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Welcome 
 

It is with great pleasure and honor that we welcome you to Erlangen for the 13th International 

Conference on Voice Physiology and Biomechanics. Over the coming days, we will embark on an 

exciting journey through the latest findings and developments in the field of voice physiology, 

pathology and biomechanics. This is an opportunity to push the boundaries of our knowledge and learn 

from each other. 

 

Erlangen, as the host city of this prestigious event, not only offers an inspiring environment but also a 

rich history and culture that will most hopefully contribute to a setting filled with lots of life and joy. 

We encourage you, therefore, not only to participate in the conference events but also to explore the 

beauty and diversity of this city. Come visit the traditional Bavarian “Biergarten” with us and taste 

some locally brewed beers. Learn something about the historic city of Nuremberg on our guided tour 

immediately before the Gala Dinner at the Bratwurst Röslein restaurant, that was founded back in 

1431. Enjoy a unique atmosphere at our singing evening in the historic beer cellars of Erlangen. Make 

the most out of your stay. 

 

Our conference brings together some of the brightest minds and leading experts in the field of voice 

physiology and biomechanics. Through the exchange of ideas, experiences, and research findings, we 

will contribute to paving the way for future discoveries and innovations. Please actively engage in 

discussions, ask questions, and share your knowledge with others. We are looking forward to 

numerous compelling talks and posters on the three days of our conference. Also, we are pleased to 

offer you a variety of exciting workshops that will provide valuable insights and hands-on experiences 

in current topics. 

 

As we gather here, it is important to acknowledge that the human voice is not only a scientific 

phenomenon but also holds cultural and artistic significance. From communication to artistic 

expression, the voice is an essential part of human life. The ability to talk, communicate and sing is – 

in our peculiar form – an essential and uniquely human task that affects all aspects of our every-day 

life. Therefore, we should always consider its complexity and versatility in our thinking.  

 

Importantly we would like to express our heartfelt thanks to the workshop organizers, the Deutsche 

Forschungsgemeinschaft (DFG) for their generous funding (Grant No. KN 1331/8-1) and supporters of 

this conference, who have made it possible for us to come together and stand at the forefront of voice 

research. We also would like to express our sincere gratitude to all participants. Your presence and 

contributions are essential to the success of this conference. Science and research are a dynamic 

process, each of us contributes to in a different, solitary way and it’s the togetherness which makes it 

open for different directions and finally expand. 

 

We are proud to welcome you here in Erlangen! And now it’s up to you – enjoy the conference!   

 

Michael Döllinger and Stefan Kniesburges  



ICVPB 2024 

3 
 

  

Organization Committee 
 
 

Prof. Dr. Michael Döllinger 
General Chairman 
Division of Phoniatrics and Pedaudiology 
University Hospital Erlangen 
michael.doellinger@uk-erlangen.de 
Tel.: +49 (0) 9131 85 33814 
 

PD Dr. Stefan Kniesburges 
General Chairman 
Division of Phoniatrics and Pedaudiology 
University Hospital Erlangen 
stefan.kniesburges@uk-erlangen.de 
Tel.: +49 (0) 9131 85 32616 
 
 

M.Sc. Jonas Donhauser 
Research Associate Computational 
Medicine  
jonas.donhauser@uk-erlangen.de 
Tel.: +49 (0) 9131 85 32607 
 
Ute Katz 
Conference Secretary 
ute.katz@uk-erlangen.de 
Tel.: +49 (0) 9131 85 33814 
 
B.Sc. Ann-Kathrin Kopp 
Conference Secretary 
ann-kathrin.kopp@uk-erlangen.de 
Tel.: +49 (0) 9131 85 33814 
 

 

We are always happy to help!  
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About the region 
 

“Bier. Bratwurst. Bayern.”  

If you ask people outside Bavaria to describe the Nuremberg Metropolitan Region in just three words, 

you often get at least one of these answers. And people are not wrong. But it has much more to offer, 

and we would like to encourage you to discover as much of this historic region as possible. 

The Nuremberg Metropolitan Region is one of eleven metropolitan regions in Germany and is home 

to around 3.5 million people. The main cities are Nuremberg, Bamberg, Bayreuth, Fürth and Erlangen, 

where the conference will take place.  

 

 

Nuremberg Old Town, Source: schulzfoto/stock.adobe.de 

Erlangen – A city of Bavarian clichés 

The obvious facts first. Erlangen is a Middle Franconian city in Bavaria, in the south of Germany. While 

you probably know that Bavaria is most famous for its beer, most people don't know that Erlangen 

used to be Bavaria's number one export city for beer - even ahead of Munich. 150 years ago, there 

were 18 breweries in the Huguenot city. The special thing about Erlangen were the beer cellars in a hill 

aligned to the city called the Erlanger Burgberg, which kept the beer cool and fresh even in the hot 

summer months. This advantage was lost with the invention of refrigeration systems in the 19th 

century, but the cellars are still in operation today and you can sample traditionally brewed beer in 

one of the many "beer gardens" along the Burgberg. Here you can also try many Franconian specialties 

such as bratwurst. 
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“Der Berg ruft!” – engl.: “The mountain is calling!” 

Each year during the twelve days before and after Pentecost, Erlangen becomes the scene for the 

world´s oldest Beer Festival – the Bergkirchweih. Originated in 1755, it is even older than the 

Oktoberfest. People of all ages from all around the world gather to enjoy music, cold beer out of 

stoneware jugs, Franconian specialties and many attractions in front of the historic beer cellars. With 

around one million visitors a year, it is smaller than the Oktoberfest but therefore rather intimate. Of 

course, the traditional costume is a must. 

 

Castle Garden and Botanic Garden 

The Castle was built between 1700 and 1704 by George William, Margrave of Brandenburg-Bayreuth 

and was the first baroque building in Franconia. Nowadays it is used by the university. The Castle 

Garden is a stunning place for a small walk and usually beautifully planted.  It is one of the earliest 

baroque gardens established in Franconia. In Erlangen Botanical Garden, you can enjoy a beautiful 

variety of around 4000 species representing a wide range of plants of different climates. Established 

in 1626, it boasts a rich history and serves as a hub for research, education, and conservation efforts. 

From exotic tropical plants to native flora, the garden showcases a wide array of botanical treasures, 

making it a cherished destination for botanists, nature enthusiasts, and tourists alike. 

 

 

Castle of Erlangen, Source: schulzfoto/stock.adobe.de 

History 

First named in 1002, Erlangen dates back a long time in history, a lot of which is visible in its beautiful 

old town and historic buildings. An event that still influences the city was the settlement of Huguenots 

after the withdrawal of the Edict of Nantes in 1685: The first french Huguenot refugees arrived in 

Erlangen in 1686.  
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Christian Ernst, Margrave of Brandenburg-Bayreuth, built a “new town” (Neustadt) for them. In 1706, 

the old town was almost completely destroyed by a fire, but soon rebuilt. In 1812, the old and new 

towns were merged into one. Nowadays life in Erlangen is mainly influenced by one of Germanys 

largest universities, the Friedrich-Alexander University Erlangen-Nuremberg and the Siemens 

technology group. Due to its large progress in medical research and industry, the metropolis of 

Erlangen-Nuremberg is called Medical Valley of Bavaria. 

 

 

Franconian Switzerland, Source: schulzfoto/stock.adobe.de 

Nuremberg, Bamberg and the Franconian Switzerland 

Nuremberg, Bamberg, and the Franconian Switzerland region form a captivating trifecta in the heart 

of Bavaria, Germany. Nuremberg, a city steeped in history, is renowned for its medieval architecture, 

particularly the majestic Nuremberg Castle and the iconic Church of Our Lady. The city's rich cultural 

heritage is also evident in its bustling markets, such as the famous Christkindlesmarkt, and its 

significant role in the history of the Holy Roman Empire. 

Bamberg, a UNESCO World Heritage Site, enchants visitors with its well-preserved medieval old town, 

adorned with charming half-timbered buildings and historic landmarks like the Bamberg Cathedral and 

the Altenburg Castle. Famous for its distinctive smoked beer, Bamberg offers a unique culinary 

experience amidst its picturesque cobblestone streets and scenic riverbanks. 

Venturing into the Franconian Switzerland region, travelers are greeted by a landscape of rolling hills, 

lush forests, and dramatic rock formations. The name originated from romantic artists and poets from 

the 19th century that found resemblance in the landscape to Switzerland. Attractions like the Devil's 

Cave (Teufelshöhle) and the rock formations of the Walberla mountain (Walberlafelsen) add to the 

region's allure, making it a haven for outdoor adventurers and those seeking tranquility amidst nature's 

splendor. Together, Nuremberg, Bamberg, and the Franconian Switzerland region offer a captivating 

blend of history, culture, and natural beauty that continues to captivate travelers from near and far. 
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Key Note Speakers 
 
 
As Key Note Speakers at ICVPB 2024, we are pleased to welcome: 
 
 

Prof. Jennifer L. Long, MD, PhD 

Dr. Jennifer Long is a surgeon-scientist in the 

Department of Head and Neck Surgery at the University 

of California, Los Angeles, where she also serves as the 

department’s Vice Chair of Research. Her research 

focuses on regenerative medicine approaches to 

laryngeal disorders, and has been funded by the 

National Institutes of Health and the Department of 

Veterans Affairs. Dr. Long’s clinical practice 

encompasses all aspects of laryngology and voice 

medicine, and she is a fellow of the American 

Laryngological Association. Before joining the faculty, 

she completed both residency in Head and Neck Surgery 

and fellowship in Laryngology at UCLA. Dr. Long earned 

her Medical Doctorate and a PhD in Chemical 

Engineering from the Medical Scientist Training 

Program at the University of Minnesota. 

 

 

 

Prof. Jody Kreiman, PhD 

 

Jody Kreiman is Professor in Residence of Head and Neck 

Surgery and Linguistics at the University of California, Los 

Angeles, where her research focuses on voice quality. 

Most recently she has proposed a psychoacoustic model 

of quality and has applied that model to examine the 

acoustic dimensions that meaningfully distinguish one 

talker from another. She received her PhD in Linguistics 

from the University of Chicago in 1987, and is a Fellow of 

the Acoustical Society of America and of the American 

Speech-Language-Hearing Association. 
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Prof. David A. Berry, PhD 

David Berry has been a Professor of Head and Neck Surgery 

at UCLA for over 20 years. His research regarding basic 

mechanisms of regular and irregular vocal fold vibration 

has been funded by NIH/NIDCD for over 30 years. These 

mechanisms of vibration have been investigated using 3D 

high-speed imaging with various laboratory models of 

phonation, including silicone physical models of vocal fold 

vibration, the human excised larynx, and the in vivo canine 

larynx. Systematic studies of computer models of vocal fold 

vibration have also been employed to investigate these 

basic mechanisms. Among other things, his research has 

shown that many types of complex, irregular vocal fold 

vibrations, which appear high-dimensional in nature, can 

nevertheless be explained by just a few underlying modes 

of vibration, which are simply dis-entrained. 

 

 

 

Prof. Dinesh K. Chhetri, MD 

Dinesh Chhetri, is Professor of Head and Neck Surgery and 
Vice-chair for clinical operations at the University of 
California, Los Angeles (UCLA). He graduated from the 
UCLA School of Medicine, where he completed his 
residency in Otolaryngology and fellowship in 
Laryngology. He is an actively practicing Laryngologist and 
a voice scientist funded by the National Institutes of 
Health (USA). His main research interests are 
neuromuscular control of the larynx, evaluating the 
connections between laryngeal neuromuscular 
stimulation, vocal fold vibration, and voice quality. For 
nearly two decades his research has focused on laryngeal 
physiology and biomechanics using the in vivo canine 
model of phonation. After developing the technique for 
graded stimulation of individual intrinsic laryngeal 
muscles, the individual contributions of the muscles on 
phonatory posture, aerodynamics, acoustics, and 
vibratory behavior were investigated. Current investigations are focused on 3D reconstruction of 
glottal vibratory deformation, effects of laryngeal muscle activation on glottal volume waveform, as 
well as the trajectories of the medial surface landmarks in relation to neuromuscular stimulation and 
vocal fold microanatomy. He is serving as Council Member of the American Laryngological Association 
(ALA) and elected President of the ALA for 2023-2024. 
 
 



ICVPB 2024 

9 
 

Prof. Zhaoyan Zhang, PhD 

 

Zhaoyan Zhang is a Professor of Head and Neck Surgery 

at the University of California, Los Angeles. His current 

research focuses on how changes in vocal fold 

physiology affect voice production and how to infer 

vocal fold physiology from the produced voice, leading 

toward clinical and speech technology applications. Dr. 

Zhang is a Fellow of the Acoustical Society of America, 

a recipient of the Quintana Award from the Voice 

Foundation, and an Associate Editor and Coordinating 

Editor for the Journal of the Acoustical Society of 

America. 
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Conference, Workshop and Social Event Locations 

 

The conference will be hosted at the Novotel Erlangen Hotel:  
 

Novotel Erlangen Hotel 
Hofmannstrasse 34 
91052 Erlangen 
Deutschland 
 
 
 

Workshop locations are listed below: 
 
 

Workshop 1 
 
Department of Materials Science and Engineering,  
Institute of Biomaterials (WW7), Building II 
Ulrich Schalk Straße 3 
91056 Erlangen 
Ground floor on the left 
 
 

Workshops 2 and 3 
 
Department for Artificial Intelligence in Biomedical Engineering,  
Technical Faculty  
Werner-von-Siemens-Straße 61 
91052 Erlangen 
Third floor to the right 
 
 

Workshop 4 
 
Institute of Polymer Technology (LKT) 
Friedrich-Alexander-University Erlangen-Nürnberg 
Am Weichselgarten 10 
91058 Erlangen-Tennenlohe 
Second Floor to the left 
 
 
 

Workshop 5  
 
University Hospital Erlangen 
ENT Clinic/Department of Phoniatrics and Pediatric Audiology 
Raumerstr. 1A 
91054 Erlangen 
CICERO Building - Seminar Room 
 

https://www.google.de/maps/place/Novotel+Erlangen/@49.5924639,11.0106824,17z/data=!3m1!5s0x47a1f920d8e1e479:0xa88a20cea5c1b7ec!4m9!3m8!1s0x47a1f920e02761ab:0x7831fa7be1671489!5m2!4m1!1i2!8m2!3d49.5924639!4d11.0132573!16s%2Fg%2F1hc3wbvyg?entry=ttu
https://www.google.de/maps/place/Novotel+Erlangen/@49.5924639,11.0106824,17z/data=!3m1!5s0x47a1f920d8e1e479:0xa88a20cea5c1b7ec!4m9!3m8!1s0x47a1f920e02761ab:0x7831fa7be1671489!5m2!4m1!1i2!8m2!3d49.5924639!4d11.0132573!16s%2Fg%2F1hc3wbvyg?entry=ttu
https://www.google.de/maps/place/Novotel+Erlangen/@49.5924639,11.0106824,17z/data=!3m1!5s0x47a1f920d8e1e479:0xa88a20cea5c1b7ec!4m9!3m8!1s0x47a1f920e02761ab:0x7831fa7be1671489!5m2!4m1!1i2!8m2!3d49.5924639!4d11.0132573!16s%2Fg%2F1hc3wbvyg?entry=ttu
https://www.google.de/maps/place/Novotel+Erlangen/@49.5924639,11.0106824,17z/data=!3m1!5s0x47a1f920d8e1e479:0xa88a20cea5c1b7ec!4m9!3m8!1s0x47a1f920e02761ab:0x7831fa7be1671489!5m2!4m1!1i2!8m2!3d49.5924639!4d11.0132573!16s%2Fg%2F1hc3wbvyg?entry=ttu
https://www.google.de/maps/place/Institute+of+Biomaterials+Building+II/@49.5873474,10.9703036,17z/data=!3m1!4b1!4m6!3m5!1s0x47a1f9df9a116e07:0x65b78475298483dd!8m2!3d49.5873474!4d10.9728785!16s%2Fg%2F11h5l2bcp8?entry=ttu
https://www.google.de/maps/place/Institute+of+Biomaterials+Building+II/@49.5873474,10.9703036,17z/data=!3m1!4b1!4m6!3m5!1s0x47a1f9df9a116e07:0x65b78475298483dd!8m2!3d49.5873474!4d10.9728785!16s%2Fg%2F11h5l2bcp8?entry=ttu
https://www.google.de/maps/place/Institute+of+Biomaterials+Building+II/@49.5873474,10.9703036,17z/data=!3m1!4b1!4m6!3m5!1s0x47a1f9df9a116e07:0x65b78475298483dd!8m2!3d49.5873474!4d10.9728785!16s%2Fg%2F11h5l2bcp8?entry=ttu
https://www.google.de/maps/place/Institute+of+Biomaterials+Building+II/@49.5873474,10.9703036,17z/data=!3m1!4b1!4m6!3m5!1s0x47a1f9df9a116e07:0x65b78475298483dd!8m2!3d49.5873474!4d10.9728785!16s%2Fg%2F11h5l2bcp8?entry=ttu
https://www.google.de/maps/place/Institute+of+Biomaterials+Building+II/@49.5873474,10.9703036,17z/data=!3m1!4b1!4m6!3m5!1s0x47a1f9df9a116e07:0x65b78475298483dd!8m2!3d49.5873474!4d10.9728785!16s%2Fg%2F11h5l2bcp8?entry=ttu
https://www.google.de/maps/place/Werner-von-Siemens-Stra%C3%9Fe+61,+91052+Erlangen/@49.5917478,11.0127306,18.47z/data=!4m10!1m2!2m1!1sDepartment+for+Artificial+Intelligence+in+Biomedical+Engineering,++Technical+Faculty++Werner-von-Siemens-Stra%C3%9Fe+61+91052+Erlangen!3m6!1s0x47a1f92130c00801:0x404914fcf400c0dc!8m2!3d49.5919308!4d11.0143133!15sCoIBRGVwYXJ0bWVudCBmb3IgQXJ0aWZpY2lhbCBJbnRlbGxpZ2VuY2UgaW4gQmlvbWVkaWNhbCBFbmdpbmVlcmluZywgIFRlY2huaWNhbCBGYWN1bHR5ICBXZXJuZXItdm9uLVNpZW1lbnMtU3RyYcOfZSA2MSA5MTA1MiBFcmxhbmdlbpIBEWNvbXBvdW5kX2J1aWxkaW5n4AEA!16s%2Fg%2F11b8v50wbv?entry=ttu
https://www.google.de/maps/place/Werner-von-Siemens-Stra%C3%9Fe+61,+91052+Erlangen/@49.5917478,11.0127306,18.47z/data=!4m10!1m2!2m1!1sDepartment+for+Artificial+Intelligence+in+Biomedical+Engineering,++Technical+Faculty++Werner-von-Siemens-Stra%C3%9Fe+61+91052+Erlangen!3m6!1s0x47a1f92130c00801:0x404914fcf400c0dc!8m2!3d49.5919308!4d11.0143133!15sCoIBRGVwYXJ0bWVudCBmb3IgQXJ0aWZpY2lhbCBJbnRlbGxpZ2VuY2UgaW4gQmlvbWVkaWNhbCBFbmdpbmVlcmluZywgIFRlY2huaWNhbCBGYWN1bHR5ICBXZXJuZXItdm9uLVNpZW1lbnMtU3RyYcOfZSA2MSA5MTA1MiBFcmxhbmdlbpIBEWNvbXBvdW5kX2J1aWxkaW5n4AEA!16s%2Fg%2F11b8v50wbv?entry=ttu
https://www.google.de/maps/place/Werner-von-Siemens-Stra%C3%9Fe+61,+91052+Erlangen/@49.5917478,11.0127306,18.47z/data=!4m10!1m2!2m1!1sDepartment+for+Artificial+Intelligence+in+Biomedical+Engineering,++Technical+Faculty++Werner-von-Siemens-Stra%C3%9Fe+61+91052+Erlangen!3m6!1s0x47a1f92130c00801:0x404914fcf400c0dc!8m2!3d49.5919308!4d11.0143133!15sCoIBRGVwYXJ0bWVudCBmb3IgQXJ0aWZpY2lhbCBJbnRlbGxpZ2VuY2UgaW4gQmlvbWVkaWNhbCBFbmdpbmVlcmluZywgIFRlY2huaWNhbCBGYWN1bHR5ICBXZXJuZXItdm9uLVNpZW1lbnMtU3RyYcOfZSA2MSA5MTA1MiBFcmxhbmdlbpIBEWNvbXBvdW5kX2J1aWxkaW5n4AEA!16s%2Fg%2F11b8v50wbv?entry=ttu
https://www.google.de/maps/place/Werner-von-Siemens-Stra%C3%9Fe+61,+91052+Erlangen/@49.5917478,11.0127306,18.47z/data=!4m10!1m2!2m1!1sDepartment+for+Artificial+Intelligence+in+Biomedical+Engineering,++Technical+Faculty++Werner-von-Siemens-Stra%C3%9Fe+61+91052+Erlangen!3m6!1s0x47a1f92130c00801:0x404914fcf400c0dc!8m2!3d49.5919308!4d11.0143133!15sCoIBRGVwYXJ0bWVudCBmb3IgQXJ0aWZpY2lhbCBJbnRlbGxpZ2VuY2UgaW4gQmlvbWVkaWNhbCBFbmdpbmVlcmluZywgIFRlY2huaWNhbCBGYWN1bHR5ICBXZXJuZXItdm9uLVNpZW1lbnMtU3RyYcOfZSA2MSA5MTA1MiBFcmxhbmdlbpIBEWNvbXBvdW5kX2J1aWxkaW5n4AEA!16s%2Fg%2F11b8v50wbv?entry=ttu
https://www.google.de/maps/place/Werner-von-Siemens-Stra%C3%9Fe+61,+91052+Erlangen/@49.5917478,11.0127306,18.47z/data=!4m10!1m2!2m1!1sDepartment+for+Artificial+Intelligence+in+Biomedical+Engineering,++Technical+Faculty++Werner-von-Siemens-Stra%C3%9Fe+61+91052+Erlangen!3m6!1s0x47a1f92130c00801:0x404914fcf400c0dc!8m2!3d49.5919308!4d11.0143133!15sCoIBRGVwYXJ0bWVudCBmb3IgQXJ0aWZpY2lhbCBJbnRlbGxpZ2VuY2UgaW4gQmlvbWVkaWNhbCBFbmdpbmVlcmluZywgIFRlY2huaWNhbCBGYWN1bHR5ICBXZXJuZXItdm9uLVNpZW1lbnMtU3RyYcOfZSA2MSA5MTA1MiBFcmxhbmdlbpIBEWNvbXBvdW5kX2J1aWxkaW5n4AEA!16s%2Fg%2F11b8v50wbv?entry=ttu
https://www.google.de/maps/place/Universit%C3%A4t+Erlangen-N%C3%BCrnberg:+Lehrstuhl+f%C3%BCr+Kunststofftechnik/@49.5424957,11.0221672,17z/data=!4m10!1m2!2m1!1sInstitute+of+Polymer+Technology+(LKT)+Friedrich-Alexander-University+Erlangen-N%C3%BCrnberg+Am+Weichselgarten+10+91058+Erlangen-Tennenlohe!3m6!1s0x47a1fe8e3978e991:0x7f57dae8c6c030ee!8m2!3d49.5424957!4d11.0247421!15sCoYBSW5zdGl0dXRlIG9mIFBvbHltZXIgVGVjaG5vbG9neSAoTEtUKSBGcmllZHJpY2gtQWxleGFuZGVyLVVuaXZlcnNpdHkgRXJsYW5nZW4tTsO8cm5iZXJnIEFtIFdlaWNoc2VsZ2FydGVuIDEwIDkxMDU4IEVybGFuZ2VuLVRlbm5lbmxvaGWSARV1bml2ZXJzaXR5X2RlcGFydG1lbnTgAQA!16s%2Fg%2F12mj7kkrg?entry=ttu
https://www.google.de/maps/place/Universit%C3%A4t+Erlangen-N%C3%BCrnberg:+Lehrstuhl+f%C3%BCr+Kunststofftechnik/@49.5424957,11.0221672,17z/data=!4m10!1m2!2m1!1sInstitute+of+Polymer+Technology+(LKT)+Friedrich-Alexander-University+Erlangen-N%C3%BCrnberg+Am+Weichselgarten+10+91058+Erlangen-Tennenlohe!3m6!1s0x47a1fe8e3978e991:0x7f57dae8c6c030ee!8m2!3d49.5424957!4d11.0247421!15sCoYBSW5zdGl0dXRlIG9mIFBvbHltZXIgVGVjaG5vbG9neSAoTEtUKSBGcmllZHJpY2gtQWxleGFuZGVyLVVuaXZlcnNpdHkgRXJsYW5nZW4tTsO8cm5iZXJnIEFtIFdlaWNoc2VsZ2FydGVuIDEwIDkxMDU4IEVybGFuZ2VuLVRlbm5lbmxvaGWSARV1bml2ZXJzaXR5X2RlcGFydG1lbnTgAQA!16s%2Fg%2F12mj7kkrg?entry=ttu
https://www.google.de/maps/place/Universit%C3%A4t+Erlangen-N%C3%BCrnberg:+Lehrstuhl+f%C3%BCr+Kunststofftechnik/@49.5424957,11.0221672,17z/data=!4m10!1m2!2m1!1sInstitute+of+Polymer+Technology+(LKT)+Friedrich-Alexander-University+Erlangen-N%C3%BCrnberg+Am+Weichselgarten+10+91058+Erlangen-Tennenlohe!3m6!1s0x47a1fe8e3978e991:0x7f57dae8c6c030ee!8m2!3d49.5424957!4d11.0247421!15sCoYBSW5zdGl0dXRlIG9mIFBvbHltZXIgVGVjaG5vbG9neSAoTEtUKSBGcmllZHJpY2gtQWxleGFuZGVyLVVuaXZlcnNpdHkgRXJsYW5nZW4tTsO8cm5iZXJnIEFtIFdlaWNoc2VsZ2FydGVuIDEwIDkxMDU4IEVybGFuZ2VuLVRlbm5lbmxvaGWSARV1bml2ZXJzaXR5X2RlcGFydG1lbnTgAQA!16s%2Fg%2F12mj7kkrg?entry=ttu
https://www.google.de/maps/place/Universit%C3%A4t+Erlangen-N%C3%BCrnberg:+Lehrstuhl+f%C3%BCr+Kunststofftechnik/@49.5424957,11.0221672,17z/data=!4m10!1m2!2m1!1sInstitute+of+Polymer+Technology+(LKT)+Friedrich-Alexander-University+Erlangen-N%C3%BCrnberg+Am+Weichselgarten+10+91058+Erlangen-Tennenlohe!3m6!1s0x47a1fe8e3978e991:0x7f57dae8c6c030ee!8m2!3d49.5424957!4d11.0247421!15sCoYBSW5zdGl0dXRlIG9mIFBvbHltZXIgVGVjaG5vbG9neSAoTEtUKSBGcmllZHJpY2gtQWxleGFuZGVyLVVuaXZlcnNpdHkgRXJsYW5nZW4tTsO8cm5iZXJnIEFtIFdlaWNoc2VsZ2FydGVuIDEwIDkxMDU4IEVybGFuZ2VuLVRlbm5lbmxvaGWSARV1bml2ZXJzaXR5X2RlcGFydG1lbnTgAQA!16s%2Fg%2F12mj7kkrg?entry=ttu
https://www.google.de/maps/place/Universit%C3%A4t+Erlangen-N%C3%BCrnberg:+Lehrstuhl+f%C3%BCr+Kunststofftechnik/@49.5424957,11.0221672,17z/data=!4m10!1m2!2m1!1sInstitute+of+Polymer+Technology+(LKT)+Friedrich-Alexander-University+Erlangen-N%C3%BCrnberg+Am+Weichselgarten+10+91058+Erlangen-Tennenlohe!3m6!1s0x47a1fe8e3978e991:0x7f57dae8c6c030ee!8m2!3d49.5424957!4d11.0247421!15sCoYBSW5zdGl0dXRlIG9mIFBvbHltZXIgVGVjaG5vbG9neSAoTEtUKSBGcmllZHJpY2gtQWxleGFuZGVyLVVuaXZlcnNpdHkgRXJsYW5nZW4tTsO8cm5iZXJnIEFtIFdlaWNoc2VsZ2FydGVuIDEwIDkxMDU4IEVybGFuZ2VuLVRlbm5lbmxvaGWSARV1bml2ZXJzaXR5X2RlcGFydG1lbnTgAQA!16s%2Fg%2F12mj7kkrg?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
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Workshop 6 and 7 
 
University Hospital Erlangen 
ENT Clinic 
Waldstr. 1 
91054 Erlangen 
ENT department - Lecture Hall and Laboratory 
 

Workshop 8 
 
University Hospital Erlangen 
ENT Clinic/Department of Phoniatrics and Pediatric Audiology 
Raumerstr. 1A 
91054 Erlangen 
CICERO Building – Conference Room 
 
 

The Gala Dinner will be held at Bratwurst Röslein in Nuremberg: 
 
 
Bratwurst Röslein  
Rathausplatz 6  
90402 Nürnberg 

 

 

The Singing Evening will take place at Entlas-Keller Biergarten: 

 
Entlas-Keller Biergarten GMBH 
An den Kellern 5-7 
91054 Erlangen 
 
 
 
 
We will provide shuttle transportation for Workshops 1 and 4, departing from the conference hotel. 
The rest of the workshops and get togethers are in walking distance from the hotel, we will pick you 
up and walk you over. For the Gala Dinner, busses are waiting for you, that will depart from the Novotel 
Hotel Erlangen on Wednesday, July 26th at 17:30. For the singing evening, we will walk together, 
starting at the conference hotel. 
We cordially invite you to join us. If you have any questions or concerns, please let us know. 
 
 

Get togethers – „Biergärten“: 
 
Kitzmann Bräuschänke 
Südliche Stadtmauerstr. 25  
91054 Erlangen 
 
 

Gaststätte Alter Simpl 
Bohlenplatz 2 
91054 Erlangen 
 
 

Steinbachbräu Erlangen 
Vierzigmannstr. 4   
91054 Erlangen

https://www.google.de/maps/place/HNO-Klinik+des+Uni-Klinikums+Erlangen/@49.5961678,11.0126289,19z/data=!3m1!5s0x47a1f920227a7db7:0x4f45469053df845f!4m6!3m5!1s0x47a1f9202228f847:0xc1b1796fa57a5a5d!8m2!3d49.5961678!4d11.0132065!16s%2Fg%2F1s04fnvdr?entry=ttu
https://www.google.de/maps/place/HNO-Klinik+des+Uni-Klinikums+Erlangen/@49.5961678,11.0126289,19z/data=!3m1!5s0x47a1f920227a7db7:0x4f45469053df845f!4m6!3m5!1s0x47a1f9202228f847:0xc1b1796fa57a5a5d!8m2!3d49.5961678!4d11.0132065!16s%2Fg%2F1s04fnvdr?entry=ttu
https://www.google.de/maps/place/HNO-Klinik+des+Uni-Klinikums+Erlangen/@49.5961678,11.0126289,19z/data=!3m1!5s0x47a1f920227a7db7:0x4f45469053df845f!4m6!3m5!1s0x47a1f9202228f847:0xc1b1796fa57a5a5d!8m2!3d49.5961678!4d11.0132065!16s%2Fg%2F1s04fnvdr?entry=ttu
https://www.google.de/maps/place/HNO-Klinik+des+Uni-Klinikums+Erlangen/@49.5961678,11.0126289,19z/data=!3m1!5s0x47a1f920227a7db7:0x4f45469053df845f!4m6!3m5!1s0x47a1f9202228f847:0xc1b1796fa57a5a5d!8m2!3d49.5961678!4d11.0132065!16s%2Fg%2F1s04fnvdr?entry=ttu
https://www.google.de/maps/place/HNO-Klinik+des+Uni-Klinikums+Erlangen/@49.5961678,11.0126289,19z/data=!3m1!5s0x47a1f920227a7db7:0x4f45469053df845f!4m6!3m5!1s0x47a1f9202228f847:0xc1b1796fa57a5a5d!8m2!3d49.5961678!4d11.0132065!16s%2Fg%2F1s04fnvdr?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://www.google.de/maps/place/Raumerstra%C3%9Fe+1A,+91054+Erlangen/@49.596025,11.0120136,19.63z/data=!4m6!3m5!1s0x47a1f920108f2449:0x5d0da15ba23ffc21!8m2!3d49.5960132!4d11.012326!16s%2Fg%2F11cslv7lt1?entry=ttu
https://bratwurst-roeslein.de/de/
https://bratwurst-roeslein.de/de/
https://bratwurst-roeslein.de/de/
https://www.entlaskeller.de/
https://www.entlaskeller.de/
https://www.entlaskeller.de/
https://braeuschaenke.de/
https://braeuschaenke.de/
https://braeuschaenke.de/
https://alter-simpl.com/
https://alter-simpl.com/
https://alter-simpl.com/
file://///medads.uk-erlangen.de/fileservice/phoniatrie/data/ORGWISS/Konferenzen/2024%20ICVPB/2024%20Programm/steinbach-braeu.de
file://///medads.uk-erlangen.de/fileservice/phoniatrie/data/ORGWISS/Konferenzen/2024%20ICVPB/2024%20Programm/steinbach-braeu.de
file://///medads.uk-erlangen.de/fileservice/phoniatrie/data/ORGWISS/Konferenzen/2024%20ICVPB/2024%20Programm/steinbach-braeu.de
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Map of the Inner City 
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Workshops 
 

We will host eight workshops on state-of-the-art research concerning the wide field of laryngeal 

biomechanics. Workshops will be held before the main conference during July 22nd/23rd. The 

workshops will take place at the ENT department or at the respective institutes; transfer will be 

provided. The Locations are described on pages 7-8. 

