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Abstract

Introduction: Laryngovideostroboscopy (LVS) is the gold standard in diagnosis of the larynx, but the interpretation of the tool is highly de-
pendent on the examiner’s competence and knowledge. An objective measure of LVS, so far used only subjectively, provides a tool for pre-
cise diagnosis of laryngeal diseases.

Aim: The aim of the study was to test two different types of videostrobokymographic (VSK) software - Divas and DiagnoScope. We also com-
pared measures of Open Quotient obtained using the two programs.

Material and Method: 23 LVS recordings from a group of euphonic people were analyzed with Divas software (Xion Medical) and Diagno-
Scope Specialist software (DiagNova Technologies).

Results: The mean age in the study group was 41.1 years (women: 39.6; men: 42.4). The mean OQ,, value averaged from all three parts of
the glottis measured by Divas was 0.519 and by DiagnoScope, 0.517. A Student t-test showed no significant differences between the parame-
ters. For all measurements, absolute differences were less than 0.18. In 50% of patients, the differences in measurements did not exceed 0.05
and in 87%, 0.1. The largest differences were observed in the anterior part of the vocal folds.

Conclusions: The average values of OQ,,, measurements are comparable despite the use of different measurement software. Software availa-
ble on the market with a VSK module requires fine-tuning to limit the recording analysis time as much as possible.

Key words: laryngostroboscopy, kymography, vocal folds

DOS PAQUETES DE SOFTWARE DE VIDEO-ESTROBO-QUIMOGRAFIA QUE
EVALUAN EL COCIENTE DE ABERTURA DE LOS PLIEGUES VOCALES: INFORME
DEL USUARIO

Resumen

Introduccidn: La laringo-video-estroboscopia (LVS) forma una prueba estandar dentro de los métodos de evaluacion de la laringe. La in-
terpretacion de la prueba es altamente dependiente de las competencias y la experiencia del examinador. La posibilidad de objetivar la LVS,
hasta ahora considerada como un método subjetivo, ofrece una herramienta que permite realizar un diagndstico més preciso de las enfer-
medades de la laringe.

Objetivo: El objetivo del trabajo fue comparar los paquetes de software de valoracion video-estrobo-quimografica (VSK): Divas y DiagnoSco-
pe. Ademas, se compararon resultados de los cocientes de abertura (OQ, Open Quotient) como parametros calculados por ambos programas.
Materiales y métodos: Se analizaron 23 grabaciones de LVS de personas sin trastornos de la voz utilizando los programas Divas (Xion Me-
dical) y DiagnoScope Specialist (DiagNova Technologies).

Resultados: La media de la edad del grupo analizado fue de 41,1 afios. Entre las mujeres: 39,6, entre los hombres: 42,4. El valor promedio del
OQ promediado para tres partes de la glotis medido por el programa Divas fue de 0,519 y por el programa DiagnoScope, 0,517. La prue-
ba t de Student no demostro diferencias estadisticas entre los parametros obtenidos mediante los dos métodos. El valor absoluto de todas las
mediciones fue de hasta 0,18. En un 50% de los pacientes la diferencia entre los métodos no superd el 0,05 y en un 87%, el 0,1. Las diferen-
cias mas importantes concernian a los parametros medidos en la parte anterior de la glotis.

Conclusiones: Los valores de OQ,, calculados por los distintos paquetes de software de andlisis quimografico son comparables. Los médu-
los de valoracion video-estrobo-quimografica requieren mejoras para optimizar el tiempo necesario para realizar el andlisis.

Palabras clave: laringo-estroboscopia, quimografia, pliegues vocales
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OBA BUJA IIPOITPAMMHOTI'O OBECIIEYEHMA /14
BUIEOCTPOBOKMMOI'PA®UY, OHEHMBAIOIIVUE KOS®PUIIVEHT
OTKPBITHUA T'OJIOCOBBIX CKITAJOK: MHEHME IIO/Ib3OBATEJIA

Pe3iome

Lens: Llenpo paboTsl 6bUI0 CpaBHEHME MIPOrPAMMHOTO obecnedeHnst It BugeocTpoboknmorpadmdeckoi ouenkn (VSK): Divasi
DiagnoScope. Kpome Toro, mposefieHo cpaBHeHue pe3ynbratoB Koadduunentos otkpoitusa (OQ) — mapaMeTpoB, pacCUMTHIBAIOIX-
€51 C HOMOIIBIO 06ENX IPOrpaMM.

