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Visual and Automatic Evaluation of Vocal Fold Mucosal
Waves Through Sharpness of Lateral Peaks in High-Speed
Videokymographic Images
*
*

, ‡Adam Novoza
msky
, and
, ‡Ales Zita, ‡Barbara Zitova
S. Pravin Kumar, *Ketaki Vasant Phadke, †Jitka Vydrova
y,z

Jan G. Svec, *Olomouc, and Prague, Czech Republic
Abstract: Introduction. The sharpness of lateral peaks is a visually helpful clinical feature in high-speed videokymographic (VKG) images indicating vertical phase differences and mucosal waves on the vibrating vocal folds
and giving insights into the health and pliability of vocal fold mucosa. This study aims at investigating parameters that can be helpful in objectively quantifying the lateral peak sharpness from the VKG images.
Method. Forty-ﬁve clinical VKG images with different degrees of sharpness of lateral peaks were independently
evaluated visually by three raters. The ratings were compared to parameters obtained by automatic image analysis of the vocal fold contours: Open Time Percentage Quotients (OTQ) and Plateau Quotients (PQ). The OTQ
parameters were derived as fractions of the period during which the vocal fold displacement exceeds a predetermined percentage of the vibratory amplitude. The PQ parameters were derived similarly but as a fraction of the
open phase instead of a period.
Results. The best correspondence between the visual ratings and the automatically derived quotients were
found for the OTQ and PQ parameters derived at 95% and 80% of the amplitude, named OTQ95, PQ95, OTQ80
and PQ80. Their Spearman's rank correlation coefﬁcients were in the range of 0.73 to 0.77 (P < 0.001) indicating
strong relationships with the visual ratings. The strengths of these correlations were similar to those found from
inter-rater comparisons of visual evaluations of peak sharpness.
Conclusion. The Open time percentage and Plateau quotients at 95% and 80% of the amplitude stood out as the
possible candidates for capturing the sharpness of the lateral peaks with their reliability comparable to that of
visual ratings.
Keywords: Mucosal waves−Lateral peak sharpness−Kymography−Vocal fold vibration−Image
analysis−Quantiﬁcation.

INTRODUCTION
The occurrence of mucosal waves on the vibrating vocal
folds has been generally recognized as a crucial indicator
for healthy voice. Mucosal waves originate at the inferior
surface of the vocal fold mucosa, propagate vertically along
the medial surface, and then horizontally along the superior
surface, creating a wave-like motion on the vocal folds.1-8 A
soft and pliable superﬁcial layer of the lamina propria is
necessary for their occurrence.1,9 In other words, health and
pliability of vocal fold mucosa may be indicated by the presence of mucosal waves.10 Reduced mucosal wave amplitude
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is clinically observed in cases of increased mucosal stiffness
due to, eg, lesions or scarring.9,11
Observations on excised hemilarynges5,7,12-15 and
lately also ultrasonic laryngeal observations in vivo16
have shown that mucosal waves are associated with the
phase-delayed movements of the upper vocal fold margin
(lip or edge) trailing the lower margin. This delay is
termed “vertical phase difference”, and it facilitates the
delivery of airﬂow energy to vocal fold tissue.2,3,10,17-19
Titze et al (1993)5 stroboscopically tracked the ﬂeshpoints in excised larynges to quantify the phase delay
and demonstrated its relationship with mucosal wave
propagation velocity.
In vivo laryngoscopic imaging techniques such as videostroboscopy and high-speed videoendoscopy (HSV) have
enabled easier visualization and quantitative evaluation of
the presence, absence, or reduction of mucosal waves in
clinical practice.1,20-28 An alternative view for clinical evaluation of the mucosal waves has been offered by kymographic (ie, single-line) imaging techniques such as
videokymography (VKG), digital kymography (DKG) or
strobovideokymography (SVKG).29
Kymography assesses mucosal waves based on (1) vertical phase differences and (2) laterally traveling mucosal
waves.10,30,31 Vertical phase differences show up as sharp
lateral peaks in kymograms, and laterally running mucosal
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waves appear on the kymogram as lines running obliquely
sidewards along the upper margin during the medial excursion of the vocal fold10,30-32 (Figure 1).
The sharpness and roundedness as observed from the
shape of the lateral peaks are resulting from the vertical
phase differences between the lower and upper margins of
the vibrating vocal folds30,33 (Figure 2). Looking from
above the vocal folds, the boundary between the glottis and
the vocal fold is created by the most medial part of the vocal
fold. Due to the vertical phase differences, during the opening phase, this boundary is formed by the position of the
upper margin of the vocal fold, whereas during the closing
phase the boundary is normally formed by the position of
the lower margin of the vocal fold. At the point of transition
from opening to the closing phase, the glottal edge shifts
from the upper to the lower margin (Figure 2A). When the
vertical phase differences are large, the shift from upper to
lower vocal fold margin is abrupt. In the kymogram, this
sudden transition results in a sharp lateral peak within the
oscillating vocal fold contour. In smaller vertical phase differences this transition happens rather gradually, causing
the lateral peak to be rounded (Figure 2B).
The shape of the lateral peak has been found to be a clinically useful parameter revealing the vocal fold vibration characteristics that are not easily observable in non-kymographic
imaging methods.34 It has gained attention due to its diagnostic importance in assessing various voice disorders such as
mucosal inﬂammations, scarring or tumors related to
increased mucosal stiffness.10,30,31,34-37 Increased vertical thickness of the vocal folds and increased pliability of the mucosa
likely lead to larger vertical phase differences producing
sharper lateral peaks in kymography. In contrast, increased
stiffness of the mucosa is expected to reduce vertical phase differences, thus producing more rounded lateral peak