 

Monday, July 22nd  

Workshops 1 and 2: morning

 
 

 Workshops 3 and 4: afternoon 

 

Engineering of Tailored 
Biomaterials for Tissue 

Regeneration:

•Prof. Dr. Aldo Boccaccini 
Dr. Rainer Detsch

•Location: Department of Materials 
Science and Engineering, Institute of 
Biomaterials (WW7), Building II, 
Technical Faculty, FAU

•From bioinks to living constructs, tissue
regeneration through the use of
bioactive materials, and an overview of
biomaterials research in Erlangen

AI and Machine Learning Crash 
Course: Basics and Beyond

•Prof. Dr. Katharina Breininger

•Location: Department for Artificial 
Intelligence in Biomedical Engineering 
(AIBE), Technical Faculty, FAU

•Introduction to the fundamentals of AI,
machine learning, and deep learning,
highlighting their key distinctions, and
best practices for your own research

Advanced Diagnostics by using 
AI methods

•Prof. Dr. Andreas Kist

•Location: Department for Artificial 
Intelligence in Biomedical Engineering 
(AIBE), Technical Faculty, FAU

•In-depth examination of AI solutions,
within the voice and swallowing research
domain; theoretical overview and hands-
on session training your own deep neural
network

Engineering and Analytics of 
Polymer Implants

•Prof. Dr. Dietmar Drummer
MSc Samuel Schlicht

•Location: Institute of Polymer Technology
(LKT), Technical Faculty, FAU

•Insights into the fundamentals of polymer
processing and its impact on material and
implant properties, Insights into
methodologies for analyzing and testing
chemical and physical characteristics of
polymer-based implants
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Tuesday, July 23rd 

Workshops 5 and 6: morning 

 
 

 

Workshops 7 and 8: afternoon 

 

 

 

 

 

 

 

Females in Science: Forging 
your own Path as a 

Clinician/Researcher 

•Prof. Dr. Cate Madill

•Location: ENT Clinic, Department of 
Phoniatrics and Pediatric Audiology, 
University Hospital Erlangen

•Identify your own unique strengths,
preferences and attributes that will
inform and support your career
development in clinical science, research
and/or academia

Experimental Larynx Models 

•PD Dr. Marion Semmler 
PD Dr. Stefan Kniesburges

•Location: ENT Clinic, University Hospital 
Erlangen

•Learn about the characteristic
advantages and disadvantages of the
different types of models in theoretical
and practical presentations, and explore
the differences in the laryngeal anatomy
of different species

Clinical Measurement of 
Professional Singers

•Prof. Dr. Matthias Echternach 
Dr. Marie Köberlein

•Location: ENT Clinic, University Hospital 
Erlangen

•Introduction to concepts and limitations
of clinical voice measurement for
professional singers

Numerical Larynx Models 

•Prof. Dr. techn. Stefan Schoder 
Dr. Sebastian Falk

•ENT Clinic, Department of Phoniatrics 
and Pediatric Audiology, University 
Hospital Erlangen

•Insights on the complex challenges to
model the phonation process numerically
by methods of continuum mechanics,
discuss concrete challenges and
problems in simulating the process
yourself
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Complete Schedule 
 

Sunday, July 21st 

18:00 Optional First Get Together - No registration needed Kitzmann Bräu 
 

Workshops  

Monday, July 22nd 

Time  Topic Speaker/Organizer 

08:30 - 12:00 WS 1: Engineering of Tailored Biomaterials (Pick up at Novotel 08:00) R. Detsch 

09:00 - 12:00 WS 2: AI and Machine Learning: Basics (Pick up at Novotel 08:45) K. Breininger 

13:30 - 17:00 WS 3: Advanced Diagnostics Using AI (Pick up at Novotel 13:15) A. Kist 

13:30 - 17:00 WS 4: Polymer Implants (Pick up at Novotel 13:00) D. Drummer 

18:30 Optional - Get Together (Departure at Novotel at 18:20) Alter Simpl 

 
  

Tuesday, July 23rd 

Time  Topic Speaker/Organizer 

09:00 - 12:00 WS 5: Females in Science (Pick up at Novotel 08:45) C. Madill 

09:00 - 12:00 WS 6: Experimental Larynx Models (Pick up at Novotel 08:45) M. Semmler 

14:00 - 17:00 WS 7: Clinical Measurement of Singers (Pick up at Novotel 13:45) M. Echternach 

14:00 - 17:00 WS 8: Numerical Larynx Models (Pick up at Novotel 13:45) S. Schoder 

18:30 Optional - Get Together (Departure at Novotel at 18:10) Steinbach Bräu 

  

Main Conference  

Wednesday, July 24th 

Time Topic Speaker/Organizer 

08:00 - 08:08 Welcome  S. Kniesburges 

08:08 - 08:15 Welcome from the Director of the University Hospital H. Iro 

08:15 - 09:00 Key Note I: Laryngeal and vocal tract control of voice production Z. Zhang 

   

09:00 - 10:00 Artificial Intelligence I Chair: T. Arias V 

From imaging to dynamics: a hybrid physics informed neural network p.24 X. Zheng 

Forward mapping estimation for laryngeal motor control using machine learning 
techniques p.26 

J. Parra 

Evaluation of machine-learning pitch estimation algorithm p.28 T. Ikuma 

Improved subglottal pressure estimation from neck-surface vibrations using transfer 
learning of deep neural networks trained from voice production model p.30 

E. Ibarra, M. Zanartu 

Coffee Break 

10:30 - 12:15 Artificial Intelligence II Chair: A. Kist 

A deep learning based two-step approach for the detection of specific types of pig 
phonation p.32 

P. Schlegel 

Multi-Level Label Hierarchy for Disordered Voice Databases p.34 R. Gupta, C. Madill 

Deep learning-based laryngotracheal and airway anatomical landmark detection for 
ultrasound-guided interventions p.36 

G. Dion 
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Automatic detection and motion tracking of thyroid and arytenoid cartilages in dynamic 
translaryngeal ultrasound: a feasibility study for the diagnosis of vocal fold paralysis p.38 

T. K. Bui 

Do speech tasks influence machine learning performance in dysphonia detection? p.40 A. Yousef 

Classification of vocal fold paralysis versus controls based on voice recordings with a 
Random Forest model: robustness validated using an external database p.41 

J. Dindart 

Objective assessment of functional dysphonia based on machine learning and high-speed 
videoendoscopy p.43 

T. Schraut 

Lunch Break 

13:30 - 14:15 Keynote II: Vocal register transitions as a function of intrinsic laryngeal 
muscle stimulation 

D. Berry 

14:15 - 15:00 Endoscopy Chair: R. Samlan 

The use of 3D high-speed videoendoscopy for evaluating vocal fold vibratory characteristics 
as a function of frequency p.44 

R. Patel 

Reliability of segmentation of vocal fold edges from high-speed videoendoscopy and the 
parameters affecting it p.46 

H. Ghasemzadeh 

Comparing ten vocal fold closures using stroboscopy, high-speed videography, egg, and 
frequency analysis: a work in progress p.47 

L. Popeil 

Coffee Break 

15:30 - 17:00  Singing Chair: N. Henrich 

Male and female voices show differences in spectral development over four years of 
conservatory training p.48 

R. Walker 

Articulatory and acoustic differences between lyric and dramatic singing in western 
classical music p.49 

M. Echternach 

Precision in articulators and phonation while performing staccato scales at different speeds 
compared to legato singing p.50 

M. Köberlein 

Examination of diaphragm control and its effects on pitch leap during opera singing using 
real-time MRI p.52 

N. Toda 

Acoustic contributions of the hypopharyngeal cavities in generating singer’s formant: a 
case study p.54 

H. Takemoto 

Characteristics of glottal and supraglottal oscillations of ten different irregular phonation 
types during metal singing p.56 

L. Traser 

  

18:00 Guided City Tour Nuremberg (Departure Bus at Hotel to Nuremberg at 17:30) 

19:00 - 22:30 Gala Dinner (Departure Bus back to Erlangen at 22:45) Bratwurst Röslein 
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Thursday, July 25th 

Time Topic Speaker/Organizer 

08:00 - 08:45 Key Note III: Acoustic variability underlying pathological voice quality J. Kreiman 

08:45 - 10:00 Disorders I 
Chair: M. 
Gugatschka 

Detection of Common Voice Pathologies by Principal Component Analysis of Voice Acoustic 
Parameters p.58 

C. Cantor Cutiva 

Observation of laryngeal behaviors via high-speed videoendoscopy associated with the 
primary signs of ADLD p.59 

K. Marks 

Objective Quantification of Spasm Severity and Treatment Response in Adductor Laryngeal 
Dystonia with High-Resolution Manometry p.61 

J. Hoffmeister 

Relation between voice onset time, vocal hyperfunction type and voice quality: an 
exploratory study p.63 

M. Brockmann-
Bauser 

Integrating biomechanical models, ambulatory monitoring, and statistical analysis for 
understanding non-phonotraumatic vocal hyperfunction p.65 

C. Calvache 

Coffee Break 

10:30 - 12:15 Disorders II 
Chair: M. 
Brockmann- 
Bauser 

Adding vibrato-based ambulatory singing measures in the clinical assessment of patients 
with vocal hyperfunction p.67 

E. Willis 

Automated creak differentiates laryngeal dystonia and muscle tension dysphonia during a 
conversational speech task p.69 

D. Dragicevic 

Development of German continuous speech stimuli for relative fundamental frequency 
(RFF) p.71 

M. Berardi 

Influence of type I thyroplasty implant stiffness and location on the glottal pre-phonatory 
shape, stiffness and vibration p.73 

W. Jiang 

Can the vocal behavior of a mouse serve as a marker for vocal fold properties? p.75 T. Riede 

Laryngeal and upper airway sequelae in post-acute influenza infection p.76 A. Foote 

Exploring the effects of psychosocial stress on the laryngeal microbiome p.77 A. Venkatraman 

Lunch Break 

13:30 - 14:15 Key Note IV: Neuromuscular Control of Voice Production D. Chhetri 

14:15 - 15:30 Disorders III Chair: M. Kunduk 

Exploring the molecular basis of Reinke’s edema p.79 M. Gugatschka 

Differential cytokine response and altered DNA methylation in vocal fold fibroblasts of 
Reinke’s edema patients p.80 

M. Grill 

Voice loudness, self-assessment, and auditory-sensory feedback in voice production in 
Parkinson's disease p.82 

F. Contreras-Ruston 

Early Alzheimer’s disease-related laryngeal inflammation and muscle pathology in the 
TGF344-AD rat model p.84 

M. Ciucci 

Prodromal vocal changes in homozygous PINK1 knockout model of Parkinson disease p.86 M. Krasko 

  

15:30 - 16:30 Poster Session with Coffee 

#1: cancelled cancelled 

#2: Investigating the Sound Generation in the Human Voice Based on Particle Image 
Velocimetry p.153 

C. Näger 

#3: Face Masks and Risk of Voice Disorder in University Professors p.155 A. Ghirardi 

#4: Feature Selection of Phonation Parameters to Distinguish between Presbyphonia and 
Fes Treated Larynges from Young Larynges in an Ovine Model p.157 

B. Jakubass 
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#5: A more Complete View into the Vocal Fold Tissue during Ex-vivo Phonation Experiments 
by Using a Combination of Pipette Aspiration and Ultrasound Elastography p.159 

F. Scheible 

#6: Optimizing Frequency Response in Ambulatory Voice Monitoring: Aligning Laboratory 
Accelerometer Data for Enhanced Voice Disorder Assessment p.161 

J. Cortés 

#7: Acoustic Characteristics of the Singing Voice and Vocal Tract Changes during Singing 
Instruction p.163 

J. Takahashi 

#8: Consideration of the Vocal Tract Acoustics of Different Voice Qualities with Regard to 
Voice Efficiency p.165 

L. Traser 

#9: Metagenomic Whole Genome Shotgun Analysis of the Airway Microbiome in 
Laryngotracheal Stenosis p.167 

G. Dion 

#10: Vocal Transient Analysis Using Piecewise Linear Approximation p.169 T. Ikuma 

#11: The Sensitivity of Phonation Onset Pressure to Vocal Fold Shape p.171 S. Peterson 

#12: Exploring Efficiency of Voice Acoustic Parameters for Detecting Voice Disorders: a 
Systematic Review of Literature p.173 

A. Yousef 

#13: Influence of Supraglottal Tract on Flow Separation Vortices during Vocal Fold Closing 
in Human Phonation p.174 

W. Jiang 

#14: Real-time Voice Quality Alteration: Tackling the Complexity of Simulating Dysphonia 
p.176 

I. Schiller 

#15: Notes on Cascading Simplifications of the Vocal Tract and its Relevance for the 
Transfer of Acoustic Energy p.177 

M. Fleischer 

#16: Acoustic and Neurophysiological Aspects of Lombard Effect p.178 L. Rivera 

#17: Spatial Transcriptomics of the Vocal Fold Tissue of Intact and Ovariectomized Female 
Rats p.180 

P. Sivasankar 

#18: The Influence of Cigarette Smoke-stimulated Vocal Fold Fibroblasts on Inflammatory 
Cytokine Release of Macrophages p.182 

B. Steffan 

#19: Amniotic Fluid as a Potential Treatment Following Vocal Fold Injury p.184 B. Christensen 

#20: Extralaryngeal Surface EMG Classification during Sentence Production for Vocal 
Fatigue Detection Using GA-SVM for Confounder Removal p.185 

Y. Gao 

#21: Does Forced Whisper have an Impact on Voice Parameters? P.187 T. Pilsl 

#22: The Prevalence of Creak Across Breath Groups in Speakers with and Without Adductor 
Laryngeal Dystonia p.188 

K. Marks 

   

16:30 - 18:30 Physiology Chair: R. Patel 
Ideal glottal waveform: basic concepts and kinematic modelling with synthetic kymograms 
p.88 J. G. Svec 

How do multiple sound sources in the airway interact? p.90 I. Titze 

Source Filter Synchronization in Connected Speech Samples p.91 L. Maxfield 

Influence of subglottal vibrational excitation in the range of 2-6 kHz on voice parameters 
p.93 

P. Hoyer 

Intralaryngeal neural networks, a novel avenue in neurolaryngology and its impact on 
phonatory posturing p.95 

R. Tracicaru 

Exploring nonlinear phenomena (NLP) in animal vocalisations through oscillator theory p.97 H. Herzel 

Does sex matter? In vitro exposure of vocal fold fibroblasts to vibration p.98 T. Grossmann 

Metabolic validation of an anaerobic vocal demand task: novel application of blood lactate 
as a biomarker of vocal function p.99 

M. Morton-Jones 

   

19:00 Singing Evening (Departure at Novotel 18:40) Entlas Keller 
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Friday, July 26th 

Time Topic Speaker/Organizer 

08:00 - 08:45 
Key Note V: Cell-based outer vocal fold replacement for vibratory tissue 
repair 

J. Long 

08:45 - 10:00 Bio-Tissue Engineering Chair: N. Li-Jessen  

Single-cell atlas of vocal fold and laryngeal embryogenesis, maturation and aging p.100 T. Lunga 

Minimally invasive in situ bioprinting for vocal fold regeneration using a cable-driven 
continuum manipulator p.102 

S. Groen 

The potential role of SP-G and PLUNC in wound healing and tumor pathogenesis in the 
human larynx respectively the vocal fold p.104 

A. Scheer 

LRIG1 cells as epithelial stem cells for vocal fold maintenance and regeneration p.105 V. Lungova 

Parameter optimization of agent-based models for vocal fold biomaterial design p.107 N. Li-Jessen 

Coffee Break 

10:30 – 11:45 Computational Modeling Chair: C. Fabrouz 

Perception of voicing in speech produced by adult and pediatric kinematic vocal fold 
models p.109 

E. Heller Murray 

Modelling the Influence of Localized Edema on Vocal Fold Kinetics and Kinematics p.111 S. Peterson 

Effects of false and aryepiglottic fold constrictions on voice production in a simplified vocal 
tract p.113 

T. Yoshinaga 

Computational analysis of vocal fold posturing in asymmetric laryngeal muscle activations 
p.115 

Q. Xue 

Vocal3D: fully automatic 3D reconstruction of phonating human vocal folds via structured 
light laryngoscopy p.117 

J. Heningson 

Lunch Break 

13:00 - 15:00 Experimental Modeling Chair: L. Oren 

FSAI-01: A benchmark dataset for aeroacoustic simulations of human phonation p.119 S. Schoder 

Experimental modelling of the influence of vocal folds compliance on human vocal tract 
acoustic properties p.121 

V. Radolf 

Vocal Fold Reconstruction from Optical Velocity and Displacement Measurements p.123 C. Näger 

Experimental measurement of the internal tissue velocity in a self-oscillating synthetic 
vocal fold model p.125 

B. Erath 

Intraglottal pressure and contact pressure distribution in excised human larynges p.127 S. Lehoux 

Vibratory response of an adaptive synthetic larynx model p.129 B. Tur 

Highly dynamic rotational molding of thin-walled larynx models for fluid dynamic modelling 
p.131 

S. Schlicht 

Flow-induced oscillations of a vocal-fold replica with tailored anterior-posterior and 
medial-lateral articulations p.133 

M. Tlaidi 

Coffee Break 

15:30 - 17:45 Therapy and Diagnostics 
Chair: M. 
Echternach 

Voice onset and offset oscillatory patterns based on place, manner and voiced/voiceless 
consonant environment p.135 

M. Kunduk 

Evaluation of intrinsic laryngeal muscle activity using surface electromyography p.137 X. Yang 

Investigating the correlation between diverse vocal tasks and intermuscular coherence: a 
pilot study using high-density electromyography p.139 

J. Martinez 

Dynamic 3D Magnetic Resonance Imaging of the Vocal Fold Oscillation p.141 J. Fischer 

Evaluation of the frequency-dependent young's modulus of the vocal folds by optical 
coherence tomography in combination with pipette aspiration p.143 

R. Lamprecht 
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Vocdoc – a novel app to capture long-term voice variations in the wild p.145 F. Pokorny 

Effect of thyroplasty type I implant location on glottal medial shape during phonation of a 
canine larynx model p.147 

C. Farbos de Luzan 

The inflammatory and biomechanical effects of inhaled corticosteroids on rabbit vocal fold 
tissue p.149 

B. Christensen 

Investigating the influence of the vocal tract acousto-mechanical resonance on the 
dynamics of semi-occluded vocal tract exercises involving tubes immersed in water p.150 

A. Ricardo da Silva 

17:45 - 18:00 Goodbye 
S. Kniesburges, M. 
Döllinger 
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Gala Dinner and Singing Evening 
 

Gala Dinner on Wednesday 26th  

The Gala Dinner will be hosted at Bratwurst Röslein, 

the biggest Bratwurst Restaurant in the world! 

Founded in 1431, Bratwurst Röslein comes from a long 

tradition of authentic Franconian cuisine and invites 

you to enjoy an evening with local specialties in its 

rustic interiors. Located in the heart of the old town in 

Nuremberg, you will also have the opportunity to 

explore the historical city of Nuremberg prior to the 

dinner. During a one-hour guided tour, you will gain 

interesting insights into the history of this diverse city 

while simultaneously enjoying beautiful views of the 

old buildings and city skyline. 

We will offer bus transportation to and back from the event, so you can simply enjoy the dinner. We 

are very much looking forward to an unforgettable evening 

 

17:30 - Bus Departure at Novotel 
18:00 - Guided City Tour through Nuremberg 
19:00 - Gala Dinner 
22:45 - Bus Departure back to Novotel 
 

 

Singing Evening on Thursday 27th  

We are also offering a singing and music event, kindly 

organized by Nathalie Henrich Bernardoni. The Singing 

Evening will take place at Entlas Keller Biergarten in 

Erlangen. This beautiful location has a stunning patio 

and has very old beer cellars in Erlangen’s Burgberg, 

which date back to 1686 and are still in use. You can 

enjoy the unique beer garden atmosphere outside and 

sample homemade food and beers. The highlight of 

the evening is our english guided tour through the 

historic cellars and the one-hour singing event in one 

of the old ice chambers deep inside the mountain, 

which offers fantastic acoustic conditions. These ice 

chambers were once used to cool the beer during spring and summer before refrigerators existed. Of 

course, we can also make music outside! 

 

18:40 - Departure at Novotel 
19:00 - Singing Evening  
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General information 
 

Procedure in general: 
 

Talks: Presentations are scheduled for 12 minutes with 3 additional minutes for questions. 
 

Poster: The poster session is scheduled for Thursday 25th between 15:30 and 16:30. We ask all authors 
to put up their posters on Thursday morning until 09:00 am.  
 

Key Note Speakers: The plenary talks of the keynote-speakers are scheduled 30 minutes with 15 
minutes for questions 
 

Lunch: Lunch as well as coffee for the coffee breaks will be served at the conference venue for you 
and is included in the registration fees. 
 
 

Presenter Instructions: 
 

To allow a trouble-free rotation, please hand us your presentations between 7:00 – 7:45 am or during 
coffee/lunch breaks at day of presentation or the day before. Make sure to convert it into PDF or 
PowerPoint-file! No private laptops can be connected. Thanks a lot for your cooperation.  
 

We thank all participants for their contributions! 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All abstracts can be found in the same order as illustrated in the conference schedule. 
If you have any questions, we are always happy to help! 
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FROM IMAGING TO DYNAMICS: A HYBRID PHYSICS INFORMED NEURAL 

NETWORK MODEL FOR SUBJECT SPECIFIC PHONATION SIMULATION 

Biao Geng1, Qian Xue1, Xudong Zheng1, Michael Dölinger2 

1 Department of Mechanical Engineering, Rochester Institute of Technology, Rochester, New York, USA 
2Division of Phoniatrics and Pediatric Audiology at the Department of Otorhinolaryngology Head & Neck Surgery, 

FAU Erlangen-Nürnberg, Germany 

Keywords: Physics-informed neural network; Inverse problem; Modal dynamics;  

 

Abstract: 
 
Introduction: 
 
The three-dimensional (3D) tissue dynamics of the vocal folds play a critical role in phonation and could provide 
information on pathological conditions. However, it is extremely difficult to measure the 3D dynamics during clinical 
examination. On the other hand, two-dimensional (2D) endoscopic imaging of the vocal fold vibration can be routinely 
obtained, and the 2D glottal shape can be procedurally segmented (see e.g. Ref. [1]). In this study, we aim to inversely 
determine the 3D tissue dynamics from 2D vocal fold edge segmentation. We designed a novel hybrid physics 
informed neural network (PINN) based differentiable learning algorithm that integrates a recurrent neural network 
(RNN) model of 3D continuum soft tissue with a differentiable fluid solver. The learning algorithm can infer the 3D 
flow-induced vocal dynamics and other physical quantities from high speed video endoscopy. Drawing upon prior 
knowledge of tissue material properties, our algorithm has demonstrated success in inferring 3D vocal dynamics on 
subject-specific voice production problems [2]. In the present study, we further introduce a differentiable eigen-solver 
into the learning algorithm to inversely determine the material properties of vocal fold tissues, which eliminates the 
need for precomputing eigenmodes and extends its applicability to in-vivo experimental and clinical studies. This 
study contributes to our overarching goal of developing a new AI-enabled data-assimilation computational framework 
that enables integration of multimodal experimental/clinical data and high-fidelity physics-based subject-specific 
modeling to provide accurate, realistic, robust, efficient and reliable simulation-based evaluation of individual vocal 
system. 

 
Methods:  
 
Figure 1 illustrates the overall structure of the simulation framework and the methodology. The central idea of PINNs 
is to use physics to inform the network training by penalizing the violation of physical laws and constraints, thus 
enabling sparse-label learning, assimilation of indirect data, and improved sample efficiency. Here, the VF is modeled 
using linear finite element method and its vibration is solved in the truncated eigen-space. The RNN model takes the 
sequence of segmented glottal shapes as the only input and infers the modal coefficients of the eigenmodes. The 
RNN model also infers the material property, which is used to compute the eigenmodes with a differentiable 
eigenmode solver. Then, the full predicted 3D VF deformation is constructed from the eigenmodes and the modal 

 
Figure 1. Structure of the discrete PINN-differentiable programming algorithm. The illustration uses a simplified VF model. 
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coefficients. With this, the residual of the equations of motion is calculated with a reduced-order flow solver and is 
incorporated into the loss function of the network as equation loss. Additionally, the 2D glottal shape procedurally 
generated from the predicted 3D deformation is compared against the input and incorporated into the loss function 
as data loss. The learning algorithm uses the auto differentiation framework of PyTorch [3] to minimize the loss 
function. 
 
Results:  
 
The algorithm was tested on a synthetic dataset using a simplified 2-layered VF model. The vocal fold model was 
extruded from a profile (Figure 2(a)). Figure 2(a)-(c) show the process of synthetic input generation. The 3D vocal 
fold vibration was generated from flow-structure interaction simulation. 2D glottal shapes were generated from the 
deformed vocal fold from top-view projection. For the network input, 16 glottal shape samples per vibration cycle over 
two cycles were used. Figure 2(d) shows the convergence of total loss for a typical case with eigenmode solution. 
Figure 2(e) demonstrates the algorithm’s capability to inversely determine the material properties of the vocal fold. In 
these case, the only inferred material parameter is the cover layer modulus. The network inference converges to the 
true value (blue line) regardless of the initialization (diamond) that spans two orders of magnitude. It was observed 
that the solution was insensitive to material properties of the body layer which had much less significant effect on the 
glottal shape than the cover layer. Testing on a broader range of material properties and more complex material 
models will be performed. Figure 2(C) shows the prediction error of the 3D vocal fold shapes over one vibration cycle. 
The error is slightly larger than the previous results without eigenmode solution[2].  
Conclusions:  
 

A hybrid PINN-based learning algorithm is being developed to infer 3D VF tissue dynamics from only 2D endoscopic 
imaging without knowing the tissue material properties a priori. Results show that the algorithm can successfully 
reconstruct the 3D motion of vocal fold and estimate other features such as flow rate and acoustic signals, which are 
difficult to measure in vivo. Current application is constrained by the computational speed. The algorithm also 
assumes that the mechanical status of postured VFs can be represented by an equivalent stiffness of soft tissue, 
which may need revision for further clinical application. 

 

References: 
 

[1]. Kist et al. Rethinking Glottal Midline Detection. Sci Rep 2020, 10, 20723. 
[2] Movahhedi et al. Predicting 3D Soft Tissue Dynamics from 2D Imaging Using Physics Informed Neural Networks. 
Communications Biology 2023, 6, 541. 
[3] Paszke et al. Pytorch: An Imperative Style, High-Performance Deep Learning Library. Advances in neural 
information processing systems 2019, 32. 

  

 
Figure 2. (a) VF model. (b) Top-view projection. (c) Glottal shape sequence for network input. (d) Convergence of network in 

100,000 epochs. (e) Convergence of cover modulus. (f) Error of 3D prediction over one cycle. 
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FORWARD MAPPING ESTIMATION FOR LARYNGEAL MOTOR CONTROL USING 

MACHINE LEARNING TECHNIQUES  

Clara Sorolla1, Jesús A. Parra2,1, Emiro Ibarra2,1, Gabriel Alzamendi3,4, Matías Zañartu2,1  
1 Advanced Center for Electrical and Electronic Engineering, Universidad Técnica Federico Santa Maria, Valparaíso, 

Chile  
2 Department of Electronic Engineering, Universidad Técnica Federico Santa Maria, Valparaíso, Chile  

3 Institute for Research and Development on Bioengineering and Bioinformatics (IBB), CONICET-UNER, Oro Verde, 

Entre Ríos 3100, Argentina  
4 Facultad de Ingeniería, Universidad Nacional de Entre Ríos, Entre Ríos, Argentina  

Keywords: Speech-Motor Control; Machine Learning; Computational Modeling Abstract:  
  

Objectives / Introduction:  

  

Understanding the factors that influence vocal function is a complex task. A recent major development in this field is the 

introduction of LaDIVA [1], a neurocomputational model that facilitates laryngeal motor control in speech acquisition and 

production. This study aims to refine the forward mapping process within LaDIVA by incorporating a more sophisticated 

voice production model, coupled with an efficient machine learning-based implementation. These enhancements are 

vital for accurately computing the outputs for the auditory feedback controller, thereby not only improving the 

computational efficiency of the LaDIVA model but also illustrating the potential of machine learning in developing 

individualized representations of laryngeal motor control.  

   

Methods:   

  

The function we aim to replace enables a direct mapping between 

various vocal function features. The regression model takes as its 

inputs the activation of the cricothyroid muscle (CT), the activation 

of the thyroarytenoid muscle (TA), and the subglottal pressure (PS). 

Its outputs are fundamental frequency (fo) and sound pressure 

level (SPL). Initially, this function was a lookup operation within a 

pre-generated table of features using the Body-Cover Model 

(BCM) [2]. After evaluating various prevalent machine learning 

models, the multiple output Random Forest Regressor (RFR) 

demonstrated an aptitude for effectively handling this specific type 

of data.  

The Random Forest Regressor (RFR), depicted in Figure 1, operates as a bagging ensemble model that integrates 

multiple decision trees. A decision tree is a hierarchical structure composed of decision nodes, which facilitate branching 

based on binary (true or false) conditions, culminating in terminal nodes that produce the final result. This structure 

allows for the progressive subdivision of data into increasingly homogeneous subsets. The RFR begins by randomly 

distributing the data into subsets, each of which is used to train an individual decision tree. Then, each tree calculates 

its own output, and the individual outputs are averaged at the 

end. This approach effectively mitigates the overfitting typically 

associated with a single decision tree by incorporating the 

outputs of many trees, thereby enhancing the model's reliability 

and accuracy.   

Using this technique instead of the previous LaDIVA lookup 

table is less time-consuming and adds more flexibility to the 

function, as it does not require all values to be predefined to 

correctly perform the regression. This approach also facilitates 

retraining the model to adapt to a different subject with another 

set of characteristics.  

To demonstrate the adaptability of this technique to individual 

subjects, various simulation sets were created, with each set 

differing based on the sex of the subject, being either female or 

male, and on the resting length of the vocal folds. To generate 

the simulations the triangular body-cover model (TBCM) was 

used [3]. The TBCM is a six mass-spring vocal fold model that 

Figure  1 :  Random Forest   Regressor   Architecture.   

Figure  2 :   Heatmaps for fo of the different data sets with a lung  
pressure of 1500 Pa.   
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simulates phonation using a triangular glottis shape and five intrinsic laryngeal muscles for a more realistic vocal fold 

posturing and laryngeal motor control.  

 

Results:   

  

Three datasets comprising approximately 30k samples each were generated through multiple simulations using the 

TBCM. One dataset, designed to represent a typical female, featured a vocal fold length of 18 mm, while the other two 

datasets, intended to mimic typical males, had vocal fold lengths of 18 mm and 22 mm, respectively.  

Figure 2 displays a heatmap of fo, highlighting the distinctions among these datasets. Each dataset was utilized to 

train four distinct Random Forest Regressors, with 80% of the data allocated for training and the remaining 20% for 

validation purposes. Table 1 provides a summary of the performance metrics for each model. Figure 3 illustrates the 

outcomes from one of these regressors, showcasing two scatter plots that compare the outputs estimated by the RFR 

with the simulated references and their corresponding empirical error distributions. Note that the performance of the 

RFR was considerably more efficient than the previous function used in LaDIVA. For instance, when evaluating 300 

samples the computation time was reduced from 35ms to 

less than 5ms, demonstrating the high computational 

efficiency of this technique in contrast to using a lookup 

table.  

Table 1: Results of the three Random Forest regressors.  

