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Objectives: Although near-normal conversational voices can be achieved with the phonosurgical management of early 
glottic cancer, there are still acoustic and aerodynamic deficits in vocal function that must be better understood to help 
further optimize phonosurgical interventions. Stroboscopic assessment is inadequate for this purpose.
Methods: A newly developed color high-speed videoendoscopy (HSV) system that included time-synchronized record-
ings of the acoustic signal was used to perform a detailed examination of voice production mechanisms in 14 subjects. 
Digital image processing techniques were used to quantify glottal phonatory function and to delineate relationships be-
tween vocal fold vibratory properties and acoustic perturbation measures.
Results: The results for multiple measurements of vibratory asymmetry showed that 31% to 62% of subjects displayed 
higher-than-normal average values, whereas the mean values for glottal closure duration (open quotient) and periodicity 
of vibration fell within normal limits. The average HSV-based measures did not correlate significantly with the acoustic 
perturbation measures, but moderate correlations were exhibited between the acoustic measures and the SDs of the HSV-
based parameters.
Conclusions: The use of simultaneous, time-synchronized HSV and acoustic recordings can provide new insights into 
postoperative voice production mechanisms that cannot be obtained with stroboscopic assessment.
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INTRODUCTION 

Early glottic cancer has been associated with high 
cure rates since direct endolaryngeal treatment tech-
niques were established almost a century ago.1 Be-
cause it is relatively easy to cure these neoplasms, 
voice outcome has always been a key metric of suc-
cess of the treatment. In the mid-20th century, this 
concern about voice outcome led many surgeons to 
resect the thyroid lamina lateral to the tumor when a 
laryngofissure and cordectomy would have provid-
ed adequate oncological treatment. The phonatory 
function of most cordectomy patients reflected aero-
dynamic glottal incompetence. After removal of the 
thyroid cartilage,2 the reconstructed soft tissue col-
lapsed to form a competent neoglottic valve. How-

ever, at present, open laryngeal treatment approach-
es are seldom done as initial primary treatment. 

As radiotherapy became the mainstay of treat-
ment for early glottic cancer, those who espoused 
surgical management relied primarily on microla-
ryngeal treatment strategies. Most surgeons, howev-
er, lack confidence about obtaining consistent voice 
outcomes from endoscopic treatment, so radiother-
apy remains as the dominant treatment strategy.3 To 
enhance the voice outcome while treating early glot-
tic cancer, we performed narrow-margin resections 
for the more superficial lesions4,5 and reconstructed 
the paraglottic space with the laryngeal framework 
by means of reconstructive methods6-8 transferred 
from skills acquired in managing paralytic dyspho-
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nia. These later techniques became the key strategy 
in reestablishing phonatory aerodynamic compe-
tency. Most recently, we have been able to further 
diminish loss of soft tissue from the paraglottic re-
gion by employing 532 nm KTP (potassium titanyl 
phosphate) angiolytic laser treatments.3 Although 
we have previously reported that near-normal con-
versational voices can be achieved with the phono-
surgical management of early glottic cancer, there 
are still acoustic and aerodynamic deficits in vocal 
function that must be better understood to help fur-
ther optimize phonosurgical interventions.3,9 

The purpose of this study was to gain better in-
sight into the voice production mechanisms of pa-
tients who have undergone endoscopic phonosurgi-
cal treatment of early glottic cancer. The investiga-
tion was accomplished with a recently developed 
system that could acquire digital color images of vo-
cal fold vibration by use of high-speed videoendos-
copy (HSV) with time-synchronized recordings of 
the acoustic voice signal during phonation. This sys-
tem enabled direct correlations between acoustic pa-
rameters and measures of glottal closure and vibra-
tory symmetry extracted from the high-speed digi-
tal recordings by means of custom-designed image 
processing algorithms. The focus of the study was to 
determine the impact of vocal fold vibratory asym-
metries and glottal closure on acoustic perturbation 
measures used in the clinic. Normative ranges for 
the HSV-based measures and acoustic parameters 
were derived from previous studies and provide a 
descriptive context for the current subject sample.

