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Introduction 
 

Using high-speed video endoscopy 
techniques to estimate vocal fold kinematic 
measures in a population of individuals with and 
without hyperfunctional voice disorders (HVDs), 
two overarching research questions were 
investigated; 1) do vocal motor control strategies 
vary based on different target productions (i.e., 
different rate and effort conditions) and 2) does 
vocal motor control strategies for vocal production 
targets differ in individuals with and without 
HVDs.  

 
Methods 
 
Twenty-eight adults with HVDs and 28 age- and 
sex-matched controls produced repeated utterances 
of /ifi/, at varying speech rates (50, 65, and 80 
beats-per-minute) and speaker-induced vocal effort 
(mild, moderate, and maximum effort). The glottic 
angle profiles of productions were extracted to 
calculate the kinematic stiffness ratio (i.e., ratio 
between maximum adductory velocity and 
maximum glottal angle), spatiotemporal index (i.e., 
cumulative sum of the standard deviations of the 
glottal angle trajectories), and asymmetry index 
(i.e., ratio between deceleration and acceleration 
durations of the glottal velocity profile) to 
objectively quantity vocal fold tension, production 
variability, and asymmetry, respectively.  
 

Results  
 
Results indicate that individuals with HVDs exhibit 
significantly higher kinematic stiffness ratios, 
spatiotemporal indices, and asymmetry indices 
across rates and effort conditions compared to 
controls, indicating higher vocal fold tension, 
production variability, and asymmetry.  The 
magnitude and direction of change in measures 
across target productions also varied across the two 
populations, implying differential underlying vocal 
control strategies for different task requirements in 
individuals with and without HVDs. 
 
Discussion and Conclusion 
 
The study outcomes provide insight into the ability 
of laryngeal kinematics to differentiate underlying 
motor control strategies in individuals with HVD 
to guide future clinical intervention. 
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Introduction 

Older adults report pitch, loudness, and voice 

quality changes with aging. While voice therapy is 

a common treatment for older adults with 

dysphonia, voice therapy techniques might work 

differently in older adults than younger adults, 

given typical age‐related changes across the 

multiple systems. The aim of the current study 

was to assess the effects of four therapy 

maneuvers on vocal fold vibration after a short 

(approximately 3 minute) trial therapy period: 1) 

Abdominal onset 2) Pulling (forced laryngeal 

closure), 3) Semi‐occlusion (/u/), and 4) Assertive 

voice. 

Methods 

Rigid high‐speed videoendoscopy was completed 

at 4000 frames per second on sustained vowels 

/i/ or /u/. To date, 193 videos from 21 

participants have been analyzed using a semi‐

automated segmentation system and harmonic‐

model based objective parameters. Fifty‐four (54) 

of the productions were baseline, 40 abdominal 

onset, 30 semi‐occlusion, and 34 assertive. Linear 

mixed model ANOVAs were completed for 

harmonic richness factor (HRF), relative glottal 

gap (RGG), open quotient (OQ), and fundamental 

frequency standard deviation (foSD). 

Results  

Significant main effects were present for HRF 

(F(4,170)=4.539, p=0.002), RGG (F(4,171)=4.532, 

p=0.002), and OQ (F(4,169)=4.653, p<0.001). 

There were no significant changes in foSD with 

the interventions.  Results from the larger data 

set will be available for the AQL meeting. 

Discussion and Conclusion 

Findings will be interpreted relative to the 

vibratory changes that occur with specific 

techniques. 
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Introduction 
Adductor spasmodic dysphonia (AdSD) is a 
neurological voice disorder that disrupts laryngeal 
muscle control in connected speech [1]. Coupling 
high-speed videoendoscopy (HSV) with a flexible 
endoscope, video data from the vocal fold (VF) 
vibration can be obtained in connected speech which 
can be beneficial to understand the disrupted vocal 
function in AdSD [2]. Previously, we developed 
several methods to study VF dynamics by 
segmenting the glottal area in HSV data during 
running speech to study normophonic and AdSD 
voices [3-6]. This work builds upon our prior 
contributions and provides an automated method to 
detect the left/right VF edges in HSV for examining 
VF vibrations in AdSD during connected speech. 
Methods 
A monochrome high-speed camera, coupled with a 
flexible nasolaryngoscope, was used for the data 
acquisition (recording rate of 4,000 frames per 
second and spatial resolution of 256x224 pixels). 
The video data were collected from four AdSD 
patients and three normophonic speakers during the 
reading of six CAPE-V sentences and part of the 
Rainbow Passage at Mayo Clinic, Scottsdale, AZ. 
The deep learning approach we previously 
developed [6] was utilized in this work to segment 
the glottal area in the HSV recordings. The first 
image moment of inertia was then computed for each 
row of the detected glottal area pixels (glottis center) 
where the midline was predicted as a fitted second-
order curve. Accordingly, the spatial location of the 
left/right VF edges was automatically determined in 
the HSV images. The segmentation accuracy of VF 
edges was evaluated against visual/manual analysis.  
Results  
The developed approach accurately detected the 
right and left VF edges in the HSV dataset. Fig. 1 
illustrates a sample of four automatically segmented 

frames showing the original images before and after 
segmentation, in the left and middle panels, 
respectively. The segmented area is highlighted in 
red in the middle panels. The detected left and right 
VF edges based on the image moments are indicated 
by the cyan and magenta lines in the right panels. 

 
Fig. 1. Results of segmenting four HSV frames and 

detecting the right and left edges of the VFs. 
Discussion and Conclusion 
The proposed edge detection method was accurate 
even with significant image noises and excessive 
laryngeal movements in AdSD in running speech. 
This method enables developing HSV-based 
measures for assessing VF function in AdSD. 
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Introduction 

The human voice is generated in a complex 

interaction of fluid flow, structural oscillation and 

acoustic waves. This process has long been 

described with a linear source filter theory that 

contains no back coupling of the vocal tract’s (VT) 

acoustic properties onto the vocal fold (VF) 

oscillation and glottal flow. There are however 

conditions where this is not valid, e.g. when a 

maximum in the frequency dependent VT input 

impedance is located closely to the oscillation 

frequency of the VFs [1]. In this work, we use a 

synthetic larynx model to investigate source filter 

interaction in the human voice. 

