowel emission. Data from
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the midpoint of the glottis was analyzed, as the most prevalent
lesions typically occur at the mid-third portion of the vocal fold
vibration pattern(19,20).
Laryngeal images recorded and selected for the research
were evaluated by the two otolaryngologists, and the Woo(21)
classification was used to diagnose the type of glottal closure
phase.
All participants’ voices were recorded in an acoustically
treated room for the auditory-perceptual voice quality assessment,
and processed directly on a Dell® computer, model Optiplex
GX260, with a professional sound card Direct Sound®, and
using a unidirectional, condenser headset Shure® microphone
at a two centimeters mic-to-mouth distance, with a directional
pickup angle of 45°. Participants were asked to sustain the
vowel /a/ at a habitual pitch and loudness for as long as possible,
in a seated position. Voice recordings were obtained prior to
performing the HSV.
Voice quality assessment was performed via auditoryperceptual analysis of the sustained vowel /a/ by three voice
specialized speech-language pathologists. Voice classification
was based on the general degree of dysphonia on a four-point
scale, where zero indicated neutral voice quality, and three
indicated intensely altered voice quality.
Vocal complaints were assessed on the day of the HSV.
Voice self-assessment analysis (having/not having a good or
very good voice) and analysis of the presence/absence of vocal
symptoms (fatigue and/or discomfort) were performed. Vocal
complaints were considered present as indicated by the voice
quality self-perception and the presence of vocal symptoms.
A total of 112 laryngeal and voice image samples were
analyzed, of which 92 images were included in this study. Group
1 (G1) consisted of 55 women with behavioral dysphonia, with
a mean age of 29.01 years (SD=4.33). The main laryngeal
alterations were as follow: Vocal nodules (N=24), vocal fold
cyst (N=20), mid-posterior glottal gap (N=4), hourglass glottal
gap (N=1), parallel glottal gap (N=1), vasculodysgenesis (N=4),
and polypoid lesion (N=1). Voice quality in G1 were divided
into mild (N=49) and moderate (N=6) altered voice quality,
with presence of vocal complaint.
Group 2 (G2) consisted of 37 women with a normal larynx,
with a mean age of 26.37 years (SD=3.87), presenting with
no structural abnormalities on laryngeal examination. Only a
posterior glottal chink was observed in G2, which was considered
physiologically within normal limits for the subjects’ gender(2).
All G2 participants presented with neutral voice quality and no
vocal complaints.
Twenty laryngeal images in this study were not selected for
the research because they did not meet the inclusion or exclusion
criteria. Ten laryngeal images presented low sharpness resolution
that made the DKG analysis unfeasible. Six patients showed
signs of gastroesophageal reflux. Three patients reported a
history of laryngeal microsurgery. One patient presented with
an upper airway infection.
The quantitative analysis of the laryngeal images for DKG
parameters extraction was performed using the KayPENTAX®
image processing program called KIPS® (Kay’s Image Processing
Software), version 1.11.

Digital videokymography (DKG) analysis
To put together the videokymography on the KIPS®, the
laryngeal image region was initially delimited manually for
analysis. Two vertical lines were used to restrict the width of the
videokymographic image and three horizontal lines were used to
separate the posterior (line 1), middle (line 2) and anterior (line
3) thirds, determining the regions of the vocal fold vibration
patterns for analysis (Figure 1). Line 2 results of the DKG were
considered for this research development.
Recordings were selected for image analysis and trimmed,
excluding the beginning and end of the videos. The program
automatically performed a two-dimensional montage of the
mucoondulatory movement of the vocal fold vibration patterns.
The color of the image was converted to grayscale to extract the
measurements. The edge detection rectangle adjustment tool and
the edge detection tool were used to extract the measurements,
and the glottic rhyme was selected for each determined line with
the generated DKG chart. The KIPS® analyzed and quantified
the DKG chart data, described in Table 1.
Statistical analysis was performed using the MINITAB
statistical program version 19. A descriptive analysis of the
data was performed first with measures of central tendency
and dispersion. Logistic regression was performed for the
elaboration of the VIGF, together with the Hosmer-Lemeshow
Test(22), which compared the frequency of events observed and
signaled by the logistic regression model.
For the Hosmer-Lemeshow Test(22), the 92 examined women
were divided into 10 groups according to the magnitude of the
probabilities of vocal alteration indicated by the logistic regression
model. The number of women with laryngeal alterations per