METHODS 
This study used HSV and acoustic voice data 

from 14 subjects (12 male, 2 female) who had un-
dergone endoscopic phonosurgical management of 
early glottic cancer. This comprised primarily angi-
olytic laser treatment with ultranarrow margins that 
allowed for maximal preservation of paraglottic soft 
tissue. The average age of the 14 subjects in the cur-
rent study was 66 years (range, 50 to 84 years). Ten 
of the subjects were treated with the KTP angiolytic 
laser, 2 were treated with the pulsed dye angiolytic 
laser, and 2 were treated with both types of lasers. 
An HSV assessment was performed within a year of 
the most recent procedure for all the subjects, except 
for 2 subjects who were treated more than 2 years 
before the data acquisition. The subjects were evalu-
ated in a sound-treated room with transoral rigid en-
doscopy and were instructed to sustain the vowel /i/ 
at a comfortable and steady pitch and loudness for 
2 to 4 seconds. 

HSV Data Acquisition. The HSV data were ac-
quired with the Phantom v7.3 high-speed video 

camera (Vision Research, Inc, Wayne, New Jersey), 
which enabled high-quality color image capture at 
fast rates because of a sensitive CMOS (comple-
mentary metal-oxide semiconductor) image sen-
sor. A C-mount lens adapter with an adjustable fo-
cal length (KayPENTAX, Lincoln Park, New Jer-
sey) was placed between the image sensor and a 70° 
transoral rigid endoscope (Jedmed, St Louis, Mis-
souri). Images were saved to partitions in a 4 GB 
onboard memory buffer and downloaded to a per-
sonal computer’s hard drive via Ethernet after the 
recordings were complete. The HSV data were re-
corded at 4,000 or 6,250 images per second with a 
maximum integration time and a spatial resolution 
of 320 horizontal × 480 vertical pixels to capture an 
approximately 2 cm2 target area. The light source 
contained a short-arc xenon lamp rated at 300 W 
(KayPENTAX). The fan-cooled housing produced a 
collimated beam of light with a color temperature of 
more than 6,000 K. Three glass infrared (2 dichroic, 
1 absorbing) filters blocked infrared light to reduce 
the thermal energy buildup during endoscopy. 

Acoustic Voice Signal Acquisition. The acoustic 
signal was recorded with a head-mounted, high-
quality condenser microphone (model MKE104, 
Sennheiser Electronic GmbH, Wedemark-Wenne-
bostel, Germany) with a cardioid pattern that offers 
directional sensitivity and a wideband frequency re-
sponse. The microphone was situated approximate-
ly 4 cm from the lips at a 45° azimuthal offset. The 
microphone’s gain circuitry (model 302 Dual Mi-
crophone Preamplifier, Symetrix, Inc, Mountlake 
Terrace, Washington) offered a low-noise, low-dis-
tortion input signal to additional preconditioning 
electronics (CyberAmp model 380, Danaher Corp, 
Washington, DC) for gain control and anti-aliasing 
with low-pass filtering at a 3-dB cutoff frequency 
of 30 kHz. The analog signals were digitized at a 
100 kHz sampling rate, 16-bit quantization, and a 
±10 V dynamic range by a PCI digital acquisition 
board (6259 M series, National Instruments, Austin, 
Texas). 

Time Synchronization of HSV Data and Micro-
phone Signal. Time synchronization of the HSV data 
and the microphone signal was critical for enabling 
correlations between voice production measures and 
acoustic perturbation from the same phonatory seg-
ment. The camera clock was supplied by the Na-
tional Instruments board’s clock source, which was 
synchronized to the sampling of the acoustic signal. 
The hardware clock division and data acquisition 
settings were controlled by MiDAS DA software 
(Xcitex Corporation, Cambridge, Massachusetts). 
Alignment of the HSV data and the microphone sig-
nals was accomplished by recording an analog sig-
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Fig 1. Steps for generating vocal fold amplitude waveforms from which all high-speed videoendoscopy (HSV)–based measures 
were derived. 