Marepuan u MeTon: Mbl mpoaHanuauposau 23 3amuceit LVS i 6e3 HapyLeHmit ro1oca ¢ OMOIIbIO IPOrPaMMHOr0 obecredeHnst
Divas(XionMedical) n DiagnoScopeSpecialist (DiagNova Technologies).

Pesynprarer: CpegHuil BO3pacT B aHa/IM3UpyeMoli rpyme coctaBui 41.1 met. Cpepy sxeHIuH — 39.6, cpenyt My»X4mH — 42.4. CpegHaa
BenmunHa OQ, ., YCPETHEHHOTO U3 TPEX YacTeil rOI0COBOI 1[N, USMePeHHas nporpammoii Divas, cocraBua 0.519, a DiagnoScope
- 0.517. Tect t-Student He MoKasay CTATUCTUYECKNX PA3INYUI MEXKAY ITapaMeTpaMi, TOTyYeHHbIMM B 060uX MeTofaX. AGCOMOTHOE
3HaYeHMe BceX uaMepeHuii coctaBuio o 0.18. Y 50% maumeHTOB pasnmume MeXXAy MeTogamu He npesbimano 0.05, a'y 87% 0.1. Ca-
Mble 6O/IbLINe PAa3INYNA KaCaaliCh IIaPAMETPOB, MISMEPEHHBIX B IIepefHell YacTy TOT0COBOI LIeIN.

BoiBoapr: 3navenns OQ, ., paccuMTaHHbIE PA3HBIMM IIPOTPAMMAMIU [T KUMOTPaUiecKoro aHamu3a, COMOCTaBUMbI MeXTy co60it. Mo-
Iy 1A BUEOCTPOGOKMMOTpapuIecKoit OLleHKY TPeOYIOT TOpabOTKM C 1Ie/IbI0 ONTUMM3ALMN BPeMeHM, HeOOXOMIMOTO /I aHa/IM3a.

KiroueBrple cioBa: HaPI/IHI‘OCTpO6OCKOHVIH, KI/IMOI‘pa(i)I/IH, TOJIOCOBBIE€ CKIIAJKN

DWA OPROGRAMOWANIA WIDEOSTROBOKIMOGRAFII OCENIAJACE
WSPOLCZYNNIK OTWARCIA FALDOW GELOSOWYCH: OPINIA UZYTKOWNIKA

Streszczenie

Wstep: Laryngowideostroboskopia (LVS) jest zlotym standardem wsrod metod oceny krtani. Interpretacja badania jest wysoce zalezna od
kompetencji i do$wiadczenia osoby badajacej. Mozliwo$¢ obiektywizacji LVS, dotad uznawanej za metode subiektywna, daje narzedzie do
dokladniejszej diagnostyki chordb krtani.

Cel: Celem pracy bylo poréwnanie oprogramowan do oceny wideostrobokimograficznej (VSK) : Divas i DiagnoScope. Ponadto poréwnano
wyniki wspolczynnikéw otwarcia (OQ) - parametréw wyliczanych za pomocg obu programéw.

Material i Metoda: 23 nagran LVS os6b bez zaburzen glosu zostalo przeanalizowane za pomocg oprogramowan Divas (Xion Medical) i Dia-
gnoScope Specialist (DiagNova Technologies).

Wyniki: Srednia wieku w analizowanej grupie wynosita 41.1 lat. Wsréd kobiet: 39.6 , wérdd mezczyzn: 42.4. Srednia wartos¢ OQ,, usrednio-
nego z trzech czeéci glosni mierzona przez Divas wynosita 0.519 a przez DiagnoScope 0.517. Test t-Student nie pokazal statystycznych roz-
nic pomiedzy uzyskanymi z obu metod parametrami. Warto$¢ bezwzgledna wszystkich pomiaréw wynosita do 0.18. U 50% pacjentéw rézni-

ca pomigdzy metodami nie przekraczala 0.05 a u 87%, 0.1. Najwigksze réznice dotyczyty parametréw mierzonych z przedniej czeéci gloéni.

Whioski: Wartosci OQ,, wyliczane przez rézne oprogramowania do analizy kimograficznej s3 poréwnywalne. Moduty do oceny wideostro-
bokimograficznej wymagaja dopracowania w celu optymalizacji czasu potrzebnego na analize.