Methods 

We employ a VT of variable length to tune its 

acoustic properties to the oscillation frequency of 

the synthetic VFs. We perform laser-Doppler-

vibrometry measurements to measure the surface 

oscillation velocity of the VFs. To investigate the 

relationship between the supraglottal flow field and 

VT acoustic properties, the time resolved, static 

pressure in the supraglottal channel is measured via 

pressure transducer. The acoustic properties of the 

VT are determined via transmission line model [2]. 

Results  

The vibrometry measurements show a clear 

connection between the oscillation frequency 𝑓𝑜 

and the impedance maximum frequency 𝑓𝑍1. If in 

vicinity to each other, the oscillation frequency 

tuned itself to the impedance maximum. No 

interaction between impedance maxima and higher 

harmonics 2𝑓𝑜, 3𝑓𝑜, … could be found however. In 

contrast to this, the pressure data suggests a 

complex interaction between impedance maxima 

and the supraglottal flow field. The oscillation 

frequency shift could also be seen in the pressure 

data. However, there is also a clear interaction 

between higher harmonics and VT input 

impedance visible. We hypothesize, that this 

interaction does not change the main characteristics 

of the pulsating glottal jet flow. Instead, it results 

in a changed jet stability behavior resulting from 

changes in supraglottal vortices. 

Discussion and Conclusion 

We see a clear interaction between the acoustical 

properties of the VT and the oscillation of the VFs. 

Further investigations with the help of laser 

scanning vibrometry and particle image 

velocimetry have to be made to confirm these 

findings. In addition, a theoretical explanation of 

the observed physical behavior is necessary to 

enhance understanding of the observed source-

filter interaction phenomena. 
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Introduction 
In voice production simulations, one-dimensional 
(1D) flow models are often used to reduce 
computational costs [e.g., 1-2]. However, the 
airflow around the oscillating vocal folds has been 
shown to exhibit three-dimensional (3D) 
phenomena [3], and it is unclear how accurate 1D 
flow models are in modeling fluid-structure 
interaction under left-right asymmetric vocal fold 
conditions. In this study, we compared voice 
production outcomes predicted by 1D and 3D flow 
models and evaluated the accuracy of 1D flow 
models in left-right asymmetric vocal fold 
conditions. 

Methods 
To focus on the flow models and avoid the high 
computational costs associated with modeling 3D 
vocal folds, both the 1D and 3D flow models were 
coupled to a two-mass model [1]. The 3D flow was 
simulated by solving the compressible Navier-
Stokes equations with a high-order accuracy finite 
difference method, whereas the 1D flow was 
modeled by Bernoulli’s equation and equivalent 
circuits. Simulations were performed for different 
values of the ratio of left-right tension imbalance 
Q. Details are reported in [4].   

Results and Discussion 
The maximum flow declination rate (MFDR) was 
calculated for both 1D and 3D flow models and 
plotted for different tension imbalance conditions 
in Fig. 1. The MFDRs predicted by the 1D model 
agreed well with those of the 3D model, indicating 

that the 1D flow simplification is sufficient in 
modeling phonation in the range of left-right 
asymmetric conditions. This agreement was 
obtained despite mismatches in intraglottal 
pressure distributions, indicating that vocal fold 
properties play a larger role than the glottal flow. 

 

Fig. 1. Maximum flow declination rates with 
different left-right tension imbalance parameter Q.   
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Introduction 

The effective clinical management of non-
phonotraumatic vocal hyperfunction (NPVH) is 
hampered by the limited understanding of the role 
that numerous potential factors play in its etiology 
and pathophysiology[1]. This study aims to 
represent key biomechanical features of NPVH, 
through an asymmetric triangular body-cover 
model (TBCM)[2] with unbalanced intrinsic 
muscle activation. 

Methods 

Four pathophysiological and biomechanical 
features were selected to explore NPVH: (1) 
Increased Subglottal Pressure (SP), (2) Amplitude 
Asymmetry (AA), (3) Phase Asymmetry (PA) and 
(4) Arytenoid Adduction Asymmetry (AAA). 
Each feature was represented in the model, 
considering the contribution of the intrinsic 
laryngeal muscles, with a muscle imbalance factor 
between left and right vocal folds. 

Results  

Model behavior is presented in relation to each of 
the four selected features, according to the 
asymmetry factor in the muscle activations. 
Elevated SP and AAA are obtained through an 
increased activation of the Posterior 
Cricoarytenoid (PCA) muscle, which results in an 
incomplete glottal closure. Elevated AA and PA 

are obtained in the model through an unbalanced 
activation of Thyroarytenoid (TA) muscle. 

Discussion and Conclusion 

The aerodynamic and mechanical behavior 
reported in the literature agrees with the initial 
pilot results of this study. Thus, it is possible to 
represent features of NPVH through the 
asymmetric TBCM with muscle unbalance. 
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Introduction 

Previous efforts representing asymmetric vocal 
fold oscillation in lumped-element models have 
described the physics by introducing left-right 
mass and spring differences[1]. The triangular 
body cover (TBCM) provides posture and 
viscoelasticity control for the vocal folds, through 
the independent activation of all intrinsic 
laryngeal muscles. The present study provides an 
adaptation of TBCM for asymmetric vocal fold 
vibration through an unbalanced left-right muscle 
activation (a-TBCM). 

Methods 

The a-TBCM features independent left-right 
parameters according to activation rules of the 
TBCM, a new asymmetric vocal fold collision 
description, and a revised formulation of the 
glottal area waveform. We explore the proposed 
asymmetric description for various muscles and 
compare these results against those from previous 
spring-mass asymmetric descriptions. 

Results  

The behavior of the masses, springs and glottal 
angle is studied as the ratio between left and right 
cricoarytenoid (CT), thyroarytenoid (TA) and 
lateral cricoarytenoid (LCA) activation. For 
CT/TA ratio variation, the vocal process remains 

constant, but the viscoelasticity changes. On the 
other hand, for LCA ratio variation, the 
viscoelastic properties are maintained, but the 
vocal process changes. 

