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ABSTRACT

Purpose: To evaluate and compare the parameters of Digital kymography obtained through the High-speed 
Videolaryngoscopy of women without laryngeal disorders, of women with vocal fold nodules and of women 

with vocal cysts. Methods: A cross-sectional observational study in which 60 women aged 18 years and 45 years 

were selected. Three study groups were formed: 20 women without laryngeal disorder forming the control group 

(Group 1), 20 women with diagnosis of vocal fold nodules forming Group 2 and 20 women with diagnosis of 

vocal cysts forming Group 3. Subsequently the participants were evaluated by High-speed Videolaryngoscopy 
for analysis and comparison of laryngeal images using Digital kymography. The laryngeal parameters processed 

by the program KIPS® were: minimum, maximum and mean opening; dominant amplitude of the left and right 

vocal folds; dominant frequency of the right and left vocal folds; and close. Results: The analysis of Digital 

kymography suggests that the presence of the vocal fold nodules and the vocal cysts tend to restrict more to the 

maximum and minimum opening of the vocal fold and the dominant amplitude of the opening variation in the 

middle region of the glottis. Conclusion: Digital kymography parameters were similar in the presence of vocal 

fold nodules and vocal cysts lesions.

RESUMO

Objetivo: Avaliar e comparar os parâmetros da videoquimografia digital obtidos pela videolaringoscopia de 
alta velocidade de mulheres sem alterações laríngeas, de mulheres com nódulos de prega vocal e de mulheres 

com cistos vocais. Método: Estudo observacional transversal, no qual foram selecionadas 60 mulheres com 
idade entre 18 e 45 anos. Três grupos foram formados: 20 mulheres sem alterações laríngeas formando o grupo 

controle (Grupo 1), 20 mulheres com diagnóstico de nódulos nas pregas vocais formando o Grupo 2 e 20 mulheres 

com diagnóstico de cistos vocais formando o Grupo 3. Posteriormente, os participantes foram avaliados por 

Videolaringoscopia de alta velocidade para análise e comparação de imagens da laringe usando videoquimografia 
digital. Os parâmetros videoquimográficos avaliados pelo programa KIPS® foram: aberturas mínima, máxima e 
média; amplitudes da prega vocal direita e esquerda; frequências da abertura da prega vocal direita e esquerda; e 
fechamento. Resultados: A análise da videoquimografia digital sugere que a presença dos nódulos e dos cistos 
de pregas vocais tendem a restringir a abertura máxima e média da prega vocal e a amplitude dominante da 

variação de abertura na região média da glote. Conclusão: Os parâmetros da videoquimografia digital foram 
semelhantes na presença de nódulos nas pregas vocais e lesões de cistos vocais.
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INTRODUCTION

Known as benign lesions of the larynx, nodules and cysts of 

vocal folds (VF) have as their main effect dysphonia(1), which 

can be conceptualized as a disorder in vocal emission caused 

by the change in the VF vibratory pattern, due to inadequate 
functional adjustments, lesions on the mucosa or association 

of these factors(1).

Dysphonia is more prevalent in women, justified by the 
fact that they have, in relation to men, lower FV, as a smaller 

area of   contact and, therefore, subject to greater frictional force 

between them(2).

The VF is composed of body and cover. The body is formed 

by the deep part of the lamina propria and by the thyroaritenoid 

muscle, and acts in harmony with the covering. The cover is 

composed of the epithelium and the superficial layer of the 
lamina propria, and allows the propagation of the mucosal wave 

vertically(3). The movement of the mucosal wave is initiated by 

the subglottal pressure of the expiratory air stream, which exerts 

a pressure against the inferior border of the VF(3).

In the opening phase of the VF the subglottal air pressure 

causes lateral and caudo-cranial movement of the mucosal 

wave, characterized by the phase difference between the lower 
and upper edges of the tunica mucosa. Such movements can be 

measured from the analysis of the mucosal wave(4). The lesions 

involving the VF generate changes in the mucosal wave, making 

the quantification of its parameters an ally in the diagnosis and 
treatment of laryngeal lesions(3).

The vocal fold nodules, more prevalent in females(1), are 

restricted to the epithelium, being a superficial lesion that 
can reach the basal membrane(2). The vocal fold nodules have 

etiology related to vocal abuse, and respond positively to voice 

therapy treatment(1).

The vocal cysts preferentially located in the superficial 
layer of the lamina propria, where the VF blood vessels are 

located, may also involve the vocal ligament(5), which leads to 

a reduction in the elasticity of the VF mucosa(5).