  

Conclusions:   

After observing the results, we can conclude that the RFR is an adequate tool for the forward mapping estimation of 

speech-motor control in the LaDIVA model. Its ability to correctly adapt to different datasets will significantly contribute 

to building subject-specific representations. This opens a new path to using other techniques that are compatible with 

Machine Learning, such as Transfer Learning, in the case of scarce data when using in vivo measurements.  
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Dataset  SPL   fo  

MAE  R2  MAE   R2  

Female (L=18 mm)  0.5680  0.9753  2.3411   0.9901  

Male (L=18 mm)  0.1965  0.9954  0.8391   0.9992  

Male (L=22 mm)  0.1276  0.9950  0.4869   0.9997  
Figure  3 :     Results of Random Forest Regressor trained with the  

simulations of a male with a vocal fold length of 18 mm.   
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EVALUATION OF MACHINE-LEARNING PITCH ESTIMATION ALGORITHMS  
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1Dept. of Otolaryngology-Head and Neck Surgery, LSU Health Sciences Center, New Orleans, Louisiana, U.S.A.  
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Abstract  
Objectives / Introduction:  

This presentation aims to demonstrate the performance of existing machine-learning (ML) based pitch detectors, 

especially for handling so-called subharmonic errors. Accurate pitch estimation is vital for objective voice analysis. 

Most acoustic parameters rely on either periods or fundamental frequencies 𝑓𝑜 of vocal cycles with exception of only 

a handful parameters (e.g., cepstrum peak prominence and loudness). In a recent study1, ML algorithms—CREPE2 

and FCN-F03—were shown to outperform the Praat pitch analysis algorithm4, especially in estimating 𝑓𝑜 of the voices 

of head and neck cancer patients. However, the study did not reveal what type of errors these ML algorithms mitigate. 

The present study was focused on analyzing a particular type of pitch estimation error: incorrect selection of an 

integer-divisor of the true 𝑓𝑜 as the estimated. We call this type of error a subharmonic error because it is registered 

mostly when a voice signal is nonmodal and contains subharmonics. The challenge here is that the true fundamental 

frequency of a subharmonic signal is indeed an integer-divisor of the speaking 𝑓𝑜, i.e., the pitch intended by the 

speaker. As such, a pitch detector cannot solely depend on the periodicity of the signal and requires additional 

information to make a correct choice.  

Methods:  

Data: All 709 sustained /a/ recordings of KayPENTAX Disordered Voice Database [5] were included. While each 

recording was processed at once, pitch estimates in a 50-millisecond (ms) interval were pooled for the analysis, 

yielding 16174 total sample points (frames).  

𝑓𝑜 Annotation. The truth values for the fundamental frequency 𝑓𝑜 in all signal intervals were evaluated in three steps.  

First, the initial estimates were gathered from the Praat. Then, these estimated 𝑓𝑜’s were reviewed, and those which 

Praat incorrectly estimated were adjusted manually with a custom computer program. Finally, the estimates were 

refined using the time-varying harmonic model with a gradient-based optimization6.  

Algorithms. Praat pitch detector is based on the autocorrelation function and uses the hidden Markov model (HMM, 

an unsupervised machine-learning technique) as the postprocessor to correct the errors. The default configuration 

was used except for the minimum pitch was adjusted to 60 Hz to handle the lowest 𝑓𝑜 present in the dataset. This 

results in Praat to set its analysis frame size to be 50 ms. The recordings were resampled to 8 kHz first. The CREPE 

algorithm2 uses a six-layer convolutional neural network (CNN) model. The model signals to be resampled to 16 kHz 

with input signal frame size of 1024 samples (64 ms; 28% frame overlap). The original model coefficients were used. 

The FCN-F0 algorithm FCN-F0 algorithm3 is an extension of the CREPE with a 7-layer model, taking input signals 

sampled at 8-kHz. Specifically, the FCN-933 model with input frame size of 993 (124 ms; 148% frame overlap) and 

the original model coefficients were used. Finally, the best Praat pitch candidates before postprocessing (i.e., the 

estimates of an autocorrelation-function based algorithm, ACF) was evaluated as a reference without employing any 

machine learning techniques.  

Performance Metric. To detect subharmonic errors accurately, the output of each algorithm was refined using the 

time-varying harmonic model as the annotated truth. The refined estimate was recorded as 𝑓 𝑜. In other words, the 

algorithm output was considered correct if it yields the same harmonic model as the annotated. The ratio of the truth 

and estimated, 𝑓𝑜/𝑓 𝑜, was used as the performance metric.  

If 𝑓𝑜/𝑓 𝑜 ≈ 1, the estimated 𝑓𝑜 matches the truth (labeled “Correct”). On the other hand, if 𝑓𝑜/𝑓 𝑜 is approximately an 

integer greater than 1, the algorithm committed a subharmonic error (labeled “Subh”). Note that this error does not 

guarantee that the signal contains subharmonics as the error can also be caused by chance. Finally, non-integral 

𝑓𝑜/𝑓 𝑜 values indicate either that the estimator picked an 𝑓 𝑜 with no apparent relationship to 𝑓𝑜 or that the truth 𝑓𝑜 was 

too aggressively annotated (labeled “Other”). To account for a numerical error, 𝑓𝑜/𝑓 𝑜 value within ±0.01 of an integer 

was treated as an integral outcome, i.e., either “Correct” or “Subh”. Results:  

Out of 16174 frames, 15956 (98.7%) were found to contain periodic behavior with annotated 𝑓𝑜’s. Based on the 𝑓𝑜/𝑓 𝑜 
metric, Table 1 shows the overall performance of the pitch detectors. It is apparent that the ACF is prone to making 

subharmonic errors (34.5%) and Praat’s HMM successfully eliminated 75.2% of these errors. For these two 

algorithms, the subharmonic errors are dominant over the other types of errors. Meanwhile, both CNN solutions clearly 

outperform the former two with above 95% correctness. More importantly, they demonstrated their resiliency to the 

subharmonic errors: reduced the amount of subharmonic error by 94.3% for CREPE and 96.1% for FCN-F0  
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relative to ACF. The CREPE and FCN-F0 committed fewer subharmonic errors than the other types. A minor 

downside of both CREPE and FCN-F0 was that they introduced a few frequency-doubling errors (𝑓𝑜/𝑓 𝑜 = 0.5; 17 for 

CREPE and 11 for FCN-F0) which Praat had none of and ACF had in 3 frames.  

Table 2 shows how Praat, CREPE, and FCN-F0 improved over ACF. The top row of the table reveals that the CNN 

algorithms selfdom made errors on the frames which the ACF was correct (<1.0%), especially the subharmonic errors 

(<0.2%). In comparison, the HMM postprocessor of Praat incorrectly flipped 1.5% of the correct ACF estimates to 

subharmonic errors.  

  

Table 1: Pitch Detection Outcomes (occurrences)  

  ACF  Praat  CREPE  FCN-F0  

Correct  9830 (61.6%)  13931 (87.3%)  15200 (95.3%)  15335 (96.1%)  

Subh  5506 (34.5%)  1368 (8.6%)  316 (2.0%)  217 (1.4%)  
Other  620 (3.9%)  657 (4.1%)  440 (2.8%)  404 (2.5%)  

Subh, % rel ACF  100.0%  24.8%  5.7%  3.9%  

          

Table 2: Contingency matrix between ACF and other algorithms (occurrences)  

ACF  

 
Correct  

Praat  

 
Subh  

 
Other  

 
Correct  

CREPE  

 
Subh  

 
Other  

 FCN-F0   

Correct  Subh  Other  

Correct  9646  152  32  9740  15  75  9762  3  65  

Subh  4269  1209  28  5239  247  20  5315  179  12  

Other  16  7  597  221  54  345  258  35  327  

  

Conclusions:  

The CNN-based pitch detectors—FCN-F0 and CREPE—have demonstrated dominant performance over the pitch 

detector of the widely used Praat software by correctly detecting the pitches on over 95% of the sustained /a/ audio 

frames. Remarkably, these detectors are driven by model coefficients which were trained with synthesized data 

(CREPE) or with speech database without any voice disorder samples (FCN-F0). The CNN detectors especially 

excelled in avoiding committing subharmonic errors likely by learning the details of the cyclic behavior of the signals 

beyond their periodicity. These CNN (and other deep learning) models could improve their performance further by 

training them with clinically relevant data and by using a postprocessing technique similar to Praat.  
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Abstract:  
  

Introduction:  

  

The ambulatory assessment of subglottal air pressure (Ps) is vital for advancing the clinical management of voice disorders. 

This parameter regulates vocal fold oscillation dynamics, modulates loudness, and adjusts the fundamental frequency. It is 

also closely linked to phonatory efficiency and vocal effort. However, the direct measurement of Ps typically requires invasive 

or specialized techniques, such as tracheal puncture or circumferentially vented mask, which limits its practical application in 

clinical and ambulatory settings.  

In our previous work [1], we proposed a non-invasive method to estimate Ps, among other parameters, using necksurface 

vibrations recorded by an accelerometer (ACC). The approach employed a Neural Network (NN) trained on data simulated 

from physiological numerical models, achieving high performance with these synthetic datasets. However, we observed a 

significant decrease in performance when this method was applied to predict Ps using an accelerometer sensor. In our current 

research, we aim to improve this by applying transfer learning (TL) to a neural network regression initially trained on voice 

production model data. This strategy involves retraining the NN using laboratory datasets and sequentially freezing the hidden 

layers of the neural network, thereby enhancing the accuracy of subglottal pressure estimations derived from ACC data.   

  

Methods:   

  

In vivo measurements: The data consisted of synchronous laboratory recordings from intraoral pressure (IOP), oral airflow 

volume velocity (OVV), a microphone (MIC), and an ACC from 79 adult female subjects who were vocally healthy. The 

participants produced strings of /pæ/ syllables at three levels of loudness: comfortable, loud, and soft. Reference values for 

Ps were obtained from the IOP measurements. The ACC-based glottal airflow was estimated using the impedance-based 

inverse filtering (IBIF) algorithm. Then, the middle 50 ms of the glottal airflow signal, estimated from IBIF, was selected to 

compute six acceleration-based aerodynamic features: unsteady glottal airflow (ACFL), maximum flow declination rate 

(MFDR), open quotient (OQ), speed quotient (SQ), spectral tilt (H1−H2), and fundamental frequency (f0). The sound pressure 

level (SPL) was obtained from the MIC signal.  

  

Synthetic voice dataset: The synthetic dataset comprises 13,000 sustained phonation simulations, generated using a 

muscle-controlled voice synthesizer. This synthesizer incorporates a triangular body-cover vocal fold model and enables a 

three-way interaction at the glottal level between sound, flow, and vocal fold tissue. The dataset encompasses a wide range 

of variations in model control parameters, such as lung pressure and muscle activation levels [1]. Each simulation had a 

duration of 800 ms, with the mean values of the aerodynamic and acoustic features, as well as Ps, calculated over the final 

50 ms to minimize the presence of transient artifacts.  

  

NN architecture: The baseline model is composed of a multilayer perceptron neural network. The input layer of this network 

includes seven features: ACFL, MFDR, OQ, SQ, H1-H2, f0, and SPL, with the output being Ps. Each interconnected hidden 

layer is equipped with a ReLU activation function and a dropout layer. The hyperparameters of the baseline model were 

optimized using a 5-fold cross-validation strategy on the synthetic dataset. The iteration of the model that demonstrated the 

best performance on the validation set across the 5 folds was then selected as the baseline for all subsequent experiments.  

The baseline regression model was retrained using transfer learning on laboratory datasets. The optimal performance of 

the TL strategy was achieved by sequentially freezing the hidden layers. The effectiveness of these models was validated 

through a subject-independent 10-fold cross-validation.  

The baseline model and the TL training employed the Adam optimization algorithm, utilizing mean squared error as the loss 

function. A learning rate schedule was used, initialized at 0.001. For all experiments, synthetic and laboratory data were min-

max normalized.  
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Results:   

  

Table 1 displays the root mean square error (RMSE) of estimated Ps from ACC data as a function of fine-tuning the NN 

using TL with sequentially frozen layers. The best performance was achieved by freezing the first layer. This result suggests 

that the learned weights in the first hidden layer, derived from the voice production model, provide relevant information, thereby 

enhancing the robustness of Ps estimation from ACC. However, retraining all network parameters without freezing any layers 

resulted in the loss of the additional variability learned from the numerical voice production model, leading to a higher error in 

the estimation. Conversely, the poorest performance occurred when retaining all parameters learned from synthetic data (four 

layers frozen). This finding aligns with our previous work, indicating an existing gap between synthetic and laboratory data, a 

consequence of the numerical model simplification to simulate the complex human phonatory process.  

  

Table 1. Mean and standard deviation of RMSE from 10-fold cross-validation for subglottal pressure estimated from 

accelerometer data, applying TL to the NN with sequentially frozen layers.  

Number of frozen layers  0  1  2  3  

RMSE (cm H2O)  2.59 ± 0.47  2.30 ± 0.41  2.65 ± 0.56  4.64 ± 0.68  

  

In our preliminary work, the RMSE for subglottal pressure within the same dataset was 2.48 cm H2O. In this proposal, we 

have reduced this estimation error to 2.30 cm H2O. This reduction represents the best performance reported to date in 

estimating subglottal pressure from in vivo signals using a single model across multiple subjects. In comparison, the empirically 

derived formula [2], which computes subglottal pressure using only measurements of SPL and f0, estimates Ps with an RMSE 

of 2.86 cm H2O. Another NN-based method proposed in [3] reported a mean absolute error (MAE) of 290 Pa in a study 

involving a single human subject, while our proposal achieved an MAE of 174 Pa in a population of 79 subjects.  

  

Conclusions:   

  

This work presents a methodology based on transfer learning to improve the estimation of subglottal pressure from a neck 

surface accelerometer, utilizing a framework that integrates machine learning tools with a numerical model of voice production. 

The validation in laboratory recordings from 79 adult females without voice disorders demonstrates a 7% improvement in the 

RMSE of subglottal pressure estimation using accelerometer-based features, compared to our preliminary findings. These 

results suggest that the triangular body-cover model offers a good general representation of typical sustained phonation across 

a wide range of conditions, enhancing the robustness of the non-linear mapping between ACC-based features and Ps. These 

outcomes strengthen our ongoing efforts to combine a numerical voice production model with machine learning tools, providing 

a viable approach for physiologically relevant measurements in both laboratory and ambulatory settings for the assessment of 

vocal function. While this method is initially described in the context of subglottal pressure, its applicability can be extended to 

the estimation of muscle activation, vocal fold contact pressure, and other measures. However, obtaining clinical recordings 

for validating these additional features is challenging.  
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Abstract: 
 

Introduction: 
To produce a clear and healthy voice, the vocal folds (VF) located in the larynx need to oscillate regularly and 

symmetrically. However, greater injury to the VF tissue can lead to scarring during the healing process, permanently 
changing VF physiology and hence distorting VF oscillations, leading to an adverse and persistent voice change [1]. 
Therefore, treatments to prevent scarring or heal existing scars are of interest. One such potential treatment that is 
currently under development is a stem cell-based outer vocal fold replacement (COVR) that is in the animal testing 
stage. To assess the effect of COVR on injured pig vocal folds, structural and functional recovery of the pig voice after 
COVR implantation are of interest.  

The assessment of functional recovery is especially challenging, as pigs cannot be instructed to phonate in specific 
ways and only the higher pitched type of pig phonation (here called “squeals”) that involves the VFs is of interest. Lower 
pitched phonation (here called “grunts”) is theorized to be of non-laryngeal origin [2] and hence may not be affected by 
VF injury. Further, if more stressful conditions in which the pig is actively stimulated to squeal are avoided, recording 
sessions need to be prolonged to capture spontaneous pig squealing and will inevitably include large amounts of data 
in which the pig does not squeal or does not phonate at all. Therefore, from a large amount of recorded acoustic data, 
only a small fraction can be utilized [3]. For the automatized extraction of squeal-like pig-phonation we propose a deep 
learning-based two-step approach. 

Methods:  
For this work a dataset consisting of about 1500 hours of pig phonation of 11 pigs is utilized. The data was originally 

collected for a previous publication [3]. The data were partially labeled in a double-blind non-exhaustive process, with 
approximately 0.4% of the data identified as squeals. As the line between “grunts” and “squeals” can be blurry and 
annotators did not label all the data, it is to be expected that the actual squeal content of the data is significantly higher. 
Further, large sections of the data consist of relative silence or noises very distinctly different from pig phonation. Lastly, 
pig squeals are expected to differ between recordings before and briefly after surgery, with post-surgery squeals 
sounding more grunt-like but still distinct from grunts. 

To factor in all these different properties of the data, we employ a two-
step approach as depicted in Figure 1. The preprocessing is done similar 
to [4]. First, Mel-spectrograms are calculated for multiple hour-long 
segments of acoustic data with the number of FFTs being set to 2048 and 
the number of Mel-filters being set to 128. The resulting Mel-
spectrograms are then divided into 128×64 windows with 50% overlap. 
This corresponds to a length of approximately 1.25s in the time domain 
which corresponds to the average length of a labeled squeal after 
removing outlier labels. Mel-spectrogram segments are labeled with 
values between 0 and 1, representing the percentage of the respective 
window being identified as a squeal in the time domain. Mel-spectrogram 
windows and labels are randomized and divided into training, validation, 
and test data set (60%/20%/20%).  

   In the first detection step the data is fed into a network based on the 
Le-net architecture [5] sampling from both classes (contains a squeal 
(fraction) and contains no squeal) equally. Instead of simple convolutional 
layers the network features residual blocks as in [4] to increase depth. To 
exclude as little true squeals as possible in this first step a weighted cross 

entropy loss is used for training, overweighting the squeal-class five-fold. Different types of data augmentation, batch 
normalization and drop-out layers are added to increase regularization and avoid over-fitting. 

Figure 1: Summary of the squeal detection process 
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  In the second detection step all remaining samples are fed into the 
second network based on the work of Ding et al [4]. As they focused on the 
detection of multiple different classes detecting exact onset and offset 
positions of the different acoustic events, and we are only working with a 
simpler two-class problem, this second network is a simplified version of the 
one proposed by Ding et al. It features an hourglass model with only two 
instead of four layers consisting of only single residual blocks that 
respectively feed into two branches with gated recurrent units (GRU)s. 
These branches then “vote” on the classification of a sample. In Table 1 
important Hyperparameters for both models are given. 

 Results and discussion:  
In Figure 2 false positive rate (FPR), Brier Score, true positive rate (TPR) and soft true positive rate (STPR) are 

visualized. For the calculation of TPR all samples that contained any amount of squeal were categorized as belonging 
to the squeal-class. In contrast, for STPR this was only the case for samples consisting of at least 40% squeal. As can 
be seen in the figure, the first model, and to a lesser extent the second one, overfit on small squeal fragments that occur 
when one sample only contains the very beginning or end of a squeal, but generalize well for all samples that contain 
larger squeal sections and not-squeal samples. Good results were achieved with very low learning rates, final FPR, 
Brier score, TPR and STPR on the testing set were 0.11, 0.08, 0.90 and 0.99 for model 1 and 0.37, 0.25, 0.86 and 0.92 
for model 2. Due to the high number of not labeled squeals STPR remains high. A comparative evaluation of these 
remaining false positives and true positive squeals did not yield any audible difference. Squeals are detected before 
and after surgery with overall comparable performance. 

 

 
Figure 2: FPR, Brier Score, TPR and STPR for training and validation datasets plotted across the training epochs for the two models. 

Conclusions:  
The described pipeline is suitable for automatic detection of pig squeals within the specific settings the training data 

was recorded in, however, some retraining will be necessary if these settings change. Whilst pig squeals of a minimum 
length of 0.5s in the time domain can be identified reliably, a modification of the second model may also allow for the 
exact detection of event onset and offset, similar to the work of Ding et al. [4]. 
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Table 1: Important Hyperparameters 

Parameter Model 1 Model 2 

Learning rate 1E-6 5E-6 

Epochs 50 50 

Image height 128 128 

Image width 64 64 

Batch size 64 8 

Weights 0.2 ,1.0 0.25, 1.0 
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Abstract:  
  

Objectives / Introduction:  

Free and publicly available databases have been an impetus for substantial progress in Machine Learning (ML) over 
the past two decades in various domains including Computer Vision, Natural Language Processing and Speech 
Processing. However, in Voice Disorder Detection/Recognition, such databases' availability has been limited. Three 
databases namely, Saarbruecken Voice Database (SVD) [1], VOice ICar fEDerico II (VOICED) [2], and TORGO [3] 
are publicly and freely available but the amount of data available within these databases is substantially limited. SVD 
contains 2042 sessions and 71 diagnostic labels (classes), VOICED contains 208 sessions and 24 classes, and 
TORGO contains 30 sessions and 2 classes.  
  

Current ML systems cannot train when data availability is low, and the number of classes is high, as in the available 
databases. Due to this limitation, researchers have often resorted to performing binary classification (healthy vs 
pathological) or combining pathologies under arbitrary sub-classifications e.g. hypokinetic vs hyperkinetic. However, 
these classifications are often clinically inappropriate, irrelevant or have no consensus across the clinical community.   
  

We address this problem by re-classifying labels in clinically relevant categories using a consensus process across a 
range of clinicians and present a multi-level label hierarchy that can be used for collating data into clinically relevant 
classification labels.   

  

Methods:   

The data from SVD, VOICED and TORGO was collected, and their diagnosis was extracted using Python scripts. As 
the diagnosis in SVD were available in German, we used Google Translate to translate them to English. Duplicates 
from the resulting set of diagnosis were removed by manual inspection of the list, and similar labels were grouped 
together into one class e.g. GERD and gastric reflux. This final set of clean labels from the databases was discussed 
with the author clinicians and we identified that there was a potential lack of consensus in how to classify these labels. 
We addressed the lack of consensus in three stages: (1) Two focus group sessions were held to establish a 
classification system based on published frameworks [4]. (2) A Qualtrics [5] survey where seven clinicians, including 
Otorhinolaryngologists and Speech-Language Pathologists, classified the input labels from the databases according 
to the preliminary classifications. (3) Follow up focus group sessions were held with clinicians and the engineering 
team to establish a multi-level classification system. The results of the survey were analyzed using Microsoft Excel 
and Python scripts. After analysis a hierarchy was established using percentage of votes from the survey as 
confidence rating of re-classification category. While a patient may be diagnosed with multiple disorders and have 
co-factors, the current research focus is on single diagnosis classification, with the intention of leaving multiple 
disorders and co-factors as a future and active research area.  
   

Results:  

We grouped the 103 diagnostic labels available in the databases into 4 levels of classification containing 3 classes at 
level 0, 4 classes at level 1, 4 classes at level 2 and 95 classes at level 3 as shown in Fig 1.  
  

52 labels from the available dataset were either classified as not being a diagnosis or had no consensus. Out of these, 
muscle tension dysphonia was most often confused with other pathologies, and subgroups of organic i.e. neuro 
muscular, structural and trauma were often confused with one another. This result is summarized in Table 1. We are 
curently working on a new classification strategy that better encompasses these cases and should result in more 
consensus.  
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Figure 1 (A) shows the ideal hierarchy designed from top (level 0) to bottom (level 3) the dots on level 1 and level 2 indicate that the 

classification from previous level is carried forward to the current level if further sub-classification is not available. (B) an example of 

poor consensus on classifying a particular input label. We note here that Organic > Inflammatory got 1 vote, and Organic > Structural, 

Muscle Tension got 2 votes and 2 clinicians voted that this is not a (proper) diagnosis. Using the hierarchy and votes we classify the 

sample as Pathological > Organic > Structural > Hyperkinetic Dysphonia (Reinke’s Edema)  

  P>U  F  MT  O > I  O > NM  O > S  O > T  

P>U  71  5  21  8  20  35  2  

F  5  8  1  -  2  1  -  

MT  21  1  21  1  9  13  -  

O>I  8  -  1  11  -  9  1  

O>NM  20  2  9  -  25  6  -  

O>S  35  1  13  9  6  47  2  

O>T  2  -  -  1  -  2  3  

Table 1 Highlighting how often different pathologies are confused with others calculated as unique pathologies where a pathology is 

confused with another. The left diagonal axis indicates the number of times a diagnosis appears in the classification set. Keys: 

{P>U=Pathological > Unclassified, F=Functional, MT=Muscle Tension, O>I=Organic Inflammatory, O>NM=Organic Neuro Muscular, 

O>S=Organic Structural and O>T=Organic Traumatic}  

Conclusions:   

Through this research effort we were able to group the 103 diagnostic labels available in the databases into 4 levels 
of classification that can now be used by machine learning researchers to produce more clinically relevant results 
This work will soon be released as open-source software as part of a disordered voice recognition benchmark.  
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Abstract:  
  
Objectives / Introduction: Laryngotracheal visualization is necessary for diagnosis of vocal fold mobility disorders, 

delivery of therapeutics such as onabotulinum toxin for laryngeal dystonia or hyaluronic acid for vocal fold augmentation, 

and airway access for delivery of serial intralesional steroid injections for subglottic stenosis or percutaneous 

tracheotomy. To date, few modalities outside of flexible laryngoscopy and bronchoscopy exist for these interventions. 

Similar to the movement of laryngeal procedures from the operating room to the clinic, over the past few decades, 

percutaneous tracheotomy has grown in popularity as it can be readily performed at the bedside by an intensivist, 

obviating the requirements of a surgeon and/or valuable operating room time. Since there are critical anatomical 

structures in the vicinity of the larynx and trachea, ultrasound guidance can help improve the accuracy and safety of 

tube placement or therapeutic delivery. The goal of this work is to demonstrate the feasibility and accuracy of deep 

learning-based neck anatomical landmark detection for assisting laryngotracheal procedures.  

  

Methods: We collected neck ultrasound data on 25 healthy subjects using the Terason uSmart 3200 (Teratech, 

Burlington, MA) and linear probe 15L4A with the neck imaging preset. Imaging depth was set at 3 cm. Data collections 

were approved by the Institutional Review Board at Massachusetts Institute of Technology and University of Cincinnati. 

For each subject, we recorded multiple cineloops of 10-second length each. The clips mimic how experts use ultrasound 

to identify the optimal tracheal space for needle insertion. The ultrasound probe was in short-axis and the scans included 

views of the anterior of the neck from hyoid bone to suprasternal notch. Ultrasound frames from the cineloops were 

extracted and annotated by two domain experts. Key anatomical landmarks such as thyroid cartilage (TC), cricoid 

cartilage (CC), thyroid gland (TG), strap muscles (SM), and tracheal rings (TR) were identified with bounding boxes 

using our custom tool for AI development.  

  

An AI model was trained by using the You-Only-Look-Once (YOLO) v7 real-time object detection deep learning network 

to detect TC, SM, TG, and TR in any given ultrasound frame. The YOLO model was pretrained with the publicly available 

MSCOCO dataset and finetuned with our neck ultrasound data (Figure 1). Stochastic Gradient Descent along with a 

linear warmup of the learning rate from 0.01 to 0.1 followed by a cosine decay is used to optimize the model. A number 

of image augmentations were used to build invariance / robustness into the model including saturation, intensity, 

reflections about the vertical axis, and random cropping. Augmentations such as rotation or reflections about the 

horizontal axis were not included as they would alter the image outside the distribution of data.  

   

Results: Total of 28,000 frames were used for the training. Data were split into test/validation/train by subject with 3fold 

cross validation. Precision-recall curves for TC, SM, TG, and TR were computed. AUCs are 0.74, 0.92, 0.95, and 0.84, 

respectively (Figure 2). Average AUC for all classes is 0.86. The inference speed on a GPU-enable Terason tablet is at 

least 30 frames per second, indicating real-time performance. The average F1 score for the above classes are 0.483, 

0.719, 0.763, and 0.587, respectively, with an all class average F1 score of 0.638.  
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Conclusions: A deep learning-based AI algorithm has been developed to detect key anatomical landmarks along the 

anterior of the neck for future autonomous interventions. The next step is to further improve the robustness by training 

on much more diverse populations of varying neck sizes and body builds. The algorithm is being integrated into an 

airway access robotic assistant. It has the potential to expand into laryngeal and laryngotracheal interventions to include 

vocal fold augmentation, therapeutic delivery, and tissue biopsy in a rapid, safe procedure accessible with less required 

technical acumen.  

  

  

  

  

Figure 1.  Example AI model detection and classification. A  
YOLO model detects: strap muscles (orange), thyroid glands  
( purple), and a tracheal ring (yellow).  

  

Figure 2.  Precision-recall curves for thyroid  
cartilage, strap muscles, thyroid gland, and  
tracheal ring. AUCs are 0.74, 0.92, 0.95, and  
0.84 , respectively. Average AUC is 0.86.    
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Abstract:  

  

Objectives / Introduction:  

Recurrent nerve lesions and, thus, vocal fold paralysis (VFP) are some of the major risks (occurrence of 3-5%) 

associated with neck surgery. The reference diagnostic technique for this lesion is laryngoscopy, a minimally invasive 

procedure. Dynamic TransLaryngeal UltraSound (dTLUS) acquired during free breathing was proposed as a 

noninvasive alternative to assess vocal fold motion and detect possible paralysis [1]. Previous works of our research 

group have shown encouraging performances of dTLUS to diagnose VFP after thyroid or parathyroid surgery by applying 

this technique to the laryngeal prominence of the thyroid cartilage, including the arytenoids in the axial view [2]. VFP 

was characterised by quantitative measures of the laryngeal tract motion using three landmarks (thyroid, left and right 

arytenoid cartilages) on two images of dTLUS corresponding to the start and end of an abduction or adduction phases 

[2], [3]. To improve this measure, we now aim to track these laryngeal markers on the whole set of images in the video. 

The main challenge is to robustly detect the three landmarks, regardless of the quality of the dTLUS data. The current 

study uses YOLO [4], a deep learning algorithm based on convolution neural networks, to detect these markers in each 

video frame and track their motion. This automatic detection and motion tracking could allow the assessment of laryngeal 

mobility and VFP diagnosis.  

  

Methods:   

This study utilised two retrospective databases: a training database of 197 subjects and a test database of 68 patients. 

Both databases comprised dTLUS scans acquired with 5 different US devices. Each dTLUS acquisition lasted between 

10 and 30 seconds (at a frame rate of 30 images per second) while the subject was asked to breathe freely. An expert 

manually selected between 2 and 16 images within each dTLUS scan, mainly representing extreme positions of the 

glottis in the abduction and adduction. Next, she pointed to the centres of the thyroid and both arytenoid cartilages (left 

and right) and defined a fixed-size bounding box centred on the selected points. A total of 1280 and 415 images were 

respectively labelled for the training and test databases. Then, the YOLOv7-Tiny model [4] was trained from scratch for  

2 object classes, ‘thyroid’ and ‘arytenoid’, on the first dataset using the default hyperparameters and 300 epochs. We 

evaluated its performance using the second dataset with the standard intersection over union (IoU) threshold metric to 

quantify the matching between a prediction and the ground truth. Due to the consistent size of ground-truth bounding 

boxes and the variability in the size of YOLO-detected bounding boxes, we proposed calculating the distance between 

the centres of each detected structure and its corresponding ground-truth location. We set a threshold of 0.04 using 

normalised coordinates of the images to define accurate detections. We eventually applied the trained model to the 

whole set of dTLUS acquisitions, and the displacement of detected points was color-encoded to illustrate their motion 

across video sub-sequences, defined as an abduction or an adduction phase.  

 

Results:   

On the test set, using the YOLO default confidence threshold of 0.001 and an IoU threshold of 0.65, we obtained a 

precision of 0.622 and a recall of 0.654. The mean average precision at an IoU of 0.5 was 0.537. Additionally, the 

confusion matrix proposed by YOLO in Figure 1 shows that the model correctly predicts 75% (311 out of 415) of thyroid 

cartilage locations and 70% (580 out of 830) for both arytenoid cartilage locations. Figure 2a illustrates the ability of the 

trained model, to detect the three landmarks (thyroid cartilage, left and right arytenoid cartilages) in an ultrasound image.  
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By using the distance between box centres instead of IoU on the test set, the trained 

model demonstrated an overall detection rate of 99.8% (414 out of 415 images) for 

at least one of the three and a detection rate for the three structures equal to 64.3% 

(267 out of 415 images). The thyroid cartilage was correctly identified in 81% of 

images, and the left and right arytenoid cartilages in 82% and 86% of the images. In 

most cases of detection failure, the algorithm was able to identify the landmark on 

another image of the same dTLUS acquisition. More precisely, thyroid cartilage was 

not detected in at least one of the labelled images of the dTLUS in 35 patients (image 

detection level), and it was not detected in all the labelled images of the same dTLUS 

in 7 patients (global detection level). For the left arytenoid cartilage, the failure at the 

image detection level corresponded to 36 patients and at the global detection level 

to 8 patients. For the right cartilage, there were 27 and 5 patients, respectively. These 

results encouraged us to use the YOLO model for tracking the landmarks in the whole 

set of dTLUS scans. To allow an interpretation of the displacement of landmarks, we 

restrict the tracking to abduction motion (Figure 2b) or adduction motion (Figure 2c). Moreover, we consider the motion 

of the arytenoid cartilages relative to the thyroid cartilage, thus partly correcting for probe or patient movement during 

the acquisition. The displacement of the two arytenoids over time shown in Figure 2b aligns with the normal vocal fold 

motion observed in a healthy subject, with a symmetrical large amplitude motion. In contrast, Figure 2c reveals a 

reduced displacement of the left arytenoid cartilage (on the right side of the figure), while the right one shows normal 

movement. This asymmetry was consistent with unilateral left vocal fold paralysis, as confirmed by laryngoscopy.  