Discussion and Conclusion 

The proposed a-TBCM scheme allows for 
introducing differences in viscoelasticity and 
posture using the ratio of muscle activations. 
Future work will focus on constructing rules for 
the ratio between the activations of the folds, 
which would allow for representing various vocal 
fold pathologies. 
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Introduction 
High-speed videoendoscopy (HSV) is a promising 
method for quantitative assessment of voice 
disorders. The addition of a synchronous acoustic 
recording to HSV allows simultaneous analysis of 
vocal fold movements and the acoustic voice 
signal. Acoustic assessment of voice impairment is 
commonly performed by subjective perceptual 
evaluation of continuous speech based on a grading 
system such as the roughness, breathiness, 
hoarseness (RBH) scale. Here, we present an 
automatic machine learning based approach to 
objectively quantify hoarseness severity based on 
sustained vowels recorded during HSV. 
 
Methods 
Acoustic recordings of the sustained vowel /i/ were 
collected during high-speed videoendoscopy. 
Temporal, spectral and cepstral features were 
extracted from 250ms of each recording. All 
recordings have an assigned RBH score (R, B, H ϵ 
[0,1,2,3], H = max(R, B)), which was determined 
subjectively by an expert based on continuous 
speech of the respective subject. In order to account 
for the label noise introduced by different valuation 
bases, subjects were divided into two levels of 
hoarseness H < 2 (normal, mild) and H ≥ 2 
(moderate, severe). Logistic Regression was 
employed as classification model, using the 
resulting output probabilities as continuous 
severity rating. Relevant features were selected 

using a sequence of filter methods and backward 
elimination. 
 
Results  
Results of severity estimation were evaluated in 
terms of classification performance as well as 
correlation between output probabilities and the 
subjective H score. 
 
Discussion and Conclusion 
The presented method describes a promising 
approach for objective acoustic grading of 
hoarseness which, together with HSV analysis, 
allows multimodal quantification of treatment 
progress in patients with voice disorders [1]. 
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Introduction 

The application of machine learning in speech, 

language, and hearing sciences has increased 

significantly over the last decade. However, many 

prior studies have adopted the single holdout cross-

validation method. The main aim of this study was 

to quantify the effect of different cross-validation 

methods on the statistical characteristics of the 

model found by machine learning. 

Methods 

A generative paradigm was used to systematically 

create datasets with different sample sizes, 

different dimensionalities, and different 

discriminative power of features. The generated 

datasets were then passed through a machine 

learning processing pipeline that included a 

wrapper-forward feature selection. Four major 

cross-validation methods of single holdout, 10-

fold, training-validation-test, and nested 10-fold 

were implemented. Distributions of the null and 

alternative hypotheses were estimated from each 

scenario using the Monte Carlo method. The 

required sample size for obtaining a statistically 

significant outcome (α=0.05, β=0.2) was estimated 

separately for each cross-validation method. 

Additionally, the statistical confidence of the 

model was defined and calculated as the 

probability of correct features getting selected and 

hence being included in the final model. The effect 

of different cross-validation methods on the 

statistical confidence of the model was quantified. 

Results 

Our analysis showed that the accuracy of the model 

generated based on the single holdout had a 

significant bias, very low statistical power, and 

very low statistical confidence. Conversely, not 

only the estimated accuracy of nested 10-fold 

cross-validation was unbiased, but it also offered 

much higher statistical confidence and statistical 

power. As an example, the single holdout may need 

as high as 50% more samples to achieve the same 

statistical power as the nested cross-validation. 

Also, the confidence in the model generated using 

a single holdout could be as low as 1/4 of the model 

generated based on nested cross-validation. 

Discussion and Conclusion 

Cross-validation is an essential part of supervised 

machine learning and is the component that can 

prevent overfitting and governs the generalization 

of the results if used appropriately. This study 

quantified the statistical power and statistical 

confidence of the model generated based on 

different cross-validations and showed significant 

differences between the performance of different 

cross-validation methods. Based on our findings 

future studies are advised to adopt the unbiased and 

more robust method of nested cross-validation. 
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Introduction 

Majority of spectral voice parameters either 
employ the full spectral information (e.g., 
harmonics to noise ratio and cepstral peak 
prominence, CPP) or compare two harmonics 
(e.g., H1-H2 and H1-A1)[1]. This presentation 
demonstrates the effectiveness of measuring the 
harmonic and noise power levels in smaller 
frequency segments and recombining them to 
quantify breathy perceptual vocal quality. The 
segmentation allows different regions of the 
frequency spectrum to be related independently 
to perceptual breathiness and to each other. 

Methods 

Sustained /a/ recordings of speakers with voice 
disorders were sampled from Saarbrueken Voice 
Database. Four speech language pathologists 
perceptually rated the recordings for breathiness 
on a 100-point scale, and their averages were 
used as the ratings of the recordings. Only the 
speakers without any roughness in voice were 
included in the study (𝑛 = 88). The acoustic 
spectra (𝑓max = 4 kHz) were analyzed with four 
different sets of frequency segmentation rules: (1) 
a single band, (2) equispaced bands in linear 
frequency, (3) equispaced bands in logarithmic 
frequency, and (4) formant-based spacing [2]. 
Harmonic and noise power of each band was 
evaluated using time-varying harmonic model 
[3], and multiple linear regression analyses were 
conducted to predict the perceptual rating by the 
spectral power levels and 𝑓௢ in different 
frequency configurations. 

Results  

The variation in breathiness rating was poorly 
predicted by the single-band configuration 
(𝑅adjଶ = 54%) compared to the 5-segment 
logarithmic configuration (84%) and the 
formant-based rule (85%). The 5-segment linear 
configuration resulted in 𝑅adjଶ = 73%. 

Discussion and Conclusion 

The log and formant-tuned spacing were the best 
suited approaches to capture the breathiness by 
segmented spectral power measures. The results 
align well with the known effectiveness of the 
CPP and psychoacoustic-based correlates of 
breathiness. These proposed measures could be 
attractive input to more complex machine 
learning systems for predicting voice qualities. 
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Introduction - Malign changes of human vocal 
folds are conventionally observed by the use of 
(high-speed) video endoscopy that measures their 
2D deformation in image space. However, it was 
shown that their dynamics contain a significant 
vertical deformation. This led to the development 
of varying methods for the 3D reconstruction of 
human vocal folds during phonation. In these 
works, especially active reconstruction methods 
that project a pattern onto the surface of vocal folds 
have been researched [1-3]. These pipelines 
initially predict a segmentation of the vocal folds 
and detect 2D pixel positions of the projected 
pattern. However, currently used segmentation 
methods either need manual input or were not 
developed with an additional light source in mind. 
This renders them either infeasible for clinical use 
or susceptible towards artifacts introduced by the 
structured light projector. 