Figure 1. Manual positioning of vertical and horizontal lines for
videokymographic assembly
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Table 1. Digital videokymography parameters of the larynx
Parameters

Parameter Description

Minimum vocal fold opening throughout the glottal cycle on the line selected by
the kymograph, with zero indicating complete closure
Mean opening in the
Mean vocal fold opening throughout the glottal cycle on the line selected by the
given region
kymograph.
Maximum opening
Maximum vocal fold opening throughout the glottal cycle on the line selected by
the kymograph
Right vocal fold amplitude Amplitude of the right vocal fold opening on the line selected by the kymograph.
Left vocal fold amplitude
Amplitude of the left vocal fold opening on the line selected by the kymograph.
Right vocal fold frequency Frequency of the right vocal fold opening on the line selected by the kymograph.
Left vocal fold frequency
Frequency of the left vocal fold opening on the line selected by the kymograph.
Percentage of the closed phase of the vocal fold. It is the ratio between the time
of the closed phase and the total time of the glottal cycle, with zero indicating no
Closed Quotient
glottal closure, and one indicating no glottal opening on the line selected by the
kymograph.

Measurement

Minimum opening

Pixel (px)
Pixel (px)
Pixel (px)
Pixel (px)
Pixel (px)
Pixel (px)
Pixel (px)
Percentage (%)

group were then compared to the expected number signaled
by the model. In a similar way, the women with no laryngeal
alterations were compared to the alterations observed and
signaled by the model. The closer the observed values were to
those indicated by the logistic regression model, the better the fit.
The Chi-Square distribution proposed by Hosmer-Lemeshow(22)
evaluated this proximity.
The significance level of each variable was also assessed
simultaneously to the Hosmer-Lemeshow test(22) by using the
likelihood ratio test available in the XLSTAT statistical software.
A valid logistic regression model must have a high p-value in
the Hosmer-Lemeshow test (usually >5% significance) and
low p-values for the model variables related tests (usually <5%
significance).
The ROC curve was obtained using the XLSTAT software
to assess sensitivity and specificity.
RESULTS
Figure 2 showed the flow of participants through a sequence
diagram, according to the STARDS standards(17).
A descriptive analysis of the variables was initially performed
through measures of central tendency and dispersion, as seen in
Table 2. G1 subjects presented with lower mean values in the
parameters of maximum and mean DKG openings; right and left
vocal fold amplitude; closed quotient; and higher mean values
of the opening frequency parameters of the right and left vocal
folds, characterizing a glottal cycle with less mucoondulatory
movement excursion and with a greater frequency of vibration
of the vocal fold vibration patterns.
Logistic regression was used to understand the classification
process of the participants. Participants were classified as belonging
to either group G1 or G2 and such classification depended on
the variables described in Table 2. In the first stage of logistic
regression, all variables described in Table 2 were analyzed, as
represented by the following Equation 1.1:
P (Y= 1=
)

e(

β 0 + β1 X1 + β 2 X 2 + β3 X 3 + β 4 X 4 + β5 X 5 + β 6 X 6 + β 7 X 7 )

1 − e(

β 0 + β1 X1 + β 2 X 2 + β3 X 3 + β 4 X 4 + β5 X 5 + β 6 X 6 + β 7 X 7 )

(1.1)

Figure 2. Sequence diagram with the research participants’ flow

P (Y = 1) indicated the probability of behavioral laryngeal alterations,
conditioning the variables X1,…,X7 described in Table 3.
The statistically significant variables were maximum opening
and closed quotient, according to the likelihood ratio test, at
a significance level of 5% (α). The Hosmer Lemeshow test(22)
verified the quality of fit and showed a well-adjusted model
(p-valor=0,794). The intercept β0 is an auxiliary parameter used
to calculate the probability of change when, theoretically, all
explanatory variables assumed the value zero. In mathematical

terms, this probability was represented by
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Table 2. Descriptive analysis of the subjects’ videokymographic parameters
G1 (N=55)
Parameter

Max

Min

Mean

Median

SD

Maximum Opening
Mean Opening
L Frequency
L Amplitude
R Frequency
R Amplitude
Closed Quotient