  
Figure 2: (a) Two arytenoid cartilages (orange boxes) and a thyroid cartilage (purple box) detected in a single frame. Time color 
encoded position of the left and right arytenoid cartilages in a healthy subject during an abduction phase (b) and in a subject with 
unilateral vocal fold paralysis (left arytenoid, on the right side of the figure) during an adduction phase (c).  
  

Conclusions:   

Based on the evaluation metrics, we demonstrate the ability of the YOLO model to effectively detect thyroid and 

arytenoid cartilages from dTLUS images, enabling accurate tracking of arytenoid cartilage movement. We observed 

limitations in some specific cases, including duplicate and missed detections. The model needs further refinement to 

enhance its generalisability through data augmentation and optimisation. We recently provided experts with a system 

for video labelling, which will be applied to our training data to improve the model's ability to track movement patterns. 

Furthermore, we will examine quantitative indices derived from motion tracking.  
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Abstract: 
 

Objectives / Introduction: Machine learning, despite its potential as a promising objective tool, could be applied to 

voice assessment methods which are inherently subjective and highly variable. Yet machine learning tools remain in 

their infancy in applications towards detecting voice disorders from speech and vocal tasks. The present work 

examines the impact of different speech recording variants on the performance of machine learning models in 

detecting dysphonia, aiming to determine the most effective task for optimal outcome. 

 
Methods: Voice samples were recorded from 200 participants: 148 individuals with different dysphonia etiologies and 

52 control group participants. Acoustic metrics and quantities (including perturbation, noise, cepstral, and spectral 

analyses), were estimated from the speech recordings using a MATLAB script integrated with Praat. Metrics were 

extracted from multiple types of speech productions: a sustained vowel /a:/, connected speech, concatenated samples 

(a combination of vowel and speech recordings), as well as other variants of the recordings (e.g. various lengths). 

Machine learning models were developed from extracted acoustic metrics, and evaluated for accuracy, sensitivity, 

and specificity to compare the impact of different speech recording variants on dysphonic voice classification. 

  
Results and Conclusions: The performed analysis enabled accurate extraction of different acoustic measurements, 

illustrating how machine learning techniques could be implemented to support voice analysis and facilitate successful 

classification of dysphonic versus non-dysphonic speakers. The comparative analysis of the different models 

demonstrated discrepancies in the classification accuracy among the different speech samples. Indications of an 

optimal speech task or sample length that yield the best machine learning performance allow for more efficient 

machine learning models utilized for diagnosing voice disorders and tracking voice change. The outcome of this work 

is a vital step toward creating efficient processes – paving the way for accurate AI-driven tools in the screening of 

voice disorders and the enhancement of clinical voice assessment.   
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Abstract:  
  

Introduction:  

  

Cervical surgery is associated to a risk of vocal fold paralysis (VFP) at a rate of 3 to 5% of patients in case of recurrent 

nerve damage. To assess vocal fold paralysis, laryngoscopy is the commonly used method. However, this minimally 

invasive technique is unpleasant for the patient, and it is not always applied in standard care. This can result in missing 

or delaying the diagnosis of VFP. An alternative method using vocal recordings could help to characterize surgically 

induced dysphonia. Vocal parameters of jitter, shimmer and harmonic to noise ratio (HNR) are known to be modified in 

patients with recurrent nerve lesion due to surgery [1]. Many classification approaches to define controls and 

pathological voices have recently been proposed based on deep learning or on machine learning approaches [2]. Most 

of them were based on publicly available databases, such as the Saarbruecken Voice Database (SVD) [3], and/or the 

Advanced Voice Function Assessment Database (AVFAD) [4]. Our goal was to create a robust classification model to 

distinguish between VFP and control subjects. To reduce the black-box effect of artificial intelligence methods, we aim 

at building a simple and interpretable model and testing its relevance in a different context, with different recording 

conditions and speakers with different mother tongues.   

  

Methods:   

  

We first used the German SVD database, consisting of 

vocal recordings of vowels and short sentences. We selected 

recordings from control subjects (428 females and 259 males) 

and from subjects afflicted with VFP (139 females and 74 

males). For each subject, we selected continuous vocalized 

/a vowel, produced at a normal pitch. The voice parameters 

were then extracted from the recordings using the 

Parselmouth library (Python version of Praat). A total of 14 

parameters were extracted from the recordings. These vocal 

features were reduced to 5: fundamental frequency (f0), 

standard deviation of f0, local jitter, local shimmer, and 

Harmonic To Noise ratio (HNR), to avoid large redundancies 

with highly correlated parameters. Using these five 

complementary features, we trained a Random Forest 

classifier with a stratified five-fold cross validation based on 

the optimization of the accuracy, using Scikit-Learn library. To 

test the robustness of the model, we used an independent 

dataset. We extracted from the Portuguese database AVFAD   

396 recordings (363 control subjects and 33 patients with  

VFP, vocalized /a vowel, produced at a normal pitch). To 
overcome the differences between the five parameters of 
interest that exist between the two databases, we applied the 
ComBat data harmonisation [5] (Figure 1). The 5 models, one per fold of the cross-validation, were tested on the AVFAD 
database, before and after harmonization.   

  

Figure 1: Local shimmer before and after Cpmbat 

harmonization between SVD and AVFAD databases. 
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Results:  

  

Using the five-fold cross validation, the five Random Forest models provided a mean accuracy (  standard deviation) 

of 0.85  0.01. The feature importance is shown in Figure 2, highlighting the impact of local shimmer, local jitter, and  

HNR for the classification, while the mean f0 has a reduced role in the model. When applied the models to the data 

extracted from the AVFAD recordings, we obtained a mean accuracy 

between the 5 folds of 0.61 0.09, showing a poor exportability of the 

models. After investigating these underwhelming results, we uncovered 

significant differences in the five parameters of interest, especially for HNR, 

and local shimmer between the SVD and the AVFAD (see Figure 1 for local 

shimmer). If the variations between normal and VFP values were as 

expected for both databases, there was a clear shift of values between the 

two databases. These shifts clearly explain that the classification results 

could not be satisfying on the AVFAD database. The ComBat procedure 

was thus applied to the five features to harmonize them between the two 

databases. After the harmonization, the new Random Forest models 

provided the same mean accuracy between the 5 folds on the SVD 

database (0.84 0.01) than before harmonization. When applied to the 

external AVFAD database, these new models provided a mean accuracy 

of 0.81 0.02, demonstrating the high robustness of our approach.  

Figure 2 : Feature importance for the classification.  

  

Conclusions:   

  

It is well known that the values of local jitter, local shimmer and HNR are sensitive to variations in recording conditions 

[6]. By using an external database, we demonstrated the robustness of a simple Random Forest model based on 5 

vocal features in accurately categorizing recordings between control and paralyzed subjects, provided that vocal 

features are harmonized between databases. This harmonization step enables to take advantage of the different 

recording conditions and of the mother tongues. As the model was built with recordings of /a vowel phonation, future 

work will aim at improving the classification performance, incorporating other vowels recordings (/i and /u), while 

maintaining a robust and interpretable model.   
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Abstract:  
  

Objectives / Introduction:  

Functional dysphonia (FD) refers to an impairment of voice production, characterized by limitations in vocal 

performance and acute or persistent changes in voice quality. Due to its diverse genesis in the absence of primary 

organic findings, there is currently no consensus on the visual assessment of FD. The use of quantitative methods 

could aid clinicians in standardizing the diagnosis of FD. High-speed videoendoscopy (HSV) is a promising method 

for the objective evaluation of voice disorders, as its high resolution (e.g. ≥4000 frames per second) allows the detailed 

analysis of vocal fold vibrations. In this study, we propose a machine learning based approach to objectively assess 

voice quality using parameters calculated from high-speed endoscopic videos. Our primary focus is to investigate the 

relationship between the vibratory characteristics of the vocal folds and the resulting voice quality.  

  

Methods:   

We gathered HSV recordings of the sustained vowel /i/ from both healthy subjects and patients with functional 

dysphonia. All recordings have an assigned hoarseness rating H ϵ [0, 1, 2, 3], which was determined subjectively by 

an expert based on continuous speech of the respective subject. Glottis segmentation is used to determine the glottal 

area waveform (GAW) for 250ms of each recording. Subsequently, voice parameters describing glottal dynamics, 

mechanics and symmetry as well as signal periodicity and harmonicity were computed. We employed machine 

learning to classify HSV recordings into two levels of hoarseness H < 2 (normal, mild) and H ≥ 2 (moderate, severe), 

using the resulting output probabilities as interval-scaled severity ratings 𝑦̂  ϵ [0, 1]. Additionally, glottal features 

significant for classification were identified using feature selection methods.  

   

Results/Conclusions:   

The resulting classification model was evaluated regarding classification performance as well as correlation between 

predicted output probabilities and subjectively determined hoarseness ratings. In addition, relevant features were 

analyzed in terms of their correlation with hoarseness.  
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Abstract: 
 

Objectives / Introduction: Commonly used clinical imaging modalities of videostroboscopy and high-speed 
videoendoscopy capture vocal fold vibratory motion in only 2D. Several, attempts have been made clinically to capture 
the 3D vibratory motion clinically with the use of custom laser coupled with either laryngeal imaging systems of high-
speed videoendoscopy1,2,3 and videokymography.4,5 In 10 vocally healthy adults, Semmler et al (2016)6 reconstructed 
the superior surface of the vocal folds using 18 X 18 laser dots7 coupled with high-sped videoendoscopy.  The findings 
from Semmler et al (2016)6 in 10 vocally healthy adults revealed that the vertical parameters of amplitude, velocity 
maximum opening, and velocity maximum closing were at least 50% larger compared to their lateral counterparts during 
modal phonation at the mid-membranous section of the vocal folds. The current study extends this literature by 
evaluating 3D vertical vibratory motion at low, high, and modal vocal frequency in large number of participants. The goal 
of this study was to examine 3D vertical vibratory motion of the vocal folds as a function of changes in vocal frequency.  
 

Methods: A total of 23 vocally healthy individuals (12 males; Mean = 24.8 ± 4.11 years and 11 females; Mean = 
23.83 ± 2.76 years) were recruited at Indiana University. High-speed videoendoscopy (PENTAX Medical Model 9710, 
Montvale, New Jersey) along with custom developed green light laser (Bayerisches Laserzentrum GmbH, Erlangen, 
Germany) with 18 x 18 dots7 was used to capture vocal fold dynamics during sustained phonation of the vowel /i:/ at 
low, middle, and high vocal frequency. The temporal resolution of the high-speed videoendoscopy was 4000 fps and 
the spatial resolution was 512 x 256 pixels. The low, middle, and high vocal frequency levels were obtained from 
participants 10%, 20%, and 80% of the pitch range respectively. The 3D vibratory motion was examined along the 
anterior, middle, and posterior sections of the vocal folds. Simultaneous acoustic signal was captured at 50kHz with a 
fixed mouth-to-microphone distance of 5inches. 
 
A total of 500 frames were initial segmented using the Glottis Analysis Tools (v. 2018, Erlangen, Germany)8,9 to obtain 
the 2D glottal area waveform. Subsequently, a semi-automated custom software called VideoClick (v.2. Erlangen, 
Germany) was used to detect the 2D pixel position of all laser dots in the initial frame. The 2D laser points were then 
tracked semi automatically or manually for the entire 500 frames. Each file required approximately 6 to 7 hours for 
analysis. The 3D coordinates of every laser point were reconstructed from the 2D position using a homography 
calibration matrix. The 3D parameters of amplitude (mm), maximum velocity (mm/sec), and mean velocity (mm/sec) 
were computed for the lateral and vertical vibratory motion along the anterior, middle, and posterior sections of the vocal 
folds for 10%, 20%, and 80% of the vocal frequency ranges. 
 
Statistical analyses were conducted using Linear mixed model method, to evaluate the differences in (a) vocal frequency 
levels (high vs. normal vs. low pitch), (b) axis level (vertical vs. lateral), (c) position level (anterior vs. middle vs. 
posterior), and (d) gender differences (male vs. female), with participant as random effect. Pairwise comparisons were 
adjusted using the Tukey test. P-values were two-tailed and considered significant at values <0.05. All analyses were 
performed using R, version 4.2.2.  

  
Results: The mean vocal frequency (Hz) across the three tasks of high pitch, normal pitch, and low pitch were 

statistically significant different p<.01; indicating accurate task performance. 
 
Overall, the vertical motion of the superior surface of the vocal fold was consistently larger compared to the lateral 

motion. Changes in pitch resulted in systematic variations in the maximum amplitude (mm), maximum opening 
velocity, and maximum closing velocity (mm/sec) in the vertical direction. These findings indicate that the amplitude, 
maximum opening and closing velocity are large for low pitch and smallest for high pitch in the vertical direction. The 
position (anterior, middle, or posterior) on the superior surface of the vocal fold matters exclusively during vocal fold 
closing and not during opening. Along the superior surface, the mean and maximum closing velocities are greater 
posteriorly for low pitch compared to middle and anterior, but not for normal or high pitch.   
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Conclusions: The study highlights the importance of measuring the vertical motion of the superior surface of the 

vocal fold. Along the superior surface, the mean and maximum closing velocities were greater posteriorly for low pitch. 
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Objectives / Introduction: 
Biomechanical properties of the vocal folds (e.g., stiffness) and biological changes during their development can 
indirectly be estimated from the velocity of the vocal folds. High-speed videoendoscopy (HSV) can provide images 
with high spatial and high temporal resolution and, hence, is an ideal modality for computing velocity measures from 
vocal folds. Appropriate validation and evaluation of such velocity measures require the existence of reliable ground 
truths, which in turn depends on the existence of reliable segmentation of the vocal fold edges. However, the 
parameters affecting the reliability and validity of segmentation of vocal fold edges have not been studied very well. 
This study presents a framework for creating reliable ground truth for segmentation of vocal fold edges. It also 
quantifies the effect of different parameters on reliability of such ground truth. The findings of this study can also 
provide guidance for designing more accurate and robust methods for automated segmentation of vocal fold edges. 

Methods:  
A three-stage framework is proposed to create reliable ground truth for segmentation of vocal fold edges. In the first 
stage, three laryngeal imaging experts performed the segmentation task independently. In the second stage, regions 
with high discrepancies between experts were identified. The regions with high discrepancy from each expert were 
randomly divided between the other two experts, and they were tasked to make proper adjustments and modifications 
to the initial segmentation within disparity regions. In the third stage, the remaining regions with high discrepancies 
were adjusted by consensus between the three experts. One hundred consecutive frames from 12 HSV recordings 
were segmented based on this framework. The samples were equally balanced between males and females and also 
between vocally typical individuals and patients with voice disorders. Ten frames from each video were randomly re-
segmented to allow for evaluation of segmentation reliability at different stages of the framework. The analyses were 
based on edge variability which was defined as the maximum lateral difference between the 3 segmented vocal fold 
edges. This metric is inversely related to segmentation reliability and directly related to segmentation uncertainty. In 
the first experiment, inter and intra-rater edge variability at different stages of the framework were evaluated. In the 
second experiment, the effects of different glottal phases (i.e., temporal dependency) and different sections of vocal 
folds along the anterior-posterior direction (i.e., spatial dependency) on uncertainty of segmentation were studied. In 
the third experiment, the effects of sex (male vs female) and diagnosis (patients vs controls) on uncertainty of 
segmentation were studied. 

Results:  
Experiment 1: The intra-rater edge variability at the first stage was 0.30±0.17, which improved to 0.25±0.12 after the 
reconciliation step. The inter-rater edge variability at the first stage was 0.58±0.29, which improved to 0.41±0.19 after 
the reconciliation step. 
Experiment 2: Inter-rater edge variability was non-uniform along the length of the glottis, with significantly higher 
uncertainty in the anterior and posterior sections of the glottis. Additionally, edge variability was inversely correlated 
with glottal opening, meaning vocal fold edges from open phases of the glottis had higher segmentation uncertainties. 
Experiment 3: Diagnosis had a significant effect, where vocal fold edges from patients had significantly higher 
uncertainty compared to vocally typical controls. The effect of sex on the uncertainty of segmentation of vocal fold 
edges was non-significant. 

Conclusions:  
The proposed framework generated highly reliable ground truth for evaluating the validity of automated spatial 
segmentation methods. The uncertainty of segmentation of the vocal fold edges depended on the glottal phase, the 
location of the edge along the anterior-posterior direction, and the diagnosis. These factors need to be considered 
during the evaluation of spatial segmentation methods. They also can be used to design more reliable automated 
segmentation methods. 
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Abstract:  
  

Objectives / Introduction: The goal of this project is to explore if singers and speakers can consistently produce more 

precise differentiations vocally than just the three typical phonation modes, i.e. breathy, flow and pressed. The first 

author has attempted to refine the terminology for pedagogical purposes, culminating in a model of vocal fold adduction 

which describes ten unique vocal fold closure types. These terms compare “squeezed”; 4 types of “hard" (front, mid, 

back and even); “clean”; “blowy”; and 3 types of “breathy" (slightly breathy, moderately breathy and very breathy). The 

purpose of this ongoing research project is to analyze and compare the acoustic and production characteristics between 

these ten closure types in one professional singer and voice pedagogue1   

  
  

Methods: Acoustics, electroglottography (EGG), and high-speed videoendoscopy were recorded in which a single 

subject produced samples of the ten vocal fold closure types. The audio recordings will then be used in a perceptual 

study to verify that the ten vocal cord closures can be consistently identified by expert listeners. The closed and speed 

quotients of these vocal fold closures will be extracted from the EGG data.  
   

Results: In this presentation, stroboscopy and high-speed video, audio samples, and EGG findings will be shared, with 

a focus on co-variations between glottal and supraglottal adjustments between the ten closure types.  

  

Conclusions: This model of vocal fold closures has proven eminently teachable not only in the artistic singing realm 

but also for the training of speech pathologists in working with hyper and hypo-functional speaking voices.  It’s important 

to precisely identify, and correct, adduction problems based on sensation and sound resulting in heightened vocal fold 

control in singing, as well as guiding a voice-user how to avoid harmful vocal fold pressing.  
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Abstract: 
 
Objectives / Introduction: 

 Male and female classical vocal timbre differs due to a variety of reasons, including the frequency range of sung 
 repertoire and physiological differences [1]. This paper sets out to use spectral measures to investigate the 
 question: Do classical singers develop similarly over the course of their conservatory training or does their 
 spectral development exhibit differences based on grouping them in soprano/mezzo/contralto or 
 tenor/baritone/bass voice classifications? 
 

Methods:  
A series of vocal exercises were recorded yearly between 2002 and 2021 by each undergraduate student at the 

 Hochschule für Musik Carl Maria von Weber Dresden. From the 227 available classical voice students, 187 had 
 had recordings in multiple years of study and were included in the analysis (F=114, M=73). For each student, we 
 selected two of the yearly recorded exercises for retrospective longitudinal analysis. First we extracted the middle 
 50% of the sustained fifth from an ascending/descending triad exercise performed on an /a/ vowel. For a second 
 analysis, we used the entirety of “Avezzo a vivere”, a one octave exercise from Nicolo Vaccai’s Metodo 
 pratico di canto. Two measures were calculated for each sample: alpha ratio, the proportion of acoustic energy 
 above 1000 Hz to acoustic energy below 1000 Hz, and H1H2LTAS, a ratio of averaged levels from two frequency 
 bands of the long-term average spectrum (LTAS); one band for the octave of the sung exercise and the second 
 band one octave above [2]. To include countertenor voices (n=7), the samples were split into binary groups by the 
 frequency level of their sung exercises, either soprano/mezzo/alto or tenor/baritone/bass.  

 
Results:  
There was a significant interaction for voice classification and time for H1H2LTAS for both sustained phonation and 
the repertoire sample. There was a significant interaction for alpha ratio for sustained phonation. There was no 
interaction for alpha ratio in the repertoire sample. Female and countertenor H1H2LTAS increased for both 
sustained phonation and the repertoire sample. Female and countertenor alpha ratio did not change for sustained 
phonation but did increase for the repertoire sample. Male H1H2LTAS did not change for sustained phonation or 
the repertoire sample. Male alpha ratio increased for both sustained phonation and the repertoire sample.  
 
Conclusions:  
Spectral development differed between female/countertenor and male students during conservatory training. 

 Female and countertenor students exhibited increases in ratios of low frequency to high frequency energy for the 
 sustained vowel, suggesting a relative strengthening of the fundamental frequency during vocal training, while male 
 voices exhibited the inverse relationship, suggesting that their development is characterized by a relative 
 strengthening of higher frequency partials. 
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Abstract: 
 
Introduction: Within the realm of voice classification, singers could be sub-categorized by the weight of their repertoire, 
the so called “singers` Fach”. However, the opposite pole terms “lyric” and “dramatic” singing are not yet well defined.  
 
Material and Methods: 9 professional singers of different singers’ Fach were asked to sing a diatonic scale on the vowel 
/a/, first in what the singers considered as lyric, and second considered as dramatic. Image recording was performed 
using real time MRI with 25 frames/s and the audio signal was recorded via an optical microphone system. Analysis 
was performed with regard to sound pressure level (SPL), vibrato amplitude and frequency and resonance frequencies 
as well as articulatory settings of the vocal tract.  
 
Results: The analysis revealed three primary differences between dramatic and lyric singing: Dramatic singing was 
associated with greater SPL, greater vibrato amplitude and frequency as well as lower resonance frequencies. However, 
all these strategies showed a considerable individual variability 
 
Conclusion: The singers` Fach might contribute to perceptual differences even for the same singer with regard to the 
respective repertoire. 
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Abstract:  
  

Objectives / Introduction: During phonation, the vocal tract configuration determines the resonance settings, i.e., 

vowel qualities, timbre and loudness1-3, and also plays a role in interactions with the voice source4,5. Staccato exercises, 

characterized as phonation with separated tones with a pause in between, are frequently used in voice training in order 

to improve precision in fundamental frequency (fo) and articulator coordination6. However, the impact of speed in 

staccato on vocal tract adjustments and phonation precision, had not been investigated, yet. It was hypothesized that 

the behavior when singing separated tones would generally differ from singing uninterrupted, connected tones (legato) 

and that the behavior of staccato would differ between different speed conditions.  

  

Methods: A total of 12 professional singers, comprising 4 sopranos, 3 mezzo-sopranos, 3 tenors, and 2 

baritones/basses, underwent real-time 2D-MRI recording at 25 frames per second. They sang a scale of 6 ascending 

diatonic pitches on vowel [a:] in legato and various staccato speeds (60, 120, 180, and 240 beats per minute). 

Measurements of lip opening (LO), jaw opening (JO), jaw protrusion (JP), tongue position (HPT), pharynx width (PW), 

and larynx position (LP) were obtained from the MRI data as described earlier7. Additionally, fundamental frequency 

analysis was performed on the concurrently recorded audio signal after noise cancellation, considering the peak 6 dB 

bandwidth as a measure of pitch stationarity.  

   

Results: The articulator measurements reveal minimal differences in absolute values between legato and staccato 

phonation, even though being statistically significant for some articulators (p-values: JO: 0.049; HPT: 0.013; PW: 0.047, 

LP: 0.022. Median differences in mm: JO: 1.19 HPT: 1.75; PW: 0.21; LP: 1.03). No great variations were observed 

between the fastest and slowest staccato phonation, despite JO being statistically significant (JO: p=0.001, Median 

difference: 0.70 mm). Noteworthy vocal tract adjustments were only discernible during pauses between staccato notes 

and pauses in the slowest staccato task but with median differences staying below 2.17 mm for all articulators (Mean 

Median difference of all articulators: 1 mm). The fo analysis showed an increasing imprecision from legato (least 

imprecision with average pitch deviation of 9.4 cents) to fast staccato (highest imprecision with average pitch deviation 

of 53.4 cents).   

  

Conclusions: Comparing staccato and legato phonation in professional operatic singers, there are only negligible 

differences in vocal tract shapes, and the variation in staccato speeds does not lead to significant alterations in vocal 

tract configurations. A minor pause behavior with small changes, interpreted as relaxation, occurs only in slow staccato 

tasks. The fo precision decreases with accelerating tasks, which is rather linked to laryngeal mechanisms than to 

articulation.  
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Abstract:  
Objectives / Introduction: Opera singers use techniques for controlling vocal tract resonance, such as the singer’s 

formant [1] and formant tuning [2], to produce a squillo or ringing voice. In addition, they are able to control the 

subglottal pressure to change the intensity of phonation. Vocal tract resonance is determined by the shape of the 

vocal tract while subglottal pressure is determined by changes in lung volume. However, it is difficult to observe the 

shape of the vocal tract and changes in lung volume directly.  

  

Recently, real-time magnetic resonance imaging (rtMRI) was used to record articulatory movements during speech 

[3]. This technology can also be applied to lungs, as we demonstrated in a pilot study. In the previous work, rtMRI 

was used to record the changes in the right lung shape in the sagittal plane of two professional opera singers as they 

were singing. Then, the changes in the lung shape and diaphragm position were extracted and analyzed from the 

rtMRI videos [4]. We observed that, although the singers gradually raise the diaphragm to decrease the lung volume 

while singing, they temporarily lower the dorsal side of the diaphragm to increase the lung volume when there is a 

drop in pitch [4]. After a temporary lowering, the singers again raised the diaphragm. Through this process, no 

interruptions in the singing voice were perceived. In the present study, we examined why singers lower their 

diaphragm during singing by estimating the subglottal pressure.  

  

Methods: The participants were two professional opera singers, a tenor, and a baritone. Fig. 1 shows a singing task 

consisting of three perfect 5th leaps (①-③) and four octave leaps (④-⑦). The participants performed the singing 

task in the supine position while undergoing an MRI scan (Siemens MAGNETOM Prisma fit 3T installed at ATR 

Promotions). While singing, movements of the right lung in the sagittal plane were recorded as a video at a speed of 

10 fps for approximately 50 s. The pixel resolution was 1.22 x 1.22 mm and the slice thickness was 10 mm. The 

singing voice during scanning was recorded using an optical microphone (Optoacoustics, Optimic1140). In addition, 

because the sound recorded includes the loud scanning noise from the MRI, the singing voice for the same task was 

recorded in the supine position in a quiet room.  

  

From each video frame, the contour of the right lung was semiautomatically extracted using the machine learning 

library Dlib [5], as shown in Fig. 2. The area of the right lung was calculated using the contours. Subglottal pressure 

was estimated from changes in lung area. First, we assumed that the lung volume was proportional to the 3/2 power 

of the lung area, and the maximum volume was 5,000 cm3. Based on these assumptions, changes in lung volume 

could be estimated at 0.1 s intervals. During frame switching from inhalation to phonation, the lung pressure can be 

considered equal to the atmospheric pressure. At the beginning of the next frame, we assume that the lung volume 

suddenly changes but remains constant in the frame and that the subglottal pressure changes accordingly by 

adiabatic compression. In this frame, the mass of airflow per second can be calculated using the following equation:  
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where 𝐴 is the time averaged glottal area, 0.05 cm", 𝑝 is the 

subglottal pressure which is constant until the end of the 

frame, 𝑅 is the gas constant of air, 287.1 J/(kgK)，𝑇 is the 

temperature of air, 310 K，𝛾 is the specific heat ratio of air,  

1.4, and 𝑝! is atmospheric pressure,100 kPa. At the end of 

the frame, the subglottal pressure changes by −𝑚  Δ𝑡𝑅𝑇/𝑉, 

where Δ𝑡 is the frame interval, 0.1 s, and 𝑉 is the lung volume 

in the frame. Assuming that the above process is repeated 

during phonation, changes in subglottal pressure can be 

estimated.  

  

Results: Fig. 3 shows the estimated lung volume and 

subglottal pressure (gauge pressure) of the tenor during the 

octave leap at ⑥. Although the lung volume tended to 

decrease overall, it slightly increased from 410th frame to 

412th frame, just before the pitch leaped down. The subglottal 

pressure was high at the high pitch (dark shaded), while it 

was low at the low pitch (light shaded). This result matches 

the fact that a high pitch requires high pressure, and a low 

pitch requires low pressure [6]. If air compressibility is not 

considered, the increase in lung volume from the 410th frame 

to 412th frame would cause negative pressure, that is, 

inhalation. However, in the present study, because air 

compressibility was considered, the subglottal pressure 

rapidly decreased, but was still positive for continuing 

singing. A similar pressure decrease was found for the 

baritone during the octave leap at ⑥ (Fig. 4). Based on 

these results, it is confirmed that professional singers can 

rapidly decrease the subglottal pressure to an extent 

suitable for a low pitch by intentionally lowering the 

diaphragm, even during singing. This prediction is supported 

by the waveform of a singing voice recorded in a quiet room. 

Fig. 5 shows the waveforms of the two singers. After the 

pitch leaped down, the amplitude decreased. This matches 

the estimated subglottal pressure pattern.   

  

Conclusions: It has long been assumed that singers continue to raise their diaphragm to generate an expiratory  

flow during singing. However, we demonstrated previously that singers temporarily lowered the diaphragm even while 

singing [4]. The reason why singers adopted this technique was examined in this study. From the rtMRI data, changes 

in subglottal pressure were estimated by considering air compressibility. The results indicated that professional opera 

singers can rapidly decrease the high subglottal pressure suitable for the high pitch to a low pressure during the leap 

to the low pitch by lowering the diaphragm to increase the lung volume. According to personal interviews, some 

singers refer to this technique as “re-supporting.” “Breath support” might be what singers feel when raising the 

diaphragm appropriately for pitch and loudness. Therefore, “re-support” could be what singers feel when raising the 

diaphragm again after temporarily lowering.   
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Abstract:  
Objectives / Introduction: The singer’s formant, a spectral emphasis around 3 kHz commonly present in vowels 

produced by male opera singers [1], has been theorized to result from a cluster of third, fourth, and fifth formants (F3, 

F4, and F5) [1]. The hypopharyngeal cavities, encompassing the laryngeal cavity and bilateral piriform fossae, 

generates this cluster [1]. However, the specific mechanisms remain ambiguous. This case study investigates the 

acoustic contributions of the laryngeal cavity and piriform fossae to the generation of the singer’s formant. We 

employed MRI (Magnetic Resonance Imaging) to capture the three-dimensional vocal tract shape of a tenor during 

singing and subsequently analyzed transfer functions when modifying the hypopharyngeal cavities.  

  

Methods: In an MRI scanner (Siemens, MAGNETOM Prisma fit 3T), a professional tenor vocalized the vowel /a/ 

while supine for 15 s at a pitch corresponding to F3 (174.6 Hz). Scanning commenced approximately 2 s after initiating 

singing. The singing voice was recorded using an optical microphone (Optoacoustics Optimic 1140). The vowel 

spectrum was extracted from recordings obtained before scanning due to loud noise during scanning. Volumetric data 

of the vocal tract were reconstructed from the images, with a pixel resolution and slice thickness of 1 × 1 mm and 2.5 

mm, respectively. Dental images were superimposed onto the volume data [2], and the vocal tract shape from the 

glottis to the lips was extracted. The vocal tract wall thickness was increased outward by 3 mm to maintain the vocal 

tract shape, resulting in a vocal tract model [3]. The model was discretized to enhance spatial resolution to 0.5 mm. 

The transfer function from the glottis to the lips in the original model was calculated using the finite-difference time-

domain method [3]. Subsequently, the laryngeal cavity was excluded from the original model, and the transfer function 

from the pharynx to the lips was computed. The bilateral piriform fossae were omitted from the original model, and 

the transfer function from the glottis to the lips was calculated. Henceforth, these transfer functions are denoted as 

TF-org, TF-lc, and TF-pf (Fig. 1).  

  
  

Results: Fig. 2 displays the TF-org alongside the spectrum of the sung vowel. TF-org aligned closely with the 

spectrum below 3.5 kHz. The singer’s formant, representing a formant cluster of F3, F4, and F5, was evident on the 

spectrum in the frequency range from 2.3 kHz to 3.1 kHz. Correspondingly, TF-org exhibited clusters of the third, 

fourth, and fifth resonances (fR3, fR4, and fR5, respectively) within the same frequency range. Hence, modifications 

to the original vocal tract model offered insights into the mechanism underlying the generation of the singer’s formant.  