nal from the camera that precisely indicated the time 
of the last recorded image. To compensate for the 
larynx-to-microphone acoustic propagation time, 
we shifted the microphone signal into the past by 
600 μs relative to the HSV data. This shift duration 
was approximated from a propagation length of 21 
cm (17 cm vocal tract plus 4 cm lip-to-microphone 
distance) and a speed of sound of 35,400 cm/s. Pre-
cise compensation for differences in the vocal tract 
lengths of each subject was not necessary for the 
goals of this study, because data were based on aver-
ages derived from period-to-period measures across 
entire phonatory segments. Future investigations 
into acoustic-physiological correlations on a cycle-
by-cycle basis would benefit from a more rigorous 
compensation scheme. 

Signal Processing of HSV Data. Vocal fold tissue 
motion during phonation was measured by tracking 

the mediolateral motion of the left and right vocal 
fold edges closest to the glottal midline. The tracked 
edges collapsed the 3-dimensional motion of the 
vocal folds that constituted the mucosal wave to a 
2-dimensional space that ignored inferior-superior 
phase differences. 

In this study, the acoustic signal and the HSV im-
ages were segmented into approximately 400 ms 
segments for each subject who exhibited stable pho-
natory characteristics. Semiautomatic algorithms 
im proved upon manual markings of digital kymo-
grams10 and included knowledge-based image pro-
cessing of the kymograms and high-speed video 
images to extract vibratory asymmetry measures 
that were compared with properties of the acoustic 
voice signal. For each segment, vocal fold ampli-
tude waveforms were obtained from the images by 
the steps illustrated in Fig 1. 



The HSV-based measures depended on accurate 
extraction of vocal fold tissue motion extracted by 
demarcating the edges of the digital kymograms. 
Motion artifacts were compensated for11,12 so that 
edge detection was equivalent to motion tracking of 
the medial vocal fold edge. The anterior-posterior 
axis (glottal midline) was defined interactively on 
the first image that captured maximum vocal fold 
abduction. The midline defined the line of sym-
metry by connecting the anterior commissure to 
the posterior end of the musculomembranous glot-
tis. All HSV frames were rotated such that the glot-
tal midline was oriented vertically, and a cropping 
stage framed the glottis to reduce processing time 
and constrain the image to the most relevant features 
for accurate edge detection. Using threshold-based 
edge detection, we derived vocal fold amplitude 
traces from digital kymograms taken at the midpoint 
of the musculomembranous glottis, ie, midway be-
tween the anterior commissure and the posterior end 
of the musculomembranous glottis. 

Objective Measures of Vocal Fold Vibratory 
Asymmetry. The HSV-based measures included left-
right phase asymmetry, left-right amplitude asym-
metry, frequency differences, and axis shifts during 
closure. Švec et al13 have validated this categoriza-
tion by observing these different types of vibratory 
asymmetries in videokymographic images recorded 
from subjects with various vocal disorders. Quan-
titative measures were derived to build on these 
findings and other studies that computed indices of 
left-right asymmetries from kymographic data.10,14 
Analyses were restricted to phase differences, am-
plitude differences, and axis shifts during closure 
because of the overall interest in revealing covaria-
tions of physiological properties with synchronous 
acoustic data. 

HSV-Based Measures. Five HSV-based measures 
were automatically extracted from the digital kymo-
grams. Left-right amplitude asymmetry quantified 
the difference in the maximum excursions of the left 
and right vocal fold amplitude traces within a peri-
od. The zero amplitude reference was defined as the 
vocal fold position at the onset of its opening phase. 
Left-right phase asymmetry quantified temporal 
delays between maximum excursion of the vocal 
folds. The time delay was normalized by the period 
duration to obtain a percentage.10 The degree of axis 
shift during closure calculated the spatial distance, 
in the mediolateral axis, between onsets of closure 
and subsequent opening phases, and yielded a per-
centage after normalization by the maximum glottal 
width. The HSV-based open quotient was the ratio, 
in percent, between the open phase duration and the 

entire period. For each of the above cycle-to-cycle 
measures, mean and SD values were obtained over 
the number of cycles in the phonatory segment. Fi-
nally, period irregularity was computed from the 
digital kymogram to reflect a jitter-like phenom-
enon. Period durations were defined as the differ-
ence between successive onsets of glottal closure. 
The absolute difference between successive period 
durations was calculated, and the period irregularity 
percentage yielded the average of these absolute dif-
ferences divided by the mean period duration. 