FIGURE 1. Videokymographic images (four vibratory cycles
each) showing (A) sharp lateral peaks (encircled) and laterally running mucosal waves (rmw, lmw) on the right and left vocal fold,
respectively; (B) rounded lateral peaks (encircled) with no mucosal
waves. RF, LF − right and left vocal fold. Total time displayed in
the kymograms: 17.6 ms (time direction from top to bottom).
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FIGURE 2. Formation of sharp (A) and rounded (B) lateral
peaks in the kymogram. Movements of the lower and upper margins of the vocal folds are indicated by thin-dotted and thick-solid
curves, respectively. The vibratory displacement of the lower margin precedes that of the upper margin, thus creating a vertical
phase difference between their respecive motions. During the opening phase, the motion of the lower margin is invisible—this is indicated by the thin-dotted line; it becomes only visible during the
closing phase. A sharp lateral peak (A) is seen when the vertical
phase difference is large and a rounded lateral peak (B) is seen
when the vertical phase difference is small (indicated in green).
LM, lower margin; UM, upper margin; VPD, vertical phase difference. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this article.)

shapes.10,30,32 The magnitude of the vertical phase differences
and the related sharpness of lateral peaks can also reveal on
vocal fold vibratory behavior in different voice tokens, such as
vocal registers.33,38
Efforts have been made to assess vertical phase differences and laterally traveling mucosal waves using image
analysis methods. Shaw and Deliyski (2008)39 used
mucosal wave playback and qualitatively assessed the
variations in mucosal wave magnitude and symmetry.
Voigt et al (2010)23 managed to detect the laterally traveling mucosal waves in high-speed endoscopic videos
using automated image analysis techniques. Lately,
Andrade-Miranda et al (2017)40 used the optical ﬂow
method to detect mucosal wave propagation from highspeed endoscopic videos.
Chen, Woo, and Murry41-43 applied spectral analysis to
vocal fold waveforms obtained from digital kymograms and
reported its usefulness in quantifying the waveforms and their
changes due to different vocal tokens, pathologies, and surgical interventions. In principle, the spectral features can be
expected to reﬂect the sharpness of the lateral peaks through
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FIGURE 3. The form for visual evaluation of the VKG images with the descriptive pictograms representing varied degrees of lateral peak
sharpness in the right (R) and left (L) vocal folds.

