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Abstract--Stroboscopy and kymography have been used to examine the motional 
abnormality of vocal folds and to visualise their regional vibratory pattern. In a 
previous study (Laryngoscope, 1999), we introduced the conceptual idea of video- 
strobokymography, in which we applied the concept of kymography on the pre- 
recorded video images using stroboscopy, and showed its possible clinical applica- 
tion to various disorders in vocal folds. However, a more detailed description about 
the software and the mathematical formulation used in this system is needed for the 
reproduction of similar systems. The composition of hardwares, user-interface and 
detail procedures including mathematical equations in videostrobokymography soft- 
ware is presented in this study. As an initial clinical trial, videostrobokymography 
was applied to the preoperative and postoperative videostroboscopic images of 15 
patients with Reinke's edema. On preoperative examination, videostrobokymograms 
showed irregular pattern of mucosal wave and, in some patients, a relatively 
constant glottic gap during phonation. After the operation, the voice quality of all 
patients was improved in acoustic and aerodynamic assessments, and videostrobo- 
kymography showed clearly improved mucosal waves (change in open quotient: 
mean+ S D -  O. 114- 0.05). 
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1 In t roduct ion  

IN PHONATION, the vocal folds play a pivotal role in controlling 
the airflow through the larynx. To create the vibration of airflow, 
they form an autonomous oscillator by interacting with acoustic 
pressures in the respiratory tract. Because the larynx and vocal 
folds are situated deep in the neck, they are relatively inaccessible. 
Thus, special techniques are required to examine their structure 
and to evaluate their function. Despite the fact that accurate 
images of vibrating vocal folds can be obtained using ultra- 
high-speed cinematography, it is expensive and time-consuming 
(FUJIMURA, 1988; GAUFFIN and HAMMARBERG, 1991). 

Stroboscopy, which overcomes the drawbacks of ultra-high- 
speed cinematography, is useful in examining the vibratory 
pattern of  vocal folds and is available for clinical procedures 
(TRAPP and BERKE, 1988; KARNELL, 1989; BLITZER et al., 1992; 
HIRANO and BLESS, 1993). During speech, vocal folds vibrate 
100 times per second or more, which is too fast to be seen by the 
naked eye. in order to overcome this difficulty, a special light 
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source called a strobe light is used to illuminate vocal folds in 
slow motion. The strobe emits a very bright and very short flash 
of light, i f  the firing rate is adjusted so that it is a little faster or 
slower than the vibration rate of the folds, the folds will appear 
to move in slow motion. This motion can be videotaped and 
replayed for further analysis. This type of examination is 
important because it allows mucosa, a constituent of the vocal 
folds, to be examined during voice production. Early changes or 
asymmetry in mucosal vibration can signify a vocal fold 
weakness, a mucosal problem, tremor, spasm, or an infiltrative 
process inhibiting the motion (BLITZER et al., 1992). 

In spite of these advantages, interpretation by an experienced 
physician is necessary for accurate diagnosis due to the very 
subjective nature of  the interpretation. Other problems are that 
since stroboscopy is recorded on videotape, it is time-consuming 
to find data to follow up the progress of a patient and a large 
amount of  storage capacity is needed. 

To solve these problems, many researchers have tried to 
extract quantitative and objective measures from stroboscopic 
records. WENDLER et al. (1986) measured features such as 
maximal width, minimal width, open quotient, and speed 
index or stroboscopic images. Woo (1996) plotted glottal area 
waveform and extracted features such as peak glottal area, 
duration of opening and closing, and rates of  vocal fold 
opening and closing from the waveform. They analysed pre- 
recorded video signals using a conventional videostroboscopy 
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system. Since the parameters were determined by analysing the 
global movement of vocal folds, they could not reflect regional 
dysfunction, such as local left-right asymmetry in vocal fold 
vibration. 