Acoustic Perturbation Measures. Standard acous-
tic measures of shimmer, jitter, and noise-to-har-
monics ratio (NHR) were computed from the syn-
chronously recorded acoustic voice signal with the 
Multi-Dimensional Voice Program (MDVP, model 
5105, KayPENTAX). The acoustic shimmer was 
defined as the average absolute difference between 
peak amplitudes of consecutive periods divided by 
the average peak amplitude during the phonatory 
segment. Similarly, the acoustic jitter was defined 
as the average absolute difference between succes-
sive periods divided by the average period duration. 
The NHR reflected the relative spectral energy con-
tributions of the noise component and the harmonic 
component of the acoustic voice signal. 

Comparison With Normative Data. Limited data 
sets exist for making extensive comparisons among 
subjects with and without vocal disorders. Norma-
tive values for HSV-based measures have only been 
published for the left-right phase asymmetry param-
eter based on manual measurements of digital kymo-
grams from 52 subjects.10 The average age of these 
subjects was 41 years (range, 18 to 65 years). The 
subjects were age- and sex-matched, with 24 male 
and 28 female subjects divided among 3 age ranges: 
18 to 33 years, 34 to 49 years, and 50 to 65 years. 
Normative values for the other HSV-based measures 
were obtained by reanalyzing the HSV recordings 
from that normative investigation with the signal 
processing methods described above. Averaged val-
ues (means, SDs, ranges) for the entire normal co-
hort were used to provide a descriptive context for 
the data obtained from the postsurgical subjects, be-
cause statistical testing showed no age- or sex-based 
differences in measures within the normal group. 

The normative range for the open quotient was 
defined as the mean ± 2 SD. For all other HSV-based 
measures, the normative range was defined as val-
ues less than or equal to 2 SD above the mean. Nor-
mal ranges of measures derived from the normative 
study were included to provide a descriptive con-
text to which HSV-based measures of the subjects in 
the current study could be compared. A more rigor-
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ous analysis inferring statistical differences between 
subjects with and without vocal disorders is a sub-
ject for future work in this area. Normative ranges 
for the acoustic perturbation measures were taken 
from standard clinical assessment thresholds report-
ed by MDVP.

RESULTS 
Data from 1 of the 14 subjects (a 64-year-old 

man) were eliminated before further statistical as-
sessment of the group results, because the acoustic 
signal that was recorded during endoscopy was too 
unstable for standard perturbation analyses (exhib-
iting type II signal characteristics: sudden qualita-
tive changes in the form of subharmonics or mod-
ulation frequencies that interfere with the funda-
mental frequency15). Auditory-perceptual ratings 
were docu mented for a majority of the subjects by 
a certified speech-language pathologist on staff us-
ing the CAPE-V protocol.16 Voices fell within the 
mild-to-moderate range for overall severity of dys-
phonia, agreeing with our previous observations that 
although near-normal conversational voices can be 

achieved with phonosurgical treatment, persistent 
perceptual acoustic deficits require additional inves-
tigation. 

Table 110 shows a summary of HSV-based and 
acoustic measures for 13 patients relative to norma-
tive values. As described above, the normative val-
ues for the HSV data were obtained by analyzing 
recordings from a previous investigation of 52 nor-
mal subjects.10 Normative mean, SD, and threshold 
for each acoustic perturbation measure were taken 
from standard clinical assessment values reported 
by MDVP. 