increased energy in upper harmonics, but such spectral
changes can occur also due to, eg, the occurrence of closed
phase; thus the spectral analysis of kymographic waveform
makes it difﬁcult to clearly distinguish the sharpness of the
lateral peaks from other factors.
According to our knowledge, two methods have tried
to quantify the shape of the lateral peak from kymograms so far.44,45 Jiang et al estimated the shape of the
peak indirectly by quantifying the vertical phase difference from kymographic images using a sinusoidal model
approximation.44,46-51 While this method is mathematically elegant, it becomes troublesome and difﬁcult to
interpret when the vocal fold motion becomes rather
complex. The second method by Yamauchi et al (2015)
quantiﬁed the peak sharpness from digital kymograms
by the “lateral peak index”, deﬁned as an angle formed
by two lines between the start of open phase and lateral
peak, and between the lateral peak and the end of open
phase.45 However, this index disregards the changes of
curvature of the vocal fold waveform that inﬂuence the
peak sharpness. Its value is additionally inﬂuenced also
by the closed quotient and the vibratory amplitude, thus
making it also sensitive to other factors than vertical
phase differences.
Therefore, there is a need to search for other parameters
that could help to improve the reliability of visual evaluation of clinical kymographic images of the vocal folds. Due
to limited inter- and intrarater reliability, the approach of
subjective rating limits the comparability of quantitative
parameters on a large set of data. It further prevents the
acquisition of reliable standard reference values for clinicians whose treatment decisions are dependent on assessment of such parameters. In contrast, objectiﬁcation helps
to ﬁnd the accuracy of visual ratings.52 The purpose of this
study was therefore to investigate parameters which could
quantify the lateral peak sharpness seen in the kymographic
images and could easily be measured automatically from
the detected contours of the vibrating vocal folds.
The work was done in the following steps: (1) A set of
clinically obtained videokymographic images was evaluated visually to obtain ratings of the lateral peak sharpness. (2) The same images were subjected to automatic
image analysis, in order to detect and compute the contours of the vibrating vocal folds as waveforms. (3) The
resulting waveforms were quantiﬁed in order to obtain

numerous parameters expected to reﬂect the lateral peak
sharpness. (4) The obtained values of the parameters
were compared to the visual ratings from step (1), in
order to determine the parameters that show the best
correlation with the visual ratings.
METHODS
Dataset
The dataset used in this work consisted of 45 videokymographic (VKG) images retrospectively selected from clinical
records of patients examined for voice complaints at the
Voice and Hearing Centre, Medical Healthcom, Ltd,
Prague. The VKG recordings were obtained with the second
generation VKG camera (Kymocam, CYMO, b.v. Groningen, the Netherlands, image rate 7200 lines/s), which was
connected to a laryngoscope (Xion Medical, Germany,
10 mm diameter, 90° angle) using a C-mount objective
adapter (R. Wolf, Germany, type 85261.272, 27 mm focal
length). The larynx was illuminated by a 300 W endoscopic
xenon light source (type FX 300 A, Fentex Medical, Germany). The VKG recordings were stored digitally by means
of an EndoSTROB video capturing unit (Xion Medical,
Germany). The images were extracted from the video
records using the recently developed VKG Analyzer software.53 The images were selected so that they demonstrated
varied degrees of sharpness of lateral peaks.

Visual rating
Three raters independently evaluated the sharpness of the
lateral peaks from the VKG images using a visual form
(Figure 3).54 The raters used the pictogram descriptions of
the sharpness features as a reference for evaluation. The rating was done on a four points rating scale (1-sharp; 2-rather
sharp; 3-rather rounded; 4-rounded) for left and right vocal
folds separately, thus making a total of 90 ratings per rater
from 45 images.
In order to assess the intra-rater reliability, each rater performed the evaluation twice, with a pause of 7-10 days in
between. During the second evaluation, the order of the
images was changed to minimize the memory effect. The
ratings from the two evaluations, for the three raters, were
consolidated, and an average (visual average − VA) was
obtained. A common consensus (visual consensus − VC)
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FIGURE 4. The screenshot of the VKG analyzer software showing the VKG image on the left and the detected glottal edge contours on the right.

FIGURE 5. Parameterization of the vocal fold waveform for
obtaining the Open Time Percentage Quotients (OTQR) and the Plateau Quotients (PQR) as indicators for peak sharpness. OP is the
open phase, T is the period, and DR is the duration of the phase during which the waveform exceeds a speciﬁed R percentage of the
amplitude. The R percentages are indicated by the dashed red lines.