The differential diagnosis between vocal fold nodules and 
vocal cysts is important in Otolaryngology and Speech and 

Language Pathology since they may have different treatment 
lines. The treatment recommended in the literature of vocal fold 

nodules is preferably voice therapy(6). On the other hand, in vocal 

cysts, depending on the vocal impact generated by the lesion, 

surgical removal is indicated(7). The precise and differential 
diagnosis of these laryngeal lesions allows an adequate behavior 
with better treatment results(8).

With the advent of optic fiber technology, the diagnosis of 
laryngeal disorder is currently based on visual assessment of 

the laryngeal image of videolaryngoscopy, videostroboscopic 

or High-speed Videolaryngoscopy (HSV).
Videolaryngoscopy, with or without strobe light, is the 

conventional method for VF(1) analysis. The activation of 

stroboscopic light is based on the Talbot Law, capable of 

capturing fragments of a complete movement(8) providing 

analysis of mucosal vibration, ideal in the identification of 
intracordial cysts(5).

The videostroboscopic laryngeal has the disadvantage of 

dependence on a regular phonation for a minimum of two 

seconds for the stroboscopic light to activate, which restricts its 

applicability in some cases(9,10). Patients with irregular cycles of 

phonation and/or decreased phonatory time present limitations 

in the stroboscopic evaluation(8). The luminous “flashes” as 
they occur randomly, and not successively with each vibratory 

cycle, result in sequences of asynchronous images without the 
possibility of adequate interpretation(11).

Overcoming the limitations found in the videostroboscopic 

arises the HSV capable of recording the irregular vibrations of 
the VF and of providing essential information for the clinical 

diagnosis through a quantitative interpretation of successive 
glottic cycles(12).

Another characteristic of HSV is the more accurate analysis 
of the glottal area and the mucoondulatory movement of the VF. 

It is known that the VF vibratory cycle is divided between the 

open and closed phases and these can undergo changes at each 

cycle, a phenomenon that may be responsible for the presence 

of dysphonia and vocal fatigue(1), so its analysis quantitative and 
qualitative study is extremely important in the laryngological 
and voice clinics.

In order to facilitate the interpretation of the laryngeal 

images and the characterization of the periodicity of the VF 

motion, Kymographic was also improved, a method of video 

documentation described in 1996 by Svec and Schutte(13), which, 

by becoming digital, enabled the two-dimensional analysis of 

the VF(14,15) in real time, through the junction of a sequence of 
lines obtained from the video images captured through the HSV, 
which aims to promote greater diagnostic accuracy through 

better understanding of vibratory phenomena(13).

By offering several options and means of analysis, HSV 
has been shown to be effective in the diagnosis of laryngeal 
lesions and its study is in the ascendancy, but because it is a 

relatively recent method, it remains without a standardization of 

the images, especially in the case of laryngeal disorder, where 

few studies are observed(16,17).

The objective of this research was to evaluate and compare 

the parameters of Digital kymography (DKG) obtained through 

the HSV of women without laryngeal disorders, of women with 
vocal fold nodules and of women with vocal cysts.

METHODS

This is a cross-sectional observational study, approved by the 

Research Ethics Committee of the Universidade Federal de Minas 

Gerais (UFMG), under the number CAAE 4484811.0.0000.5149.

A total of 69 women aged 18-45 years who attended for 

otorhinolaryngological evaluation in a doctor’s office from 
January 2015 to January 2016, were submitted to the laryngeal 

videostroboscopic procedure. All participants had one of the 

following medical diagnoses: 1) absence of laryngeal disorders; 
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2) vocal fold nodules; or 3) vocal cysts. Participants agreed 

to participate in the study by signing the Free and Informed 

Consent Form.

For the characterization of the sample, normal VF were 

considered as normal larynx that did not show disorder and 

complete glottic closure or with glottic chink(17). The vocal 

fold nodules were characterized as bilateral and symmetric 

lesions in position located in the middle third of the FV, and 

with presence of double slit(18). The vocal cysts were defined as 
unilateral disorder that generated decrease of the wave mucus 

movement in their region, and with presence of glottic chink(18).

For the laryngeal videostroboscopic laryngeal fiber was used 
70° mm Mashida® rigid optical fiber, 200W xenon strobe light, 
Atmos Endo-Stroboscopel model and Toshiba® microcamera, 

recorded on Toshiba® DVD. After placing the subject in a 

comfortable and seated position, the optic fiber was introduced 
through the mouth and oropharynx after topical anesthesia 

with xylestesin® 10%, until a satisfactory image of the larynx 

was obtained, and the participant was asked to pronounce the 

sustained vowels / i / in the usual way.

