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Introduction

Physicians' and scientists effort to visualize the vo-
cal fold movement, which is essential for und-
erstanding human phonatory mechanism, has been ex-
istent for a long time and introduced a variety of in-
struments such as electroglottography and high speed
photography beginning with a laryngeal mirror”.
Among them, stroboscopy enormously broadened
and deepened our knowledge about vocal fold vi-
bratory patterns. Since late 1980s, stoboscopy has
been popularized in many Xorean clinics and la-
boratories, and now is enjoying much use and dis-
cussions about its findings.

There are certain parameters clinicians typically look
for when they examine laryngeal mechanism of their
padents through stwroboscopy. Those include fun-
damental frequency, closure configuration, horizontal
and vertical phase difference, amplitude of the hor-
izontal excursion of each vocal fold, mucosal wave,
periodicity, existence of nonvibrating portions”. Al-
though visual inspecdon adds much information to
clinical decision-making process, examination and in-
terpretation in this way may be very subjective and de-
pendent on the clinician’s visual acuity, and clinician’s
bias may play a significant role.

Recent studies are in a stage pursuing more ob-
jective and quantitative data. Kay Elemetrics corpora-
rion({Lincoln Park, NJ, USA) has developed a software
called KSIP(Kay Stroboscopy Image Processing) which
complements the clinician's subjective visual analysis
of stroboscopic examination by calculating graphic
representations of vocal fold dynamics derived from
the stroboscopy recordings. A portion of this software
was based on the rescarch paper by Peak Woo®.

This study aimed to suggest a possible way to quan-
tify normal vocal fold vibration and to determine the ef-
fects of intensity and frequency changes on glottal vi-
bratory patterns, and to define phase difference along
the horizontal length of vocal folds in normal speakers.

Materials and Methods

Five females and five males, aged between 23 and

32 years old, participated in this study. All of them
were employers of the otorhinolarygologic clinic where
this study was done, and judged as having nonpatho-
lagical larynges and normally-sounding voices by a phy-
sician and a speech-language pathologist.

Kay's Rhino-Laryngeal Stroboscope system(RLS,
Model 9100) and Kay Stroboscopy Image Processing
(KSIP) software were used.

Stroboscopic examination was administered with fol-
lowing instructions. Every patient was given an in-
struction of phonation “Say /ee/ for more than 8
seconds, in 3 different conditions.”, first, in a com-
fortable loudness and pitch level, next, in high-pitch-
ed modal phonation, finally, in louder phonation. For
high-pitched phonation, subjects phonated at a pitch
leve! which was more than 100Hz higher than that of
comfortable pitch level. For louder phonation, sub-
jects phonated at 20dB louder level than that of com-
fortable loudness level. Particular emphasis was given
to ensure the visibility of full length of the larynx dur-
ing the recording, and to maintain a modal register.

Twenty sequential video frames in one vibratory cy-
cle were captured(Fig. 1). The glottal area was measur-
ed by counting the pixel number within the au-
tomated trace of the glottal area in each video frame,
and the glottal area waveform(GAW), which is a
representation of glottal width changes during pho-
nation, was obtained by plotting these values(Fig. 2).
When necessary, editing work-ups by the investigator's
manual touchup procedures, which was primarily re-
moval of the image of mucous strand, were per-
formed for a more accurate GAW calculation(Fig. 3).
Six parameters-peak glottal area, number of frames of
opening and closing phases, baseline offset, open quo-
tient and speed quotient were obtained from the
GAW analysis.

After defining midline of the glottis, the distance of
each vocal fold lateral excursion from the midline was
automatically traced and plotted(Fig. 4). Amplirade/
symmetry waveform(A/SW), which represents the la-
teral excursion of the margin of the vocal folds was
obtained from these plotting at anterior, middle, and
posterior one third portion along the vocal fold length.
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Fig. 1. Twenty sequential video frames in one vibratory cycle are captured, and the glottal area is

automatically traced and converted to white-color filled space in each video frame.
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Fig. 2. The glottal area was measured by counting the pixel number within the automated trace of

the glottal area in each video frame, and the glottal area waveform(GAW) was obtained by
plotting these values. GAW for 4 consecutive glottal cycles in one female speaker is shown,
which phonated at comfortable pitch and loudness level.