The distributions of all HSV-based measures for 
the patient group are displayed in Fig 2, with indica-
tions of the normal ranges that were defined above. 
Five of the 13 subjects (38%) exhibited left-right 
phase asymmetry values that were above the norma-
tive threshold. Eight of the 13 subjects (62%) exhib-
ited abnormal amplitude asymmetry values, where-
as 4 of the 13 subjects (31%) exhibited axis shift 
values above the normative threshold. None of the 
subjects displayed average open quotient or period 
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TABLE 1. SUMMARy OF HSV-BASED MEASURES AND ACOUSTIC MEASURES FOR PATIENT GROUP (N = 13)

 Normals Patients
Measure Mean SD Thresholds Mean SD
HSV-based left-right phase asymmetry (%) 6.27 4.33 ≤14.9 14.1 9.10 
HSV-based left-right amplitude asymmetry (%) 6.45 4.66 ≤15.8 34.1 26.5 
HSV-based axis shift during closure (%) 10.4 8.30 ≤27.0 21.4 17.4 
HSV-based open quotient (%) 49.8 13.4 23.0 to 76.6 54.7 11.4 
HSV-based period irregularity (%) 1.84 0.880  ≤3.60 1.91 0.882 
Acoustic jitter (%) 0.616 0.434  ≤1.04 2.06 1.10
Acoustic shimmer (%) 2.21 0.915  ≤3.81 4.21 1.67
Acoustic noise-to-harmonics ratio 0.116 0.0123 ≤0.190 0.143 0.0246

Normative values for high-speed videoendoscopy (HSV)–based measures were obtained by analyzing recordings from 52 normal subjects.10 Nor-
mative mean, SD, and threshold for each acoustic measure were from Multi-Dimensional Voice Program (MDVP; model 5105, KayPENTAX, 
Lincoln Park, New Jersey). Male and female data were combined.

Fig 2. Distributions of HSV-based mea-
sures for patient group (N = 13), with 
normal ranges indicated (see text for 
definition of normal ranges). 



irregularity values that were outside the normative 
range. The average values for the acoustic measures 
(Table 1) were comparable to those from previous 
reports on vocal function in this patient group,3,9 
with a postoperative persistence of elevations in jit-
ter and shimmer, and essentially normal NHR val-
ues. 

Because of the nonnormal marginal distributions 
of all of the measures and the limited number of sub-
jects in the sample (violating the assumptions for lin-
ear correlation analysis using Pearson’s r), nonpara-
metric statistical analysis using the Spearman rank-
order correlation method was performed. Spearman 
rho values were computed from transformed, rank-
ordered measures. Pairwise correlation analysis was 

performed between HSV-based measures and acous-
tic voice parameters. Although none of the correla-
tions between average values of the measures were 
significant, statistically significant correlations (p ≤ 
0.05) were found between the SDs of the HSV-based 
measures and acoustic perturbation parameters in 3 
instances (Table 2). Scatterplots with corresponding 
regression lines for each of these statistically signifi-
cant correlations are depicted in Fig 3. 

As Table 2 shows, jitter in the acoustic voice 
signal significantly correlated with the HSV-based 
measure reflecting the SD of left-right phase asym-
metry. The Spearman rho for this correlation was 
0.604, indicating that approximately 36% of the 
variance (ie, rho squared) in jitter was explained by 
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TABLE 2. SIGNIFICANT PAIRWISE CORRELATIONS BETWEEN HSV-BASED MEASURES AND
ACOUSTIC MEASURES FOR PATIENT GROUP (N = 13) 

    95% Confidence
 Pairwise Comparison Spearman rho p Interval for rho 
Acoustic jitter vs SD of left-right phase asymmetry 0.604 0.03 0.080 to 0.867 
Acoustic jitter vs SD of left-right amplitude asymmetry 0.621 0.02 0.106 to 0.873 
Acoustic shimmer vs SD of open quotient 0.659 0.01 0.170 to 0.888 

Fig 3. Scatterplots display relationships exhibiting significant 
pairwise correlations between HSV-based and acoustic mea-
sures. 



the variation in left-right phase asymmetry. Acous-
tic jitter also correlated significantly with the SD of 
left-right amplitude asymmetry (rho = 0.621). Thus, 
approximately 39% of the variance in jitter was ac-
counted for by variation in the left-right amplitude 
asymmetry measure. Finally, shimmer in the acous-
tic voice signal was most significantly correlated 
(rho = 0.659) with the HSV-based SD of the open 
quotient, corresponding to an explained variance of 
43%. The NHR did not correlate significantly with 
any of the HSV-based measures computed.