At the moment of the videostroboscopic exam, pregnant 

women with exacerbated nausea reflex were excluded, who 
were in the menstrual or pre-menstrual period, individuals with 

cervical surgeries, upper respiratory infectious diseases at the 

time of examination, or hormonal diseases.

Also excluded were women who did not have the 

otorhinolaryngological diagnosis confirmed by HSV of: 1) larynx 
without alteration and complete glottic closure; 2) vocal fold 

nodules; or 3) vocal cysts. At this stage, nine women were 

excluded from the 69 participants evaluated, because of the 

changed of laryngeal diagnostic to polyp of VF (six participants) 

and sulcus vergeture (three participants).

In the evaluation with HSV, 2000 images were recorded per 
second using a 70° rigid laryngoscope with 300 W of Xenon 

light with high-speed Videolaryngoscopy (KayPENTAX Photron 

Motion, Montvale, NJ, USA) model 9710. The resolution of the 

image used was 512 × 512 pixels with 8 bit RGB color mode.

The laryngeal images were obtained by recording with the 

emission of the vowel / i /, at usual frequency and intensity, 
being selected sequences of images excluding the beginning 
of the emissions.

All examinations were performed by a single physician, 

seeking a uniformity in the performance of the evaluations. 

The analysis of laryngeal images, also performed by a single 

physician, occurred through the image processing program 

called KIPS® (Kay’s Image Processing Software) supplied by 

KayPENTAX® (Montvale, NJ, USA)(3).

After HSV, 60 women were selected, who formed three 
groups. For the control group (G1), 20 women aged 18 to 

45 years (mean of 26 years) without vocal complaints were 

recruited and presented laryngeal image without alteration. The 

group of individuals with vocal fold nodules (G2) consisted of 

20 women aged 18 to 40 years (mean age 31 years). The group 

with vocal cysts (G3) was formed by 20 women, aged between 

18 and 45 years (average of 35 years). Of the 20 women with 

vocal cysts, nine (45%) had cysts in the right vocal fold and 11 

(55%) had left vocal fold.

The three groups were paired by age and defined by means 
of the otorhinolaryngological evaluation of the same physician 

after the evaluation with HSV.
The analysis of laryngeal images, also performed by a single 

physician, occurred through the image processing program 

called KIPS® (Kay’s Image Processing Software) supplied by 

KayPENTAX®, with the following parameters being selected 

of the Digital kymography (DKG).

Analysis of Digital Kymography (DKG)

For the creation of DKG of multiple lines, three horizontal 

lines are represented in Figure 1 by the numbers 1, 2 and 3 and 

two vertical lines positioned in order to define the limit of the 
selected VF.

The horizontal lines delimited the FV in four parts so that the 

number 2 line was positioned at the midpoint of the FV of the 

individuals without disorders, because it is the area of   greater 

mobility of the same, and in the laryngeal lesions suggestive of 

nodules or cysts was placed in the lesion area. The upper line of 

number 1 corresponded to the posterior region of the FV, without 

covering the respiratory region of the glottis, and a lower line 

of number 3 was positioned in the anterior region (Figure 1).

The program then automatically performed the two-

dimensional creation of the mucoondulatory movement and 

the comparison of the symmetry of the movement of the VF 

Figure 1. Photograph of a normal larynx, with the vocal folds in the 

center, delimiting the Digital kymography analysis
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mucosa. The images portrayed have also been transformed to 

shades of gray. The selection of a rectangle in the green images 

to delimit the analysis region with VF edge design for DKG 

creation was done manually.

Each vertical row corresponds to the movement of the VF in 

an area of   the glottic cycle (indicated by the horizontal lines 1, 

2 and 3), where the X (horizontal) axis represents the vibration 

amplitude of the VF and the Y axis (vertical), the time. The right 

vocal fold movement is shown on the right side of the DKG 

and the left side on the left side (Figure 2).

After creating the DKG images, the system automatically 

generated a table with numeric values   in pixels, providing the 

following laryngeal parameters:

• Minimum opening: minimum opening in the region 

displayed in the window at the kymographic line. Zero 

indicates complete closure;

• Maximum opening: maximum opening in the region 

displayed in the window at the kymographic line;

• Mean opening: mean opening in the region displayed in 

the window at the kymographic line;

• R-amp: dominant amplitude of the opening variation of the 

right vocal fold at the kymographic line;

• L-amp: dominant amplitude of the opening variation of the 

left vocal fold at the kymographic line;

• R-freq: dominant frequency of the opening variation of the 
right vocal fold at the kymographic line;

• L-freq: dominant frequency of the opening variation of the 
left vocal fold at the kymographic line;

• Close: The ratio of the number of the frames of glottal total 

closure over the total number of frames in the calculation. 