During comfortable phonation, starting frames of
open and closed phase at the anterior, middle and pos-
terior points were obtained and plotted accordingly
from A/SW analysis(Fig. 5).

For analysis of GAW and A/SW, 4 consecutive vi-
bratory cycles, rather than 1 or 2 cycles, were analyzed
to get a sample of more representative glottal vibrating
cycle of each subject. Due to the different endoscopic



Fig. 3. Automatically traced glottal area can be modified by manual touchup procedure to detect an
accurate edge, and to remove the adverse effect of secretional strand.
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Fig. 4. After defining midline of the glottis, the distance of
each vocal fold lateral excursion from the midline
was automatically traced at anterior, middle, and
posterior one third portion along the vocal fold
length.

positions, angles and distances to vocal fold in different
speakers, relative glottal arca was calculated by dividing
GAW by the obscrved glottal length.

Because the number of subjects was too small, sta-
tistical processing was not performed on these values,
and values from these analyses were only compared to

comfortable level phonation.

Results

1. Glottal area waveform(GAW) analysis(Table 1)

Peak glotral area, which is the largest glottal area
reached during one glottal cycle, was significantly
reduced in high-pitched phonation in both male and
female speakers. The difference between in com-
fortable phonation and louder phonation was only
slight, its value increased in male speakers and slightly
decreased in female speakers. The mean values of
peak glottal area of male speakers were smaller than
those of female speakers except in louder phonation.

The number of frames of opening phase, which is
the number of frames in which the vocal folds are
moving laterally, decreased both in high-pitched and
louder phonations for both male and female speakers.
Females had larger mean values than males across all 3
phonation modes.

The number of frames of closing phase, which is

the number of frames in which the vocal folds are
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Fig. 5. Amplitude/symmetry waveform(A/SW), which plotted from automatical tracing of vocal fold lateral excursion
can be displayed as separate graphs according to anterior, middle, posterior 1/3 point, or altogether in a single

graph.

Table 1. Averaged values of parameters obtained from glottal area waveform(GAW) analysis

Female Male

High Comfort Loud High Comfort Loud
Open quotient 0.80 0.83 0.70 0.76 0.69 0.51
Speed quotient 0.78 1.21 1.60 0.61 1.14 1.12
Opening phase 6.84 8.87 8.63 5.75 7.35 5.38
Closing phase 9.17 7.73 5.45 9.50 6.30 473
Peak glottal area 11.54 14.60 13.29 9.25 13.58 16.47
Baseline offset 1.43 0.78 0.05 1.05 0.04 0.02

moving medially, exhibited its highest value in high-
pitched phonation and lowest value in louder pho-
nation for both male and female speakers. There were
no significant sex differences in these values.

The number of frames of closed phase, which is the
number of frames in which the midportions of the vo-
cal folds are in contact, had its highest value in louder
phonation for speakers of both sexes. Its increase was
more dramatic in male speakers than in female speakers.

Open quotdent, which is the open period divided
by the total period, exhibited some decrease in louder
phonation in both sexes.

Speed quotient, which is the glottal opening time
divided by glottal closing time, significantly decreased
in high-pitched phonation compared to comfortable

phonation for both sexes.

Bascline offset, which is the lowest value of glottal
area reached, had its highest value in high-pitched ph-
onations for speakers of both sexes.

2. Amplitude/symmetry waveform(A/SW) analysis
(Table 2)

Female speakers exhibited a remarkable difference
in starting frame of open phase. That is, their pos-
terior 1/3 point was opened most quickly, middle 1/3
point the next, and anterior 1/3 point the slowest.
Male speakers did not have this discrepancy of open
phase.

For closed phase, male speakers showed much faster
starting of closed phase than female speakers. No re-
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Table 2. Starting frame of open phase and closed phase obtained from amplitude/symmetry waveform(A/SW) analysis

Female Male
Open phase Closed phase Open phase Closed phase
Anterior 1/3 7.63 17.23 4.50 13.80
Middle 1/3 6.32 17.32 4.60 13.85
Posterior 1/3 4.69 18.05 4.85 13.90

markable difference was observed along the 3 points

in either group of speakers.
Discussion

Since the advent of 1990s, videostroboscopy has
been enjoying increasing popularity in medical diag-
nosis of laryngeal pathology and clinical investigation
of vocal fold dynamics. However, examinaton and in-
terpretation of stroboscopic findings may be sub-
jective and dependent on the clinician’s visual acuity,
and clinician's bias may play a significant role, and
there are no normative data available yet.