Stowa kluczowe: laryngostroboskopia, kimografia, faldy gtosowe

Introduction

Laryngovideostroboscopy (LVS) is the gold standard
among diagnostic tools for the larynx [1]. The interpre-
tation of the examination is highly dependent on the ex-
aminer’s competence and knowledge [2]. Adam Mickie-
wicz, a Polish poet of the Romantic era, wrote that “Feeling
and faith speak more clearly to me, than the lenses and
eye of the sage” [3], a statement which might apply to the
subjective methods which otolaryngology and phoniatry
presently rely on to diagnose the larynx.

Figure 1. Sample images from Divas. (A) An LVS record-

First introduced in 1999 [4], videostrobokymography

ing with the red line marking the middle third of the
vocal folds. (B) Kymogram created from the selected
line. The examiner marks the glottal cycle (green) and
the ends of the open phase (yellow). The Open Quotient
(0Q) value is then automatically calculated. In this case
0Q, = 0.5

(VSK) is a method to objectively measure vibration of
the vocal folds [5]. Kymograms extracted from LVS re-
cordings can not only be assessed visually, but can also be
analysed further using computer software [6]. With VSK,
one can assess differences in the amplitude, phase, sym-
metry, and regularity of vocal fold vibration. In order to
make the measurement objective, certain parameters have
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Table 1. Comparison of the kymographic mode of DiagnoScope and Divas

Features

DiagnoScope

Divas

Videostrobokymography

Menu/Console

All steps in kymography development and analysis are
viewed in separate windows. To choose another part of a
recording, one has to go back to the first window menu

On the console, 2 windows are
always visible: one for scrolling the
LVS recording, the other the created

kymogram

Selection of video
recording

The beginning and the end of the recording submitted for
further analysis are chosen; the selected portion is then
further processed

Only the starting point of the
recording can be chosen for further
analysis

Duration of kymograms

Depending on previously selected duration of video
recording. The examiner chooses the number of cycles
they want to analyse from the selected film

The examiner chooses the duration of
VSK analysis: 2, 4, or 7 seconds

Glottal phase marking

Automatic
The researcher chooses the number of cycles for further
analysis

Manual
The researcher marks each glottal
cycle

0Q measurement

0Q results presented as a graph: x-axis represents OQ
value and y-axis represents location on vocal fold

0Q result displayed when the cycle is
selected

Time required for
kymographic analysis

Over a dozen minutes

A few minutes

Additional options

Not available.
Image stabilization Available The LVS needs to be carefully recorded
with a steady hand
Available

Brightness deviation
reduction

This option does not reduce problems caused by mucosal
bridges in the upper parts of larynx; the program then has
trouble distinguishing the glottis from vocal folds during
thresholding

Not available
The examiner is able to manually
mark parts of the glottal cycle

Graphic vocal fold amplitude analysis: —value
—-symmetry
—phase difference

been proposed [7]. The Open Quotient (OQ) is the basic
parameter available in VSK software, and is defined as the
time the vocal folds are apart (opening, opened, and clos-
ing phases), divided by the time for the whole glottal cy-
cle. The literature shows OQ is extremely useful in mon-
itoring and diagnosing voice disorders [8,9].

Aim

The aim of the study was to test two different types of
VSK software. Another aim was to compare the Open
Quotient values obtained using the two programs: Divas
and DiagnoScope.

Material and Method

Exactly 23 LVS recordings from a group of euphonic people
(non-smoking, non-professional voice users) were made.
The recordings were then analyzed with Divas software
(Xion Medical EndoSTROB-DX 327 system; Xion GmbH
Berlin, Germany) and DiagnoScope Specialist software
(DiagNova Technologies, Wroclaw, Poland). 11 women
and 12 men underwent LVS with a rigid endoscope. Re-
cordings were made during comfortable, prolonged phona-
tion of [e]. The study design was approved by the Bioethics
Committee at the Institute of Physiology and Pathology
of Hearing in Warsaw (IFPS: KB/07/2013).