Zero means that the vocal folds at that kymographic line 

never closes; and one means that the vocal folds at that 

kymographic line never opens.

Statistical analysis of the data was performed using the 

statistical program R (version 3.2.4). First, a descriptive analysis 

of the data was carried out with measures of central tendency 

and dispersion. The Kruskal-Wallis test was used to compare 

the DKG parameters in the three groups. Multiple comparisons 

were made using the Nemenyi test. A significance level of 5% 
was considered in all analyzes.

RESULTS

The DKG analysis from the three horizontal lines were made. 

Table 1 shows the parameters of the region delimited by Line 

1 (posterior region of the glottis). The dominant amplitude of 

the VF variation was higher in the G1 group compared to the 

G2 (p = 0.04) and G3 (p = 0.01) groups.

In the results obtained in the analysis of DKG in Line 2 

(middle region of the glottis) the G1 presented greater maximum 

opening than G2 (p = 0.01) and G3 (p = 0.00). In the mean 

opening analysis, it was observed that the G1 group presented 

higher value than G3 (p = 0.01).

The dominant amplitude of the opening variation of the 

left VF showed that G1 has an amplitude with values   greater 

than G3 (p = 0.00). In relation to the dominant amplitude of 

the opening variation of the right VF, the G1 group presented 

higher values   than the G3 (p = 0.00) as presented in Table 2.

Table 3 shows the results of Line 3 DKG, corresponding to 

the anterior region of the glottis. It was observed that the group 

G1 presented a greater maximum opening and mean opening 

than G2 (p = 0.02) and G3 (p = 0.00).

The results of the DKG suggest that the presence of the 

vocal fold nodules and the vocal cysts tend to restrict further 

the maximum and mean opening of the VF and the dominant 

amplitude of the opening variation in the middle region of the 

glottis, probably because these lesions mainly in this VF region.

Figure 2. Analysis of the Digital kymography representing the three 

horizontal lines of Figure 1. The first row corresponding to line 1 (posterior 

region of the vocal fold), the second row corresponds to line 2 (middle 

region of the vocal fold) and the third row corresponds to line 3 (anterior 

region of the vocal fold). The blue arrow corresponds to the right vocal 

fold and the green arrow corresponds to the left vocal fold
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Table 1. The parameters of the region delimited by Line 1 (posterior region of the glottis)

Parameters Mean SD Median p-value

Minimum opening G3 1.50 4.63 0.00 0.343

G2 0.25 1.12 0.00

G1 0.00 0.00 0.00

Maximum opening G3 16.00 6.32 15.50 0.092

G2 14.60 4.71 14.00

G1 18.65 7.06 19.00

Mean opening G3 11.36 4.80 10.81 0.648

G2 10.08 3.07 9.72

G1 10.45 4.58 10.13

L-amp G3 1.50 1.11 1.19 0.036*

G2 1.96 1.48 1.20

G1 2.95 1.92 2.45

L-freq G3 264.06 119.34 289.06 0.994

G2 267.58 91.66 265.63

G1 274.61 103.87 246.10

R-amp G3 1.45 1.22 1.11 0.005*

G2 1.74 1.21 1.27

G1 3.17 2.09 2.79

R-freq G3 235.94 134.90 242.19 0.807

G2 266.01 93.89 265.63

G1 274.61 103.81 246.10

Close G3 0.01 0.01 0.00 0.916

G2 0.01 0.00 0.00

G1 0.00 0.00 0.00

Kruskal-Wallis

Caption: G3 = vocal fold cyst; G2 = vocal fold nodule; G1 = vocal fold without laryngeal disorder; SD = standard deviation; L-amp = amplitude of the left vocal fold; 

L-freq = frequency of the left vocal fold; R-amp = amplitude of the right vocal fold; R-freq = frequency of the right vocal fold. All values are represented in pixels. 