Methods - To address this, we present a method for 
the simultaneous segmentation, detection, and 
tracking of human vocal folds and speckle 
projection patterns in structured light high-speed 
video endoscopy.  The proposed method is based 
on two stages: First, a convolutional neural 
network predicts a segmentation of the vocal folds, 
the glottal area and projected speckles in a 
temporal-coherent manner. Secondly, we compute 
sub-pixel accurate 2D point locations based on the 

pixel-level speckle class probabilities via gaussian 
fitting. 

Results - Our approach drastically improves the 
robustness, accuracy and applicability of current 
human vocal fold 3D reconstruction pipelines.  

Discussion and Conclusion – Our proposed 
method can easily be integrated into existing 
vocal fold reconstruction pipelines, supporting 
physicians by providing immediate feedback 
about the reconstruction process. 
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Introduction

Prognosis in medicine is an extremely important
aspect  in  planning  a  patient's  therapy  and  in
assessing  prognosis.  The  main  purpose  of  this
study  was  to  conduct  research  aimed  at
determining to what extent changes in the speech
signal, detectable and quantifiable on the basis of
phonetic-acoustic analyses of this  signal,  can be
used  as  a  source  of  prognostic  information  in
Parkinson's  disease.  For  this  purpose,  150
recordings were collected from 30 patients at JP2
Hospital  in  Krakow,  Poland.  Voice  recordings
were made at well-defined moments of time in the
"off" state, 30-, 60-, 120- and 180-minutes after
taking  the  drug  levodopa.  Each  patient
uttered 5 specific vowels: /a/, /e/, /i/, /o/, /u/. At
each measurement point, patients were examined
by  a  physician  and  the  UPDRS  scale,  Part  III
corresponding  to  motor  changes  (which  has  a
range of 0 – 108 points), was determined. 

Methods

Each speech signal  was described by more than
600  acoustic  features  describing  tone,  energy,
spectral  features,  frequency,  amplitude,  mel-
cepstral features, harmonic to noise ratio, among
others.  Based  on  the  created  vector  of  acoustic
features  regression  was  performed  to  determine
UPDRS-III scores. The regression was performed
using  the  RANdom  SAmple  Consensus

(RANSAC), Bayesian Ridge Regression, Random
Forest Regression and XGBoost Regressor.

Results

The Mean Squared Error between predicted and
neurologist-determined  scores  is  about  4  points
with  XGBoost  regressor.  The  results  obtained
should  be  considered  promising.  Based  on  the
presented research methodology, it is possible to
automate  the  assessment  of  a  patient's  disease
progression at current moment on the UPDRS-III
scale and reduce the examination time. Such tool
could be also used in home-monitoring, bringing
high value to more often measurements. 

Discussion and Conclusion

The results of the study indicate the great success
of  using  acoustic  analysis  in  monitoring  the
course  of  Parkinson's  disease  and  obtaining  an
objective measures to assess its severity at a given
time point. For future works, we plan to combine
voice signals with other sensors to measure motor
changes  and  eye  gaze  with  augmented  reality
technology. 
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Introduction 

Videofluoroscopic swallow studies are a common 
diagnostic tool, where a patient is given to swallow 
radiopaque material to determine the changes in 
swallowing physiology. Segmentation and tracking 
of this so-called bolus are key to the objective 
evaluation of swallowing [1]. 

Methods 

Deep neural networks (DNNs) were trained on a 
dataset of patients not suffering from dysphagia to 
discriminate bolus material from the background. 
We used a modification of the U-Net architecture 
[2] featuring Instance Normalization. The bolus 
was defined as the main material moving from the 
oral cavity to the esophagus. Segmentation quality 
was assessed using the Dice coefficient (DC), 
ranging from 0 (poor) to 1 (excellent). The bolus 
was further examined for its shape and main path 
(trajectory) during swallowing events. 

Results  

We performed a systematic analysis to determine 
the hyperparameters, identifying the best parameter 
setting with an overall DC of 0.86 on the validation 
and 0.84 on the test dataset. The segmented area 
was used for quantifications, particularly for bolus 
shape and kinematics analysis. The eccentricity of 
the bolus area over time showed a correlation 
between bolus shape and the swallowing phase. 
High eccentricity values were measured in the oral 

and pharyngeal phases, indicating a more 
elongated bolus. After fitting an exponential 
function to the moving bolus centroids, we 
observed a slightly upward-bent curve for normal 
swallowing. Our trajectory analysis is consistent 
across individual swallows and subjects. 

Discussion and Conclusion 

DNNs allow high-quality bolus segmentation in 
previously unseen data. Downstream analysis of 
bolus shape and kinematics resembles swallowing 
phases and clearance behavior and is important for 
further studies in patient collectives. 
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Introduction 

Swallowing is a process 
involving complex movement coordination. In 
particular, kinematic events across and within 
the oral and pharyngeal 
phases are overlapping, and previous 
studies had identified individual variability in 
their temporal sequence. The current study aimed 
to explore the feasibility of applying existing 
bioinformatic analyses to the study of ordinality, 
variability, and concurrency (i.e. overlaps) of 
swallowing kinematic events. 

Methods 

Forty-three participants, including 17 healthy 
adults, 15 healthy elderly, and 11 dysphagic 
individuals, received ultrasonographic examinatio
ns (B-mode) of swallowing on the mid-sagittal 
plane of the submental region, while 
performing swallowing trials of dry swallows and 
various water bolus types with reference to the 
International Dysphagia Diet Standardization 
Initiative (IDDSI). Three swallowing movements, 
namely, tongue base retraction (TB), geniohyoid 
muscle contraction (GH), and hyoid bone 
excursion (HB), were of interest. Key frames and 
the order of the event onset, maximum, and offset 
were extracted. Longest Common Subsequence, 
Shannon’s Entropy, and Overlap Coefficient were 
used to analyze the ordinality, variability, and 
concurrency of swallowing events respectively. 