GALL and HANSON (1973) and GROSS (1985) introduced the 
technique ofkymography, which is not limited to periodic vibra- 
tion, and SVEC and SHUTTE (1995) further developed the 
concept of kymography and provided a means to visualize the 
regional vibratory pattern of vocal folds by displaying succes- 
sive line images selected by the operator in such a way that the 
time dimension of the selected area is displayed in a vertical 
direction. Although the method of SVEC and SHUTTE (videoky- 
mography) can provide information on the actual movement 
of one line of interest, a modified CCD camera to acquire the 
line images of vocal folds with a rate of almost 8000 line 
images sec 1 is needed. This system, moreover, cannot select 
and display multiple lines during the monitoring of vocal 
fold vibration. 

We have therefore developed a low-cost system, video- 
strobokymography (SUNG et al., 1999), in which Svec's 
method is applied to pre-recorded video images using conven- 
tional stroboscopy. By analysing the pre-recorded image, we 
can examine multiple regions simultaneously in a more 
compatible environment after routine clinical procedures, in 
a previous report (SUNG et al., 1999), we introduced the 
concept of the videostrobokymography, the fundamental 
principle of which is similar to that of the laryngostrobo- 
graphy developed by tsoaAI (1994, 1996), and showed its 
possible clinical application to various disorders in vocal 
folds. However, a more detailed description of the software 
and the mathematical formulation used in this system is 
required for the reproduction of similar systems, and these 
technical issues are addressed in this study. 
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Stroboscopic image and selected line used to compose 
videostrobokymogram (upper) and videostrobo~.'mogram of 
the selected line (lower) 

were automatically selected and displayed along the vertical 
direction so that the vocal fold vibration can be described 
vertically as a waveform (Fig. 1). By selecting different lines 
of interest, the vibratory patterns of multiple regions can be 
displayed sequentially (Fig. 2). The program was designed with 
backward and forward buttons so that users were able to choose 
any one frame among the grabbed dynamic images. When each 
videostrobokymogram was displayed in a separate window, the 
selected horizontal line and the window number were presented 
on the original stroboscopic image. User-friendly software was 
designed for this videostrobokymographic system. The user 
interface of this system is shown in Fig. 2. 

2 System components and user interface 

The hardware of the videostrobokymography system consists 
of a VCR, an image-grabbing board*, and a processing 
computer (Pentium processor, 266MHz CPU and 128MB 
memory). The image-grabbing board was used to digitise 
analogue video signals for further analysis using a computer. 
Software operating in Windows 95"~ was developed using Visual 
C++$ for image-grabbing and analysis. A C + +  library 
provided with the image-grabbing board was used to control 
the board. 

One hundred successive frames of videostroboscopic signal, 
corresponding to about four seconds, were captured and loaded 
into computer memory via the image-grabbing board. They were 
saved as an AVt-type movie. Four seconds was sufficient to 
permit capture of about four to six cycles of vibration of vocal 
folds. This number of cycles was considered to be sufficient to 
observe the pattern of vibration. 

A videostrobokymogram using the digitised video images 
was composed as follows. First, one static frame was selected 
from the dynamic movie image, and a rectangular region of 
interest (ROt) was selected to include the region containing both 
vocal folds. A new window, then, appeared on the upper left 
comer of the screen and showed the first frame of the dynamic 
image including only the selected region. The ROt was chosen to 
minimise computation time and memory requirement for image 
data storage. The user clicked the mouse on the horizontal line of 
interest within the small window. The same lines in all frames 

* Raptor, Bit flow Inc., USA. 
-~ Microsoft Co., Redmond, WA. 

Microsoft Co. 
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3 Initial trials 

To test the clinical applicability of this system, videostrobo- 
kymographic investigations were performed in normal subjects 
and patients with vocal fold disorders. While the subjects 
phonated constant vowel / i / ,  video images of vocal fold move- 
ment were recorded using a commercial videostroboscopy 
system !~ with a 70 ° telescope. The images were recorded using 
CCD camera attached to the end of a laryngoscope. The 
fundamental frequency of vocal fold vibration was detected 
using a condenser type microphone placed on each of the thyroid 
alae, and introduced to the stroboscopy so as to trigger the 
stroboscopic light source. 