In 1996, Peak Woo® analyzed videostrobolaryngos-
copic images of vocal fold behavior of 65 male and fe-
male speakers and provided some quantitative measures
that could supplement and corroborate perceptual ob-
servations. Some of his findings, but not all of them,
were replicated in our study.

In our study, female speakers exhibited larger values
for peak glottal area than male speakers except in
louder phonation. Woo presented higher values of
peak glottal area in male speakers than in female
speakers for all modes. This difference can be in-
terpreted as follows. We included cartilaginous por-
tions of the vocal folds when selecting anterior and
posterior commissures. During phonation, the car-
tilaginous portion of the vocal fold of male speakers
typically do not vibrate. However, in cases of female
speakers whose glottal cycle is characterized by per-
sistent posterior glottal chink throughout the vi-
brating cycle, the computer automatically calculated
glottal area including those chinks.

In louder phonation, open quotient obviously de-
creased in both sexes, which does well correspond to
the findings of previous studies. Open quotient de-

creased owing to the decrease of both closing and

opening phase. In female speakers, decrease of closing
phase was more prominent compared to that of com-
fortable phonation. Male speakers had a slight de-
crease in speed quotient, which is a rato between
opening phase and closing phase. This is contrary to
what Murty, et al(1990) observed in their study using
electroglottography”. However, the difference between
the current study and the previous study in terms of
numeric value is only slight and does not seem to
have clinical relevance.

In high-pitched phonation, speed quotient de-
creased dramatically in both sexes, which was due to
the increase of closing phase and the decrease of open-
ing phase. According to the study of Murty et al.
(1991)* such changes were statistically insignificant.
We assure further study with larger samples will clarify
the meaning of these changes.

In female speakers, starting frames of open phase
from A/SW analysis showed a unique finding, that is,
their posterior 1/3 point was opened most quickly,
middle 1/3 point the next, and anterior 1/3 point
the slowest. Any clear explanaton regarding this diff-
erence can not be given at this moment.

Although KSIP is considered to be an effective and
fairly reliable instrument among so far developed, it
still has some limitations. One of those limitations is
related to visibility of the total length of vocal folds.
In some subjects, it is hard or even impossible to visu-
alize the vocal fold in its entirety due to the subject's
anatomical variations. So the marking of anterior and
posterior commissure could not be performed accu-
rately. Another limitation is, some pathologic con-
ditions such as vocal fold paralysis or mass lesion may
prohibit clinicians from this kind of analysis, because
padents with those medical conditions typically are un-
able to sustain phonation as long as the instrument re-

quires. Touchup procedures, which are necessary to
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improve the automatic edge detection in many cases
where color contrast between the glottis and the vo-
cal folds is poor or dissatisfactory, also permits the clin-
icians subjectivity to interfere with a correct evaluation.

This study provides an objective basis and the pos-
sibility of quantification of the stroboscopic findings
such as image shape, amplitude, area, and their
changes according to frequency and intensity vari-
ations. However, quantitative data or normative data
will be actually usable and more reliable, only if the
study is performed in larger samples and in systematic
conditions such as step-wise variations of intensity and

frequency.
Summary

To sct up an objective basis for the evaluation of
the stroboscopic findings, video-strobolaryngoscopic
images of vocal fold vibration in 5 female and 5 male
normal speakers were analyzed using an image analysis
computer program called KSIP(Kay Storoboscopy Im-
age Processing, Kay Elemetrics Corp., NJ, USA).

Four consecutive vibratory cycles were compared in
comfortable, louder, high-pitched /ee/ phonation for
every subject. Findings mostly replicated earlier stu-
dies including glottal chinks which were observed in
most female speakers throughout the cycles and clear
distinction between female and male speakers in their

vibratory patterns as well as intensity and frequency-re-

lated differences. However, there were some findings
incompatible with those from previous studies which
may be atributable to technical problems.

This study may provide an objective basis of the
stroboscopic findings such as image shape, amplitude,
area, and their changes according to frequency and in-
tensity variations. We anticipate that further study
with larger samples can provide an objective criteria
for normal vibratory characteristics of the laryngostro-
boscopic findings.
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