28.00
17.33
5.06
398.40
6.15
437.50
100.45

0.00
0.00
0.00
31.30
0.00
31.30
0.00

14.30
7.45
1.95
228.40
2.13
228.10
30.91

15.00
6.78
1.92
218.80
1.78
218.80
30.80

6.18
4.92
1.38
99.60
1.61
104.50
29.01

Parameter
Maximum Opening
Mean Opening
L Frequency
L Amplitude
R Frequency
R Amplitude
Closed Quotient

Max
41.00
20.00
312.5
6.9
343.75
8.83
67.50

Min
11.00
1.87
198.03
1.53
198.07
1.44
10.00

Mean
22.08
8.84
202.17
3.67
201.78
4.20
41.53

Median
20.00
8.64
218.75
3.35
218.75
3.80
43.41

SD
8.09
4.50
55.58
1.68
66.26
1.91
11.83

G2 (N=37)

Caption: G1: Women with altered laryngeal examination and vocal quality; G2: Women with normal laryngeal examination and neutral voice quality; Max: maximum
value; Min: minimum value; Mean: Mean value; SD: Standard Deviation; L: Left; R: Right

Table 3. Logistic regression analysis of videokymographic parameters
of groups of women with and without laryngeal alteration
Variables

Value

Intercept
Maximum opening (X1)
Mean opening (X2)
LVF Amplitude (X3)
LVF Frequência (X4)
RVF Amplitude (X5)
RVF Frequency (X6)
Closed Quotient (X7)

7.8563
-0.2135
-0.037
0.0095
-0.0023
-0.3044
0.0031
-0.0706

Table 4. Final logistic regression analysis of videokymographic parameters
of groups of women with and without laryngeal alteration

Inferior Superior
p-value
limit
limit
3.3547
-0.3777
-0.2531
-0.5337
-0.016
-0.8339
-0.0102
-0.1169

12.3579
-0.0493
0.1791
0.5527
0.0115
0.225
0.0163
-0.0244

0.0006
0.0108
0.7372
0.9727
0.7472
0.2598
0.6508
0.0028

Caption: Bold: significance level (p<0,05); LVF: Left vocal fold; RVF: Right
vocal fold

In the second stage of logistic regression, the selected variables
(maximum opening and closed quotient) were analyzed to create
the Videokymographic Index of Glottic Function (VIGF). Table 4
showed the description of the data. The Hosmer Lemeshow Test(22)
confirmed a goodness of fit with a p-value=0.198. The likelihood
ratio tests indicated a significance of the maximum opening and
closed quotient variables (p-value ≅0) as well as the need for
intercept. Aditionally, McFadden’s R2 value(23) obtained with
the XLSTAT software resulted in a value of 0.384. According
to Louviere et al.(23), McFadden’s R2 values between 0.2 and
0.4 are indicative of an optimal logistic regression model fit.
For the validity of the final model obtained in this second
phase, the metric value “events per variable” (EPV)(24) showed
a result of 37/2=18.5. This calculation took into consideration
the “no alterations” event, as it included a smaller amount of
subjects with no alterations (37 women), compared to subjects
presenting with alterations (55 women). The value 2 in the
EPV result indicated the number of variables in the final model

Variables

Value

Inferior
Limit

Superior
Limit

p value

Intercept
Maximum
opening
Closed
Quotient

8.1318
-0.2964

4.7873
-0.4238

11.4763
-0.1690

< 0.0001
< 0.0001

-0.0703

-0.1061

-0.0344

0.0001

Caption: Bold: significance level (p<0.05)

(maximum opening and closed quotient). According to the
literature(24), a sample size in a logistic regression model must
have an EPV≥10 in order to properly estimate the parameters.
Therefore, the sample size of this study was judged to be
adequate as the resulting EPV of the final model presented in
this work was 18.5(25).
The VIGF cut-off value obtained by the logistic regression
model was 0.71.
The probability of success obtained from the ROC curve
analysis was 81.5%. Sensitivity was 76.4%, which was the
probability of judging a woman to be with a behavioral dysphonia
as having an altered laryngeal presentation while actually having
an altered laryngeal examination. Specificity was 89.2%, which
was the probability of judging a woman as having a normal
laryngeal presentation while actually not presenting with any
laryngeal alterations on examination.
The area under the ROC curve (Receiver Operating
Characteristic) was approximately 0.89 indicating an excellent
accuracy level(24,25). Additionally, the area under the ROC curve
was rejected to be 0.5 (random pattern) with a significance level
of 5% with a p-value < 0.0001, which can be seen in Figure 3.
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Figure 3. ROC curve to illustrate the VIGF’s accuracy