  

Fig. 3 presents the transfer functions: TF-org, TF-lc, and TF-pf. A comparison between TF-org and TF-lc revealed the 

role of the laryngeal cavity in generating the singer’s formant. Removing the laryngeal cavity induced significant 

changes in the resonance peak cluster: fR4 disappeared, fR3 underwent a frequency increase of 50 Hz and a level 

decrease of 23 dB, and fR5 decreased in frequency and level by 100 Hz and 29 dB, respectively. However, this 

removal resulted in only minor changes in the other peaks and dips. These findings suggest that the laryngeal cavity 

generates fR4—potentially the principal component of the singer’s formant—with limited impact on other resonances 

and anti-resonances, as corroborated by a previous study [4]. This phenomenon arises from the upper part of the  
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laryngeal cavity constricting and the lower part of the pharyngeal cavity expanding during opera singing, rendering 

the laryngeal cavity acoustically independent from the remainder of the vocal tract.   

  

A comparison between TF-org and TF-pf showed the contribution of piriform fossae to generating the singer’s formant. 

The elimination of the piriform fossae removed a deep spectral dip at 3.5 kHz and impacted the resonance peak 

cluster as follows: fR3 increased in frequency by 50 Hz and in level by 4 dB, fR4 increased only in level by 1 dB, and 

fR5 increased in frequency by 250 Hz and in level by 4 dB. These findings indicate that the vocal tract without piriform 

fossae generated fR3 and fR5, while the piriform fossae decreased their frequencies. The degree of frequency 

decrease occurred at fR5, which was near the dip caused by the piriform fossae. The piriform fossae acted as side 

branches of the vocal tract, generating pole-zero pairs on the transfer function [4]. Consequently, the deep spectral 

dip at 3.5 kHz on TF-org corresponded to a zero. fR5 plausibly corresponds to the pole, as indicated by Vampola et 

al. [5].  

  
  

Conclusions: The three-dimensional vocal tract shape of the tenor while singing the vowel /a/ was measured using 

MRI. The calculated transfer function from the vocal tract shape aligned well with the vowel spectrum below 3.5 kHz, 

and a resonance peak cluster corresponding to the singer’s formant was observed. Transfer functions were computed 

and analyzed with modification to the hypopharyngeal cavities to explore the acoustic role of the hypopharyngeal 

cavities in generating the singer’s formant. The results indicated that the laryngeal cavity generated fR4, the primary 

component of the resonance peak cluster, significantly increasing the level of the cluster. However, the piriform fossae 

generated a deep spectral dip directly above the cluster and decreased the frequency of fR5. Consequently, the 

clusters became tighter. fR5 may represent a pole of the pole-zero pair generated by the interaction between the 

piriform fossae and vocal tracts other than the hypopharyngeal cavities.  

  

The mechanism for generating a singer’s formant can be hypothesized as follows based on the foregoing discussion:  

The upper part of the laryngeal cavity narrowed during opera singing, acoustically isolating it from other vocal tract 

parts. The first resonance of the laryngeal cavity appeared as fR4 on the transfer function. Constricting the upper part 

of the laryngeal cavity (laryngeal vestibule) and expanding the lower part (laryngeal ventricle) decreased the frequency 

of fR4 to approximately fR3. The frequency of fR5 can be decreased to a certain degree (e.g., 3.5 kHz) by the 

deformation of the vocal tract other than the piriform fossae [6]. The piriform fossae elongated owing to lowering the 

larynx during singing, decreasing dip frequencies from 4 kHz to 3.5 kHz. Hence, the frequency of fR5 can be further 

decreased to be close to the clusters of fR3 and fR4. Consequently, the resonance peak clusters fR3, fR4, and fR5 

were generated around 2.8 kHz.  
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Abstract: 
 

Objectives / Introduction: 
Voice production in healthy individuals is characterized by regular vibrations of the vocal folds (VF). Here, supraglottic 
structures play an important role in acoustics and the interaction with airflow while remaining motionless (1). However, 
supraglottic vibrations can be found involuntary, e.g. in patients suffering from muscle tension dysphonia (ventricular 
dysphonia) (2) or voluntary, in patients whose glottal voice source cannot be restored and supraglottic vibrations are 
trained as substitute (3). Additionally, in pop/rock/metal singing (4–6) and classical Asian singing styles (7,8), a virtuous 
control of irregular voice qualities with glottal and supraglottal vibration patterns is known. Supraglottic vibrations are 
characterized by a higher irregularity compared to VF vibrations (9). Literature on irregular singing styles include different 
descriptions of simultaneous glottal-supraglottal nearly periodic vibrations (7,10), irregular glottal (11), or chaotic 
supraglottal (12) vibratory mechanisms. Still, principles of these vibration patterns have often been studied in individual 
singers who have mastered one specific vocal quality. It is therefore uncertain whether the vibratory mechanisms 
develop on the basis of individual predisposition, e.g. muscle population in the ventricular fold during training, or whether 
it is possible to achieve conscious control of different irregular vibration strategies of glottis and supraglottis 
simultaneously. Therefore, we examined the phonatory outcome of different irregular voice qualities in one trained 
subject. 
 

Methods:  
The subject is a professional metal singer and singing teacher (male, age 31) who is trained to produce ten different 
irregular voice qualities (Vocal Fry, Grunt, Distortion, Undertone, Rattle, Growl, Deathgrowl, Deathshout, Full Distortion, 
and Fry Scream). The nomenclature used for our study follows that of the singer because no generally accepted 
nomenclature exists. We used high-speed digital imaging via flexible endoscopy and simultaneous electroglottographic 
and audio recording for evaluation as described in (13). After transitioning from his normal phonation on vowel [i:], the 
singer was asked to perform a glissando over the pitch range possible for this quality.  
In analogy to the established glottal area waveform (GAW, if accessible), we segmented the supra-glottal area waveform 
(SAW) based on high-speed imaging data. We defined SAW as the lateral contour of the vibrating supraglottal structure, 
e.g., ventricular folds, arytenoids, and epiglottis. 
To evaluate time-dependent non-linear effects, we computed the phasegrams of GAW, SAW, audio, and EGG following 
the instructions in (14). Further, we analyzed the phase synchrony (PS) between EGG, SAW, and GAW, mainly following 
the guidelines given in (15). 
 

Results:  
For these ten voice qualities, we found physiological reasons to categorize them into three characteristic groups. 
 
Group 1: “Vocal Fry” and “Grunt” show no/only subordinated supraglottic vibrations and were primarily based on irregular 
vocal fold vibrations. Conscious pitch control was not valid for these voice qualities. Vocal Fry was characterized by 
slightly irregular, long VF closing phases with a short intermediate opening. The supraglottis was adducted but no 
vibrations occurred here. In contrast, Grunt was a breathy/noisy quality with irregular VF vibrations with reduced VF 
adduction and disturbed oscillation sequence. 
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Group 2: “Distortion”, “Undertone”, “Rattle, and “Growl” are characterized by quasi-periodic movements of both the 
glottis and the supraglottis. The singer could consciously control his pitch and change it within a certain range. The ratio 
of glottal to supraglottal fundamental frequency (GSR) was 1:1 in Distortion and 2:1 in Undertone over the entire range. 
In Rattle, GSR changed from 4:1 to 7:1 during the glide, and in Growl from 2:1 to 3:1. While only parts of the ventricular 
fold vibrated in Distortion, full ventricular fold vibrations with complete closure were observed in Undertone and Rattle. 
In Growl, the entire epiglottis and the aryepiglottic fold also vibrated. In phasegrams, Undertone shows a bifurcation at 
the beginning of the quality. That is maintained within glissando. Distortion shows nearly no bifurcation throughout the 
whole task. Growl shows bifurcations with the onset and during the glide, while Rattle has a complex pattern. 
 
Group 3: “Deathgrowl”, “Deathshout”, “Full Distortion”, and “Fry Scream” are characterized by extensive, irregular 
supraglottic vibrations of the entire epiglottis and the arytenoids. No subjective pitch control was possible for these 
qualities. Only in Deathshout, an additional quite regular glottal activity seemingly occurs. 
 
 

Conclusions:  
In the artistic field, differentiated, conscious control via supraglottic vibrations can be achieved. Pitch control was valid 
for four quasi-periodic vibration types, which can be differentiated in their relations between supra- vs. glottal vibrations. 
Entrainment phenomena of both oscillators were observed in sustained phonation. During the glissando, changes in 
synchronicity occurred frequently, which could be explained by a slight lag of one of the oscillators. 
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Abstract: 
 
Background: The Perceptual Voice Qualities Database (PVQD) comprises 296 high-quality audio recordings with 
diverse speech samples, including sustained vowels /a/ and /i/, and sentences from the Consensus Auditory-Perceptual 
Evaluation of Voice. This database contains a wide spectrum of voice quality, covering various severities, speaker ages, 
and sexes. Objective: Identify diverse types of voice pathologies by analyzing key components of voice acoustic 
metrics, including jitter, shimmer, Harmonics-to-Noise Ratio (HNR), Pitch Period Entropy (PPE), CPP, and Alpha ratio, 
to expedite voice assessment. Methods: We used Principal Component Analysis (PCA) for exploratory data analysis 
and predictive modeling. PCA reduces data dimensionality by projecting data points onto the most influential principal 
components, thereby preserving critical data variation. We conducted voice acoustic analysis on the 296 PVQD voice 
samples using custom MATLAB scripts and PRAAT. The metrics included jitter, shimmer, HNR, CPP, CPPS, Alpha 
ratio, and PPE, among other metrics. Results: Our PCA findings revealed that CPP, shimmer, HNR, and PPE jitter 
were the components with the highest explanatory power for distinguishing pathological voices from normal controls. 
Using Generalized Estimating Equations, we found a statistically significant increase in HNR and PPE in healthy voices, 
while shimmer was reduced. Conclusion: Our analysis highlights the significance of HNR, PEE, and shimmer as the 
most predictive parameters for discriminating between pathological and normal voices. This insight can significantly 
enhance the efficiency of voice assessment. 
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Abstract: 
 

Objectives / Introduction: Adductor laryngeal dystonia (AdLD) is a neurological voice disorder in which spasms of 
the laryngeal muscles occur during voicing. Laryngeal spasms are associated with irregularities in voice fundamental 
frequency called discontinuities, and occur acoustically as phonatory breaks, frequency shifts, or creak [1, 2]. Although 
videostroboscopic imaging of the laryngeal mechanism is one of the primary methods used in voice clinics to detect or 
rule out pathology, the technique cannot capture laryngeal spasms. This is because laryngeal spasms occur at a 
faster timescale than the frame rate cap of videostroboscopy [30 frames per second; 3]. As such, evidence of 
laryngeal spasms is either associated with relatively slow aberrant behaviors such as supraglottic compression [e.g., 
hyperadduction, false vocal fold constriction, laryngeal constriction; 4] or is interpreted from auditory-perceptual 
assessments or acoustic signal analyses.  

High-speed videoendoscopy (HSV) has been applied in laboratory settings to study the supraglottic and vibratory 
aspects of voice production—such as the factors contributing to glottic insufficiency [1]—as well as components 
related to vocal tremor [5]. Specific to AdLD, evidence of supraglottic compression [5] and irregularities in vibratory 
components such as oscillatory breaks [2] have been observed from HSV during sustained phonations. Segments of 
vocal fold obstruction have also been observed as more prevalent during connected speech in speakers with than 
without AdLD [6, 7]; such obstructions can be due to any combination of the epiglottis, arytenoid cartilage(s), false 
vocal folds, and/or laryngeal constriction masking the true vocal folds. Although these initial findings show promise 
toward elucidating the pathophysiology of laryngeal spasms in AdLD, no study to date has examined laryngeal 
behaviors in speakers with AdLD relative to the acoustic discontinuities that co-occur during laryngeal spasms.  

Thus, the purpose of this study was to describe the laryngeal behaviors that co-occur with acoustic discontinuities in 
in speakers with and without AdLD during speech. We hypothesized that the presence of acoustic discontinuities would 
be statistically significantly related to the presence of supraglottic compression and vocal fold obstructions. Moreover, 
we predicted a greater occurrence of supraglottic compression and vocal fold obstructions in speakers with AdLD 
compared to controls. 
 

Methods: Simultaneous microphone and flexible nasendoscope recordings at 1000 fps were collected from speakers 
with (n=10) and without AdLD (controls; n=10) as they read aloud 14 complex sentences that were designed to elicit 
laryngeal spasms via maximizing the occurrence of voiced phonemes. Trained technicians manually labeled acoustic 
discontinuities in the microphone signal using Praat software [8]; the same technicians independently labeled these 
discontinuities, then met to form consensus labels for any label in which there was disagreement. Custom MATLAB 
software [3] was used to identify sources of aberrant laryngeal behaviors, including obstructions (epiglottis, arytenoid 
cartilages, false vocal folds, laryngeal constriction) or supraglottic compression from the HSV images. The same 
technicians independently labeled these behaviors, then met to form consensus labels for any label in which they 
disagreed.  

A multinomial logistic regression was performed to examine the relationship between the presence of acoustic 
discontinuities—labeled as break, creak, frequency shift, or no discontinuity—and that of the aberrant laryngeal 
behaviors of vocal fold obstruction and supraglottic compression. Additional fixed factors included in the regression 
model were group (AdLD, control), sex, and the interactions of group × obstruction and group × supraglottic 
compression. Age was included as a covariate. Loglikelihood ratio tests were used to examine the effects of the 
predictors on acoustic discontinuities at a significance level of p < .05. Post hoc Chi-square tests of independence were 
performed to examine significant interaction effects at a significance level of p < .05. 

 
Results: The overall model was found to be statistically significant (Χ2(21) = 12002, p < .001), with McFadden’s R2 

= .59. All factors were significant in predicting the odds of an acoustic discontinuity occurring, including: age (Χ2(3) = 
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88.9, p < .001), sex (Χ2(3) = 263.8, p < .001), group (Χ2(3) = 32.2, p < .001), 
obstruction events (Χ2(3) = 1301.7, p < .001), supraglottic compression events 
(Χ2(3) = 3931.2, p < .001), and the interactions of group × obstruction events 
(Χ2(3) = 19.3, p < .001) and group × supraglottic compression events (Χ2(3) = 
10.8, p = .013). These findings support our hypothesis that acoustic 
discontinuities are related to the presence of supraglottic compression and vocal 
fold obstructions. Interestingly, both types of aberrant behavior only occurred in 
the presence of an acoustic discontinuity.  

Vocal fold obstruction coincided with an acoustic discontinuity significantly 
more often in speakers with AdLD (25.4%) than controls (18.1%, p < .001; Fig. 
1). Observations of supraglottic compression coincided with an acoustic 
discontinuity slightly more often for speakers with AdLD (66.3%) than controls 
(63.9%, p < .001). It is important to note that these aberrant laryngeal behaviors are not mutually exclusive. These 
results support our hypothesis that aberrant laryngeal behaviors coincide with acoustic discontinuities more often in 
individuals with AdLD than in controls. 

Obstructions coincided with frequency shifts significantly more often in individuals with AdLD (20.9%) than in controls 
(6.4%, p < .001; Fig. 2a). The rate of coincidence between supraglottic compression events and acoustic discontinuities 
were similar across groups for both creak and frequency shifts; however, controls exhibited a substantially greater rate 
for phonatory breaks (90.0%) than individuals with AdLD (47.6%, p = .011; Fig. 2b). This surprising result may be due 
to the sensory effects of the nasoendoscope; further investigation is warranted. 

 
Conclusions: The results of this study suggest that 

the manifestation of acoustic discontinuities differs 
between AdLD and typical voice, as we observed that 
aberrant laryngeal behaviors were more often present 
when a discontinuity occurred in speakers with AdLD. 
More importantly, our findings indicate that acoustic 
discontinuities involving phonatory breaks, sudden shifts 
in fundamental frequency, or creak may occur as the 
result of a vocal fold obstruction and/or instances of 
supraglottic compression. Further exploration of direction 
and extent of supraglottic compression is warranted. 
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Figure 1. Coincidence rate between aberrant 
behaviors and acoustic discontinuities. 

 

Figure 2. Coincidence rate between aberrant behaviors and acoustic 
discontinuities, according to discontinuity type. Behaviors are shown as (a) 

vocal fold obstructions, and (b) supraglottic compression. 
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Abstract:  
Objectives / Introduction: Adductor Laryngeal Dystonia (AdLD) is a task-specific disorder in which spasms of laryngeal 

muscles during speech cause voice disruption, leading to communication breakdown and degraded quality of life1. AdLD 

is typically treated with injection of botulinum neurotoxin (BTX) into the larynx. The benefit of BTX is transient, so injection 

must be repeated every 3-4 months for life2. BTX can also cause temporary but problematic side effects of weak voice 

and dysphagia. A challenge to measuring the therapeutic impact of AdLD treatments, including BTX, is that current 

assessment tools such as acoustic and aerodynamic assessment and listener perceptual ratings have limited sensitivity 

to treatment response, and are rarely correlated with one another3,4. This also hinders evaluation of novel treatment 

options. Therefore, there is a critical need for objective measurements that are sensitive to treatment response and 

reflect patient report of symptom severity. We present preliminary findings using a new method 

for quantifying strength of laryngeal adduction during speech as a means for objectively 

assessing treatment response: measurement of upper esophageal sphincter (UES) pressure 

with high resolution manometry (HRM) (Fig 1). The UES is immediately adjacent to the larynx, 

and pressure produced by the UES is temporally coupled to strength of vocal fold adduction5,6. 

The biological purposes of the UES include protection of the airway by contracting to prevent 

tracheal aspiration of extra-esophageal reflux during behaviors that increase intrathoracic 

pressure, such as vocal fold adduction. During vocal fold adduction, UES pressure increases 

and stronger adduction results in greater UES pressure7–9. Measuring UES pressure thus has 

potential to quantify spasm severity. Spasms in AdLD cause vocal fold hyperadduction leading 

to voice disruption, and are hypothesized to increase UES pressure relative to acoustically 

normal phonation in the absence of spasms. We tested the hypotheses that UES pressure 

would be greater with greater symptom severity, and that UES pressure during voice disruption would significantly 

decrease 1 month after BTX injection compared to immediately prior to injection   

  

Methods:   

Participants: Patients with AdLD who were known responders to BTX performed 

standardized speaking tasks during simultaneous HRM and voice recording at 2 

time points: 1) when maximally symptomatic (within 1 week prior to BTX 

injection), and 2) when experiencing maximum benefit of BTX injection (1 month 

after injection)10. Patient-reported measures of symptom severity were collected 

at both time points using the Voice Handicap Index-10 (VHI-10), a 10-item 

questionnaire with a minimum score of 0 (minimal voice problem) and a maximum 

score of 40 (worst voice problem).   

Procedure: After completion of patient-reported outcomes, a catheter with 36 

circumferentially oriented sensors spaced at 1 cm intervals was passed 

transnasally to the proximal esophagus. Participants were given 5 minutes to 

acclimate to the catheter. Standardized speaking tasks were then recorded with 

an omnidirectional microphone positioned 2.5cm from the mouth, using a mobile 

pre-amplifier, and sampling rate of 41.5 kHz.  

Data Analysis: Participants were categorized as strong or weak BTX responders 

using an established minimal clinically important difference in VHI10 score 

change of 6 as a cutoff11. Episodes of a common voice disruption associated with 

laryngeal spasms (vocal creak)12 were identified using an automated MATLAB 

algorithm13 and time-aligned with HRM pressure data for analysis (Fig 2). The 

average peak UES pressure increase from resting pressure during all instances 

of voice disruption was obtained. A linear mixed effects model assessed the influence of interactions between treatment 

time point (pre-, and 1 month post-BTX injection) and BTX treatment responsiveness (strong or weak) on percent 

increase in peak UES pressure during voice disruptions. Relationships between UES pressures during voice disruptions 

and VHI-10 scores were further assessed using repeated measures correlation14 with all participants regardless of 

degree of change of VHI-10 after BTX.    
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Results: Nine participants (mean age: 52.4 years, range 31-71 years) were recruited. 

Four were strong BTX responders (mean VHI-10 change=-13.3, SD 2.3) and 5 were 

weak responders (mean VHI-10 change=-0.6). There was a significant positive 

repeated measures correlation between VHI-10 scores and UES pressure during 

voice disruption (rrm=0.68, 95%CI=0.08-0.91, p=0.03) (Fig3). There was also a 

significant interaction between treatment time point (pre- and 1 month post-BTX 

injection) and BTX treatment responsiveness on UES pressure during voice disruption 

(F(1,7)=6.21, p=0.04. In post-hoc testing, strong responders had a significant 

reduction in UES pressure during voice disruption after BTX (estimated mean 

difference=107.3%, SE=32.8% p=0.01), with large effect size (Cohen’s d=1.2, 95% 

CI=0.12-2.29), while weak responders had almost no change in UES pressure during 

voice disruption after BTX (estimated mean difference=2.22%, SE=29.3%, p=0.94) 

(Fig4).  

Conclusions: Measuring UES pressure during phonation could be used to objectively quantify spasm severity and thus 

treatment response in adductor laryngeal dystonia. We observed that 

UES pressure peaks during voice disruption were positively correlated 

with VHI-10 scores. Further, UES pressure peaks during voice 

disruptions decreased significantly after treatment with botulinum toxin, 

but only in individuals with a meaningful improvement in voice symptoms 

as measured with the VHI-10. This study is limited by the small sample 

size. In addition, we only assessed UES pressures during a common 

type of voice disruption in laryngeal dystonia (creak), and not in other 

voice disruptions such as phonation breaks or pitch shifts. Future work 

will determine if these findings can be replicated in larger samples. In 

addition, we will explore relationships between voice disruption and other 

measures that are possible with HRM during phonation, including 

duration of UES pressure spikes during voice disruption, as well as UES 

pressure measures during other types of voice disruption in AdLD 

(phonation breaks and pitch shifts as well as creak). The positive 

correlation between VHI-10 scores and UES pressure peaks during voice 

disruption suggest that this methodology could be used as a tool to 

quantify and to characterize spasm severity in this population, particularly for assessment of disease severity and 

treatment response.  
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Abstract:  
  

Objectives / Introduction:  

Deviations in human voice onset are frequently described perceptual characteristics of vocal dysfunction. Objective 

measures for the onset of vocalization, such as Voice Onset Time (VOT), have been shown to be influenced by vocal 

pathology. However, it is unclear whether changes in VOT are more related to changes in perceptual voice quality, the 

degree of vocal hyperfunction or structural changes. Moreover, it has been shown that prosody and coarticulation related 

variables such as speaking fundamental frequency and intensity, following vowel and syllable stress affect VOT in 

vocally healthy individuals [1-4]. So far, the interrelation between these physiologic and voice pathology related 

influencing factors has not been investigated in a voice disordered population.  

Therefore, main aim of the present work was to investigate in adults with non-phonotraumatic vocal hyperfunction or 
phonotraumatic vocal hyperfunction if a) perceptual voice quality and the type of vocal dysfunction are related to VOT, 
and if b) VOT is affected by the variables speaking fundamental frequency and speaking voice intensity, syllable 
stress and following vowel.  

  

  

Methods:   

In an exploratory retrospective study, 30 adults, of these 19 women with a mean age of 46.1 (SD 13.7) and 11 men 

with a mean age of 47.5 (SD 11.0) years, diagnosed with either non-phonotraumatic vocal hyperfunction (NPVH) or 

phonotraumatic vocal hyperfunction (PVH) were investigated. For perceptual analysis of voice quality, recordings of 

Cape-V sentences were assessed by one rater blinded to the diagnoses. Rated were the overall severity of dysphonia 

(OS), roughness, breathiness and strain on a 100 mm VAS scale. Assessment results were later conversed into the 

categories no (0-9), mild (10-34), moderate (35-69) and severe (> 70) voice deviation. To determine VOT, four samples 

of syllables with [p] plus vowel or diphthong were retrieved from the CAPE-V recordings. Acoustic analysis was 

conducted with Praat and comprised VOT, mean fundamental frequency (mean fo) and intensity (SPL dB(A)), and the 

coefficient of variation of fundamental frequency (CV_ fo %). Moreover, the phonetic variables following vowel and 

syllable stress were noted per each syllable.  

Multivariate analysis of variance (MANOVA) was used to assess the effects of VH condition (NPVH vs. PVH) and OS 

(no/mild/moderate/severe) on VOT, fo, CV_ fo % and SPL, with Pillai’s Trace for interpretation of results. Squared partial 

curvilinear correlation (η2
p) was applied for assessing effect sizes. To investigate the relation between VOT, fo , SPL, 

and CV_ fo % with OS, Spearman’s rank correlation coefficient was applied. The effects of the phonetic variables vowel 

context [[p] followed by e, I, O or aj]) and syllable stress (stressed vs. unstressed) on VOT, fo (mean and CV), and SPL 

were assessed by MANOVA. In all tests, gender was included as a covariable.  

  

  

Results:   

There was a highly significant influence of the overall severity of dysphonia on VOT, with a small effect size (p= <.001, 

ηp
2=.09). There were weakly positive and highly significant correlations between VOT and OS (r= 0.34, p≤.001), 

roughness (r=.29, p≤.001), breathiness (r=.22, p≤.001), and strain (r=.29, p≤.001). The post hoc Bonferroni test showed 

that VOT discriminated mild overall voice deviation (M=16.67) from moderate (M=21.62, p≤.001), and mild (M=16.67) 

from severe voice deviation (M=24.51, p≤.001). VH condition only affected CV_ fo (p=.02, ηp
2=.04), but not VOT, fo, and 

SPL (all p>.05). All voice quality subcharacteristics roughness, breathiness, and strain correlated significantly but weakly 

with mean speaking SPL (p≤.001), and not with mean fo (p>.05). Vowel context and syllable stress had no significant 

effect on VOT, fo, SPL, and CV_ fo (p>.05). Gender effects were only found for mean fo (p≤.001) and SPL (p=.01).   
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Conclusions:   

In the present study of adults with non phonotraumatic and phonotraumatic hyperfunction, voice onset time was 

related to overall voice quality. In addition, with VOT it was possible to statistically discriminate mild from moderate and 

severe perceptual voice deviation. The results indicated a longer VOT in more severe dysphonia, but also in increased 

roughness, breathiness and strain. Thus, changes in voice onset time may be a main marker of audible dysphonia, 

regardless of the underlying perceptual characteristic. Notably, all perceptual characteristics were significantly related 

with speaking SPL, but not with fundamental frequency.   

In our sample, VOT was not related to vocal hyperfunction type and thus the presence of secondary structural 

pathology associated with prolonged vocal misuse. Also, the speech related characteristics vowel context and syllable 

stress had no systematic influence on VOT. To further explore the diagnostic potential of VOT, the present results should 

be confirmed in a larger clinical study in women and men of different age groups, stratified after the degree of perceptual 

voice deviation and diagnosis type.   
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Abstract: 
Objectives / Introduction: Non-Phonotraumatic Vocal Hyperfunction (NPVH) is clinically manifested as muscle 

tension dysphonia, a specific subset of voice disorders marked by laryngeal muscular imbalance [1]. Biomechanical 
models like the asymmetric version of Triangular Body-Cover Model (A-TBCM) [2] has the potential to advance NPVH 
analysis, by offering precise simulations of its complex vocal dynamics, notably muscular imbalances and laryngeal 
asymmetries. The use of synthetic A-TBCM-generated data has opened new avenues for training neural networks to 
predict parameters, including muscle activations and subglottal pressure [3]. Incorporating tools like the Voice Health 
Monitor (VHM) and Impedance-Based Inverse Filtering (IBIF) is vital for estimating flow parameters in ambulatory 
settings [4]. Integrating these components enables exploration of novel approaches to NPVH analysis in ambulatory 
environments. This study aims to integrate biomechanical models like A-TBCM, neural networks, and ambulatory 
monitoring techniques for statistical NPVH analysis, for improving our understanding of this voice disorder. 

 
Methods: Ambulatory voice monitoring involved 54 women, including 27 with NPVH and 27 in a matched control 

group. The monitoring spanned 7 days, with 15 NPVH subjects having an extra 7 days for pre- and post-therapy data. 
Acoustic and aerodynamic data were gathered and processed using VHM and IBIF, covering parameters like SPL, fo, 
H1-H2, ACFL, MFDR, CPP, SQ, and OQ [4]. Additionally, a neural network pretrained with the A-TBCM predicted 
Subglottal Pressure (PS) and intrinsic laryngeal muscle activations. Data preprocessing utilized interquartile ranges to 
detect and remove outliers, by considering typical ranges for each vocal feature in NPVH and control groups. 
Aerodynamic data (MFDR, ACFL, OQ, SP) were log normalized relative to SPL, following prior in laboratory methods 
[5]. This logarithmic normalization improved proportional scaling, facilitating meaningful vocal efficiency comparisons. 
Data analysis involved descriptive and inferential statistics, encompassing Statistical Moments (Mean, median, mode, 
standard deviation, percentiles, skewness, and kurtosis) and Multivariate Gaussians. Multivariate Gaussians offered a 
joint representation of trends and relationships among different vocal function measures, obtaining hyperparameters 
such as means, variances, and covariances. Subsequently, statistical tests were used to assess the validity of our 
findings, including the Shapiro-Wilk test for distribution normality, T-Test (T-T), Mann-Whitney test (M-W) for group 
differences, and Cohen's Distances for effect size measurement.  

 
Results: Table 1 shows the most significant features resulting from comparative tests between NPVH subjects and 

the control group. NPVH patients exhibit skewed distributions in parameters like CPP and MFDR at the 25th percentile, 
suggesting heightened aerodynamic demand for equivalent vocal loudness. This implies increased vocal fold stiffness 
or tension and elevated aerodynamic effort. The negative CPP Skew, indicating higher NPVH values, accentuates vocal 
dynamics irregularity and potentially muscular imbalance. Furthermore, kurtosis in CPP distribution for NPVH patients 
reveals prominent peaks, highlighting glottic oscillation variability, potentially linked to altered vocal mechanics. 

 

FEATURE M-W P-VALUE T-T P-VALUE COHEN'S D 

CPP P25 0.058400 -- 0.502522 

MFDR P25 -- 0.048816 0.538727 

CPP Skew 0.033830 -- -0.567629 

CPP Kurtosis -- 0.039484 0.563993 

Table 1. Differential features with significance between NPVH patients and control subjects 
 
Table 2 presents results from analyzing the most significant features in comparative tests between NPVH subjects 

before and after vocal therapy. Notably, normalizing aerodynamic variables proved critical, by reducing the impact of 
external factors like environmental noise or individual vocal intensity, and resulting in improved vocal efficiency post-
therapy. Normalized features are denoted with ' in Table 2. Increased glottal opening variability after therapy, measured 
via OQ' STD, suggests improved adaptability to diverse phonatory demands. Negative values indicate higher pre-vocal 
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therapy means. Changes in value distribution asymmetry, reflected in PS' and SPL skewness, signify enhanced 
aerodynamic control, adapting more effectively to vocal demands. Additionally, increased kurtosis in TA2 (TA with 
muscular imbalance) hints at reduced muscular imbalance among NPVH patient post-therapy. These findings 
emphasize the positive influence of vocal therapy on vocal production mechanics and control in NPVH patients. 

 

FEATURE M-W P-VALUE T-T P-VALUE COHEN'S D 

OQ´ STD 0.044136 -- -0.323021 

PS´ Skew 0.016254 -- -0.411390 

PS Skew 0.025590 -- -0.727181 

SPL Skew -- 0.054584 0.619700 

TA2 Kurtosis 0.044136 -- -0.597228 

Table 2. Differential features with significance between NPVH subjects pre and post voice therapy 
 
Conclusions: This study combines biomechanical models, ambulatory monitoring techniques, and statistical analysis 

to understand NPVH. Results reveal significant differences in parameters like CPP and MFDR, indicating increased 
aerodynamic demand and vocal dynamics irregularity in NPVH. Analyzing NPVH patients pre- and post-vocal therapy 
shows improved vocal efficiency, adaptability to diverse phonatory demands, and reduced muscular imbalance. These 
findings hold important implications for NPVH diagnosis and treatment, affirming vocal therapy effectiveness in 
enhancing vocal function for affected individuals. 
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Abstract:  
  

Objectives / Introduction: The prevalence of voice disorders in singers is estimated to be 46% [1]. While singers 

represent a rather small portion (~1%) of the overall workforce in the United States, they make up an estimated 11– 

29% of patients seeking treatment at voice centers [2, 3]. Despite this high prevalence, there is no standardized, 

quantitative protocol for the clinical assessment of the singing voice. Baker et al. [4] recently investigated aeroacoustic 

analysis of singing, including two newer vibrato-based perturbation measures in vocally healthy, professional classical 

singers in a controlled laboratory setting. VibratoJitter and VibratoShimmer measure the degree of perturbation in the 

frequency and amplitude of the vibrato (musical pitch modulation) during a sung sample [4]. Hunter and Schloneger’s 

study [5] investigated relationships between vocal dose and voice quality, both observed and perceived, during the 

typical daily voice use of vocally healthy college-age singers. This study seeks to build off this previous work by applying 

similar aeroacoustic analysis to ambulatory voice monitoring data in professional singers with diagnosed vocal 

hyperfunction (either phonotraumatic vocal hyperfunction or non-phonotraumatic vocal hyperfunction) and vocally 

healthy matched controls for comparison. Singing-related measures could not only provide valuable assessment tools 

for singers, but also allow for objective assessment of treatment effects and biofeedback targets.  