Values marked with * represent p≤0.005

Table 2. Comparison of kymographic parameters between groups in Line 2 - the middle region of the glottis

Parameters Mean SD Median p-value

Minimum opening G3 0.55 2.46 0.00 0.601

G2 0.30 1.34 0.00

G1 0.00 0.00 0.00

Maximum opening G3 11.80 6.98 12.00 0.000*

G2 14.15 5.33 14.50

G1 19.65 5.41 20.00

Mean opening G3 6.39 5.77 4.69 0.013*

G2 8.12 4.71 8.62

G1 11.42 4.90 11.77

L-amp G3 1.24 1.11 1.01 0.002*

G2 1.81 1.25 1.66

G1 2.93 1.81 2.55

L-freq G3 223.83 131.67 234.38 0.887

G2 245.70 99.57 234.37

G1 257.03 114.98 218.75

R-amp G3 1.23 1.20 0.92 0.001*

G2 1.89 1.38 1.58

G1 3.18 2.04 2.94

R-freq G3 241.41 129.47 226.56 0.772

G2 228.12 116.39 212.89

G1 263.67 112.81 230.47

Close G3 0.01 0.01 0.01 0.864

G2 0.01 0.01 0.01

G1 0.00 0.00 0.00

Kruskal-Wallis

Caption: G3 = vocal fold cyst; G2 = vocal fold nodule; G1 = vocal fold without laryngeal disorder; SD = standard deviation; L-amp = amplitude of the left vocal fold; 

L-freq = frequency of the left vocal fold; R-amp = amplitude of the right vocal fold; R-freq = frequency of the right vocal fold. All values are represented in pixels. 

Values marked with * represent p≤0.005
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DISCUSSION

Nodules and VF cysts are the most prevalent benign lesions 

of the larynx(19) and because they have different etiological 
factors(20), present different clinical behaviors. The vocal fold 
nodules are mostly indicated for speech therapy(7), and the VF 

cysts, depending on the vocal limitation they generate, are 

indicated for surgery(7).

The main hypothesis of this research was that HSV, because 
it is an objective diagnostic procedure with the use of DKG(21,22), 

which makes possible the analysis of successive glottic cycles(23), 

would be able to aid in the differential diagnosis of VF nodules 
and cysts.

The results of this research show that DKG analysis parameters 

were not able to differentiate lesions nodules and cysts from VF. 
Comparisons between groups of HSV parameters show that both 
the vocal fold nodules and the vocal cysts differed from the group 
without laryngeal disorders, and in these cases, the vocal cysts 

presented greater distinction, suggesting that these lesions may 

generate greater limitations in the mucoondulatory movement 

and in the glottic closure, which the vocal fold nodules. Studies 

with a larger sample size are necessary to better understand the 

real contributions of HSV in the differential diagnosis of vocal 
fold nodules and vocal cysts.

Were found in the literature a single research(24) that aimed 

to analyze the vibratory characteristics of VF through the 

videostroboscopic and the HSV image in individuals with vocal 
fold nodules and vocal cysts. A total of 151 patients, aged between 

22 and 84 years, of whom 52 were men and 99 women, and 

the authors observed that, when comparing the results of both 

evaluation procedures, HSV was able to more accurately report 
the characteristics of vibration amplitude of the mucosal wave. 

Patients previously diagnosed by the videostroboscopic vocal 

fold nodules had their diagnosis altered after performing the HSV 
for vocal cysts due to the lower amplitude characteristics of the 

VF mucosal wave. The different results with this research, where 
HSV did not present differences between DKG parameters in the 
vocal fold nodules and vocal cysts groups, can be explained by 

methodological questions. Our study looked at the quantitative 
results of DKG, while the other study(24) visually evaluated the 

images of HSV. In the analysis of the results of this research, it 
was not possible to observe a pattern of response of the DKG 

parameters, important for the differential diagnosis of FV nodules 
and cysts, not confirming the hypothesis of the initial survey.

Over the years, several studies have begun to improve the 

technique and interpretation of HSV exams, in order to study and 
better understand the mechanism of phonation in the presence 

of dysphonia and laryngeal disorders(25-27).

The VF vibratory behavior may be an important source 

of investigation of the alterations that occur in them, and its 

subjective analysis, based on the visual interpretation of the 

laryngeal image, may require some experience on the part 

Table 3. Comparison of kymographic parameters between groups in Line 3 – the anterior region of the glottis

Parameters Mean SD Median p-value

Minimum opening G3 0.95 3.03 0.00 0.772

G2 0.25 1.12 0.00

G1 1.00 3.23 0.00

Maximum opening G3 14.35 5.71 15.00 0.001*

G2 15.95 4.12 17.00

G1 19.80 4.63 20.00

Mean opening G3 10.43 4.62 11.25 0.039*

G2 10.44 4.07 9.55

G1 13.30 4.63 14.16

L-amp G3 1.21 0.60 1.12 0.065

G2 1.83 1.36 1.34

G1 2.09 1.50 1.42

L-freq G3 207.42 108.30 187.50 0.619

G2 235.16 104.34 205.08

G1 221.09 86.30 191.41

R-amp G3 1.05 0.54 1.03 0.589

G2 1.46 1.06 0.99

G1 1.71 1.55 1.15

R-freq G3 202.34 100.01 191.41 0.913

G2 210.16 99.33 203.12

G1 201.17 77.38 187.50

Close G3 0.01 0.01 0.01 0.722

G2 0.01 0.00 0.01

G1 0.01 0.00 0.01

Kruskal-Wallis

Caption: G3 = vocal fold cyst; G2 = vocal fold nodule; G1 = vocal fold without laryngeal disorder; SD = standard deviation; L-amp = amplitude of the left vocal fold; 

L-freq = frequency of the left vocal fold; R-amp = amplitude of the right vocal fold; R-freq = frequency of the right vocal fold. All values are represented in pixels. 