Therefore, the VIGF can be described below by the logistic
regression model, where e represented the exponential function,
MaxOp the maximum opening value and ClQuo represents the
closed quotient values (Equation 1.2).
VIGF =

e8,1318 − 0,2964 MaxOp − 0,0703ClQuo

1 − e8,1318 − 0,2964 MaxOp − 0,0703ClQuo

(1.2)

VIGF values ≥0.71 indicated a high probability of laryngeal
alteration occurrence in cases of behavioral dysphonia, while
values <0.71 indicated a high probability of normal larynges
in women.
DISCUSSION
The purpose of this study was to develop the VIGF as a
laryngeal diagnosis instrument for women with behavioral
dysphonia. The instrument proved to be an evaluation method
with adequate sensitivity and specificity values and with a
probability of success of 81.5%.
Direct observation of vocal fold vibration patterns and
laryngeal structures is essential for the diagnosis of voice
disorders(26). HSV is an instrument capable of overcoming limits
of traditional laryngoscopy. It provides data on the real-time
glottal cycle behavior, allowing for a more effective and visual
clinical diagnosis, with an easily interpretable analysis(27).
HSV, paired with DKG in clinical practice, substantially
enriches the possibilities of laryngeal diagnosis, and quantitatively
reveals the dynamic behavior of the vocal folds and other laryngeal
structures(28). This method also allows to characterize in greater
detail irregular vibrations, glottal cycle duration, mucosal wave,
vertical relationship, and glottal closure pattern(28).
Based on the analysis of the glottic cycle of 252 participants,
of both sexes, HSV presented 100% diagnostic accuracy in
moderate-grade vocal alterations and 64% in severe-grade
alterations when compared to videoendoscopy(29). Patients