Videostroboscopic images and videostrobokymograms of a 
normal subject are shown in Fig. 3. The upper row (Fig. 3a) 
shows stroboscopic images corresponding to one cycle of 
vibration. The numbers on the second image (line b-d) represent 
the selected lines for the reconstruction of the videostrobokymo- 
grams in the lower row (Figs 3b, c, and d ). The videostrobo- 
kymograms show regular periodic waveforms, which are repre- 
sented as symmetric diamond shapes in the areas of open period. 

Fig. 4 shows the images of a patient with sulcus vocalis. Sulcus 
vocalis is a condition in which a furrow along the edge of the 
vocal fold causes dysphonia. The furrow (indicated by the arrow) 
located in the internal margin of the left vocal fold (right side in 
Fig. 4) was seen in the stroboscopic image. Minimal touch of 
both mucosal edges in the posterior part of the glottis (upper side 
in Fig. 4) could be seen in the videostrobokymogram (Fig. 4b) as 
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Stroboscopic images" and videostrobo~.'mograms of  a normal control. (a) Stroboscopic images'." regular vibratory pattern is" shown: 
(b), (c), (d) videostlvbokymograms of the lines represented in (a): regular periodic waveforms are shown 

well as in the stroboscopic image (Fig. 4a). Moreover, it was 
found that the vibration of the mucosal edges in this area was not 
synchronised with the middle and lower part of the videostro- 
bokymogram. The videostrobokymograms from lines that cross 
the furrow (Figs 4c and d ) show that the edge of the left vocal fold 
(right side in Fig. 4) did not move to the right (left side in Fig. 4). 

We applied videostrobokymography to the preoperative and 
postoperative videostroboscopic images of 15 patients with 
Reinke's edema (M/F 11/4, mean age 55.0 years). 
Reinke's edema of the vocal fold is defined as a swelling or 
accumulation of fluid confined to the space underneath the 
epithelial layer, known as Reinke's space. The mass of the 
vocal folds is greatly increased, and abnormally low funda- 
mental frequency and high subglottic pressure are the character- 
istic findings from voice analysis. The patients underwent 

laryngomicrosurgery with mucosa-sparing technique, and a 
postoperative videostroboscopic examination was performed 4 
to 32 months (mean 12.4 months) after the operation. 

On preoperative examination, videostrobokymograms 
showed an irregular pattern of mucosal wave and, in some 
patients, a relatively constant glottic gap during phonation. 
Open quotients (see Section 4.2 for the definition of open 
quotient) derived from the videostrobokymograms were quite 
different, even in the same patient, dependent on the location 
along the vocal folds. The most edematous portion had a very 
small OQ, however, the portion posterior to the edema had a very 
large OQ. After the operation, the voice quality of all patients 
was improved in acoustic and aerodynamic assessments, and 
videostrobokymography showed apparent improvements in 
mucosal movement. 
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Fig. 4 
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of  a patient with sulcus vocalis. (a) Stlvboscopic images." a fitrlwv along the internal 
videostlvbo~.'mograms of  the lines represented in (a): this irregular pattern is well 

4 Image processing and parameter estimation 

4.1 Rotation to compensate the obliqueness q f  glottal area 

The obliqueness of  the glottal areas can result in horizontal 
mismatch of  the mirrored region in the resulting videostroboky- 
mogram. This obliqueness might be due to not only the relative 
orientation of  the patient 's head and laryngoscope during the 
recording ofvideostroboscopy,  but also the camera position on 
the telescope, or could also be inborn. Prior to composing the 
videostrobokymogram, each frame was rotated automatically so 
that the longitudinal axis o f  glottal area could align with the 
),-axis o f  monitor screen. To calculate the angle between both 
axes, the maximum glottal area was assumed to be an ellipsoid 
and the second-order moment  of  this area was computed. The 
longer principal axis o f  the ellipsoid was considered as the 
longitudinal axis of  glottal area. The glottal area was defined as 
the region enveloped within the margin of  both vocal folds and 
the maximum glottal area was extracted from the frame in which 
the vocal folds were opened to maximum extent. The procedure 
to calculate the rotation angle is as follows (Fig. 5) (BALLARD 
and BROWN, 1982). 