 

 

Results  

For ordinality, only four non-trivial obligatory 
event pairs, but not multiple event sequences, were 
identified. For variability and concurrency, 
statistical analyses revealed significant differences 
in the entropy of swallowing sequences (F(2, 
343)=56.195, p < 0.001), and the 
overlapping onset-to-maximum and maximum-to-
offset movements duration. Post hoc analyses 
confirmed significant differences among healthy 
adults, elderly, and the dysphagics. 

Discussion and Conclusion 

The findings will be discussed with reference to 
previous studies of swallowing sequence using 
videofluoroscopy (e.g [1]) and ultrasonography 
(e.g. [2]). The current study also suggested the 
feasibility and plausibility of using 
ultrasonography and the modality-independence of 
applying existing bioinformatic methods to 
study/examine swallowing kinematic sequence.  
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Introduction 
The classic profile of patients with phonotraumatic 
vocal hyperfunction (PVH) is moderate-to-high 
voice use, high social potency (extraversion), and 
low impulse control. This study combines the 
power of a novel measure of ambulatory voicing-
resting behavior and unsupervised machine 
learning and presents preliminary results showing 
that not all patients with PVH fit this classic profile. 

Methods 
An ambulatory voice monitoring device was used 
to record the neck-surface acceleration signals over 
approximately seven days from 116 female patients 
diagnosed with PVH and 116 age-, sex, and 
occupation-matched vocally healthy controls. The 
recordings were classified as voicing and resting 
(non-voiced) segments using a voice activity 
detector, and then voiced segments that were 
separated by less than 0.5 seconds (to account for 
pauses) were merged into a single voice phrase 
segment. A singing detector was applied on each 
voice phrase segments and only non-singing (i.e., 
speech) segments were retained for the rest of the 
analysis. Voicing-resting behavior of each 
participant was quantified using the voicing-resting 
ratio (VRR), defined as the duration of a speech 
phrase segment divided by the sum of the durations 
of the preceding and succeeding non-voiced 
segments. The distribution of the 15th. percentile of 
patients’ ambulatory VRR (VRR15) exhibited a 
bimodal distribution and divided patients into two 
subtypes using unsupervised Gaussian mixture 

modeling. The two subtypes were then 
characterized using the Daily Phonotrauma Index 
(DPI) and a personality questionnaire and 
compared against the matched control group. 

Results 
Patients were clustered into two subtypes 
consisting of 83 (high VRR15) and 33 (low 
VRR15) individuals. The DPI classified the 
subtype with high VRR15 as patients; however, the 
subtype with low VRR15 was more likely to be 
classified as controls. Personality analysis showed 
that patients with high VRR15 exhibited the classic 
profile of higher social potency and lower impulse 
control than controls; in contrast, patients with low 
VRR15 exhibited no significant difference in these 
personality metrics relative to controls. 

Discussion and Conclusion 
Subtyping is an important step toward precision 
medicine, as it allows an inhomogeneous group of 
patients with a certain diagnosis to be divided into 
several more homogenous subtypes, with possibly 
different etiologies. This study provided 
preliminary results indicating the presence of at 
least two PVH subtypes. The first subtype followed 
the classical profile of PVH and was significantly 
different from their matched controls. 
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Introduction 

This study, recently published as [1], reports on 
the development and validation of a method for 
subglottal pressure (Ps) estimation that can be 
applied to monitoring of vocal function and 
behavior in ambulatory settings. Ps plays a major 
role in voice production and has been shown to 
differentiate individuals with typical voices from 
those with voice disorders and to act as a clinical 
outcome measure. Therefore, the estimation of Ps 
during daily monitoring could provide better 
insights into the etiology and pathophysiology of 
voice disorders. 

Methods 

Subject-specific multiple regression models were 
derived for each subject to estimate Ps from 
running speech. The input to the model consisted 
of a sparse combination of raw neck-surface 
accelerometer features, as well as from glottal 
airflow estimates using an impedance-based 
inverse filter. The model was then applied to 
ambulatory recordings during activities of daily 
living in patients diagnosed with phonotraumatic 
vocal fold lesions, primary muscle tension 
dysphonia, and unilateral vocal fold paralysis. 

 

 

 

Results 

The proposed method exhibited significantly 
lower error than alternative Ps estimation methods 
in the literature, with average errors ranging from 
1.13 to 2.08 cm H2O for the participant groups. 
Application of the model to day-long recordings   
provided for the first ambulatory estimates of 
subglottal pressure in these populations. 

Discussion and Conclusion 

Results point to the feasibility and potential of 
real-time monitoring of subglottal pressure during 
an individual’s daily life for improved prevention, 
assessment, and treatment of voice disorders. 
Further studies will investigate changes in the 
estimation of Ps after patients undergo voice 
therapy and/or surgery. 
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Introduction 

Phonation begins with the onset of vocal fold 
oscillation that is dependent on various factors such 
as airflow and different laryngeal muscle 
activations. Hence, onset is of great interest in 
voice research. However, it is often only assessed 
from a superior view, neglecting the vertical 
vibration component and the vibration onset along 
the medial surface. 

Methods 

We investigated vocal fold oscillation onset in an 
in-vivo canine hemi larynx model. Recurrent and 
superior laryngeal nerves were stimulated at 
average levels at nine different activation 
combinations approximately midway between 
minimum and maximum muscle response. 
Oscillation onset was achieved by providing a 
linearly rising airflow. The medial surface of the 
vocal fold was recorded through a glass prism at 
3000 frames per second. Positions of 30 
Landmarks tattooed on the medial surface were 3D 
reconstructed and interpolated as described in our 
previous work [1]. Empirical Eigenfunctions were 
used to de-noise and emphasize certain sections of 
vibrations. 

Results  

Vocal fold vibration started in general with a subtle 
near-periodic movement of the inferior part of the 
vocal fold. During this part of pre-onset the inferior 
part of the vocal fold was pushed further away from 

the glass prism with increasing airflow. Then the 
superior edge on the anterior side started to 
oscillate at a higher frequency. With further 
increase in airflow, the entire vocal fold started 
oscillating. This change happened gradually with 
first single complete oscillations moving from 
inferior to superior, breaking the pattern of fast 
anterior vibration. Then a stable state was reached 
as slower full vibrations replaced fast anterior 
vibrations.  