Values marked with * represent p≤0.005
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of the evaluator(8). The measurement of glottal area variables 

that aid in the interpretation of the glottic cycle can become 

an ally in the differential diagnosis in otorhinolaryngological 
clinical practice and in the voice clinic. DKG is able to provide 

excellent insight into the dynamics of FV, including assessment 

of periodicity, which is difficult to observe only with the image 
provided by HSV(28).

A study(25) that compared the parameters of the glottal area 

before and after the removal of polyps of VF in female and male 

patients observed higher values   of maximum area, maximum 

opening and maximum area rate after laryngeal microsurgery 

to remove polyps of VF(25). In our study, vocal folds without 

alterations also presented higher values   in relation to maximum 

and mean opening when compared to vocal cysts and vocal 

fold nodules. These parameters may explain the rigidity that 

the lesion provides in the case of vocal cysts and, in the case of 

vocal fold nodules, due to the mass effect of the lesion, which 
prevents glottal closure as opposed to the greater malleability 

of the mucosal tunica in normal FV. During the closure phase 

of the VF the elastic properties of the tissue allow it to return to 

its initial position in the middle of the glottis, and the presence 

of the lesion in the VF prevents its complete return, making 

the maximum and mean opening in these patients smaller(28).

The analysis of DKG in the posterior region of the glottis 

(Line 1) showed that the group without alterations in VF presented 

higher values   of dominant amplitude of the opening variation of 

the right vocal fold (R-amp) and of the left vocal fold (L -amp) 

when compared to the groups of vocal fold nodules and cysts. 

Such results can be explained by the fact that nodular and cystic 

lesions generate a posterior glottic chink with reduction of the 

mucosal wave amplitude(7).

The DKG values   in the middle region of the glottis (Line 2) 

of the group of women without laryngeal disorders were higher 

in the maximum opening, mean opening, R-amp and L-amp 

parameters. DKG analysis suggests that the presence of 

vocal fold nodules and vocal cysts tend to further restrict the 

parameters of the middle region of the glottis because the vocal 

fold nodules(7,18) and vocal cysts(7) are located in the most often 

in this VF region.

In the anterior region of the glottis (Line 3) the parameters of 

maximum and mean opening were higher in the group without 

laryngeal disorders, reinforcing the sign that the lesions of vocal 

fold nodules and vocal cysts alter the amplitude of the mucosal 

movement wave of VF(7,18).

In the three glottic regions evaluated, represented by the 

DKG lines 1, 2 and 3, the amplitude of the right and left VF 

was smaller in the group with cyst (G3), compared to the group 

of nodules (G2), however, without statistical significance. The 
literature describes that the cystic lesion decreases the movement 

of the mucosal wave(5), which can be observed in this research. 

It is reasonable to assume that a sample with a larger number of 

participants can bring more information about the amplitude of 

the mucosal wave DKG parameter between nodules and cysts.

The DKG parameters of the dominant frequency of the right 
vocal fold fold (R-freq) and the left vocal fold (L-freq) did not 
present differences between groups in any of the regions of 
the glottis. A survey(29) with 14 women observed insignificant 

asymmetries between the right and left VF movement, which 

may justify the results of this research.

The parameter Close that represents the ratio of the number 

of frames of glottal total closure over the total number of frames 

in the calculation was close to zero in the three studied regions 

of the glottis in groups with vocal fold nodules, vocal cysts and 

no laryngeal disorder. These results suggest that the FV does not 

close completely in the delimited kymographic line. This result 

was not evaluated by other studies in the literature.

HSV, because it is a quantitative and objective method, is 
an important complementary exam to the videostroboscopic(29), 

since it allows visualization of the actual movement of the FV, 

especially in cases of aperiodic vocal cycles. Future studies 

are needed to seek standardization in the evaluation of HSV 
parameters, and the real understanding of their clinical and 

diagnostic contributions to laryngeal disorders.