with and without laryngeal alterations were evaluated by both
methods, and the authors observed significant differences in the
classification of vocal conditions, since HSV is able to provide
more accurate images of phonation over many glottic cycles,
favoring the quality of the diagnosis(30).
Health indices are used to measure and assign values that
define standards, providing comparisons and improving diagnostic
accuracy. These indices are widely used in other professional
areas and help understand and create reference values for clinical
practice, based on the observation of the parameters that best
concisely describe the event(31).
The growing interest in the clinical quantification of voice
quality led researchers to create simple numerical indices using
techniques of acoustic and auditory-perceptual analyses. There
are voice analysis indices described in the literature(14-16,18), based
on sustained vowel and connected speech.
Researchers found sensitivity and specificity values at 82.4%
and 92.9% respectfully in the evaluation of vocal breathiness,
proposed by the Acoustic Breathiness Index (ABI)(18). Sensitivity
and specificity values of 85% and 100% were respectively found
in the evaluation of voice quality, based on acoustic measures
proposed by the Acoustic Voice Quality Index (AVQI)(16), which
provided precise parameters for the identification and separation
of normal and dysphonic voices.
CSID(15) dysphonia severity screening of 322 subjects, through
the use of cepstral measurements, presented a sensitivity of 75%
and specificity of 73%, with a probability of success of 85%.
The Dysphonia Severity Index (DSI)(14) presented sensitivity
and specificity values of 72% and 75% respectively, for the
determination of the general degree of dysphonia.
The use of systematic recommendations (or guidelines)
for the construction of clinical practices are widely spread, in
order to systematize information on certain health conditions(17).
Parameters such as sensitivity and specificity are essential to
correctly determine positive and negative cases, which are
measured using standard tests. This study chose to use the STARD
to establish construction criteria, thus reducing possible biases(17).
The diagnostic accuracy of a clinical test is linked to its
sensitivity and specificity values. The VIGF had a cutoff value of
0.71, sensitivity of 76.4%, specificity of 89.2%, with a probability
of success of 81.5%. The determination of these values was
essential to establish the diagnostic power of the instrument.
The VIGF results showed high sensitivity and specificity values,
which determine the predictive capacity of this diagnostic test(15).
These results were further confirmed by the 89% ROC Curve
area, which featured excellent discrimination power(22) between
women with a normal laryngeal presentation and women with
altered laryngeal presentation due to behavioral dysphonia.
Other studies(16,18) also used the ROC Curve to determine
the specificity and sensitivity in the diagnostic process of an
instrument, presenting values that varied between 0.5 to 0.68.
Results obtained through the ROC curve of this study reinforced
the VIGF as a sensitive and accurate instrument in the laryngeal
evaluation of women with behavioral dysphonia.
The VIGF described in this study can be considered a
differential in the quality of laryngeal diagnosis in women with
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behavioral dysphonia, because it used the most recent laryngeal
evaluation technology available.
One of the limitations of this study was the use of only
female subjects, who presented with behavioral laryngeal lesions.
All laryngeal image and voice quality assessments were
carried out by consensus by field experts with the aim of a
collaborative diagnostic evaluation process. Other diagnostic
evaluations were possible and included, for example, analysis
of the most prevalent results of evaluators with higher levels of
agreement. Future studies are necessary to improve understanding
of the best evaluation and classification strategies of subjective
analyses, such as the visual-perceptual analysis of laryngeal
images, and the auditory-perceptual voice analysis.
The American Speech Language Hearing Association (ASHA)
(2)
recommended instrumental voice assessment protocols,
including laryngeal image assessment, acoustic voice analysis,
and aerodynamic assessment. The objective of the protocols
was to define vocal assessment markers, allow comparisons
between different clinical and research centers, and facilitate
the evaluation of the effectiveness of voice treatment(2). ASHA’s
recommendations for laryngeal evaluation are videolaryngoscopy
for structural laryngeal analysis, and videolaryngostroboscopy
for analysis of the vibratory movement of vocal fold vibration
patterns(2). The literature reinforces videolaryngostroboscopy as
the gold standard for the diagnosis of vocal alterations(32), and
HSV can be complementary to stroboscopy, mainly for dysphonia
characterized by asymmetrical or aperiodic vibrations of the
vocal fold vibration patterns(32). HSV is a recent technology,
dependent on a high-cost instrument, and still with little access to
laryngology clinics. However, HSV research remains important
in order to analyze the real diagnostic value of this procedure.
Laryngeal assessment is typically within the scope of practice
of otolaryngologists. However, ASHA(2) recognizes speechlanguage pathologists’ knowledge and skills in performing
and interpreting functional analyses of laryngeal images, as
an aid in making the best clinical decision for the therapeutic
treatment of dysphonia.
Future VIGF research is needed and is important in order to
assess the instrument’s application in clinical voice practices.
CONCLUSION
The VIGF presented a cutoff value of 0.71, where values
≥0.71 represented the presence of laryngeal alterations in cases
of behavioral dysphonia, while values <0.71 represented normal
laryngeal presentations. The probability of success was 81.5%,
sensitivity was 76.4% and specificity was of 89.2%. The VIGF
can be considered a tool used to optimize the laryngeal diagnosis
and to better define voice therapy treatment for behavioral
dysphonia, thus enhancing the prognosis in the voice clinic.
REFERENCES
1.

Behlau M, Azevedo R, Pontes P. Conceito de voz normal e classificação
das disfonias. In: Behlau M, editor. Voz: o livro do especialista. 1ª ed. Rio
de Janeiro: Revinter; 2001. p. 53-84.

2.

Patel RR, Awan SN, Barkmeier-Kraemer J, Courey M, Deliyski D, Eadie
T, et al. Recommended protocols for instrumental assessment of voice:

american speech-language-hearing association expert panel to develop a
protocol for instrumental assessment of vocal function. Am J Speech Lang
Pathol. 2018;27(3):887-905. http://dx.doi.org/10.1044/2018_AJSLP-17-0009.
PMid:29955816.
3.

Góes TRV, Ferracciu CCS, Silva DRO. Associação entre a adesão
da terapia vocal e perfil de atividades vocais em pacientes disfônicos
comportamentais. CoDAS. 2016;28(5):595-601. http://dx.doi.org/10.1590/23171782/20162015232. PMid:27812672.