Discussion and Conclusion 

Looking at phonation onset along the medial 
surface reveals subtle patterns of movement 
preceding the from above visible vibration onset. 
This illustrates the importance of looking at vocal 
fold oscillations from different perspectives, also 
capturing the medial surface.    
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Introduction: Characterizing vocal fold 
oscillation using videostroboscopy and/or high-
speed videoendoscopy (HSV) is of critical 
importance for evaluating voice disorders.1 It is 
unclear, however, what factors may influence the 
relationship between laryngeal oscillation ratings 
made from these exam types. This study examined 
the impact of patient diagnosis, severity of 
dysphonia, and rater experience on the 
relationship between videostroboscopic and HSV 
ratings of laryngeal oscillation and closure. 

Methods: Ten licensed speech-language 
pathologists rated laryngeal oscillation using 
videostroboscopic and HSV exams from 15 
patients with Adductor Spasmodic Dysphonia 
(ADSD) and 15 with benign vocal fold lesions. 
SLPs were categorized into lower (<5 years) and 
high (>5 years) experience groups. The Voice 
Vibratory Assessment of Laryngeal Imaging 
(VALI)2 was adapted and used to rate vocal fold 
amplitude, mucosal wave, periodicity, phase 
symmetry, non-vibrating portion of the vocal fold, 
and glottal closure. Mean differences between 
ratings from both exam types were analyzed.   

Results: Stroboscopy and HSV ratings were more 
strongly positively correlated for patients with 
benign vocal fold lesions (r between .43 and .75) 
than for those with ADSD (r between .40 and .68). 
Differences in ratings from videostroboscopy and 
HSV exams were significantly larger for ratings 

of amplitude, mucosal wave, glottic closure and 
periodicity in patients with ADSD than for 
patients with benign vocal fold lesions. For vocal 
fold amplitude and non-vibrating portion, raters 
with <5 years’ experience displayed significantly 
greater differences between videostroboscopy and 
HSV ratings for patients with ADSD. More severe 
dysphonia was associated with significantly 
greater differences between ratings of periodicity 
and phase symmetry.   

 Discussion and Conclusion: Patient diagnosis, 
severity of dysphonia, and rater experience may 
impact the relationship between HSV and 
videostroboscopic exam ratings. Future study 
should expand this work to broader patient 
populations and rater professions. 
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Introduction 

This study tested application of transoral flexible 
fiberscope to capture phonatory activity with a 
high-speed camera via oral route using a patent-
pending tube. Transoral method was promising 
when compared to traditional methods, a rigid 
laryngoscope and the transnasal flexible 
fiberscopy 

Methods 

The study was conducted using High-Speed 
Digital Phonoscopy (HSDP) ALIS system 
consisting of an ALI Cam-HS1 camera module 
and ALI Lum-MF1 laser light source. Two rigid 
and one flexible endoscopes were used. All videos 
were recorded in HD mode and high-speed mode 
at 2400 fps (image 512x480 pixels) and 3200 fps 
(ca. 416x368 pixels). A single recording was 
about 1 second long. Dozens of recordings were 
obtained producing of different types of 
phonations. 

Results 

The quality of recordings using different types of 
endoscopes and different methods of insertion, 
transnasal and transoral differed. Compared with 
rigid optics, the overall visibility, especially the 
anterior commissure and glottis were significantly 
better for all vowels when viewed with a transoral 
flexible scope. The gag reflex was reduced and an 
almost-natural phonation was possible to record.  

Discussion and Conclusion 

The transoral examination with flexible fiberoptic 
endoscopy is comfortable for the patient and 
clinician. The visibility of the glottis was similar 
compared to a transnasal examination and the 
phonatory conditions for vowels were similar. 

With the help of the laser light source, the image 
quality from the fiberscope was comparable with 
the image from older HSDP systems with rigid 
optics, and the transoral insertion option can be 
considered promising. 
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Comparing intraglottal geometry and velocity flow fields between an excised canine 
larynx and a synthetic vocal fold model  

Jacob Michaud-Dorko1, Charles Farbos de Luzan2, Ephraim Gutmark3, and Liran Oren2 

 
Keywords: Synthetic vocal fold, excised canine larynx, flow separation vortices, and glottal flow waveform.

Introduction. Complementary tools for voice 
production research are emerging in the form of 
synthetic vocal folds. Made of silicone, these 
models replicate the geometry and material 
properties of human vocal folds and offer potential 
advantages over excised canine larynges, such as 
greater accessibility and longer lifespans with 
vibration frequencies similar to human phonation1. 
However, the synthetic models are structurally 
idealized, and their main limitation is that they do 
not represent human vocal folds as well as canine 
larynges. As the preferred model for studying the 
aerodynamics of phonation, canine larynges have 
been found to exhibit vortical structures in the flow 
fields during closing. Flow separation vortices 
(FSVs) near the superior edge are associated with 
changes in flow rate, leading to greater flow 
skewing and an increase in the maximum flow 
declination rate (MFDR), which enhance voice 
loudness and quality2-5. The current gap in 
knowledge is the comparison of the intraglottal 
geometry and velocity flow fields between an 
excised canine larynx and a synthetic vocal fold 
model. 

Methods. Two-dimensional particle imaging 
velocimetry (PIV) was utilized to measure the 
intraglottal geometry and velocity at the mid-
coronal plane in a synthetic vocal fold model and 
an excised canine larynx. The PIV measurements 
were used to determine the divergence angle, 
glottal width between the vocal folds, and the flow 
rate at the glottal exit. 

Results. The findings indicate that synthetic 
models display only a slight divergence angle and 
no flow separation when the subglottal pressure is 
low. As the pressure rises, the increased divergence 
angle causes flow separation along the walls of the 
synthetic vocal folds and entrainment into the 
glottis. In contrast, the canine model exhibited the 
presence of  FSVs along the superior edge at high 
subglottal pressure during the maximum 
divergence angle. As the subglottal pressure 
increased, the formation of FSVs resulted in greater 
glottal flow skewing towards closing and an 
increase in the MFDR.  