DISCUSSION 

This study used a newly developed HSV-based 
system to examine voice production mechanisms 
in patients who had undergone phonosurgical man-
agement of glottic cancer. The analyses focused on 
quantitative measures of glottal closure and vibra-
tory symmetry (ie, vocal fold kinematics) extracted 
via custom-designed digital image processing rou-
tines and on the correlations of these measures with 
acoustic perturbation parameters. 

Taken together, the HSV and acoustic measure-
ment results for this patient group described postop-
erative voice production mechanisms in which the 
glottal closure (open quotient) and the overall pe-
riodicity of tissue vibration during phonation were 
within the normal ranges that were defined for this 
study. The restoration and/or maintenance of nor-
mal-like glottal closure durations and overall vibra-
tory periodicity probably contributed to the normal 
acoustic NHR values that have also been observed 
previously in similar groups of patients.3,9 On the 
other hand, the voice production mechanisms of 
these patients also displayed higher-than-normal 
within-cycle asymmetries in vocal fold tissue vibra-
tion (phase, amplitude, and closure axis) and, as pre-
viously reported,3,9 postoperative persistence of ele-
vations in acoustic jitter and shimmer. 

The results of pairwise correlations between aver-
age values for HSV and acoustic perturbation mea-
sures revealed that the variations in levels of acoustic 
jitter and shimmer were not related to within-cycle 
asymmetries in tissue vibration. Instead, a signifi-
cant amount of the variation in acoustic jitter was ac-
counted for by the changes (SD) in the symmetry of 
the phase and amplitude of tissue motion across vi-
bratory cycles, and a significant amount of the shim-
mer variation was correlated with changes (SD) in 
glottal closure durations (open quotients) across cy-
cles of vibration. Thus, it appeared that even though 
the open quotient values for patients fell within the 
normal range that was defined for this study (mean 
± 2 SD), this range was quite broad, with the larger 

variations within this range actually being associ-
ated with elevated levels of acoustic shimmer. 

Time-varying asymmetries were expected to 
play a large role in affecting characteristics of the 
acoustic voice signal. In a recent study, the physi-
ological correlates of acoustic perturbation mea-
sures were investigated by simulating asymmetric 
vocal fold vibrations with a mathematical model.17 
It was shown that time-varying changes in left-right 
asymmetry resulted in acoustic jitter and shimmer, 
whereas time-invariant left-right asymmetries yield-
ed an acoustic output that did not exhibit increased 
values of jitter and shimmer. This conclusion was 
supported by the results of the current study. 

The apparently critical cycle-to-cycle variations 
in tissue vibratory behavior that were shown to be 
significantly correlated with the degradation of the 
acoustic signal in this investigation would not be re-
liably revealed with stroboscopy. In fact, because 
stroboscopy would only provide stable imaging of 
periodic (repeating) vocal fold motion, it would be 
capable of only capturing the kind of highly repeti-
tive asymmetries that do not appear to make a major 
contribution to disrupting acoustic sound genera-
tion, assuming that glottal closure is adequate. 