First, we extracted the glottal area (Fig. 5b) using a simple 
threshold method (pixels with 30% or less of  the global 
maximum pixel value were considered to be glottal area) and 
defined the binary matrix representing the geometric shape of  
glottal area as follows: 

1 if  (x, y) is in the glottal area 1) 
B(x, y) : 0 if  (x, y) is not in the glottal area 

( 

Then, the co-ordinates of  the centre of  mass (Xg, yg) and the 
second moments of  the glottal area (!~, I~,, !~,) were calculated 
as follows: 

~ , , , x B ( x ,  y) (2) 

Xg - ~ , , , B ( x ,  y) 

~,vYB( x, Y) 
Yg - ~ , , ,  B(x, y) (3) 

? 
I ~  = ~ ( x  - xg)-B(x, y) (4) 

x O' 

Fig. 5 Procedure to compensate for the obliqueness of  vocal folds'. 
(a) Stlvboscopic image with maximum glottal area: (b) 
binam' image of glottal area extracted using simple thresh- 
olding method: (c) automatically rotated binam' image of 
glottal area: (d) obliqueness-compensated stroboscopic 
image 
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Procedure for calculating open quotient. (a) Original: (b) smootked: (0 segmented videostrobokymogram and phase transition 

I,~, = ~ , , , ( ) ,  - yg )2B(x ,  y )  (5) 

I w = ~ , r ( x  - xx)(y - yg)B(x, y) (6) 

With the second moments, the rotation angle between the 
longitudinal axis of the glottal area and the ),-axis of monitor 
screen was calculated using the following equation: 

O= tan 1 )[xx~ixy ~-~ ( 7 )  

4.2 Open quotient 

Open quotient is the period of time the vocal folds are 
separated (open phase) relative to the entire duration (total 
phase) of a single cycle of vocal fold vibration, and was 
calculated by analysing the videostrobokymogram. The proce- 
dure is shown in Fig. 6 The original videostrobokymogram 
(Fig. 6a) was smoothed (Fig. 6b) using a Gaussian kernel and 
segmented using a simple thresholding method. From the 
resulting binary image (Fig. 6c), the number of frames of open 
and closed phases was estimated. The black areas in the 
segmented image corresponded to the open phase. Open 
quotient was calculated using the equation below, where Qope,z 
is the open quotient and where open phase, closed phase and 
total phase are the numbers of frames of the corresponding 
phases. 

open phase open phase 

Qope,, - total phase - open phase + closed phase (8) 

windows program was designed to help the examiner to 
perform the operation more carefully in a more relaxed environ- 
ment after stroboscopic examination so that accurate and mean- 
ingful analysis might be possible. 

In the videostrobokymogram, limitations related to the use of 
stroboscopic light, allow investigation only of nearly-periodic 
vibrations of the vocal folds, irregularity in the vibration pattern 
of patients with severe voice disorders will lead to a random 
'stroboscopical' image frame selection and degrade the quality 
of the videostrobokyrnogram information. In contrast, the 
videokymography of SVEC and SHUTTE (1996) detects and 
displays irregular vibration patterns realistically, because it 
does not rely on the stroboscopy effect and it displays all 
cycles. Although this difference may be considered a major 
drawback of the videostrobokymogram, nevertheless, the 
videostrobokymogram gives a helpful plot of sequential oscilla- 
tions on a single two-dimensional figure. That is indeed an 
advantage, because it enables the information from a dynamic 
process to be visualised on a single print-out. Moreover, 
videostrobokymography enables evaluation of the vibrations 
of several vocal fold regions at the same time, and also allows 
one to obtain objective parameters to describe the vibration 
patterns. 

The user interface and detailed procedures for videostrobo- 
kymography, and the mathematical equations provided in this 
paper will be helpful to investigators who want to reproduce 
similar systems to use in monitoring and analysing pathologic 
changes in the movement of vocal folds. 
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5 Discussion and conclusions 

The present study reports technical details concerning the 
videostrobokymography (SUNG et al., 1999) developed to assess 
the regional vibratory pattern of vocal folds, in which video 
recordings of stroboscopic examinations were analysed to 
visualise this pattern as a static image. A user-friendly 
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