Discussion and Conclusion. These findings 
highlight the limitations of synthetic vocal fold 
models in accurately representing the human 
larynx, particularly regarding the flow dynamics in 
the glottis. Further research is needed to improve 
the design and characterization of synthetic vocal 
fold models to better match the glottal flow fields 
to excised canine and human larynges. 
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Introduction: High-speed laryngoscopic and 
kymographic imaging has shown a great potential 
for “functional voice diagnosis”. However, wider 
clinical implementation of this technology 
requires deeper understanding of how the 
observed vibration parameters are shaped by the 
underlying vocal fold dynamics.   

Methods: To advance the understanding, we used 
a previously developed mucosal-wave-based 
kinematic model of the vocal fold oscillations [1] 
and simulated kymograms resembling those found 
in clinical practice. We varied five model input 
parameters within a clinically relevant range: 
amplitude of the vocal fold’s upper margin (0.1 to 
1.1 mm), amplitude of the vocal fold’s lower 
margin (0.1 to 1.1 mm), vertical phase differences 
between the upper and lower vocal fold margins 
(0° to 125°), glottal halfwidth (-0.05 to 1.2 mm) 
and glottal convergence angle (-15° to 35°). We 
studied how these parameters influenced the 
following kymographic parameters: vocal fold 
opening speed, vocal fold closing speed, open 
quotient and peak-to-peak amplitude.  

Results: We found that: 1) vocal fold opening 
speed was primarily influenced by the upper 

margin amplitude; 2) vocal fold closing speed was 
primarily influenced by the lower margin 
amplitude; 3) open quotient was influenced 
primarily by glottal half-width and secondarily by 
vertical phase differences; and 4) peak-to-peak 
kymographic amplitude was substantially 
influenced by all five input parameters. 

Discussion and Conclusion 

These insights can improve interpretation of the 
findings from high-speed and kymographic 
recordings in healthy and disordered voices. 
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Introduction 

From western classical singing to contemporary 
commercial music, only limited data about the 
voice efficiency of different singing styles are 
available.  

Methods 

In this study, we quantified the acoustic sound 
intensity within the human glottis for different 
vocal tract configurations and vocal fold 
vibration.  

Combining Finite-Element-Models derived from 
3D-MRI data, audio recordings, and 
electroglottography (EGG), we analyzed vocal 
tract transfer functions, particle velocity and 
acoustic pressure at the glottis, and EGG 
parameters to evaluate voice efficiency at the 
glottal level and resonance characteristics of 
different voice qualities according to Estill Voice 
Training®.  

 

Results  

Voice qualities Opera and Belting represent 
highly efficient vocal strategies for orchestral 
sounds. Twang and Belting use similar vowel 
qualities, but the Twang vocal tract configuration 
was associated with anti-resonances and a reduced 
vocal fold contact, but a comparable energy 
transfer from the glottis to the vocal tract. Speech 
has a highly efficient energy transfer from the 
glottis to the vocal tract. However, the absence of 
perceptual relevant energy portions in the higher 
frequency range makes it more susceptible to 
noise interference. Falsetto and Sobbing are less 
efficient. For Falsetto, it is mainly due to its voice 
source characteristics and for Sobbing due to 
energy loss in the vocal tract. Thus, sound 
amplification might be appropriate here.  

Discussion and Conclusion 

Differences exist between voice qualities 
regarding the sound intensity. Causes are seem by 
different vocal tract morphologies and oscillation 
characteristics of the vocal folds. 
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Contribution of resident commensal and pathogenic microbial communities on vocal 
fold mucosal integrity and function 
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Introduction 
Existing dilated intercellular spaces in the vocal 
fold (VF) epithelium were documented in VF 
benign lesions 1. Mechanisms regarding the 
disruption of cell junctions are limited and do not 
address the contribution of resident microbial 
communities to this pathological phenomenon. 
Recent evidence suggests that the etiology and 
progression of VF benign diseases are likely 
associated with Streptococcus pseudopneumoniae 
(SP), as a dominant bacterial pathogenic species 
present in every lesion at the expense of 
commensals, namely Streptococcus salivarius 
(SS) 2. SP colonizes the host via adhesins and 
shedases, such as HtrA1 3, that cleaves cell 
adhesion molecule E-cadherin 4. In contrast, 
commensals have the probiotic effect, inhibit the 
action of pathogens, and stimulate the host’s 
immune responses 5. The main aim of this study 
was to determine the contribution of resident 
commensal and pathogenic bacteria on VF 
mucosal integrity and function. We hypothesize 
that the VF epithelial barrier will be compromised 
with exposure to pathogenic bacteria. These 
effects can be reversed in the presence of 
laryngeal commensals.  
 
Methods 
Engineered human VF mucosae were inoculated 
with 100μl of bacterial suspensions of (1) SP 
only, (2) SS only, (3) SP and SS co-cultures, and 
(4) plain culture medium for controls for 24 and 
48 hours (h). We evaluated epithelial bacterial 
colonization using a Fluorescent In Situ 
Hybridization 16S probe, expression of HtrA1, E-
cadherin, and inflammatory cytokines. 
 
Results  

Our data show that SP likely contributes to the 
pathological dilation of intercellular spaces via 
HtrA-mediated E-cadherin cleavage particularly 
detected 48h post-inoculation. SS reduces 
epithelial damage by preventing SP from binding 
to the epithelial surface and by stimulating IL6 
and IL8 expression in VF mucosal cells.  
 
Discussion and Conclusion 
These findings extend our understanding of how 
pathogenic bacteria contribute to the VF benign 
disease etiology and progression and how 
probiotics may neutralize the effect of pathogens 
and/or prevent infection.  
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Piezo1-expressing vocal fold epithelia modulate acute remodeling following 
Naphthalene injury 
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Introduction Mechanoreceptors are implicated as 
functional afferents within mucosa of the airways 
and the recent discovery of mechanosensitive 
channels Piezo1 and Piezo2 has proved essential 
for cells of various mechanically sensitive 
tissues.1-3 However, the role for Piezo1/2 in vocal 
fold (VF) mucosal epithelia, a cell that withstands 
excessive biomechanical insult, remains unknown. 
The purpose of this study was to test the 
hypothesis that Piezo1 is required for VF mucosal 
repair pathways of epithelial cell injury. 