Methods: Data collected during an ongoing study were utilized, selected with the following criteria: participants were 

diagnosed with vocal hyperfunction, self-identified occupation being a professional singer, voice teacher, or voice 

student, and the data already passed quality checks. The data were processed with a singing voice detector algorithm 

that isolated singing voice segments for each day of ambulatory monitoring [7]. Using Audacity 3.3.0, the isolated singing 

voice WAV files were manually processed to only include singing with vibrato for vibrato analysis utilizing BioVoice [8].  

BioVoice is a software tool for acoustic analysis of voice that estimates numerous acoustical parameters, including 

singing-specific vibrato rate, vibrato extent, Vibratojitter and Vibratoshimmer, and other measures such as fundamental 

frequency and formant frequencies. MATLAB code was utilized to add 100 ms of silence between singing segments to 

create clear voiced segments for the analysis of vibrato in BioVoice. This study investigates VibratoJitter and VibratoShimmer 

as well as several additional measures, including cepstral peak prominence, vocal efficiency [9], and estimates of glottal 

airflow characteristics that are correlated with increased vocal loading [10], which can be associated with vocal 

hyperfunction [6].  

Participants are recruited through sequential convenience sampling and snowball sampling. Diagnoses were based 

on a comprehensive team evaluation (laryngologist and speech-language pathologist) at the Massachusetts General 

Hospital Center for Laryngeal Surgery and Voice Rehabilitation that included the collection of a complete case history, 

endoscopic imaging of the larynx, completion of the Voice-Related Quality of Life questionnaire, an auditory-perceptual 

evaluation using the Consensus Auditory-Perceptual Evaluation of Voice, and aerodynamic and acoustic assessments 

of vocal function. Each participant diagnosed with either phonotraumatic or nonphonotraumatic vocal hyperfunction was 

matched with a vocally heathy control based on age (±5 years), sex, occupation, and singing genre. The vocally healthy 

status of all matched-control candidates was verified via interview, auditory-perceptual evaluation by a speech-language 

pathologist, and a laryngeal stroboscopic examination. During the interview, each vocally healthy control participant was 

asked if they had any voice difficulties that had an impact on their daily life. If the matched-control candidate indicated 

voice difficulties or demonstrated a dysphonic vocal quality, they were excluded from further participation without 

completion of laryngeal stroboscopic examination.   

Results and Discussion: Pilot analysis of a patient with nonphonotraumatic vocal hyperfunction showed daily 

variability across episodes of singing, yielding average pre-to-post treatment measures of VibratoJitter (13.8% to 12.7%), 

VibratoShimmer (37.8% to 60.9%), cepstral peak prominence (21.6 dB to 19.1 dB), and maximum flow declination rate 

(465.9 L/s2 to 108.6 L/s2). Although VibratoShimmer was expected to decrease post treatment, like the other measures, it 

was found to increase for this patient. Results will be presented on a larger cohort of singers with diagnosed vocal 

hyperfunction and their matched controls for comparison. Even though data from ambulatory monitoring are more 

ecologically valid because it samples daily vocal function, it does not require participants to produce a standardized set  
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of singing tasks. This could introduce a source of variability that would make comparisons between and within (pre- vs. 

post-treatment) participants more challenging. Also, in the future, our laboratory data collection protocol could include 

standardized singing tasks that could potentially be used to facilitate more controlled comparisons and enhance the 

interpretation of ambulatory measures.   

Conclusions: Aeroacoustic measures, cepstral peak prominence, Vibratojitter, Vibratoshimmer, and vocal efficiency ratios may 

be clinically useful in the ambulatory assessment of singing voice during daily life, particularly for patients presenting with more 

subtle voice complaints, as well as in objective assessment of treatment effects. Future research should further investigate 

these measures in professional singers with vocal hyperfunction and their vocally healthy matched controls using both 

ambulatory monitoring of daily vocal function and laboratory-based assessments that utilize well-controlled standardized 

singing tasks.    
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Objectives/Introduction: The purpose of this study was to evaluate the discriminative ability of automated creak 
estimates in differentiating among speakers with adductor laryngeal dystonia (AdLD), speakers with muscle tension 
dysphonia (MTD), and speakers with no history of voice disorders during conversational speech. As the prevalence of 
creak previously showed promise in differentiating these groups using a standard reading passage, we built upon the 
previous work of Marks et al. (2023) to validate the performance in a larger sample size. Further, as literature suggests 
that typical speakers use more creak during conversational speech to increase inflection and expression (Agathe & 
Claire, 2013; Davidson, 2021; Wolk et al., 2012), we hypothesized that the automated creak estimates would be poorer 
at differentiating between groups when using conversational speech stimuli as compared to a standard reading passage.   
  

Methods: Fifty speakers with AdLD, fifty speakers with MTD, and fifty speakers with no history of voice disorders, 
henceforth referred to as controls, were recorded reading the Rainbow 
Passage and producing a conversational speech sample. An opensource 
automated creak detector was used to calculate the percentage (%) of creak 
in the two stimuli types. A mixed models analysis of variance (ANOVA) was 
performed to determine the effects of group (between participants), stimuli 
type (within participants), and their interaction on the discriminative ability of 
% creak, with overall severity (OS) entered as a covariate. Receiver operator 
characteristic (ROC) curves were computed and the area under the curve 
(AUC) was evaluated for both stimuli types to determine the accuracy of the 
automated creak detector.  
  

Results: The mean % creak and 95% confidence interval (CI) are displayed 
in Figure 1 for each stimuli type and group. Results of the ANOVA showed a 
statistically significant effect of group (p < .001) with a medium effect size (η2 
= 0.05), yet no significant effect of stimuli, interaction, nor OS. Post-hoc 
Wilcoxon rank sum tests were conducted and revealed statistically significant 
differences between the LD group and controls (p <.001), and statistically 
significant differences between the LD and MTD groups (p < .001). However, 
the post-hoc tests revealed no statistically significant difference between MTD 
and controls (p = 0.71).  

 
Results of the ROC curve analyses for the conversational speech the 

Rainbow Passage are shown in Figure 2. The AUCs for discriminating between AdLD and MTD were .71 using 

conversational speech and .69 using the Rainbow Passage (see blue solid lines). The AUCs for discriminating 

between AdLD and Controls were .74 using conversational speech and .72 using the Rainbow Passage (see 

purple dotted lines). Finally, the AUCs for discriminating between Controls and MTD were .50 using 

conversational speech and .48 using the Rainbow Passage (see pink dashed lines). 
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Conclusions: The purpose of this study was 
twofold: to validate the discriminative ability of 
creak in AdLD, as found in Marks et al. (2023), 
in a larger sample size and to determine 
whether this discriminative ability would 
remain valid during a conversational speaking 
task. Although automated creak estimates 
provided statistically significant differences 
between individuals with AdLD and the two 
other groups at the group level, discrimination 
performance was lower than that found in 
previous work. This is reasonable given the 
global use of creak by all speakers and the 
large increase in sample size in the current 
study, supporting the generalizability of the 
current results.  
 
 
 
The discriminative ability indicated in the current study is on par with other previous acoustic metrics that require 
contrasts between specific stimuli (Houtz et al., 2010; Roy et al., 2014). In contrast, the ability of automated creak to 
differentiate speakers with AdLD from MTD and speakers with AdLD from controls was the same regardless of stimuli 
type: performance was similar in the conversational speaking task as the Rainbow Passage. Thus, automated creak 
estimates may have promise as one of several discriminative features and are not constrained by the requirement for 
collection of specific speech stimuli.  
 
Acknowledgements:  
This work was supported by the National Institutes of Health under grants DC015570 (CES) and DC013017 (CES), 
and by a Graduate Fellow Award from the Rafik B. Hariri Institute for Computing and Computational Science and 
Engineering (DAD). The authors thank Marlene Chavez-Corona and Courtney Dunsmuir for their assistance in 
preparing the data for this project.  
 
References:  
Agathe, B. L., & Claire, P. l. (2013). The Influence of language and speech task upon creaky voice use among six 
young American women learning French.  
Davidson, L. (2021). The versatility of creaky phonation: Segmental, prosodic, and sociolinguistic uses in the world's 
languages. WIREs Cognitive Science, 12(3), e1547. https://doi.org/https://doi.org/10.1002/wcs.1547  
Houtz, D. R., Roy, N., Merrill, R. M., & Smith, M. E. (2010). Differential diagnosis of muscle tension dysphonia and 
adductor spasmodic dysphonia using spectral moments of the long-term average spectrum. Laryngoscope, 120(4), 
749-757. https://doi.org/10.1002/lary.20741  
Marks, K. L., Díaz Cádiz, M. E., Toles, L. E., Buckley, D. P., Tracy, L. F., Noordzji, J. P., Grillone, G. A., & Stepp, C. E. 
(2023). Automated Creak Differentiates Adductor Laryngeal Dystonia and Muscle Tension Dysphonia. The 
Laryngoscope.  
Roy, N., Mazin, A., & Awan, S. N. (2014). Automated acoustic analysis of task dependency in adductor spasmodic 
dysphonia versus muscle tension dysphonia. The Laryngoscope, 124(3), 718-724. 
https://doi.org/https://doi.org/10.1002/lary.24362  

Wolk, L., Abdelli-Beruh, N. B., & Slavin, D. (2012). Habitual Use of Vocal Fry in Young Adult Female Speakers. Journal of Voice, 

26(3), e111-e116. https://doi.org/10.1016/j.jvoice.2011.04.007  

  



ICVPB 2024 

71 
 

DEVELOPMENT OF GERMAN CONTINUOUS SPEECH STIMULI FOR RELATIVE 

FUNDAMENTAL FREQUENCY (RFF) 

 

Mark Berardi1, Benjamin Rehring1,2, Juliane von der Heyde1, Hannah Moser1, Maria Dietrich1 
1 Department of Psychiatry and Psychotherapy, University Hospital Bonn, Bonn, Germany  

2 Department of Neurology, University Hospital Bonn, Bonn, Germany  

Keywords: e.g. Speech Acoustics; Multilingual; Voice Evaluation; Vocal Effort;  

 

Abstract: 
 

Objectives / Introduction: 
 
Vocal effort is a frequent complaint among those with voice disorders or occupational voice users. Relative 

fundamental frequency (RFF) is an acoustic measure used to estimate laryngeal tension and vocal effort. RFF measures 
changes in glottal cycles during the transition from voiced sonorants to voiceless consonants in speech. Both uniform 
utterances (e.g., /afa/) and continuous speech are used for RFF measurement. Previous continuous speech stimuli 
include prolonged speech passages (e.g., Rainbow Passage), CAPE-V sentences [1], and sentences developed 
specifically for measurement of RFF instances (English example: “The dew shimmered over my shiny blue shell again.” 
[2]). Currently, the only validated sentences containing targeted RFF segments are in English. While uniform utterances 
can be used in German, continuous speech samples better reflect natural voice production. As such, German RFF 
sentences are required to improve ecological validity. This study develops and evaluates novel German RFF sentences 
to establish stimuli for future vocal effort research. We hypothesize that at least one novel German RFF sentence for 
each fricative (/f/ and /ʃ/) will demonstrate token-level variability equal to or less than that of the validated English RFF 
sentences. 
 

Methods:  
  
For the development of German RFF sentences, a panel of three native German-speaking and academically-trained 

speech therapists developed potential RFF sentence stimuli in German. Based on the previous research, the target 
voiceless consonants with the best performance were /f/ or /ʃ/ [2]. Therefore, for each target voiceless consonant, three 
sentences were made to fit the same criteria as used in the development of English RFF sentence stimuli, which include:  

(1) the sentence must be a statement and not a question, 
(2) contain exactly 3 instances of the target fricative (/f/ or /ʃ/), 
(3) contain no instances of the other target fricative, 
(4) have the vowels surrounding the target fricatives be stressed, 
(5) have the vowels surrounding the target fricative are not shwa vowels (/ə/) 
(6) be relatively short (less than 20 syllables), 
(7) be grammatically and semantically correct.  

With the six sentences developed, 19 female participants (age: M: 27.5 years, SD: 3.0) were recorded to measure 
the variability of the RFF. The participants were all native German speakers with no current speech or hearing 
complaints. Each participant read the sentences and the uniform utterance triplet, /afa afa afa/, three times. The 
participants were recorded in a sound-treated clinic room with a head-mounted microphone (AKG C 520). Before RFF 
calculation, the target utterances were segmented using the web-based phonetic aligner, WebMAUS which uses the 
orthographic transcription of speech samples to segment the recording into the phonetic and word segments. Following 
the utterance segmentation, glottal pulses were manually extracted from the vowel offset and onset using Praat. From 
the extracted pulses, RFF was calculated as 𝑅𝐹𝐹𝑛 = 12 ∗ log2(𝑓𝑛 𝑓𝑠𝑠⁄ ), where 𝑛 is the glottal cycle number from 1 to 10 

with 𝑓𝑛 as the instantaneous frequency of the 𝑛th cycle and 𝑓𝑠𝑠 is the instantaneous frequency of the steady-state cycle. 
The mean token-level RFF standard deviation was computed to determine the least variable RFF sentence for each 
target voiceless consonant. English RFF speech samples from 19 age-matched females (age: M: 26.0 years, SD: 3.8) 
from a previous study were used as a comparison to the novel German stimuli [3]. 

 
Results:  
 
Table 1 contains the six novel German sentences, the existing English sentences, and the uniform utterances with 

the computed mean token-level RFF standard deviations for the German-speaking participants and the age-matched 
English-speaking participants.  
Table 1. Summary of mean token-level RFF standard deviations for RFF speech stimuli for German speakers (n = 19) 
and age-matched English speakers (n = 19). 
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Target 
Consonant 

 Stimuli (VCV tokens in bold and underline) Mean Token-Level 
RFF SD (ST) [95% CI] 

/f/ Deutsch In der Auffahrt wächst nie viel Efeu. 0.35 [0.31, 0.39] 

   Die vier Personen gehen da vorne in die Fabrik. 0.44 [0.38, 0.49] 

   Die vorgetragene Aufführung kommt bei fast allen 
Zuhörern gut an. 

0.39 [0.32, 0.45] 

 English Only we feel you do fail in new fallen dew. 0.44 [0.39, 0.49] 

 /ʃ/ Deutsch Die Schar Kinder nimmt die Schere mit in die Schule. 0.37 [0.31, 0.42] 

   Maschinen können helfen, Bauschutt wegzuschieben. 0.53 [0.40, 0.64] 

   Sie sah ihn die schönen, so schicken Teller zuschieben. 0.33 [0.26, 0.38] 

 English The dew shimmered over my shiny blue shell again. 0.69 [0.37, 0.90] 

/f/ Deutsch /afa afa afa/ 0.25 [0.22, 0.28] 

  /ifi ifi ifi/ 0.22 [0.19, 0.24] 

  /ufu ufu ufu/ 0.22 [0.20, 0.23] 

 English /afa afa afa/ 0.34 [0.28, 0.38] 

  /ifi ifi ifi/ 0.35 [0.29, 0.40] 

  /ufu ufu ufu/ 0.32 [0.28, 0.35] 

 
Conclusions:  

 
All the sentences except for “Maschinen können helfen, Bauschutt wegzuschieben” were similarly low in variability (< 

0.5 ST). Since the variability is similar, “In der Auffahrt wáchst nie viel Efeu” and “Die Schar Kinder nimmt die Schere 
mit in die Schule” are suggested to be used for German RFF because of their fluent readability and brevity. The novel 
German RFF sentences demonstrated lower token-level variability compared to the validated English RFF sentences. 
This indicates that the German stimuli have favorable stability for measuring vocal effort, providing confidence in their 
utilization for future RFF research. More broadly, this study establishes a systematic process for developing ecologically 
valid, continuous speech RFF stimuli in languages beyond English. The creation of linguistically diverse stimuli will 
enable cross-linguistic comparisons and expand the accessibility of vocal effort measurement through RFF for 
multilingual speakers. 
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Abstract:  
  

Objectives / Introduction:  

Thyroplasty Type I (TT1) is a common procedure for treating unilateral vocal fold paralysis. The procedure involves 

creating a window in the thyroid cartilage, allowing for the placement of an implant within the paraglottic space. This 

procedure aims to improve voice outcomes by narrowing the glottal gap between the paralyzed and healthy folds, 

thereby reducing leakage and threshold pressure. Traditionally, surgeons manually carve the implant, determining its 

specifications, including location, stiffness, and shape, through a trial-and-error approach. The impact of these implant 

characteristics on voice outcomes remains an ongoing research topic.  

Clinical observations indicate that medialization in the infraglottal region yields better voice outcomes than 

medialization in the glottal region, although the exact reason remains unknown. In a study by Zhang and Chhetri [1], 

local medialization using a 2mm-diameter wood stick on excised human larynges showed improved glottal closure and 

higher-order harmonic excitation in voice when performed at a more inferior location. They hypothesized that inferior 

medialization contributed to a thicker vocal fold, but the medial surface's shape, including thickness, was not quantified, 

leaving the hypothesis unconfirmed. Zhang et al. [2] provided detailed structural changes before and after implant 

insertion using magnetic resonance imaging on ex vivo human larynges. They observed increased vertical thickness 

and significant stretching of the vocal fold tissue in the coronal plane, leading to a decrease in thyroarytenoid (TA) 

muscle dimension in the medial-lateral direction. However, since phonation experiments were not conducted, the direct 

relationship between structural changes and the produced sound is unclear.  

The current study aims to investigate the impact of TT1 implant location and stiffness on vocal fold dynamics and 

voice outcomes using numerical methods, establishing a direct link among the implant characteristics, vocal fold 

prephonatory conditions, and sound characteristics. Compared to glottal-level medialization, we hypothesize that 

infraglottal medialization will create a slightly divergent pre-phonatory shape and a more substantial vertical stiffness 

gradient, potentially enhancing the produced sound.   

  

Methods:   

Geometry model. The geometric models of the larynx 

and implant were created from computed tomography 

scans of an ex-vivo canine larynx. Both the cartilage and 

vocal fold were reconstructed. The vocal fold was 

represented as a two-layer structure consisting of the 

cover and body layers.   

Material property. Indentation tests were performed  

using a sphere indenter on the medial surface of two 

canine larynges (Figure 1). The tissue was indented with 

a maximum of 2 mm. The indentation was performed at 

three coronal planes from anterior to posterior sides and 

eleven vertical locations from the superior edge to 5 mm 

below the superior edge. In each location, a force-displacement relationship was obtained.  

In the numerical simulation, the vocal fold was assumed to be a two-layer structure, including the body and cover 

layers. The material was assumed to be fiber-reinforced in each layer, and a vertical stiffness gradient exists in the cover 

layer [3], [4]. Material parameters were determined by matching the indentation measurement. The implant employed 

the Neo-Hookean material model with a stiffness ranging from 5 kPa to 1400 kPa.   

Figure 1. Indentation measurement. (a) Setup. (b) 

Example for force-displacement curves from inferior and 

superior measurements at the mid-coronal plane. 
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Simulation setup. The simulation comprises two steps. In the first step, we insert the implant and perform numerical 

indentation with the inserted implant on the medial surface. The obtained stiffness distribution was used to compare with 

the experiment measurement. In the second step, we performed a fluid-structure interaction (FSI) simulation with the 

inserted implant to capture vocal fold oscillation, glottal flow waveform, and sound generation [4], [5]. The glottal flow 

employed a one-dimensional flow model, and the tissue deformation was modeled using a finite element method. The 

height of the implant was constant and set to half of the vertical height of the fold. The vertical insert location of the 

implant was varied between the superior and inferior aspects of the fold medial surface.  

  

Results:   

In the baseline case of the numerical simulation, we inserted an implant with a height matching the vertical height of the 

fold at the glottic level. The insertion depth was adjusted so that 80% of the medial surface was adducted to the midline. 

The implant stiffness was 120 kPa. The results show that the implant could effectively adduct the fold toward the midline 

with only a small leakage in the posterior side, but the shape of the medial surface profile does not show a significant 

difference before and after the implant was inserted (Figure 2a). The stiffness gradient was calculated between the 

superior and inferior sides of the medial surface along three Anterior-Posterior locations (Figure 2b). It shows that with 

the implant inserted, the stiffness gradient increased in all three locations and that the largest increase occurred on the 

anterior side.  

  
Figure 2. Influence of implant on pre-phonatory status from numerical simulations: (a) medial surface profile; (b) 

stiffness gradient (SG).  

  

Conclusions:   

The preliminary results show that the numerical model can simulate the impact of TT1 implant on vocal fold 

deformation and stiffness distribution before phonation. In subsequent simulations and analysis, we will change the 

implant height, vertical location, and stiffness. The effects of these parameters on vocal fold pre-phonatory deformation 

and stiffness will be investigated. Additionally, FSI simulations will be performed before and after the implant is inserted. 

The relationships among implant characteristics, vocal fold pre-phonatory conditions, vocal fold vibrations, and voice 

acoustics will be studied. We will discuss the results by comparing them with the experimental measurements [1,6,7].  
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Abstract: 
Objectives / Introduction: Currently, there is no model whose natural behavior can serve as a marker for 

the onset or the time course of a vocal fold pathology. Here I present preliminary data on the time-course of 
vocal changes after two experimental interventions affecting vocal fold properties in California mice.  

California mice produce a call type (“SV call”) to communicate over large distances. SV calls consist of 1 
to 8 syllables, each approximately 250 ms in duration and with a fundamental frequency of 12 to 21 kHz. 
Light gas experiments demonstrated that SV calls are generated via airflow-induced self-sustained 
tissue/vocal fold vibration, i.e., fundamental frequency remains constant in the light gas atmosphere and 
critically depends on tissue viscoelastic properties (Riede et al. 2022). 3D reconstruction of laryngeal 
elements provides evidence that the mouse’s vocal apparatus constitutes a highly nonlinear system.  

This study investigated vocal changes after two types of interventions: (a) dehydration, and (b) vocal fold 
injury. Predictive vocal changes should occur if vocal fold properties are critical to the acoustic parameters 
of the mouse’s vocal behavior.  

Methods: Vocal fold injury: Unilateral epithelial injury was performed in male and female California mice 
to investigate whether injury and subsequent wound healing are associated with characteristic vocal changes. 
Six-month-old animals have undergone unilateral vocal fold injury (N = 3 per sex) or served as controls that 
received a sham operation (N = 2 per sex). Vocal activity was monitored continuously before and after the 
injury. Vocal changes were determined by comparing fundamental frequency, sound intensity, and the 
amount of nonlinear phenomena before and after injury. The size of the vocal fold injury was estimated in 
vocal fold coronal sections performed on excised tissue. 

Dehydration: Water access was restricted in 8 California mice for 3 consecutive days to study the effect of 
acute systemic dehydration on vocal function. Each animal was continuously acoustically monitored for 24 
hours before experimental onset, during the 3 days without water access, and for 2 days after the beginning 
of the rehydration. Body mass was measured before the experiment and at the end of day 3 without water 
access to estimate the degree of dehydration. SV syllables were characterized by fundamental frequency 
and sound intensity. 

Results: We present results from two experiments intended to alter vocal fold properties. 
Vocal fold injury: Only 2 of 6 mice did resume vocal behavior within 4 weeks after vocal fold injury. Their 

vocal activity was comparable to the activity pre-injury. Fundamental frequency and sound intensity have 
decreased after injury in both animals. More than 90% of syllables contained nonlinear phenomena which is 
an increase from 10% pre-injury. Histological sections indicated that the vocal fold injuries were smaller in 
the 2 mice that resumed vocal behavior after injury. 

Dehydration: Both fundamental frequency and sound intensity decreased in 8 animals during the 3 days 
without water access. A partial recovery of fundamental frequency and sound intensity was observed after 
one day of rehydration. 

Conclusions: Mild vocal fold injury and systemic dehydration caused vocal changes which confirms that 
vocal folds are critical for the acoustic properties of SV syllables produced by the mouse. The magnitude of 
the vocal fold injury seems to be associated with the likelihood of the mouse to resume vocal behavior. Vocal 
changes resemble those observed in humans.  
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Abstract: 
 

Objectives / Introduction: The cause for laryngeal and vocal fold sensorimotor vagal neuropathies is unclear.1 
Speculation into involvement of peripheral local inflammation and sensory neural cell changes following viral infection 
have been cited,2 however, limited data exists to support such claims. Influenza A virus (IAV) is rapidly detected in the 
airways by epithelial and immune cells to induce antiviral inflammatory responses.3, 4 The purpose of this study was to 
test the central hypothesis that IAV-mediated infection of the larynx and upper airway will activate epithelial and immune 
cells and remodel sensory afferent neural-circuits – contributing to mucosal inflammation and hypersensitivity. 
 

Methods: Wildtype 8wk old mice were utilized to investigate epithelial tropism and immune response following IAV 
injury for repair strategies at 3-, 7- and 21-days post-infection (dpi). Whole upper airway tissue 
(hypopharynx/larynx/trachea) was collected at 7dpi for single-cell analysis. To investigate neural-circuit structural 
changes, we utilized a vesicular glutamate transporter (Vglut2) Cre line for sensory neuron-specific lineage tracing at 
21dpi. Epithelial remodeling and immune response were assessed via histology, immunofluorescence and single-cell 
bioinformatic analysis, while neural-circuit innervating networks were quantified in whole-mount cleared 3D tissue. 

  
Results: Viral mRNA transcripts to the upper airway of wildtype epithelium were most appreciated at 3dpi with viral 

clearance exhibited at 8dpi. Respiratory epithelium of the subglottis and trachea exhibited increased vulnerability to viral 
infection, with stratified squamous epithelia of the larynx and hypopharynx largely void of disease. Acute airway 
remodeling consisted of K5+K17+ basal cell hyperplasia, alongside, increased intraepithelial Ly6G+ neutrophil and 
CD3+ T cell infiltrates. Abberant epithelial and immune changes exhibited complete resolution at 21dpi, however, Vglut2-
lineage traced sensory nerves displayed hyperinnervation following IAV compared to saline controls. Single-cell analysis 
revealed diversity of epithelial cells to the upper airway with specialized response to viral infection.  

 
Conclusions: Our work utilized advanced histologic and bioinformatic approaches to explore a novel injury model of 

the larynx and upper airway. We demonstrate unique changes to structural cells and immune response that culminate 
in hyperinnervation of Vglut2+sensory neural circuits. Further work is necessary to demonstrate a causal link for viral-
induced laryngeal pathophysiology and contribution for sensorimotor abnormalities.  
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Abstract: 
 
Introduction: Psychosocial stress and laryngeal physiology are circularly and inextricably linked.1–3 Whereas 25% 
of individuals with voice problems report concurrent psychosocial stress,3 a single exposure to stress can result in 
acoustic voice changes, and laryngeal muscle activation patterns.4–7 However, little is known on the underlying 
biological mechanisms of psychosocial stress, in laryngeal physiology. The microbiome is a key mediator of the 
psychosocial stress response in other organs such as the gut, vagina and brain, resulting in reduced microbial 
diversity and abundance.8–10 Laryngeal microbiology is an emerging area of research11–13 that may shed light on the 
elusive role of psychosocial stress in laryngeal physiology. 
 
Objectives: To delineate the effects of two psychosocial stress protocols (acute and chronic) on laryngeal 
microbiota. We hypothesize that both acute and chronic psychosocial stress will result in reduced microbial diversity 
and abundance in the larynges of stressed mice when compared to control animals. Chronic exposure to stress 
results in more severe microbial responses in other organs (e.g. gut).14,15 In addition, females have differential 
responses to stress in the gut microbiome due to natural estrogenic variation,16 with dysphonia and mental health 
conditions being more prevalent in this biological sex. Thus, we hypothesize that chronic stress exposure and 
females (across stress paradigms) may result in more pronounced effects in the laryngeal microbiota. 
 
Methods: Sixty C57BL/6 mice (6-10 weeks of age, 30 F, 30 M) were randomly divided into acute stress, chronic 
stress, and control groups (10M, 10F per group). Animals in the acute stressed group experienced restraint stress 
for 6 hours a day for 7 days, whereas those in the chronic stress group experienced the same for 6 hours a day for 
14 days. Corticosterone assays were performed on plasma samples collected from blood before and following each 
protocol to confirm stress induction. Following each psychosocial stress protocol, bacterial DNA were extracted from 
the larynx and amplified for 16S RNA gene sequencing. QIIME2 and R studio were used for sequence data 
bioinformatic analysis. 
  
Results: Chronic – but not acute – psychosocial stress resulted in a significant shift in laryngeal microbiota 
composition. Within the differentially abundant taxa of the chronic stress group, there was an increased abundance 
of Streptococcus and a decreased abundance of Corynbacterium. Whereas increased abundance of Streptococcus 
has been reported in certain laryngeal pathologies,12,13 Corynbacterium may regulate allergen sensitization in other 

organs.17 With respect to sex-related differences, females experiencing chronic stress had more pronounced 

microbial differences in measures of diversity (reduced alpha diversity) and abundance of certain bacterial taxa.  
 

Conclusions: Psychosocial stress exposure has a significant effect on laryngeal microbial composition, however, the 
duration of the stressor (chronic versus acute) matters. In addition, females were more susceptible to stress-induced 
laryngeal microbiota variation. These data lay the groundwork for delineating the functional consequences of stress-
induced phylogenic differences on laryngeal physiology. 
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Abstract:  
  

  

Objectives / Introduction: The diagnosis of Reinke's edema (RE) is a classic visual diagnosis. This and surgical 

therapy have pushed questions about the pathogenesis into the background. Smoking, vocal strain and hormonal 

influences are classically cited as causes, but the exact effect on the vocal fold tissue is not known. The aim of this 

paper is to provide an overview of the molecular and micro-anatomical basis of RE.  

  

Methods: Literature review, summary of own experiments.  

   

Results: The understanding of molecular mechanisms and electron-microscopical findings led to a better 

understanding of the pathophysiology. Our own in vitro experiments showed that the combination of cigarette smoke 

and vibration promotes neo-angiogenesis. Elongated and ectatic vessels are typical laryngoscopic findings of RE. The 

permanent vibration of these elongated microvessels within the vocal folds leads to leakage with increased extravasation 

(Sato et al.) and the resulting edema. However, the vocal fold fibroblasts themselves also change as a result of years 

of exposure to cigarette smoke.  

  

Conclusions: The combination of recent in vitro experiments and known electron microscopic findings provide a 

clearer picture of the pathogenesis of RE. In vitro experiments allow for the first time the separate and combined 

consideration of risk factors (smoking, vibration). A causal understanding of the pathophysiology creates the basis for 

therapies that are not purely symptomatic. The use of various lasers for the treatment of RE is based precisely on this 

understanding.  
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Abstract: 

Objectives / Introduction: 

Reinke’s edema (RE) is a benign lesion of the vocal folds (VF) mostly occurring in middle-aged women, leading to a 
hoarse, non-sustainable and low-pitched voice and sometimes breathing difficulties. Current treatment options are 
phonosurgery and cessation of risk factors such as smoking and heavy voice use. But even after treatment, a full 
recovery cannot be regained and there is an urgent need for a better understanding of the molecular causes of the 
disease and new treatment options. 

Previously published RNA sequencing (RNAseq) data in our lab (Grill et al. 2021) led to the hypothesis that human 
vocal fold fibroblasts (hVFF) from RE patients have an altered response to cytokines, and are permanently altered by 
differential methylation. 

Methods:   

To test this, hVFF from our cell bank, previously collected from female RE patients and controls during phonosurgery 
or post-mortem (Diagnostic and Research Institute of Pathology, Medical University of Graz), were cultured in DMEM 
containing 10% FBS and 100 µg/ mL Normocin.  

Cytokine treatment: Primary hVFF from RE and controls were starved over night with DMEM, 0.5% FBS and 100 µg/ 
mL Normocin. Cells were treated with or without either 10 ng/ mL TGFβ, 5 ng/ mL IL-1β, or 25 ng/ mL IL-6 in starving 
medium, respectively, for 15 min, 1 h, 6 h or 24 h (TGFβ: n = 6, IL-6: n = 3, IL-1β: n = 3). RNA levels were measured by 
qPCR, protein levels by western blot analysis.  

Untreated cells were analyzed for DNA methylation (control n = 11, RE n = 17). Therefore, cell pellets were lysed and 
genomic DNA was isolated, purified and bisulfite converted, and DNA methylation was measured by Illumina DNA 
methylation EPIC v2 array. Bioinformatical analysis was done using the R packages minfi, shinyEPICo and seSAMe. 