was also arrived through the discussion among the three
raters afterwards.
Image analysis
The recently developed VKG analyzer software53 was used
to detect and extract the contours deﬁning the glottal edge
boundary of both the left and right vocal folds (Figure 4).
The image brightness and contrast were manually adjusted
to improve the accuracy of the edge detection whenever
required. The contours extracted from each of the VKG
images were saved in a text ﬁle as a set of data deﬁning the
glottal edges of the left and right vocal folds, along with
their respective time instances. A custom MATLAB script
was then used to process the vocal fold contours and to
obtain parameters capturing lateral peak sharpness, which
could be included in the VKG analyzer software in future
versions.
Quantification of lateral peak sharpness
Two kinds of parameters were deﬁned for their simplicity in
quantifying the vocal fold waveforms and their expected
capability of reﬂecting the sharpness of the lateral peaks:
the Open Time Percentage Quotients (OTQ) and Plateau
Quotients (PQ).
The Open Time Percentage Quotients (OTQR) were
inspired by the OT50 parameter published by Woo
(1996),55 who investigated the time for which the glottal
area waveform exceeded 50% of the amplitude. Here, we
deﬁned the OTQR parameter as the proportion of time during which the vocal fold displacement exceeds a chosen percentage (R) of the vibration amplitude within a period
(Figure 5):
OTQR

DR
¼
T

where DR is the duration of the phase where the lateral displacement is greater than R% of the vibration amplitude
and T is the period of the vocal fold vibratory cycle. The
vibration amplitude was determined as the difference
between the most lateral and most medial position of the
vocal fold during the open phase.
The Plateau Quotients (PQR) used here were inspired by
the work of Mehta et al,56 who investigated the proportion
of open phase for which the glottal area was larger than
95% of its maximum. Here, we deﬁned PQR as the proportion of time during which the vocal fold displacement

FIGURE 6. Implementation of the parameterization of the waveform illustrating the procedure followed to calculate the DR durations from the discrete samples.
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exceeds R% of vibration amplitude within the open phase
(Figure 5):
PQR ¼

DR
OP

where OP is the duration of the open phase.
When implementing the automatic analysis procedure, it was necessary to deal with the fact that the waveforms were not continuous, but consisted of samples of
limited temporal and spatial resolution. While the contour samples are deﬁned by integer pixel coordinates,
the R% levels usually correspond to noninteger subpixel
coordinates. An example of the procedure adapted to
calculate the OTQ and PQ parameters from the discrete
samples is shown in Figure 6. When digitized, the discrete contour data points were located at speciﬁc pixels
with coordinates deﬁned by integer numbers. Therefore,
sometimes the same pixel coordinates pertained to multiple consecutive time points (see Figure 6). In order to
measure the time intervals at which the vocal fold displacement exceeds the criterion level R%, the ﬁrst and
last samples with the values above the R% criterion level
in the opening and closing phases, respectively, were
selected (marked by circles and indicated as a, b, c, d,
e in the opening phase, and a0 , b0 , c0 , d0 in the closing
phase in Figure 6). Thus, for the R% levels at 95%, 90%,
85%, 80%, 75%, 70%, 60% and 50%, the intervals
between aa0 ; aa0 ; bb0 ; bb0 ; cc0 ; cc0 ; dd0 and
ed0 , respectively, were considered to calculate the D R
durations in the example shown in Figure 6.

5

Statistical analysis
Statistical analysis was performed using the SPSS (version 24) software. Spearman's rank correlation coefﬁcient
was computed to determine the inter- and intrarater reliability of the visual ratings. The intrarater reliability was
also tested with Cronbach's Alpha value. To estimate the
correlation between the objective measures and the
visual ratings, Spearman's rank correlation coefﬁcient
was again used.
RESULTS
Visual rating
Results from the repeated visual evaluations of the lateral
peak sharpness in VKG images by the three raters were
compared to ﬁnd the intrarater and inter-rater reliability.
The intrarater comparisons between the two repeated evaluations resulted in the Cronbach's Alpha values around 0.92
for all three raters, indicating excellent reliability of the
raters. The intrarater Spearman's rank correlation coefﬁcients for the individual raters varied between 0.84 and 0.85
(P < 0.001, N = 90) indicating very strong and signiﬁcant
correlations between the repeated evaluations.
The inter-rater comparisons showed Spearman's rank
correlation coefﬁcients in the range of 0.67 to 0.82, with a
mean value of 0.73. These coefﬁcients indicated strong and
signiﬁcant correlations (P < 0.001, N = 90) between the
evaluations of the different raters, but also hinted at some
discrepancies among the raters. Therefore, a consensus
among the raters was established by mutual discussions.