Methods Utilizing a sonic hedgehog (shh) Cre 
line for epithelial-specific ablation of Piezo1/2 
mechanoreceptors, we investigated 6wk adult VF 
mucosa following naphthalene exposure for repair 
strategies at 1, 3, 7 and 14 days post-injury (dpi). 
Acute remodeling was assessed via histology, 
immunofluorescence and qPCR. 

Results PIEZO1 localized to differentiated apical 
epithelia and was paramount for epithelial 
remodeling events. Injury to wildtype epithelium 
was most appreciated at 3 dpi. Shhcre/+; 
Piezo1loxP/loxP,Piezo2 loxP/+ mutant epithelium 
exhibited severe cell/nuclear defects compared to 
injured controls. Specifically, Piezo1 was shown 
to modulate self‐renewal via repressive effects on 
p63 expression and YAP subcellular localization. 
Conditional ablation of Piezo1 and/or Piezo2 to 
uninjured VF epithelium did not result in 
abnormal phenotypes across P0, P15 and 6wk 
postnatal stages compared to heterozygote and 
control tissue.  

Discussion and Conclusion Results demonstrate 
a role for Piezo1-expressing VF epithelia in 
regulating self-renewal via effects on p63 
transcription and YAP subcellular translocation-
altering cytokeratin differentiation. Results from 
this investigation improve our understanding of 
acute VF wound healing in the context of Piezo1 
epithelial function and form the basis for an in 
vivo methodology to study VF responses to 
NAPH injury. 
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Introduction 

This presentation will discuss the innovative use 
of excised larynges in designing and evaluating 
scaffold shapes for partial laryngectomy 
reconstruction. To optimize all laryngeal functions 
for partially reconstructed larynges, breathing, 
swallowing, and phonation, we need to test the 
efficacy of different scaffold shape designs in a 
controlled and standardized environment. 

Methods 

We examined CT scans of excised larynges from 
dogs and pigs to investigate the relationship 
between laryngeal cartilage positioning and glottis 
configuration. Custom scaffold shapes were 
designed using this information and 3D-printed 
models were created. We performed partial 
laryngectomies on the excised larynges and 
inserted the scaffold shapes into the defects. To 
evaluate the efficacy of different scaffold designs, 
we conducted assessments of voice, breathing, 
and swallowing functions using a custom setup. 

Results  

We demonstrate how laryngeal cartilage 
positioning and glottis configuration can imitate 
laryngeal posturing for breathing, swallowing, and 
phonation. We present data on acoustic, high-
speed imaging, pressure, and air flow to evaluate 
different scaffold shape designs for breathing, 
swallowing, and phonation. 

Discussion and Conclusion 

We show that we can explore the extremes of the 
interplay between cartilage posturing and glottis 
configuration to evaluate the functional 
performance of arbitrary 3D scaffold shapes in 
excised larynges. To optimize all laryngeal 
functions, breathing, swallowing, and phonation, a 
3D implant needs to balance the competing and 
opposing needs of breathing, ideally having a 
wide-open glottis, swallowing, preventing 
aspiration with a tightly closed glottis, and normal 
phonation, requiring an intermediate glottal 
adduction and minimum glottal leakage for ease 
of phonation and sufficient loudness. We can find 
a compromising 3D implant shape by measuring 
the laryngeal functions in excised larynx setups.  

Our approach extends the classical hemilarynx 
setup, which has traditionally been used with only 
a flat shape to study mechanisms of phonation, to 
a generalized setup for studying the interplay 
between cartilage posturing, glottis configuration 
and 3D implants for partial laryngectomy 
reconstruction. We demonstrate that this approach 
can predict and optimize 3D implant shapes for 
partial laryngectomy reconstruction by balancing 
the needs of breathing, swallowing, and 
phonation. 
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Introduction            
Due to the dynamic environment of the airway 
system, methods to restore respiratory epithelium 
during airway reconstruction are not suitable for 
large defect areas. A lack of epithelium can lead to 
stenosis, collapse and infection that restrict airway 
patency. Consequently, engineered tissue capable 
of regenerating a functional epithelium is required. 
This can be achieved by providing basement 
membrane biomimetic surfaces favorable to the 
migration and polarization of epithelial cells. To 
this end, we envision basement membrane fiber 
surfaces – incorporated to the luminal side of 
tracheal replacements – could recruit host epithelial 
cells and stimulate epithelium formation at the 
replacements-environment interface.  
 

Methods 
We fabricated thin fiber layers that could adsorb a 
protein mixture resembling basement membrane 
properties. Fibers were prepared by 
electrospinning, and a protein mixture was 
adsorbed to the surface. Following in vitro 
migration, proliferation and differentiation studies, 
the response to the implant was studied in an in vivo 
murine model of excisional wound healing. Here, 
implants were placed after creating skin punches in 
the backs of mice. Wound photos were taken and 
the wound areas were measured. Additionally, 
immunofluorescent stainings to detect the presence 
of angiogenic and epithelial markers were carried 
out after 3 weeks. 
 

Results & Discussion 
Migration studies showed an increase in cell 
numbers migrating to fiber layers with proteins. 
This is vital since native basement membranes 
mainly act as substrates for the adhesion and 

migration of epithelial cells. Cell differentiation 
experiments showed that fibers enhanced the 
expression of several mucous secreting and ciliated 
cell genes. Wound areas decreased over the study 
time-period and an epithelium layer was 
regenerated over the surface of the implants. 
Furthermore, staining studies indicated the 
presence of CD31, α-SMA, pan-cytokeratin and E-
cadherin in the wound area further confirming 
healing and wound area closure. 
 

Discussion and Conclusion 
The presentation of basement membrane proteins 
using fiber layers increases cell adherence and cell 
migration to fibers, stimulates the differentiation of 
basal cells into ciliated cells and promotes 
epithelialization in an in vivo dermal wound model 
by mimicking the composition of native 
membranes. Thus, the incorporation of such 
protein adsorbed fibers on the luminal side of 
tracheal replacements could ultimately facilitate 
the regeneration of epithelial tissue and is the 
current next step we are exploring. 
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