Histology: For evaluation of tissue morphology (control n = 2, RE n = 4), 5 µm paraffin-embedded tissue sections of 
control and RE VF tissue received from the department of pathology, were stained with haematoxylin and eosin 
according to standard procedures. Further, immunohistochemistry (IHC) was used to determine celltype-specific 
localization of the targets of interest, such as AQP1, TGM2 and IL-1R1. 

Results:  

TGFβ treatments: Treatment of hVFF with TGFβ resulted in an altered, increased gene expression of HIF1α, AQP1 
and TGM2 in RE hVFF compared to control hVFF. 

IL-6 and IL-1β treatments: Treatment of primary hVFF resulted in a cellular response to both, IL-1β as well as IL-6, 
shown by phosphorylation of the transcription factors NFκB and STAT3, respectively. While previous RNAseq 
experiments revealed an increased expression of IL-1R1 and IL-6R in RE hVFF compared to controls, we detected a 
further increase of IL-1R1 mRNA expression upon 24h of IL-1β or IL-6 treatments in hVFF from RE patients, but not in 
healthy controls or untreated RE hVFF.  

DNA methylation: preliminary data analysis: non-directed analysis of differential methylation positions (DMP) revealed 
7 hypermethylated and 17 hypomethylated positions (CpG sites) with an FDR < 0.05, three of them positioned in the 
shore, one in shelf and all others in OpenSea positions. Further, targeted analysis of DMP was done for differentially 
expressed genes previously determined by RNAseq.  

IHC: While in control tissue, AQP1 was mainly expressed in endothelial cells and perivascular, AQP1 in RE VF was 
found highly expressed throughout the lamina propria. TGM2 in control tissue was mainly expressed in endothelial cells 
and perivascular, whereas TGM2 in RE VF was also expressed in fibroblasts throughout the lamina propria. In control 
tissue, IL-1R1 was mainly detected in epithelial, endothelial, and some single, isolated cells, but IL-1R1 staining in RE 
VF was found throughout the lamina propria. Fibroblasts, endothelial cells and other vimentin-positive cells were evenly 
stained in control and RE VF tissue, confirming an equal stainability of both, control and RE, tissue samples and 
excluding tissue preparation/ fixation issues as a cause for differential staining. 
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Conclusions:  

We were able to show that hVFF isolated from RE patients do indeed have an altered response to treatment with the 
cytokines TGFβ, IL-1β or IL-6, respectively, leading to increased gene expression levels of HIF1α, AQP1, TGM2 and 
IL-1R1. In our preliminary DNA methylation data analysis, we found differentially methylated positions in RE hVFF 
compared to control hVFF that have to be confirmed in follow-up experiments. In preliminary IHC analysis of FFPE 
tissue, we were able to show that an altered gene expression of some targets of interest is also detected in RE tissue 
sections. Based on these results, we suggest epigenetic modifications that lead to an altered regulation of gene 
expression and contributes to the pathogenesis of RE. 

Acknowledgements: 
Thanks to L. Glawitsch for performing the EPIC v2 workflow and S. Hasenleithner for providing help with DNA 

methylation analysis using R. This work is supported by the Austrian Science Fund (FWF) grant P36067, awarded to 
M. Grill.  

References: 
Grill, M.; Lazzeri, I.; Kirsch, A.; et al. Vocal fold fibroblasts in Reinke’s edema show alterations involved in extracellular 

matrix production, cytokine response and cell cycle control. Biomedicines. 2021;9(7)  

  



ICVPB 2024 

82 
 

Voice loudness, self-assessment, and auditory-sensory feedback in voice 

production in Parkinson's disease 

Francisco Contreras-Ruston1,2,3, Antoni Callen4, Matias Zañartu5, Castillo-Allende6, 
Saavedra-Garrido, Jorge7, Ochoa-Muñoz Andrés7, Eric J. Hunter8 , Jordi Navarra1, Sonja A. 

Kotz2 
1 Department of Cognition, Development and Educational Psychology, University of Barcelona, Barcelona, Spain 

2 Faculty of Psychology and Neuroscience, Department of Neuropsychology & Psychopharmacology, Maastricht University, 
Maastricht, The Netherlands. 

3 Speech-Language Pathology and Audiology Department – Universidad de Valparaíso, San Felipe, Chile 
4 Institut de Recerca, Hospital Sant Joan de Déu, Barcelona, Spain 

5Universidad Técnica Federíco Santa María, Viña del Mar, Chile 
6Department of Communicative Sciences and Disorders, Michigan State University, EEUU 

7Department of Statistics, Universidad de Valparaíso, Valparaíso, Chile 
- 8Department of Communication Sciences and Disorders, University of Iowa, Iowa City, EEUU 

 
  

Keywords:  Parkinson’s disease, voice, dysphonia, self-assessment-loudness, auditory-sensory feedback 

 

Abstract: 
 
Objectives / Introduction: 

 

Parkinson's disease (PD) often presents voice-specific symptoms such as a decrease in voice loudness. This potential 
dysregulation might partially result from an alteration in the feedforward system underlying (Guenther et al.,2006; 
Huang et al., 2019), further indicated that sensory feedback regulations rely on a forward system that supports voice 
regulation. We know little about how this system is affected in Individuals with PD (IwPD), and why they often fail to 
notice their difficulties in voice regulation. Self-awareness of one's own voice is a crucial element for  voice clinics, 
where clinicians frequently use voice self-assessment instruments in PD’s voice evaluation. However, likely due to their 
diminished self-voice awareness, PD may consider their voice regulation as normal in these assessments. Other 
approaches, such as electrophysiological studies are challenging but have shown to be potentially useful to test 
forward models by looking into the motor preparatory phase before voice onset and the outcome of sensory feedback 
with event-related brain potentials (ERPs).  For example, Knolle et al., (2019) showed  a motor induced suppression 
(MIS) effect of the N1 and P2 ERP components, that is sensitive to expected sensory feedback. Changes in MIS in IwPD 
might therefore be a good measure to monitor difficulties in voice loudness control (Emmendorfer et al., 2021; Abur 
et al., 2018; Li et al., 2021).  
 

Methods:  
 

To gain insight into the regulation of voice loudness control  in IwPD, we conducted the two studies. 
 
Study 1 - Questionnaire Study 
IwPD and individuals with General Voice Disorders (GVD) completed the Voice Symptom Scale (VoiSS) questionnaire 
to evaluate their voice self-awareness. Vocal loudness (dB) was also assessed. Univariate and multivariate analyses 
were used to compare outcome measures between the two groups.  
 
Study 2 - EEG Study 
This study examined the sensory feedback of the patiens’ own in terms of voice loudness in ERPs (N1 and P2) in IwPD. 
A Button-Press Paradigm (BP) with three conditions was used: (a) A Voice Motor Condition (VMC) x (+15dB/habitual 
loudness) required participants to press a button to induce their voice; (b) Voice Only Condition (VOC) x 
(+15dB/habitual loudness) where participants simply listened and attended to their pre-recorded voice; and (c) Motor-
Only Condition (MOC) where participants pressed a button only. The experiment included  100 trials in each condition. 
In healthy individuals and in IwPD.  
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Results:  
 

Study 1  
IwPD reported significantly fewer vocal symptoms than those with GVD in all VoiSS questionnaire domains. 
Multivariate principal component analyses revealed no significant correlations between VoiSS scores and the voice 
acoustic parameters of the participants. Despite experiencing hypophonia, IwPD scored lower on the questionnaire 
within the healthy voice range. Hierarchical Clustering Analysis grouped participants into three distinct categories, 
primarily based on age, vocal loudness, and VoiSS domain scores, distinguishing between PD and GVD individuals. 
 
Study 2  
The amplitudes of ERP components previously associated with suppression were found to be anomalous IwPD. This 
was  evident both at the normal  loudness and at +15dB levels, which differed in healthy control individuals but not 
IwPD.  

 
Conclusions:  
 

These studies highlight key differences in their own voice perception and production in IwPD. Study 1, showed that 
IwPD report fewer vocal symptoms than persons with other voice disorders, indicating a discrepancy in self-awareness 
of changes in voice regulation in PD.  Study 2 revealed alterations in sensory feedback in PD, as seen in N1 amplitude 
changes, suggesting impaired neural processing in voice loudness control. These findings emphasize the need for 
tailored assessment and treatment approaches in voice therapy for PD, taking into account both their subjective 
perceptions and objective neurophysiological changes. 
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Objectives / Introduction:   

Alzheimer’s Disease (AD) is a progressive neurodegenerative disease caused by abnormal presence of tau protein, beta-

amyloid aggregation, and inflammation in the central and peripheral nervous systems. Although mostly known for hallmark 

signs such as memory loss and cognitive decline (dementia), communication deficits also occur during disease progression 

and significantly impact well-being and quality of life. However, little is known about peripheral changes, specifically laryngeal 

pathology in the prodrome and early stages of the disease, due to delayed clinical diagnosis. To overcome this obstacle, we 

use the validated transgenic TgF344-AD rat model of Alzheimer’s disease that manifests early behavioral, cognitive, and 

neuropathological dysfunction. Our previous work with this model demonstrated ultrasonic vocalization deficits at 6mo of age 

and AD-related pathology and inflammation in the thyroarytenoid muscle (TA) at 12mo of age. The objective of this work is to 

test the central hypothesis that AD-pathology and inflammation manifest early in several laryngeal muscles that contribute to 

vocalization. We aim to test the hypotheses that 1) ADrelated pathology can be found in laryngeal tissue at 12mo of age (early 

stage) in the TA, cricothyroid (CT), and posterior cricoarytenoid (PCA) muscles, 2) AD-related inflammatory processes are 

present in the TA, CT, and PCA muscles in the early stages of disease, and to 3) establish that the TgF344-AD rat model of 

Alzheimer’s disease is suitable for preclinical investigations of early AD-related laryngeal pathology.   

  

Methods:   

RT-qPCR was used to characterize peripheral inflammation and AD-related pathology via gene expressions in the TA, CT, 

and PCA muscles of six male TgF344-AD rats (n=6) and six WT Fischer-344 rats (n=6) at 12 months of age. Due to the 

ongoing controversy on aerodynamics and motor control of ultrasonic vocalizations, as well as the absence of the alar muscle 

in humans, TA, CT, and PCA were chosen, as they play a significant role in the production of vocalizations. One hemilarynx 

was used from each rat to assay for AD-specific peripheral gene expressions Serpina3n, Uqcrc2, Pkp4, Ctsl, Bace2, Prkc , 

and Igf2; pro-inflammatory cytokines Il1r1, Rorc, Jun, Foxp3, Myd88, Il1a, Il1β, Il6, Il12b, Il2, Ifnγ, and anti-inflammatory 

markers Il10, and Ifnα1 in the TA. PCR reactions were run in triplicate and normalized to Hsp90 housekeeping gene. The 

same gene expression targets were used to assay CT and PCA muscles from the second half of the bisected larynges.   

  

Results:   

Our recent findings demonstrated significant downregulation of AD-related genes in TgF344-AD rats compared to WT Fischer-

344 controls in the early stage of the disease (12mo) in Uqcrc2 (FC = 0.208; p = 0.003; d = 6.712), Bace2 (FC = 0.022; p = 

0.019; d = 3.117), Serpina3n (FC = 0.017; p = 0.038; d = 2.502), and Igf2 (FC = 0.461; p = 0.054; d = 2.200), as well as 

significant downregulation of pro-inflammatory gene Myd88 (FC = 0.091; p = 0.008; d = 2.399). Based on these results, 

additional investigations are ongoing, and results will be presented for AD-related inflammatory markers Il1r1, Rorc, Jun, 

Foxp3, Myd88, Il1a, Il1β, Il6, Il12b, Il2, Ifnγ, Il10, Ifnα1, and AD-specific markers Serpina3n, Uqcrc2, Pkp4, Ctsl, Bace2, Prkc 

, and Igf2 in the CT and PCA.   

  

Conclusions:   

Our study demonstrated significant early-stage downregulation of AD-related genes in the TA muscle in 12-month-old TgF344-

AD rats that possibly contribute to related vocal deficits and indicated inflammatory dysregulation at the early stage of the 

disease. These results support current findings on early peripheral dysregulation and are the first to demonstrate early AD-

related pathology in laryngeal muscles for vocalization. Further characterization of inflammatory processes and dysregulation 

in laryngeal tissue will help in understanding potential dichotomous activities of cytokines and inflammation cascades during 

the early disease stage. Preclinical investigations of laryngeal muscle pathology are imperative for improving our 

understanding for onset and progression of AD-related vocal dysfunction and overall AD pathophysiology for early detection 

and targeted interventions.   
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Figure 1:  

  
Our previous study demonstrated significantly downregulated genes associated with AD and inflammation (Rudisch et al., 

2024). Each circle represents a specific gene target: Black indicates no significance; blue indicates upregulation;  

red indicates downregulation. Points to the right of the blue dashed line show upregulation, ≥ 2-fold. Points to the left of the 

red dashed line indicate downregulation. Points above the horizontal black dashed line indicates p-value ≤0.05, denoted 

with a solid-colored icon.  

  



ICVPB 2024 

86 
 

PRODROMAL VOCAL CHANGES IN HOMOZYGOUS PINK1 KNOCKOUT MODEL 

OF PARKINSON DISEASE 

  

Maryann N. Krasko1,2, Denis Michael Rudisch1,2,3, Michelle R. Ciucci1,2,4  
1 Department of Communication Sciences and Disorders, University of Wisconsin-Madison, Madison, 

WI, USA   
2 Department of Surgery, Division of Otolaryngology-Head and Neck Surgery, University of Wisconsin-

Madison, Madison, WI, USA  
3 Institute of Clinical and Translational Research, University of Wisconsin-Madison, Madison, WI, USA  

4 Neuroscience Training Program, University of Wisconsin-Madison, Madison, WI, USA   

Keywords: Voice; Ultrasonic Vocalizations; Parkinson disease  

  

  

Abstract:  
  

Objectives / Introduction:  
Vocal deficits are some of the earliest and most common signs of Parkinson disease (PD);1,2 yet, they are not identified 

or treated until mid-to-late stages of the disease. This is largely attributed to the fact that vocal changes begin to manifest 

in in the prodromal stage, prior to nigrostriatal dopamine depletion and the appearance of hallmark motor signs - and 

therefore formal diagnosis.2 Moreover, the pathology underlying this vocal decline is currently unknown. This renders 

the identification and treatment of PD-associated vocal dysfunction in the prodromal stage nearly impossible. To 

overcome this limitation, we use the validated early-onset genetic Pink1 knockout (-/-) rat. Previous work investigating 

vocal calls of Pink1-/- rats across the disease process revealed progressive decline in several vocal parameters, 

including intensity and bandwidth, as well as insoluble alpha-synuclein in the brainstem at 8 months of age.3 Here, we 

aimed to assess vocalization at 4 months of age, analogous to the prodromal stage of disease, and quantify pathologic 

alpha-synuclein in the brainstem. We hypothesized that at 4 months of age Pink1-/- rats would show early changes to 

vocalizations, as well as presence of pathologic alpha-synuclein in brainstem nuclei associated with vocal function.  

  

Methods:   
Six Pink1-/- male rats and 8 male wildtype (WT) control rats were assessed in this pilot study. All rats were tested at 4 

months of age, analogous to the prodromal stage of PD. Calls (ultrasonic vocalizations, USVs) were elicited via mating 

paradigm, after which vocalizations were recorded for 90 seconds. DeepSqueak software was used to categorize calls 

into simple or complex calls, and to extract the following outcomes: average USV principal frequency, peak frequency, 

low frequency, high frequency, bandwidth, intensity, call length, and call count. Following behavioral assessment, neural 

tissue was harvested and processed for immunohistochemistry. Proteinase-K-resistant alpha-synuclein will be 

examined in the nucleus ambiguus and nucleus tractus solitarius.  

   

Results:   
Findings revealed that Pink1-/- rat complex calls were produced with a significantly greater bandwidth (p = 0.035) and 

average high frequency (p = 0.034) compared to WT controls. Pink1-/- rat complex calls were also produced with greater 

mean power (p = 0.035) than that of WT complex calls. Alpha-synuclein immunohistochemistry in the brainstem is 

ongoing.  

  

Conclusions:   
Findings from this study reveal that the genetic knockout of the Pink1-/- gene results in early changes to vocalizations. 

Moreover, this will be the first study to assess proteinase-k-resistant alpha-synuclein in the nucleus ambiguus and the 

nucleus tractus solitarius in Pink1-/- rats at 4 months of age, which may provide insight into the pathology underlying 

these early vocal changes.  
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Abstract:  
  

Objectives / Introduction:  

Wider implementation of high-speed laryngeal videoendoscopic and kymographic imaging into clinical practice 

requires a better understanding of the nature of the vocal fold oscillatory waveforms observed laryngoscopically. The 

motion of the upper margin of the vocal folds is normally delayed behind the motion of the lower margin, making the 

glottis convergent during the opening phase and divergent, or less convergent, during the closing phase. Detection 

of the vertical phase differences (VPDs) between the lower and upper margins is diagnostically important as it reveals 

about mucosal pliability. Proper detection of VPDs through laryngoscopy, however, requires the lower vocal fold 

margin to be visible during the glottal closing phase, which is not always the case in clinical practice. In this paper, 

we therefore define the “ideal glottal waveform” in which the glottis is convergent during opening and divergent during 

the closing phase, creating the most favorable conditions for measuring VPDs. In such a case, the glottal edge is 

determined by the movements of the upper vocal fold margins during the opening phase, and by the movements of 

the lower vocal fold margins during the closing phase. The aim of this study was to define the ideal glottal waveform 

quantitatively, and to identify the favorable kinematic conditions in which it occurs.   

  

Methods:   

We simulated different glottal waveforms using a previously developed two-dimensional mucosal-wave-based 

kinematic model of the vocal fold oscillations, which was found suitable for generating kymograms resembling those 

observed laryngoscopically in vivo [1, 2]. For this introductory study, the original curved shape of the M5 model [3] 

was made rectangular by setting the entrance and exit radii to be below 10 micrometers; this allowed the upper and 

lower margins to be uniquely determined as distinct points rather than curved surfaces and made the detection of 

the ideal waveforms easier. The vocal fold surface points were driven to oscillate sinusoidally in horizontal and 

vertical directions following circular trajectories in the transversal plane. We varied five model input parameters within 

clinically relevant ranges: amplitude of oscillation of the vocal fold’s upper margin AU (0.1 to 1.1 mm), amplitude of 

oscillation of the vocal fold’s lower margin AL (0.1 to 1.1 mm), VPDs between the upper and lower vocal fold margins 

φVPD (0° to 125°), glottal halfwidth HW (-0.05 to 1.2 mm), and glottal convergence angle ψCVG (-15° to 35°). Each of 

these five parameters was set to five different values covering the considered ranges, resulting in a total of 3125 

(i.e., 55) oscillatory waveforms. The rest of the input parameters were kept constant. For simplicity, the kinematic and 

geometric properties were set to be identical on the left and right vocal folds so that the resulting vibratory pattern 

was symmetric.  

To quantify the degree of “ideality” of the glottal waveforms, we introduced “upper margin quotient, QU” quantifying 

the proportion of time when the upper margin is at glottal edge during opening, and “lower margin quotient, QL” 

quantifying the proportion of time when the lower margin is at glottal edge during closing. The ideal glottal waveform 

was defined as the case when QU = QL = 1.   

   

Results:   

Within our dataset of 3125 cases, the opening phase of the glottal waveform was entirely defined by the movement 

of the VF upper margin in 68 % (2134) of the cases (QU =1), whereas the closing phase was wholly defined by the 

movement of the lower margin in 28% (881) of the cases (QL=1). The ideal waveform, fulfilling both of these 

conditions simultaneously, occurred in 12 % of our dataset cases (368 out of 3125 cases).   
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The ideal waveforms occurred most likely when the upper and lower margin amplitudes AU and AL were similar, 

the glottal convergence angle ψCVG was close to zero, the glottal halfwidth HW was below 0.45 mm, and the vertical 

phase differences φVPD were larger than 50° (Figure 1).  

  
Figure 1: Percentages of ideal waveforms within different subranges of input parameter values. The pink horizontal 

lines indicate the average percentages of ideal waveforms for the whole dataset.  
  

Discussion and conclusions:   

Among the five basic input parameters, we found the convergence angle ψCVG to be the most influential one, 

producing the maximum of 27 % of ideal waveforms at the ψCVG values between 0° and 5°, regardless of the input 

values of other parameters (Figure 3e). An even more influential factor, however, was a combined parameter, i.e., 

the difference between the upper and lower margin oscillatory amplitudes ALUrel defined as:  

  

ALUrel =  (AL-AU)/(AL+AU)  

  

When the lower and upper margin amplitudes were similar and the amplitude differences ALUrel were around zero, 

the ideal waveforms occurred in 30 % of cases, regardless of the input values of other parameters (Figure 3f). The 

other individual input parameter values also showed an influence on the occurrences of ideal waveforms, but their 

maxima were smaller (20, 25, 24 and 20 % for AU, AL, HW and φVPD, respectively, see Figure 3a-d). Nevertheless, 

since no individual parameter subranges exist in which ideal waveforms occur in 100% cases, favorable values of 

all the parameters should be combined to produce the ideal waveforms.  

In 88 % of the cases, the waveforms did not fulfill the ideal conditions. In these cases, either the lower margin was 

hidden during some portion of the closing phase, or the upper margin was not at glottal edge during some portion of 

the opening phase. This makes the influencing factors on the waveform shape more complex and decreases 

interpretability of the VPD estimations for the non-ideal waveforms, e.g., when using sinusoidal fitting methods [4]. 

Therefore, we consider it useful to quantify the degree of “ideality” of the glottal waveforms when evaluating mucosal 

pliability and estimating the VPDs.   
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Abstract: 
 
Objectives/Introduction: 
The objective of this presentation is to demonstrate the nature of interaction between multiple self-
oscillating sound sources distributed serially in an airway. Potential combinations are the true folds, the 
false folds, the aryepiglottic folds, the velum, the tongue, and the lips. 

 
Methodology: 
The methodology is computational. A simplified Navier Stokes solution is used to solve air transport and 
wave propagation from the base of the trachea to the lips. Various sections along the airway are selected 
as vibratory sound sources by changing the viscoelastic wall properties and producing a “fold-like” 
geometry with several sections. 

 
Results: 
Results indicate that serially coupled oscillators tend to entrain one another with aero-acoustic energy 
transfer. Their frequencies, amplitudes and phases are not independent. Glottal configuration, proximity of 
the sources to each other and to positively reactive airway segments, are major components of source 
dominance.  

 
Conclusions: 
It is concluded that these results may have bearing on multi-phonic sound production in singing, voiced 
consonant production in speech, vocalization with semi-occluded vocal tracts, and snoring.     
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Abstract: 
 

Objectives / Introduction: 
When humans produce speech for communication, often two contradictory objectives are targeted at once. If the first 

objective is to optimize intelligibility, then a low, relatively stable, fundamental frequency is desirable. This condition, 
with densely spaced harmonics and little entrainment between the sound source and the acoustic filter of the vocal tract 
allows for rapid and precise modulation of the sound source by the speech articulators. If the objective, however, is to 
optimize total radiated sound intensity and tone quality, then a variable fundamental frequency that allows for frequent 
and prolonged alignment of harmonics with resonances of the vocal tracts would be preferrable. 

The purpose of this study is to investigate the degree to which these couplings between the oscillating sound source 
and the vocal tract filter occur in connected speech samples, helping to illustrate how humans may choose to optimize 
their vocalizations for intelligibility, intensity, or both. 
 

Methods:  
Data Collection - This study utilized both simulated voice signals and connected speech samples from human 

subjects. Simulated signals were produced using TubeTalker under two conditions. First, the fundamental frequency 
(fo) was fixed at 100 Hz, while the cross-sectional areas of the articulatory space of the simulator were randomly varied 
to produce an approximation of all possible vowel conditions, in essence disallowing source-filter coupling. In the second 
and third conditions, the fo was allowed to vary along with the articulatory space with the condition that 2fo or 3fo had to 
match the first resonance frequency of the resulting vocal tract shape, essentially forcing a complete coupling of the 
source and filter. 

 
Speech samples were collected from 41 adult American English speakers (21 Female, 20 Male) as part of a separate 

study (Ferguson, 2004). Subjects were each recorded speaking 188 sentences. Sentences were categorized into 3 
types: 1) /b vowel d/ sentences, with ten vowels in the /bvd/ context, each set in seven sentence frames – 70 sentences 
total, 2) consonant-vowel-consonant sentences, with words chosen or adapted from the Northwestern University 
Auditory Test, No.6 (NU-6; (Tillman & Carhart, 1966)), each set in two sentence frames – 104 sentences total, and 3) 
14 additional sentences from the Central Institute for the Deaf (CID) Every Day Sentences test  (Davis & Silverman, 
1978). The sentences from each subject were trimmed and concatenated, resulting in 41 samples, each containing 
between seven and ten minutes of connected speech. 

Analysis – for all samples, simulated and human, acoustic signals were analyzed to compute a set of three “density” 
plots. A Voice Range Density normalized (VRDN) indicates the density of the SPL and fo values, with color intensity 
indicating the amount of time spent in that SPL/fo combination. A Vowel Space Density normalized (VSDN) shows the 
density of the F1 and F2 formant frequencies. Finally, the Source-Tract Coupling Density (STCD) indicates the population 
of fo/F1 pairs, with the white lines indicating where F1=nfo, indicating how much time is spent during the sample with 
alignment between various harmonics (nfo) and F1. 

 
Results:  
Density plots for the simulated samples provide compelling visualization of the extreme conditions, where source filter 

couple is either non-existent, or nearly constant. In human subjects, there is naturally more variability between subjects. 
Still, in large speech samples, the density plots indicate that most speakers spent considerable amounts of their 
phonation time with a coupling between the source and filter as visualized by the STCD.  

 
            

Conclusions:  
This study provides evidence that, in the absence of specific instructions regarding voice production, humans can 

optimize their vocalization to align/couple formant frequencies with harmonics of the sounds source. Given the 
prevalence of these couplings across subjects and the lack of instruction regarding voice quality targets, it seems 
unlikely that the subjects were consciously deciding to make these adjustments. Instead, it appears plausible that the 
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voice system self-organized to optimize beneficial interactions between the source and filter. Future research will 
investigate if and how subjects may optimize their vocalizations in response to external directions to target their voice 
production (e.g. speak loudly, or speak clearly). 
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Abstract:  
  

Objectives / Introduction:   

Vocal activity is primarily perceived as an acoustic phenomenon. However, vibrational sensations at different parts of 

the body of the speaker/singer also emerge. The airways in the vocal tract and the subglottal system are both 

vibrationally excited during phonation and these vibrational sensations are essential for trained singers to perform in 

harsh acoustical environments on stage. The impact of subglottal resonances has been discussed in literature (Hanna 

et al. 2018; Tietze 2023; Hoyer et al. 2022). The vibrational amplitude measured at the jugulum (soft region between 

the cricoid cartilage and the sternum) is an indicator for vocal settings (Frič et al. 2024) and correlates with basic vocal 

parameters as the sound pressure level (SPL) as well (Sveč et al. 2005). In contrast to supraglottal resonances, 

subglottal resonances are less flexible and little interaction has been found for the first two vocal tract resonances. 

However, at frequencies above 2 kHz, vocal tract resonances may cross the vocal folds that serve as an efficient barrier 

between upstream and downstream acoustics at lower frequencies. Simulations based on the resonance structure of 

the total airway suggest the importance of the upper region of the windpipe just below the glottis for the vocal output 

(Titze 2023).   

  

While an external vibrational excitation has been used to estimate vocal tract resonances (Pham Thi Ngoc and Badin 

1994), to our knowledge no attempt has been made to measure the vocal parameters after vibrational stimulation of the 

subglottal region. As mechanical interactions are strong at frequencies below 800 Hz, we chose frequencies between 2 

and 6 kHz which are relevant for the sound quality but where vibratory interactions are limited (Sundberg 1992).  

  

Methods:   

The vibrational excitation was induced at the skin at the sternum using a Dynavox EXC-25 (Sintron Distribution GmbH, 

Sinsheim, Germany) exciter (excitation voltage 2.9 Vpp). The frequency range of the broadband vibrational signal 

ranged from 2 kHz to 6 kHz. A headband fixed microphone was placed at 30 cm distance (Sennheiser MKE2, Germany) 

and an EGG (Laryngograph D-200, icSpeech, Kent UK) was used with an accelerometer (PCB Electronics 352C23) 

placed at the EGG electrode surface.   

  

After warm-up, a scale singing in medium dynamic in the whole pitch range on vowel [a] as well as all prolonged 

vowels in 3 pitches (D4, A4, D5), a simple song (happy birthday) and a standard reading performed by four female 

singers before and after the intervention were recorded. The singers were asked to phonate with the exciter pressed to 

their chest. During the training with excitation, the participants were asked to phonate vowels [i:, e:, a:, o:, u:] in common 

Check pronunciation and in a comfortable range at different pitches as well as pitch glides for a duration of up to 5 min.  

  

The vocal data were extracted using the Praat software (Boersma and Weenink, Amsterdam, Netherlands; Version  

6.3.17). The EGG signal was evaluated using the DECOM method implemented in MATLAB (Henrich et al 2004).  

 

Results:   

The treatment with a broadband vibrational excitation between 2 and 6 kHz at the chest (sternum) induced changes 

in the voice of the participants after the intervention. The reported changes after the intervention of the four participants 

were coherent in the categories “more resonant” and “increase in volume” in respect to their voice.   

  

Acoustical findings confirm an increasing SPL and a rise in the first harmonic as well as a rise in higher harmonics 

(CPPS). The decrease of noise-to-harmonic ratio and the frequency position of the third formant in [i:, e:, a:, o:, u:] 

vowels (paired t test) were observed.   
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In scale singing ([a:] vowel) the results showed similarly an increase of SPL and the first harmonic level increased as 

well. As for CPPS, the spectral tilt, spectral slope, and spectral centroid (0 - 2.5 kHz) increased. Furthermore, the 

frequency position of the first, the second, and the fifth formant were raised. The contact coefficient decreased when 

compared with respect to f0 and SPL for both speaking voice and singing scales, whereas the singing power ratio (SPR) 

generally increased for singing scales.  

  

Conclusions:   

A vibrational excitation at the sternum in the frequency range of 2 kHz to 6 kHz has an impact on the voice of the four 

female participants. A lower contact coefficient together with an increase in SPL indicates that the voice efficiency is 

increased after the intervention. The excitation of the subglottal airways during singing may influence the connectivity 

between the subglottal and the supraglottal region. The influence of the intervention may be due to a training effect, an 

alternation of the glottal flow and/or a stimulus of the tissue. Further research is necessary to elucidate the underlying 

process of the intervention further.  
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Abstract: 
 
Objectives / Introduction: 
 
In the current understanding of speech production, it is widely believed that the cricothyroid and thyroarytenoid 

muscles are mainly responsible for fundamental frequency control. (1) However, previous studies have shown that the 
correlation between muscular activity and fundamental frequency is not perfect and, furthermore, is not always 
predictable. (2) The particularities of the laryngeal neuromuscular system have long been reported (3–7), and other 
dedicated muscle groups also show similar particularities (e.g. the extraocular eye muscles), but no consensus has yet 
been reached. Our study aims to provide new insights into the neural control of laryngeal muscles that may explain 
some of the functional peculiarities of the intrinsic laryngeal muscles during posture and vocalization. 
 

Methods: 
 
Two complementary studies were conducted on porcine and human larynges to determine the functional and 

anatomical characteristics of the intrinsic laryngeal muscles and their innervation. Larynxes from 20 pigs were freshly 
excised and investigated electromyographically. For this purpose, the cricothyroid or thyroarytenoid muscle was 
stimulated with direct current (in the absence of external innervation) and a possible reaction in the respective opposite 
muscle pair was recorded. To confirm the functional results, 10 human larynges were dissected and processed for two-
color immunofluorescence with neurofilament 70 KD and either synaptophysin or ACtH and for transmission electron 
microscopy. For immunofluorescence, two sections were selected from each hemi-larynx, while the corresponding hemi-
larynx was processed for electron microscopy. For this purpose, two small muscular biopsies were taken from the vocalis 
muscle in its anterior and posterior half near the vocal ligament. Ultra sections were selected from each biopsy, usually 
2 per biopsy fragment.  