4.

Baravieira PB, Brasolotto AG, Hachiya A, Takahashi-Ramos MT, Tsuji DH,
Montagnoli AN. Comparative analysis of vocal fold vibration using highspeed videoendoscopy and digital kymography. J Voice. 2014;28(5):603-7.
http://dx.doi.org/10.1016/j.jvoice.2013.12.019. PMid:24726330.

5.

Nascimento UN, Santos MAR, Gama ACC. Digital videokymography:
analysis of glottal closure in adults. J Voice. 2021. No prelo. PMid:34417083.

6.

Patel R, Dubrovskiy D, Dollinger M. Characterizing vibratory kinematics
in children and adults with high-speed digital imaging. J Speech Lang Hear
Res. 2014;57(2):S674-86. PMid:24686982.

7.

Larsson H, Hertegård S, Lindestad PA, Hammarberg B. Vocal fold
vibrations: high-speed imaging, kymography, and acoustic analysis: a
preliminary report. Laryngoscope. 2000;110(12):2117-22. http://dx.doi.
org/10.1097/00005537-200012000-00028. PMid:11129033.

8.

Tsuji D, Dajer M, Ishikawa C, Takahashi M, Montagnoli A, Hachiya
A. Improvement of vocal pathologies diagnosis using high-speed
videolaryngoscopy. Int Arch Otorhinolaryngol. 2014;18(3):294-302. http://
dx.doi.org/10.1055/s-0034-1372512. PMid:25992109.

9.

Svec JG, Schutte HK. Kymographic imaging of laryngeal vibrations.
Curr Opin Otolaryngol Head Neck Surg. 2012;20(6):458-65. http://dx.doi.
org/10.1097/MOO.0b013e3283581feb. PMid:22931907.

10. Tsutsumi M, Isotani S, Pimenta RA, Dajer ME, Hachiya A, Tsuji DH, et al.
High-speed videolaryngoscopy: quantitative parameters of glottal area
waveforms and high-speed kymography in healthy individuals. J Voice.
2017;31(3):282-90. http://dx.doi.org/10.1016/j.jvoice.2016.09.026.
PMid:27793519.
11. Svec JG, Schutte HK. Videokymography: high-speed line scanning of
vocal fold vibration. J Voice. 1996;10(2):201-5. http://dx.doi.org/10.1016/
S0892-1997(96)80047-6. PMid:8734395.
12. Sulica L. Laryngoscopy, stroboscopy and other tools for the evaluation
of voice disorders. Otolaryngol Clin North Am. 2013;46(1):21-30. http://
dx.doi.org/10.1016/j.otc.2012.09.001. PMid:23177402.
13. Mingoti SA. Análise de dados através de métodos de estatística multivariada:
uma abordagem aplicada de dados. Belo Horizonte: UFMG; 2005. 295 p.
14. Kim H, Gao S, Yi B, Shi R, Wan Q, Huang Z. Validation of the dysphonia
severity index in the Dr. Speech Program. J Voice. 2019;33(6):948.e23-9.
http://dx.doi.org/10.1016/j.jvoice.2019.08.011. PMid:31526665.
15. Awan SN, Roy N, Zhang D, Cohen SM. Validation of the Cepstral Spectral
Index of Dysphonia (CSID) as a screening tool for voice disorders:
development of clinical cutoff scores. J Voice. 2016;30(2):130-44. http://
dx.doi.org/10.1016/j.jvoice.2015.04.009. PMid:26361215.
16. Englert M, Barsties V, Latoszek B, Maryn Y, Behlau M. Validation of the
acoustic voice quality index, version 03.01, to the Brazilian Portuguese
Language. J Voice. 2021;35(1):160.e15-21. http://dx.doi.org/10.1016/j.
jvoice.2019.07.024. PMid:31474432.
17. Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft
L, et al. STARD 2015 guidelines for reporting diagnostic accuracy studies:
explanation and elaboration. BMJ Open. 2016;6(11):e012799. http://dx.doi.
org/10.1136/bmjopen-2016-012799. PMid:28137831.
18. Englert M, Barsties V, Latoszek B, Maryn Y, Behlau M. Validation of the
acoustic breathiness index to the Brazilian Portuguese language. Logoped
Phoniatr Vocol. 2022;47(1):56-62. http://dx.doi.org/10.1080/14015439.2
020.1864467. PMid:33404289.
19. Dejonckere PH, Bradley P, Clemente P, Cornut G, Crevier-Buchman L,
Friedrich G, et al. A basic protocol for functional assessment of voice
pathology, especially for investigating the efficacy of (phonosurgical)
treatments and evaluating new assessment techniques: guideline elaborated
by the Committee on Phoniatrics of the European Laryngological Society