FIGURE 7. Spearman's rank correlation coefﬁcients indicating the agreement between the visual ratings and the measured parameters
OTQ and PQ. The highest correlation coefﬁcients are indicated by red arrows. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this article.)
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The visual consensus versus visual average comparison
revealed very strong Spearman's rank correlation (r = 0.99,
P < 0.001). Furthermore, both the visual consensus and
visual average values very strongly correlated with the values of all three raters (r = 0.81-0.91, P < 0.001) in both evaluations. Therefore, the visual consensus and visual average
values were deemed appropriate for further analysis of the
correlations between the visual and automatic image analysis.

Correlation between visual ratings and the analyzed
parameters
The correlations between the different OTQ and PQ
parameters with the visual consensus and visual average
ratings are shown in Figure 7. All correlations had a signiﬁcance level of P < 0.001, indicating that all parameters were well related to the visual ratings. Highest
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correlations were found for the parameters measured at
95% amplitude (OTQ95, PQ95) and at 80% amplitude
(OTQ80, PQ80). In Figure 7, these are indicated by
arrows. There were minimal differences between the
OTQ and PQ parameters measured at the same percentage. Also, there were minimal differences between the
visual average and visual consensus. Lowest correlations
were found for the parameters measured at 50% amplitude (OTQ50, PQ50).
The relationships between the values of the four best
correlating parameters OTQ95, OTQ80, PQ95, and PQ80,
and the visual ratings are revealed in Figure 8. As
expected, all these quotients clearly increase their values
when the peak shape changes from sharp to rounded.
There is, however, some spread of the measured data
around the best ﬁt line, which indicates that some discrepancies exist between the visual and automatic evaluations. The Spearman's rank correlation values between