As limitations of the study it is emphasized that the 

measurements of the DKG analysis present a great variability, 

therefore, studies with a larger sample size are important for 

the scientific development.
Another limitation is the fact that a single otolaryngologist 

performs the analysis of laryngeal images. Future research 

to assess the degree of inter- and intra-rater agreement in the 

analysis of VHS images are important to analyze the degree of 
reproducibility of these measures.

CONCLUSION

The DKG analysis suggests that the presence of vocal fold 

nodules and vocal cysts tend to restrict further the maximum 

and mean opening of the VF and the dominant amplitude of 

the opening variation in the glottis. The middle region of the 

glottis tends to be the most restrict area of the glottis, probably 

because these lesions mainly in this VF region.

REFERENCES

1. Barata LF, Madazio G, Behlau M, Brasil O. Vocal and laryngeal analyses 

in diagnostic hypotheses of nodules and cysts. Rev Soc Bras Fonoaudiol. 

2010;15(3):349-54. http://dx.doi.org/10.1590/S1516-80342010000300007.

2. Miranda SVV, Mello RJV, Silva HJ. Correlation between aging and vocal 

fold dimensions. Rev CEFAC. 2011;13:444-51. http://dx.doi.org/10.1590/

S1516-18462011005000029.

3. Krausert CR, Olszewski AE, Taylor LN, McMurray RS, Dailey SH, Jiang 

JJ. Mucosal wave measurement and visualization techniques. J Voice. 
2011;25(4):395-405. http://dx.doi.org/10.1016/j.jvoice.2010.02.001. 

PMid:20471798.

4. Shau YW, Wang CL, Hsieh FJ, Hsiao TY. Noninvasive assessment of vocal 

fold mucosal wave velocity using color doppler imaging. Ultrasound Med 

Biol. 2001;27(11):1451-60. http://dx.doi.org/10.1016/S0301-5629(01)00453-

7. PMid:11750743.

5. Bouchayer M, Cornut G, Witzig E, Loire R, Roch JB, Bastian RW. 

Epidermoid cysts, sulci, and mucosal bridges of the true vocal cord: a report 

of 157 cases. Laryngoscope. 1985;95(9 Pt 1):1087-94. PMid:4033333.

6. Sakae FA, Sasaki F, Sennes LU, Tsuji DH, Imamura R. Pólipos de vocal e 

alterações estruturais mínimas: lesões associadas? Rev Bras Otorrinolaringol. 

2004;70(6):739-41. http://dx.doi.org/10.1590/S0034-72992004000600004.

7. Johns MM. Update on the etiology, diagnosis, and treatment of vocal 

fold nodules, polyps, and cysts. Curr Opin Otolaryngol Head Neck Surg. 
2003;11(6):456-61. http://dx.doi.org/10.1097/00020840-200312000-00009. 

PMid:14631179.



Oliveira et al. CoDAS 2021;33(3):e20200095 DOI: 10.1590/2317-1782/20202020095 8/8

8. Hirano M, Bless DM. Introduction and historical review. In: Hirano M, 
Bless DM, editores. Videostroboscopic examination of the larynx. San 

Diego: Singular Publishing Group Inc.; 1993. p. 1-20.

9. Wittenberg T, Tigges M, Mergell P, Eysholdt U. Functional imaging of 

vocal fold vibration: digital multislice high-speed kymography. J Voice. 

2000;14(3):422-42. http://dx.doi.org/10.1016/S0892-1997(00)80087-9. 

PMid:11021509.

10. Jiang JJ, Chang CIB, Raviv JR, Gupta S, Banzali FM Jr, Hanson DG. 

Quantitative study of mucosal wave via videokymography in canine larynges. 

Laryngoscope. 2000;110(9):1567-73. http://dx.doi.org/10.1097/00005537-

200009000-00032. PMid:10983964.

11. Woo P. Objective measures of Laryngeal Imaging: what have we learned 

since Dr. Paul Moore. J Voice. 2014;28(1):69-81. http://dx.doi.org/10.1016/j.

jvoice.2013.02.001. PMid:24094798.

12. Mendelsohn AH, Remacle M, Courey MS, Gerhard F, Postma GN. 

The diagnostic role of high-speed vocal fold vibratory imaging. J Voice. 

2013;27(5):627-31. http://dx.doi.org/10.1016/j.jvoice.2013.04.011. 

PMid:23911007.

13. Svec JG, Sram F, Schutte HK. Videokymography in voice disorders: what 

to look for? Ann Otol Rhinol Laryngol. 2007;116(3):172-80. http://dx.doi.

org/10.1177/000348940711600303. PMid:17419520.