The results of this study indicated that the postop-
erative vocal function of this patient group could be 
further improved by reducing cycle-to-cycle varia-
tions in the phase relationships of vibratory tissue. 
This might be achievable if it were possible to re-
store lost pliability to specific regions of the vocal 
folds, depending on the nature and extent of the re-
section that was needed to ameliorate the cancer. 
The need to restore pliability in such cases is one of 
the major motivations behind recent efforts to de-
velop vocal fold phonatory mucosal implants.18 

The postresection healed glottal epithelium as-
sumes the biomechanical properties of the underly-
ing scar and/or residual soft tissue of the neocord.9 
Therefore, the overall goal of a superficial lami-
na propria replacement implant would be to more 
closely equilibrate the biomechanical properties 
within and between the vocal folds and thereby re-
duce sources of cycle-to-cycle asymmetric vibra-
tion. Given the limitations described above for stro-
boscopy, it is clear that HSV imaging will provide 
insights that will assist surgeons in geographically 
mapping lost phonatory mucosal pliability to tar-
get restoration, as well as assess postreconstruction 
rheologic characteristics of tissue and their impact 
on enhancing vocal function. 

The HSV data in this study were limited to the 
midportion of the musculomembranous glottis. This 
is the typical location for performing videokymog-
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raphy, which is only capable of recording activity 
at 1 location.13 The differential variation in tissue 
pliability that can occur within and between the vo-
cal folds after surgical management of glottic cancer 
can give rise to asymmetries in tissue motion at oth-
er points along the glottis. The digital implementa-
tion of kymography following post-HSV image cap-
ture that was used in this study has the advantage of 
being able to generate kymographic images (slices) 
at any location along the entire length of the glottis, 
thus providing the potential to isolate motion at spe-
cific locations of interest. This capability is demon-
strated in Fig 4, for which digital kymograms were 
extracted from 3 glottal locations. Efforts are cur-
rently under way to determine how such multiple 
measures can be combined and/or presented in ways 
that are meaningful and allow useful comparisons 
with other simultaneously gathered (time-synchro-
nized) measures of vocal function, including acous-
tic, electroglottographic, neck skin acceleration, and 
aerodynamic parameters. 

Even though significant correlations were found 
between the SDs of some HSV measures and acous-
tic perturbation parameters, the actual correlations 
were at a moderate level. This means that there is 
still a sizable amount of variation in acoustic pertur-
bation that is not accounted for by the HSV measures 
used in this study. It is hoped that a more complete 
analysis of the HSV imaging data, such as the use of 
multiple kymograms described above, will increase 
the amount of acoustic perturbation that can be ac-
counted for. However, it is also possible that there 
are sources of acoustic perturbation in addition to 
asymmetries in vocal fold tissue motion, including 
higher-order aerodynamic phenomena and/or inter-

actions,19,20 that may play a role during voice pro-
duction.

CONCLUSIONS 

The use of simultaneous, time-synchronized HSV 
and acoustic recordings can provide new insights 
into the postoperative voice production mechanisms 
of patients who have undergone phonosurgical man-
agement of vocal disorders, including glottic cancer. 
In particular, this approach allows for the application 
of automated digital image and signal processing 
methods to reveal critical relationships between vo-
cal fold vibratory function and the resulting acous-
tic characteristics of the voice. Such investigations 
are not possible with standard clinical stroboscopy 
methods. This information should substantially as-
sist surgeons in identifying biomechanical phonato-
ry mucosal deficits and assessing the effectiveness 
of implant reconstruction efforts. 

Even though HSV provides much more detailed 
information about vocal fold phonatory function 
than does stroboscopy, its eventual adoption into 
standard clinical practice will depend on the extent 
to which remaining practical, technical, and meth-
odological challenges can be met. Such challeng-
es include the relatively high cost of HSV systems, 
management of the large computer files that HSV 
recordings produce, limitations on the sampling of 
vocal behaviors due to the brief durations of HSV 
recordings, and a paucity of solid clinical research 
that demonstrates that HSV significantly improves 
the diagnosis and management of voice disorders 
(ie, clinical trials with controls). Work is already 
well under way to address many of the remaining 
barriers to the clinical adoption of HSV.12
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Fig 4. Illustration of derivation of vocal fold amplitude waveforms from digital kymograms extracted from 3 locations along 
anterior-posterior glottal axis. 
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