FIGURE 8. The relationship between the measured values and the visual ratings for the four parameters with the highest correlations −
OTQ95, OTQ80, PQ95, and PQ80. The lines indicate the best ﬁt linear relationship (solid) and 95% conﬁdence intervals (dashed).
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these analyzed quotients and the visual ratings (0.730.77, as shown in Figure 7) were comparable to those
found between different raters (0.67-0.82) indicating that
the discrepancies in the automatic-to-visual comparisons
are similar to those found in inter-rater comparisons.
DISCUSSION
Sharpness of lateral peaks has been recognized previously as
a useful visual feature that can indicate pliability and health
of the vocal fold mucosa.30,45 In a recent study, the lateral
peak sharpness has been identiﬁed as one of the most helpful visual features for clinical evaluation of voice disorders
using videokymography.34 The peak sharpness is directly
related to vertical phase differences between the motions of
the upper and lower margin of the vocal folds and results
from projection of the vocal fold motion into the laryngoscopic view from above of the vocal folds.10,30,57 Biomechanically, stiffening of the mucosa leads to increased
mucosal wave speed6 and decreased vertical phase differences, causing the peak to become more rounded.30,32,35 Apart
from physiological factors related, eg, to pitch increase and
voice registration, stiffening of the mucosa is considered to
be a direct result of pathological processes on the vocal
folds. Therefore, evaluation of peak sharpness can help
clinicians to better diagnose the health of the vocal fold
mucosa, particularly in phonations produced at comfortable pitch in modal/chest register where the mucosa is
expected to be pliable.
Visual evaluation, however, is subjective and differences
among evaluations of different raters can be expected. This
can be spotted also in our results: while the intraindividual
Spearman's rank correlations were very strong (r = 0.840.85), the inter-rater Spearman's rank correlations were
lower (r = -0.67-0.82) indicating more disagreements
between the visual evaluations of different raters than
between repeated evaluations of the same rater.
This study searched for objective parameters that are
related to the visual ratings of peak sharpness in kymograms and can be used as “peak sharpness indicators”.
For this purpose, the OTQ and PQ were deﬁned by
relating the durations of different phases of the vibratory
cycle to each other, applying the same concept as used
for the well-established traditional parameters such as
the Closed Quotient (CQ), Open Quotient (OQ) or Speed
Quotient (SQ).58-60 As such, these parameters are relatively simple to measure. As far as their interpretation is
concerned, smaller OTQ and PQ values correspond to
sharper lateral peaks of the vocal fold waveform
detected in the kymogram (recall Figure 8).
The OTQ and PQ parameters measured from the time
intervals at different percentages of vibratory amplitude
were compared to the visual ratings of the peak sharpness in
order to evaluate the congruence of these two approaches.
The OTQ and PQ parameters showed very similar correlations to the visual ratings which indicate that they quantiﬁed
the visual impressions similarly. The best correlations with
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the visual evaluations were found for the OTQ and PQ
parameters measured at 95% and 80% of the amplitude, the
worst correlations appeared at 50% of the amplitude. Since
the peak corresponds to 100% of the amplitude, it appears
logical that the best correlations for peak sharpness should
be obtained for the measurements made as closely to the
peak as possible − this explains the ﬁnding of the worst correlations at 50% and best correlations at 95% of the amplitude (recall Figure 7). However, the correlations at 90%
and 85% of the amplitude were worse than those at 80%.
This seemingly contradictory ﬁnding could be attributed to
the contour artifacts due to the limited pixel and temporal
resolution (compare the ideal waveform in Figure 5 with
the real detected waveform in Figure 6). The clinical videokymographic images analyzed here showed the average
vocal fold vibratory amplitudes around 8 pixels (range 5-15
pixels). A change of 1 pixel, in this case, corresponds to the
spatial resolution of 12.5% of the amplitude (range
7-20%). This means that it is hardly possible to reliably distinguish levels that are close together, such as those at 85%,
90%, and 95% of the amplitude.
Preliminary investigations using synthetic kymograms
generated by a kinematic model of the vocal folds61 with
known vertical phase differences (not included here for
brevity reasons) showed that the limited spatial and temporal resolution of the kymographic images can inﬂuence the
accuracy of the results, particularly of those quotients measured at the proximity of the peak, and these artifacts need
to be taken into account. Thus the measurements at 80%
amplitude could potentially be used as a compromise to
reduce the inﬂuence of the possible waveform artifacts, but
still reﬂect the peak sharpness and vertical phase differences
reasonably well. The waveform artifacts present a general
limitation which is inherent in the laryngeal kymographic
techniques. Increased spatial resolution of the kymographic
images is desirable for improving the quantiﬁcation accuracy of the vocal fold vibratory patterns in future.
In principle, the OTQ and PQ parameters can be implemented also for analyzing the glottal area waveforms
(GAWs) obtained from full high-speed endoscopic videos,
as done by Mehta et al (2011).56 GAWs offer better pixel
resolution than kymography due to the fact that the glottal
area is distributed over multiple image lines and thus over
considerably more pixels. In this respect, GAWs may possibly offer better accuracy than kymographic waveforms in
measuring the OTQ and PQ parameters as deﬁned here.
However, a more detailed study is needed to elucidate these
factors and to better understand the inﬂuence of limited spatial and temporal resolution on the accuracy of these
parameters.
The detailed comparisons between the visual ratings and
the OTQ and PQ parameters shown in Figure 8 reveal that
the relationship is not perfect and some discrepancies exist
here. Besides of the inﬂuence of the limited spatial and temporal resolution of the images (7200 kymographic lines per
second with 720 pixels per line used here), these discrepancies could possibly be also due to contour detection artifacts
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resulting from the image analysis procedure. Furthermore,
it is known that the visual perception process is rather complex and visual judgments of the peak shape may also be
inﬂuenced by, eg, the grayscale shadings which are not captured in the contours. All these factors may contribute to
the differences between the automatic analysis and
the visual ratings. Nevertheless, the Spearman's rank
correlations between the visual ratings and the OTQ and
PQ parameters measured at 80% and 95% amplitude
(r = 0.73-0.77, recall Figure 7) are similar to those found
between different raters. Therefore the reliability of
the parameters, although not perfect, is considered
acceptable here.
While the shape of the lateral peak appears as a useful
clinical feature, ultimately it should be related to the vertical phase differences. These differences cannot be
exactly measured laryngoscopically in vivo. Therefore,
we were not able to establish their direct relationship
with the deﬁned parameters, which poses another potential limitation of this study. However, this relationship
may be derived and investigated using synthetic kymograms obtained from a mathematical model of the vocal
folds with known vertical phase differences61, which is
planned to be addressed in a future study.
CONCLUSION
The PQ95, PQ80, OTQ95 and OTQ80 parameters stood out
as the possible candidates for capturing the sharpness of the
lateral peaks. The reliability of these parameters appears
comparable to the inter-individual reliability of visual ratings. The results provide basic insights into developing the
computer algorithms to automatically quantify the sharpness of lateral peaks from the VKG images.
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