Deus et al. CoDAS 2023;35(1):e20210214 DOI: 10.1590/2317-1782/20212021214en

7/8

(ELS). Eur Arch Otorhinolaryngol. 2001;258(2):77-82. http://dx.doi.
org/10.1007/s004050000299. PMid:11307610.
20. van Houtte E, van Lierde K, D’Haeseleer E, Claeys S. The prevalence of laryngeal
pathology in a treatment-seeking population with dysphonia. Laryngoscope.
2010;120(2):306-12. http://dx.doi.org/10.1002/lary.20696. PMid:19957345.
21. Woo P. Objective measures of laryngeal imaging: what have we learned
since Dr. Paul Moore. J Voice. 2013;28(1):69-81. http://dx.doi.org/10.1016/j.
jvoice.2013.02.001. PMid:24094798.
22. Hosmer DW, Lemeshow S. Applied logistic regression. 2nd ed. New York:
John Wiley & Sons; 1985. p. 156-64.
23. Louviere JJ, Hensher AD, Swait DJ. Stated choice methods. New
York: Cambridge University Press; 2000. http://dx.doi.org/10.1017/
CBO9780511753831.
24. Menard S. Coefficients of determination for multiple logistic regression
analysis. Am Stat. 2000;54:17-24.
25. Mittlböck M, Schemper M. Explained variation in logistic regression.
Stat Med. 1996;15(19):1987-97. http://dx.doi.org/10.1002/(SICI)10970258(19961015)15:19<1987::AID-SIM318>3.0.CO;2-9. PMid:8896134.
26. Behrman A. Common practices of voice therapists in the evaluation
of patients. J Voice. 2005;19(3):454-69. http://dx.doi.org/10.1016/j.
jvoice.2004.08.004. PMid:16102671.
27. Wittenberg T, Tigges M, Mergell P, Eysholdt U. Functional imaging of vocal fold
vibration: digital multislice high-speed kymography. J Voice. 2000;14(3):42242. http://dx.doi.org/10.1016/S0892-1997(00)80087-9. PMid:11021509.

28. Qiu Q, Schutte HK, Gu L, Yu Q. An automatic method to quantify the
vibration properties of human vocal folds via videokymography. Folia
Phoniatr Logop. 2003;55(3):128-36. http://dx.doi.org/10.1159/000070724.
PMid:12771464.
29. Deliyski DD. Endoscope motion compensation for laryngeal high-speed
videoendoscopy. J Voice. 2005;19(3):485-96. http://dx.doi.org/10.1016/j.
jvoice.2004.07.006. PMid:16102674.
30. Patel R, Dailey S, Bless D. Comparison of high-speed digital imaging with
stroboscopy for laryngeal imaging of glottal disorders. Ann Otol Rhinol
Laryngol. 2008;117(6):413-24. http://dx.doi.org/10.1177/000348940811700603.
PMid:18646437.
31. Pigozzo MN, Laganá DC, Campos TN, Yamada MCM. A importância
dos índices em pesquisa clínica odontológica: uma revisão da literatura.
Odontol Univ Cid São Paulo. 2008;20(3):280-7.
32. Popolo PS, Johnson AM. Relating cepstral peak prominence to cyclical
parameters of vocal fold vibration from high-speed videoendoscopy using
machine learning: a pilot study. J Voice. 2021;35(5):703-16. http://dx.doi.
org/10.1016/j.jvoice.2020.01.026. PMid:32173147.

Author contributions
ABD participated in the design of the study, collection, analysis and interpretation
of data and writing of the article; MARS participated in data collection and
analysis; ACCG and RCQ participated as advisors in the study design, analysis,
data interpretation and article writing.

Deus et al. CoDAS 2023;35(1):e20210214 DOI: 10.1590/2317-1782/20212021214en

8/8