14. Mehta DD, Hillman RF. Current role of stroboscopy in laryngeal imaging. 

Curr Opin Otolaryngol Head Neck Surg. 2012;20(6):429-36. http://dx.doi.

org/10.1097/MOO.0b013e3283585f04. PMid:22931908.

15. Yan Y, Ahmad K, Kunduk M, Bless D. Analysis of vocal-fold vibrations from 

high-speed laryngeal images using a Hilbert transform-based methodology. 
J Voice. 2005;19(2):161-75. http://dx.doi.org/10.1016/j.jvoice.2004.04.006. 

PMid:15907431.

16. Sung MW, Kim KH, Koh TY, Kwon TY, Mo JH, Choi SH, et al. 

Videostrobokymography: a new method for the quantitative analysis of 
vocal fold vibration. Laryngoscope. 1999;109(11):1859-63. http://dx.doi.

org/10.1097/00005537-199911000-00027. PMid:10569423.

17. 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.

18. Pontes P, Kyrillos L, Behlau M, De Biase N, Pontes A. Vocal nodules 

and laryngeal morphology. J Voice. 2002;16(3):408-14. http://dx.doi.

org/10.1016/S0892-1997(02)00112-1. PMid:12395993.

19. Tuma J, Brasil OOC, Pontes PAL, Yasaki RK. Vestibular folds configuration 

in vocal nodule. Rev Bras Med Otorrinolaringol. 2005;71(5):576-81. http://

dx.doi.org/10.1590/S0034-72992005000500006. PMid:16612517.

20. Kunduk M, McWhorter AJ. True vocal fold nodules: the role of differential 

diagnosis. Curr Opin Otolaryngol Head Neck Surg. 2009;17(6):449-52. 
http://dx.doi.org/10.1097/MOO.0b013e3283328b6d. PMid:19779347.

21. Kendall KA. High-speed digital imaging of the larynx: recent advances. 
Curr Opin Otolaryngol Head Neck Surg. 2012;20(6):466-71. http://dx.doi.

org/10.1097/MOO.0b013e328359840d. PMid:23000735.

22. Shaw HS, Deliyski DD. Mucosal wave: a normophonic study across 

visualization techniques. J Voice. 2008;22(1):23-33. http://dx.doi.

org/10.1016/j.jvoice.2006.08.006. PMid:17014988.

23. Patel RR, Liu L, Galatsanos N, Bless DM. Differential vibratory characteristics 

of adductor spasmodic dysphonia and muscle tension dysphonia on high-

speed digital imaging. Ann Otol Rhinol Laryngol. 2011;120(1):21-32. 

http://dx.doi.org/10.1177/000348941112000104. PMid:21370677.

24. Zacharias SRC, Deliyski DD, Gerlach TT. Utility of laryngeal high-speed 

videoendoscopy in clinical voice assessment. J Voice. 2018;32(2):216-20. 

http://dx.doi.org/10.1016/j.jvoice.2017.05.002. PMid:28596101.

25. Noordzij JP, Woo P. Glotal área waveforms of benign vocal fold lesions 

before and after surgery. Ann Otol Rhinol Laryngol. 2000;109(5):441-6. 

http://dx.doi.org/10.1177/000348940010900501. PMid:10823471.

26. Kang DH, Wang SG, Park HJ, Lee JC, Jeon GR, Choi IS, et al. Real-time 

simultaneous DKG and 2D DKG using high-speed digital camera. J Voice. 

2017;31(2):247.e1. PMid:27839706.

27. Braunschweig T, Flaschka J, Schelhorn-Neise P, Döllinger M. High-speed 
video analysis of the phonation onset, with an application to the diagnosis 

of functional dysphonias. Med Eng Phys. 2008;30(1):59-66. http://dx.doi.

org/10.1016/j.medengphy.2006.12.007. PMid:17317268.

28. Patel R, Dailey S, Bless D. High-speed digital imaging versus 
stroboscopy. Ann Otol Rhinol Laryngol. 2008;117(6):413-24. http://dx.doi.

org/10.1177/000348940811700603. PMid:18646437.

29. Kunduk M, Doellinger M, McWhorter AJ, Lohscheller J. Assessment of 

the variability of vocal fold dynamics within and between recordings with 

high-speed imaging and by phnovibrogram. Laryngoscope. 2010;120(5):981-

7. http://dx.doi.org/10.1002/lary.20832. PMid:20422695.

Author contributions

RCCDO participated in the idealization of the study, collection, analysis and 

interpretation of data and writing of the article; PFLG participated of the 

data collection and interpretation of data; ACCG and MARS participated, as 

supervisors, in the idealization of the study, analysis, data interpretation and 

writing of the article.