Open Quotient ~ ® Glottal gap
Figure 2. Images from
DiagnoScope. (A) An LVS
recording with horizontal
lines marked at various
intervals across the glot- 0 0
tis. (B) The correspond- 20 20 el
ing 0Q,, graph in which 40 40
the horizontal axis is the gg gg
0Q,, value; the vertical 100 100
axis is position along the 120 120 e
glottis

B
0 20 40 60 8 100 120 10
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standard deviations, extreme values, and outliers at three different places along the glottis

A comparison of the kymographic mode of the two types
of software is shown in Table 1. In both, OQ, was meas-
ured from the middle of the anterior, middle, and posteri-
or part of the membranous parts of the vocal fold [10,11].
In the Divas software, the researcher manually selected a
place on the glottis from which OQ,, was calculated [8].
Figure 1 presents an example of VSK created in Divas. In
comparison, DiagnoScope software presents the results of
OQ, as a graph, where the x-axis represents the OQ,
value and the y-axis represents the location on the vocal
fold. Figure 2 is an example of VSK created in Diagno-
Scope. In the software, parameters are measured at more
than 100 points along the glottis (each pixel on the graph
represents a separate measurement point, which will de-
pend on the resolution of source video material and the
applied zoom). In DiagnoScope, we took OQ,, to be the
local mean value + 5 units around the mid-point of the
anterior glottal third.

Results

The mean age in the study group was 41.1 (SD 12.6); in
women it was 39.6 (SD 13.4) and in men 42.4 (SD 10.8).
Two patients were excluded from further analysis (1 man
and 1 woman) because of mucosal bridges in the upper part
of the larynx or uvula during LVS recording which caused
brightness fluctuations that prevented calculation of values
in DiagnoScope. The mean OQ,, value averaged from all
three parts of the glottis measured by Divas was 0.519 (SD
0.065) and by DiagnoScope, 0.517 (SD 0.096). A two-sid-
ed paired Student t-test showed no significant differences
between the parameters. Figure 3 demonstrates box plots
of OQ,, values measured with the two types of software.
The absolute differences of all measurements were less
than 0.18. In 50% of patients, the differences in meas-
urements did not exceed 0.05 and in 87%, 0.1. The larg-
est differences in measurements were observed in the an-
terior part of the vocal folds. The Bland-Altman method
was used to compare results obtained in repeated measure-
ments (plotted in Figure 4). The calculated mean difference
was 0.0038 and, based on a t-test, it was not significantly
different to 0 (p = 0.67). Figure 4 shows that differences

were concentrated around 0, without any visible trends —
either for the aggregated sample or for all parts of the vo-
cal folds analysed separately. There were only two obser-
vations outside the 95% confidence interval.

Discussion

Software presently available on the market with a laryn-
govideostrobokymographic module requires additional
fine-tuning to restrict the recording analysis time as much
as possible. The study compares Divas software made by
Xion and DiagnoScope Specialist made by DiagNova. In
their present form, both tools need modification in order
to facilitate and accelerate the laryngovideostrobokymo-
graphic parametrization process. In the author’s opinion
the main criticism of the Xion software is the lack of image
stabilization and the need to manually mark the individu-
al phases of the glottic cycle. Because of this, kymograph-
ic analysis takes from 5 to 10 minutes. Analysis using the
DiagnoScope Specialist software in the advanced kymog-
raphy module takes twice as long. Sampling of folds from
multiple test locations gives detailed information on mu-
cosal waveform characteristics, but in daily clinical prac-
tice it would be more useful to present the results averaged
over just 3 glottal locations. Currently, it is not possible to
simply transform the graphically generated OQ,, results.
Developers of DiagnoScope, however, assure us that in the
near future this feature will be available in the kymograph-
ic analysis module. On the other hand, the basic kymogra-
phy module is very easy to use; when a researcher selects
part of the recording, the module automatically generates
kymograms upon image stabilization. Supplemented with
opening parameters, the module could form the basis for
development of an efficient, objective laryngovideostrobo-
scopic instrument. The authors believe that the researcher
should be able to manually mark the glottis area for fur-
ther analysis. The software could then divide the marked
area into 3 equal parts and deliver averaged OQ,, results.
Analysis of recordings in such a format would greatly fa-
cilitate and accelerate kymographic analysis.

The above comments on how mucosal wave opening co-
efficient measurements could be improved are intended
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Figure 4. A Bland-Altman plot showing differences between repeated measurements made with the Divas and
DiagnoScope software. The differences are concentrated around 0, with no visible trends

to guide the usefulness of clinical equipment. Reducing
the time needed to make objective measures of direct and
indirect laryngeal parameters would make the tool more
useful in everyday clinical practice.

Conclusions

The trend in modern medicine is towards automatic
measurement techniques using dedicated software. New
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