 
Results: 
 
Electromyography revealed simultaneous contraction of the cricothyroid and thyroarytenoid muscles in all cases. The 

contraction was bidirectional and had similar amplitude in both muscles. This indicates a reflex pathway between the 
two muscles that is not related to the classical innervation of the larynx, as the classical innervation was severed during 
laryngeal excision. At the same time, both the immunofluorescence and electron microscopy revealed the presence of 
neurons distributed between the muscle fibers within the vocalis muscle, suggesting the presence of a neural network 
and a possible center for the reflex pathway described previously. Furthermore, the muscle fibers of the larynx appear 
to be multiply innervated, as has been formulated by other authors, and their muscle structure differs from that of other 
striated muscular fibers in the human body. The presence of an agonist-antagonist reflex and the discovery of nerve 
bodies within the vocalis muscle suggests that the larynx has a local neuronal network that is independent of external 
innervation by the superior and inferior laryngeal nerves. This in turn influences how the interactions between the 
cricothyroid and thyroarytenoid muscles are modeled especially with regard to the tension of the body and cover layers 
of the vocal fold during phonation. 

 
 
 
Conclusions: 
 
In addition to innervation via the superior and inferior laryngeal nerves, the larynx has a neuromuscular system with 

complex intrinsic innervation and specific muscle fibers. Our study emphasizes both the morphological concept for the 
network and its electromyographic features. The role of the network needs to be further analyzed. The network allows 
the cricothyroid and cricoarytenoid muscles to control each other's activation. This explains the imperfect correlation 
and allows for greater complexity in speech gestures. Further development of this study is needed with an increase in 
the sample size and a systematic analysis of the vocal folds to fully characterize the neural network. To better understand 
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the discovered reflex, studies on human subjects with previous laryngeal nerve lesions could highlight its functioning 
during vocal gestures. These initial results could have a lasting impact on our understanding of muscular activation 
patterns during vocalization.  
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Abstract:  
  

It was discovered more than 20 years ago that animal vocalizations often exhibit nonlinear phenomena, such as 

subharmonics, biphonation, and deterministic chaos. Since then, researchers have collected and classified hundreds 

of calls from various animals, including monkeys, deer, dogs, horses, farm animals, and zebra finches. These 

recordings provide valuable information about sound production mechanisms and the potential functions of nonlinear 

phenomena.  

  

Advanced oscillator theory can help analyze these complex data sets. Bifurcations and attractors can be visualized 

using "Arnold tongue diagrams," representing bifurcation diagrams with frequency ratios on the x-axis and coupling 

strength on the y-axis. The asymptotic dynamics ("attractors") can be classified as frequency locking, torus, or 

deterministic chaos for any set of parameters. Slowly varying parameters, such as frequencies, sound intensity, or 

coupling strength, induce well-defined qualitative changes known as "bifurcations."  

  

The combination of data analysis, mathematical modeling, and oscillator theory can lead to testable predictions. For 

instance, additional vibratory structures, such as vocal membranes, can increase the occurrence of nonlinear 

phenomena. Varying parameters should result in a sequential ordering of Arnold tongues and tori called the "devil's 

staircase." The prevalence of biphonation in horse vocalizations suggests weak coupling of two sound-generating 

mechanisms. The synergy between data analysis and oscillator theory can contribute to a better understanding of the 

biological functions of nonlinear phenomena.  
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Abstract:  
  

Objectives / Introduction:   

Homeostasis in healthy human vocal folds is maintained by complex interactions between the protective epithelium 

and the underlying fibroblasts within the lamina propria. Vocal fold fibroblasts synthesize most of the extracellular matrix 

components in response to signals from the surrounding environment. The differentiation of the native lamina propria 

into a unique multilayered tissue during human development is correlated with the physiological vibration of the tissue. 

This research focused on molecular changes in vocal fold fibroblasts driven by sex-specific vibration patterns using a 

phonomimetic vibration device established by our group (Kirsch et al. 2019).  

  

Methods:   

A potential sex-specific voice frequency effect was investigated in an in vitro setting using immortalized human vocal 

fold fibroblasts from a male and a female donor. Cells and supernatants were harvested after exposure to either male 

or female vibration frequency with or without the addition of cigarette smoke extract. Gene and protein analysis was 

performed by means of qPCR, Western blot, ELISA and Luminex.   

  

Results:   

We found that exposure of cells to both male and female vibration patterns did not induce significant changes in the 

expression of extracellular matrix-, inflammation-, and fibrosis-related genes compared to control cells. The addition of 

cigarette smoke extract to vibration downregulated the gene expression of COL1A1 in cells exposed to the female 

vibration pattern, and induced MMP1 and PTGS2 in cells exposed to both female and male vibration patterns. The 

protein expression of MMP1 and COX2 was found to be significantly regulated only in cells exposed to cigarette smoke 

extract and female vibration pattern.   

  

Conclusions:   

Different vibration patterns alone did not cause different cell responses in our experimental setting. However, when 

cigarette smoke extract was added, the female vibration pattern had a tendency to elicit/maintain more pro-inflammatory 

responses in exposed cells than the male vibration pattern.   
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Abstract: 
Objectives / Introduction: Voice production entrains intrinsic laryngeal skeletal muscles as well as skeletal muscles 
of the respiratory and articulatory systems, the metabolism of which is not well understood in response to performance 
demands. To date, voice science has yet to establish quantifiable metabolic biomarkers of vocal aptitude elucidated 
from a vocal demand task to better characterize the training response of the speech musculature (respiratory, 
laryngeal, articulatory) to behavioral voice training programs that are designed to optimize vocal function and mitigate 
vocal fatigue, a commonly reported symptom among occupational voice users. Given current primary reliance on 
indirect measures of vocal function (acoustic, aerodynamic, perceptual) in research and clinic, development of an 
objective biomarker of human laryngeal tissue response in vivo is compelling. 

Muscle biopsy routinely used in exercise physiology to quantify and characterize muscle metabolism is not 
viable for study of voice physiology, given the small size of the intrinsic laryngeal skeletal muscles compared to limb 
muscle as well as their inaccessibility and critical role in biological function (airway protection, breathing, swallowing, 
and speech). An alternative approach that is novel and innovative to study vocal function is quantification of metabolic 
substrates in blood samples pre and post vocal demand tasks. Blood lactate concentration is commonly used to 
assess metabolic demand and skeletal muscle training response. La- is a by-product of the glycolytic energy system of 
anaerobic metabolism, which synthesizes adenosine triphosphate (ATP) and fuels performance of skeletal muscle 
contraction and relaxation for activity, including speech production.  This investigation sought novel application of 
exercise science methodology to determine if a change in blood lactate was detectable in an anaerobically designed 
vocal demand task (VCAT60) and establish construct validity of the developed vocal demand task in assessing the 
anaerobic capacity of the speech musculature, similar to anaerobic power tests commonly used in applied exercise 
science.  

Methods: A prospective, multimodality repeated measures study quantified blood lactate concentration pre and post-
VCAT60 in 51 vocally healthy adults. The secondary outcomes included determining correlations and predictors of the 
change in lactate including: aerodynamic and anthropometric data as well as participant reported vocal fatigue.  

Results: A significant change in lactate pre and post VCAT60was observed (p = 0.003).   

Conclusions:  Evidence supports the hypothesis that blood lactate may be an effective metabolic biomarker in 
investigating human voice physiology in vivo. The VCAT60 provides a means from which to understand metabolic 
adaptations that occur in the peripheral muscles of the speech mechanism, a valuable metric to further study vocal 
effort and vocal fatigue. This is the first study of its kind to establish construct validity of an anaerobic vocal demand 
task within a metabolic framework in vivo via blood lactate, which may have several impactful implications in voice 
science and clinical care.  
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Abstract:  
  

Objectives / Introduction:   

Embryogenesis, maturation, and aging of the larynx and vocal folds (VF) are complex processes. In the early stages, 

during embryonic and fetal development, the larynx and VF undergo shaping and the initiation of functional roles. 

Postnatally, growth and maturation persist in the laryngeal and VF structures. Structural differences of VF mucosa have 

been observed across various age groups, encompassing newborns, adolescents, adults, and elderly. Particularly, the 

elderly exhibit degenerative changes in VF mucosa.  

These structural differences in VF mucosa across lifespan predispose individuals to age-associated voice disorders. 

For instance, newborns often manifest voice disorders linked to impaired embryogenesis/fetal development, while the 

elderly may present with presbyphonia attributed to VF degenerative changes. Despite the clinical relevance of these 

age-associated manifestations, treatment options are limited, primarily due to a deficient understanding of the 

foundational cellular and genetic processes driving these structural changes.  

To address our critical knowledge gaps, our study aimed to identify and comprehend the cellular heterogeneity of VF 

across the lifespan. Through the application of the cutting-edge technique of single-cell RNA sequencing, we elucidated 

the key cellular components and molecular pathways within VFs and created the first single-cell atlas of VF and laryngeal 

embryogenesis, maturation, and aging. This approach serves as a pivotal step toward advancing therapeutics tailored 

to the specific needs of different age groups, ultimately enhancing our understanding and clinical management of 

agerelated voice disorders.  

Methods:   

 The Bl6 mouse strain was used for this investigation. Murine larynges were harvested at embryonic (E) stages E11.5, 

E13.5, E15.5, and E18.5; eight larynges were pooled together for one biological replicate, with three biological replicates 

collected for each time point. In postnatal (P) stages, larynges were collected at birth (P0), 4, 12 weeks, 1 and 1.5 years. 

For P0, six larynges were pooled for each biological replicate; for other postnatal stages, six VF tissue pairs were pooled. 

Three biological replicates were used for each time point. Harvested tissues were enzymatically processed into singlecell 

suspensions and used for cDNA library preparation subsequently sequenced on NovaSeq6000. The sequenced 

samples underwent quality control and read alignment. Data preprocessing steps normalization, integration, and 

clustering together with annotations were done in Seurat. Erythrocytic and thymotic clusters were removed from the 

analysis.  Annotations of individual cell clusters were based on the top 20 differentially expressed genes (DEG) and 

using Cellkb. Enrichment analysis of individual cell clusters for top biologic processes, ontology, and transcription factors 

was performed with Enrichr - Ma'ayan Laboratory, Computational Systems Biology.   

Results:   

Unsupervised clustering across all stages resulted in a UMAP identifying 48 clusters (Figure 1). All cell clusters were 

established early in development. These clusters comprised major cell populations such as epithelial, mesenchymal, 

endothelial, immune, muscular, and neuronal (Figure 1). Within the epithelial cluster, basal cell progenitors, basement 

membrane-producing cells, two subtypes of mature basal cells, three types of suprabasal cells, two types of ciliated 

epithelial, and four types of secretory epithelial cells were identified. In the mesenchymal cluster, three types of 

proliferating mesenchymal progenitors, seven subtypes of fibroblasts originating from lateral and neural crest cell 

sources, chondroblasts, chondrocytes, two types of smooth muscle cell clusters, myoblasts, and three types of skeletal 

muscle cell clusters were distinguished. Among the immune cell clusters, five types of macrophages, dendritic cells, 

neutrophils, and lymphocytes were observed. Additionally, four types of endothelial cells were identified. Lastly, two 

clusters of neural crest cell-derived (NCC) cell types such as neurons and Schwann cells were revealed.   

The complexity of cell populations underwent a progressive increase from embryonic stages to adulthood (P12wks). 

Cell complexity reached its peak in between adolescence and adulthood (4 to 12wks) and subsequently declined. In 

particular, embryonic stages (E11.5 – 15.5) were enriched mostly for mesenchymal clusters - proliferating mesenchymal 
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progenitors and chondroblasts. The highest cell count for basal cell progenitors was measured at E11.5. Endothelial 

clusters appear at E15.5. Postnatal stages from P0 to P12wks predominantly displayed an increase in epithelial clusters. 

Epithelial cluster complexity decreased, specifically the reduction of secretory cells from P1year of age to P1.5years of 

age. Immune cells, predominantly macrophages and neutrophils, had a steady rise at late E18.5 peaking at P1.5.   

The major molecular pathways activated within fibroblasts were extracellular matrix (ECM) organization, collagen fibril 

organization, and extracellular structure organization. The major transcription factors present in this subtype were 

SMAD3, GFI1B, SMAD1, SMAD4 and STAT4.   

Conclusions:   

The single-cell atlas presented in this study sheds light on the cellular heterogeneity of VF and laryngeal tissue 

throughout development. Major VF cell populations are established early in development. Cell complexity increases until 

adulthood with cell proliferation and maturation, however, decreases in later stages of development (1 - 1.5 years of 

age) with laryngeal/VF tissue degeneration. Early embryonic stages are accompanied by differentiation of laryngeal 

cartilages and VF lamina propria supported by predominantly mesenchymal clusters and activation of genes responsible 

for ECM and collagen fibril organization. Maturation of VF epithelium is apparent from P0 to 12wks of age supported by 

an increase in epithelial clusters. Late postnatal stages are characterized by tissue degeneration specifically reduction 

in epithelial cell complexity (secretory cells) and with an influx of immune cells, specifically macrophages and neutrophils.   
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Abstract: 
Objectives / Introduction:  
Hydrogels are currently used for soft tissue regeneration and repair1, 2. Hydrogel injections are possible for a class of 

shear thinning materials. Local injections tend to be challenging due to lack of spatial control and can complicate 
procedures in cases of deteriorated epithelium3. In situ bioprinting is a novel technology to decrease complications for 
injections and soft implantable materials. In situ bioprinting is the deposition of bio-inks, amongst which hydrogels create 
three-dimensional constructs directly inside the human body instead of through the creation of grafts or ex vivo printed 
constructs3, 4. In situ bioprinting may offer improved accuracy for the deposition of hydrogel in open wounds5. In 
applications such as skin and bone, current in situ bioprinting methods require open surgery. Currently, no methods 
exist to perform in situ bioprinting in vocal fold tissue. Here, we investigated a novel design for in situ bioprinting, using 
a minimally invasive method. The device was designed for use in vocal fold surgical procedures through an endoscope. 
The ultimate goal is to reduce complications during vocal fold injections. The device uses a cable-driven continuum 
manipulator to deposit hydrogels. During deposition control of the manipulator is possible, in order to create desired 
geometries. To create accurate control, a kinematic model has been developed based on the geometric deformation 
due to actuation. A handheld device enables position control of the deposition. A prototype was built for in situ bioprinting 
onto the vocal folds. The kinematic model was verified for accurate positioning and printability of Pluronic F217 was 
investigated. The results show a proof of concept for the use of continuum manipulators for in situ bioprinting.  

 
Methods:  
The proposed design of the manipulator consists of a hollow silicon cylinder, with internal wires for actuation. To 

decrease radial expansion during deposition, SLA printed disks are incorporated. 
The continuum robot was manufactured using a SLA printer and a casting of silicone in printed molds. The derived 

kinematic model has been verified using object tracking. The manipulator is actuated along a patterned grid. Images 
are obtained at each point in the grid from a frontal and side view. To decrease the error the manipulator was 
pretensioned for specified values. A Hough filter was used to determine the tip location at each grid point and compare 
the calculated position. The optimal value of pretension for minimal error was determined for further tests. Hysteresis 
was tested by actuation of the manipulator for a specific location and the movement of the tip was measured at specified 
time intervals. Repeatability of control of the manipulator was measured by repeating a prescribed squared pattern for 
a total of 10 times. The tip location was determined at each point in time. The results were compared to the predicted 
motion for each individual cycle.  

Printability of the manipulator was tested using a 15% w/v Pluronic F217 hydrogel. Printing was performed onto a 
heated substrate at a temperature of 37 degrees, resulting in crosslinking of Pluronic F217. During printing a fixed writing 
speed of 3 mm/s was used. Optimal extrusion speeds were obtained for two different nozzle diameters, 18. The optimal 
extrusion speed was determined by quantifying the average filament thickness and visual inspection of filament quality. 
Printability of objects was tested with both manual control and pre-determined printing paths.  

 
Results:  
The described manufacturing procedure was shown to have an average production error 0.2mm. The diameter of the 

manipulator is 8mm, which is smaller than any described in situ bioprinting methods so far. Verification of the kinematic 
model showed that an optimal pretension of 10% resulted in an average position error of 0.354±0.018 mm. The average 
error was determined over a work region of 1 cm radius, which is appropriate for vocal fold surgery. There was no 
significant impact of hysteresis after actuation. Repeatability of a prescribed printing path showed an average error of 
0.13±0.05 mm between cycles.    

The extrusion speeds for the used Pluronic F217 were optimized for optimal resolution, itself dependent on the 
diameter of the nozzle used. The optimal extrusion speed for the 18 gauge and 27 gauge nozzle were 59.5 and 51 µl/s 
respectively with a resolution of 2.3 and 0.92 mm. Lastly printability of constructs was confirmed with both predetermined 
printing paths and manual control during printing.  
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Conclusions:  
Herein we describe a novel design for a cable-driven continuum manipulator, which is capable of extrusion of 

hydrogels. During deposition the position of the manipulator can accurately be controlled to create geometric constructs 
which mimic the vocal fold tissue. The printability of Pluronic F217 was demonstrated and optimized for resolution. 
Concept was illustrated by using pre-determined printing paths as well as manual printing.  
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Abstract: 
 

Objectives / Introduction: Surfactant proteins (SP) well known from lung have meanwhile been detected in other 
parts of the human body, e.g., in the larynx (Sheats et al., 2016). SP-G and PLUNC are two novel surfactant proteins 
that both have been recently detected in several tissues. SP-G (gene name: SFTA2) has so far been detected in e. g. 
human lung, eyelid, conjunctiva, lacrimal gland, kidney, and testis (Rausch et al., 2012). PLUNC has been detected in 
the epithelium and glands of the upper airways as well as in the nasal, tonsil and tongue glands (Bingle et al., 2005) 
and in the tissue of the tear system (Schicht et al., 2015). Until now, their functions are not yet fully known. Beside their 
surface activity they have been described to play important roles in the innate immune system (Bingle & Craven, 2002; 
Krause et al., 2019). This study describes the detection, characterization, and potential role of novel surfactant proteins 
SP-G and PLUNC in the human larynx with a focus on the vocal folds. 
 

Methods: Expression and distribution of SP-G and PLUNC were analyzed by immunohistochemistry in healthy 

human tissue samples. Expression of both proteins was analyzed by Western blot in micro-dissected vocal fold mucosa. 

An immortalized human hypopharyngeal cell line (FaDu HTB-43) was used as an in-vitro model of the vocal fold 

epithelium. Cells were stimulated with scratch (mechanical damage) as well as with cortisol, serotonin and bombesin, 

followed by quantification of mRNA-expression of SPs using qRT-PCR. Furthermore, the possible role of the SP-G and 

PLUNC during wound healing was investigated by means of in vitro wound healing assay using ECIS. 

Results: Presence of SP-G and PLUNC was demonstrated in laryngeal epithelial cells and glands. SP-G was found 
in squamous cell carcinoma of the vocal folds, whilst PLUNC was not. Mechanical stress (scratch assay) and stimulation 
with cortisol and serotonin induced the expression of SP-G and PLUNC in the FaDu cells. The addition of SP-G and 
PLUNC led to an accelerated wound healing of FaDu cells. 

 
Conclusions: The results demonstrated that SP-G and PLUNC are surfactant proteins of the human larynx that have 

potential wound healing properties. Presence of SP-G was found to be related to vocal fold squamous cell carcinoma. 
Based on our results, we assume that the proteins may play an important role during wound healing and tumor 
pathogenesis in the human larynx respectively the vocal fold. 
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Abstract:  
  

Objectives / Introduction:  

Dysfunction of vocal fold (VF) epithelium may play a significant role in the etiology of VF benign hyperplastic 

lesions. Typical pathological alternations include squamous hyperplasia, mild, moderate and severe dysplasia 

(Gürbüz et al., 2013). Hyperplastic lesions can cause the irregularities in the VF vibrations as they are located on the 

free edge(s) of vibrating portions of the VFs. They can increase the regional mass, impeding complete glottic closure, 

diminishing vibration and causing hoarseness and poor voice quality (Gürbüz et al., 2013).   

In studies of the epithelium from elsewhere in the body, cell types that are responsible for hyperplasic changes are 

adult epithelial stem cells (EpSCs). These cells can self-renew and give rise to the progeny of differentiated daughter 

cells (Byrd et al., 2019). In stratified epithelia, EpSCs reside in the basal cell layers, retain a BrdU label and exclude 

Hoechst dye, which are nonspecific methods for EpSC identification, nowadays replaced by more precise genetic 

labeling targeting the Lrig1 gene (Byrd et al., 2019). Lrig1 labels quiescent and actively dividing EpSC that participate 

in homeostasis, and tissue repair. Due to their plasticity and differentiation capabilities, these cells can serve as 

excellent candidates for genetic manipulation allowing for the modeling epithelial hyperplasia both in vivo and in vitro 

conditions (Succony et al., 2016)   

The main aim objective of this study was to elucidate the distribution of Lrig1-expressing EpSCs within the murine 

and human VF epithelium. Additionally, we aimed to assess the differentiation potential of Lrig1 cells via genetic 

approaches, employing lineage tracing in a murine model.   

  

Methods:   

To genetically label Lrig1 cells with tdTomato Red Fluorescent Protein (tdTom), we generated Lrig1-CreERT2 

R26tdTom mice. Activation of tdTom and induction of recombination were achieved by administering tamoxifen (TX) to 

adult Lrig1-CreERT2 R26tdTom mice. For lineage tracing, two consecutive TX injections were applied and larynges 

were harvested 1, 5day(s), 1week and 1month post-recombination (PR). Larynges were immediately fixed, processed 

and embedded in Optimal Cutting Temperature Compound (OCT) for cryosectioning and used for histological 

analyses, such as immunofluorescent (IF) staining. To confirm presence and quantity of tdTom (Lrig1) cells in murine 

larynges, we sorted the cells.  Larynges were harvested 1day PR and were enzymatically dissociated to form a single 

cell suspension and then sorted to separate tdTom+(Lrig1+) from tdTom- (Lrig1-) cells. Tdtom R26 mice were used as 

controls in these experiments. Human larynges were utilized from our repository. Adult larynges were fixed in 10% 

formalin, VF dissected, processed, and embedded in paraffin for sectioning and histological analyses (Hematoxylin & 

Eosin and IF staining). Similarly, fetal human larynges were fixed in 4% paraformaldehyde, processed, and 

paraffinembedded for sectioning and histological analyses, as mentioned above. To visualize Lrig1 cells in both adult 

and fetal human VF epithelium, paraffin-embedded sections were stained by an anti-Lrig1 antibody following our 

established protocols.  

  

Results:   

Our data revealed the presence of tdTom expressing Lrig1 cells in the VF epithelium, in mice, persisting from 1 day 

up to 1 month PR (Fig. 1A-H). These cells were located in the basal cellular compartment and transitioned into 

suprabasal layers as they differentiated. Notably, in the midmembraneous portion of VF, we observed a faster 

turnover of tdTom (Lrig1) cells compared to those in the supraglottic (cranial) and subglottic (caudal) VF regions 

suggesting an increased abrasion and functional demands of this specific region of the VFs. IF staining provided 

additional confirmation that tdTom (Lrig1) were located in the basal cell layer (co-localization with p63) and capable of 

cell proliferation and stratification (co-localization with Ki67 and cytokeratin 14) (Fig. 1I-K). Flow cytometry cell sorting 

yielded a total of 4.5% cells which aligns with the quantity of stem cells obtained from the epithelial tissue (Yamashita 

et al., 2007) (Fig. 1L). We also detected Lrig1-expressing cells in human adult and fetal VF tissues. While in adult VF 

epithelium, Lrig1 cells exhibited scattered distribution, in fetal tissues the Lrig1 signal was diffused through the entire 

epithelium (Fig. 1M-P).  
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Conclusions:   

We have successfully identified and localized Lrig1-expressing cells in murine VF epithelium and monitored their 

behavior for a period of one month. Similarly, we detected Lrig1 cells in human adult and fetal VF tissues. Given the 

Lrig1 cell position and notable proliferation/differentiation potential, these cells are potentially EpSCs capable of  

instigating hyperplastic 

changes in the epithelium. 

Further investigation is 

necessary to elucidate the 

Lrig1 cell specific 

requirements for 

selfrenewal and 

differentiation under 

normal conditions and in 

response to the stress 

factors. Additionally, 

conducting single cell 

RNA sequencing from the 

Lrig1 cell population will 

be beneficial to confirm 

their progenitor/stemness 

phenotype and 

capabilities to induce 

hyperplastic alternations   

in VF epithelium.  

 

Figure 1: Lineage tracing of tdTom labelled Lrig1 cells in a murine model (A-H). TdTom co-expression in red with cell 

proliferation marker Ki67 in green (I), basal cell marker p63 in green (J) and stratification marker cytokeratin 14 in 

green (K). Flow cytometry cell sorting for tdTom labelled cells (L). Hematoxylin & eosin and Immunofluorescent 

antiLrig1 staining in human adult (M,N) and fetal  (O,P) vocal folds.. Abbreviations: VF, vocal folds.  
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Objectives / Introduction  

  

Regenerative biomaterials offer promising therapeutic 
potentials for severe vocal fold (VF) defects, such as 
surgical scars and atrophy. However, biomaterial design 
requires the tuning of numerous chemical and physical 
parameters, where slight variations can change the 
subsequent biological responses of cells embedded in the 
biomaterial or native to the host tissue1. Computational 
models could be leveraged to guide and accelerate tissue-
specific biomaterial design.   
  

Agent-based models (ABMs) are mechanistic 
computational models that are comprised of a collection of 
autonomous entities, i.e. agents, that follow a set of pre-
determined behaviors, i.e. rules, to simulate macroscopic, 
emergent phenomena. For example, ABMs can simulate 
individual cells as agents, generating collective temporal 
and spatial dynamics of cells and extracellular matrix 
remodeling at the tissue- or organ-level.   

  

We developed an agent-based model of VF biomaterials (VFB-ABM) that simulates cell-material and cell-cell 

interactions in hyaluronan-based hydrogels for vocal fold biomaterial design (Figure 1)2. High-fidelity simulations from 

the VFB-ABM require many parameters with uncertain values, so parameter optimization is crucial to improving the 

accuracy of the model. Further, the stochastic, non-linear, and high-dimensional nature of the VFB-ABM compound 

the challenge for efficient and effective model calibration3.  

  

Previously, we tested four unconstrained multivariate numerical optimization methods: Nelder-Mead (NM), 

BroydenFletcher-Goldfarb-Shanno (BFGS), conjugate gradient (CG), and Powell. These methods were selected 

for their variety in algorithms. NM is a gradient-free simplex method. BFGS and CG are gradient-based methods. 

Powell is a gradient-free line search method. We found that NM was most effective and efficient. That being said, 

beyond optimization techniques, a more suitable objective function can further improve the optimization of the VFB-

ABM, thereby improving its accuracy.   

  

Hence, in this study, we aimed to improve the accuracy of the VFB-ABM by tuning the objective function used in the 

optimization algorithms. Specifically, we examined the effect of including additional timepoints or model parameters 

in the objective function on the efficiency and efficacy of VFB-ABM optimization.   

  

Methods  

  

The VFB-ABM was written in C++. The simulated biomaterial world was set as 0.6 x 0.6 x 0.6 mm3 and initially seeded 

with 125 fibroblast cell agents. Model inputs were material compositions including hyaluronic acid, gelatin, and 

PEGDA crosslinker concentrations. Outputs included physical properties of materials (swelling ratio, mass loss, 

elasticity, and pore size), inactivated and activated fibroblast counts, as well as concentrations of cytokines (TNF- , 

TGF- , FGF, IL-6, and IL-8) and extracellular matrix proteins (collagen, hyaluronic acid, and elastin).   
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Sensitivity analysis was first performed on the 75 agent-rule parameters, whose values were not reported in literature. 

The sensitivity analysis techniques Morris, a statistical method, and Random Forest, a machine learning method, 

were tested and compared. Subsequently, parameter optimization was performed on the three or five most influential 

parameters, as determined by sensitivity analysis. The objective function for each day is defined in Equation 1, where 

E is error, F is the number of fibroblasts, C is the amount of collagen, and the subscripts s and e refer to simulated 

and experimental outputs respectively.  

 𝐸 = (𝐹 −𝐹) +(𝐶 −𝐶 )           Equation 1  

The overall objective function was given by the sum of objective functions for each of the days included: either day 9 
only, or days 3, 6, and 9. The relative decrease in error (%) given by the objective function and efficiency, given by 
number of VFB-ABM iterations and computational time required, were evaluated.   

  
Figure 2. VFB-ABM optimization results for different objective functions.  

Results  

  

We found that the use of more parameters (n = 5) improved efficacy of the optimization, with a relatively small increase 

in computational cost (Figure 2). Also, optimization that was performed over all three timepoints was more effective 

for Powell and NM, but comparable for CG and BFGS, with mixed effects on efficiency depending on the optimization 

technique. Overall, using NM to optimize the top 5 parameters from Morris sensitivity analysis over all timepoints 

produced the best VFB-ABM parameter optimization results, yielding a decrease in the absolute error from 4.04 to 

2.43, or a 63% relative decrease in error, and taking 390 ABM iterations or 4.5 hours to execute.   

  

Conclusions  

  

NM optimization enabled an effective parameter search and efficient narrowing of the parameter space to minimize 

the VFB-ABM error. Including more experimental timepoints and parameters in the objective function improved 

optimization accuracy with modest tradeoffs in efficiency. The VFB-ABM is currently limited to only hyaluronic 

acidgelatin biomaterials seeded with fibroblasts, and in vitro simulations. We are currently working on docking the 

VFBABM to an ABM of vocal fold tissue4 to simulate in vivo responses to biomaterials. The ultimate goal is to leverage 

computer models to identify the most promising biomaterial designs and reduce the need for animal studies.   
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Objectives / Introduction:   
Production of stop consonants requires coordination of the articulatory and vocal mechanisms. During voiceless 

productions (p,t,k), the vocal folds typically cease vibrating during the consonant and restart for the vowel. Conversely, 

vocal fold vibration does not need to stop during the production of voiced stop consonants (b,d,g). This study aimed to 

examine the effect of maximum abduction width on the perception of voicing in stop consonants in speech produced by 

an adult and pediatric kinematic vocal fold model.    

Methods:   
Stimuli: Stimuli were generated as vowel-consonant-vowel (VCV) utterances using a kinematic model of the vocal 

folds coupled to a parametrically controlled vocal tract model where the consonant was either bilabial or alveolar. The 

consonant can be made voiceless by temporal control of abduction occurring in parallel with timing of the vocal tract 

occlusion. To generate a continuum from a voiced to voiceless consonant, separation of the vocal processes at the 

maximum point of abduction was increased from 0 cm2 to 0.1 cm2 in steps of 0.01 cm2 in a collection of three versions 

of abductory timing functions for which the duration of the maximum abduction was varied. The vocal tract and abductory 

timing modulations were used in the context of an adult male and 4-year-old child speech production systems. A total of 

132 unique stimuli were created for this study: 2 speakers (adult, child) * 2 places of articulation (bilabial, alveolar) * 11 

points on the abduction continuum * 3 timing conditions = 132 stimuli.   

Experimental design: Data was collected from 30 female participants who spoke American English as their primary 

language and passed a hearing screening. Participants were seated in a sound booth and heard stimuli through 

headphones at 75 dB. The experimental paradigm was a 2-alternative forced choice task, in which participants indicated 

whether they heard a voiced or voiceless. Presentation order was blocked so participants either heard the adult speaker 

first or the child speaker first. Participants were randomly presented with four repetitions of each stimulus within each 

block.   

Results:  
The percent of trials identified as voiced were calculated for each participant at each point on the continuum for each 

condition. A probit model was fit to the percent trials identified as voiced, and an inverse prediction function was applied 

to identify the 50% point on the stimuli continuum. Consistent with previous work, this point on the curve was interpreted 

as a boundary indicating a perceptual shift from voiced to voiceless. An  

Analysis of Variance (ANOVA) found a significant effect of speaker, place of articulation, and timing condition  

 

 

 

Figure  1 . Response curves for   the child speaker (left) and the adult speaker (right) indicating the percent of  
voiced phonemes identified  at each vocal fold abduction width. The 50% point on each curve are indicated with  
an asterisk for the  bilabial (blue) and alveolar   ( red )   curves .       
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on the 50% point identified on the probit curve (F = 27.88, p < 0.001). There was a significant effect of condition (p < 

0.001). The shift from voiced to voiceless was identified at 0.06 cm2 for the condition in which maximum abduction was 

held for the shortest amount of time. During the other two conditions, the shift from voiced to voiceless was identified at 

a significantly smaller abduction width (both conditions, M = 0.05 cm2). Additionally, the ANOVA indicated there was a 

significant interaction of speaker and place of articulation (p < 0.001, Figure 1). To examine the interaction further, the 

50% point identified on the alveolar continuum was subtracted from the 50% point identified on the bilabial continuum. 

There was a significantly larger difference when perceiving the adult speaker (M = 0.016 cm2) as compared to when 

perceiving the child speaker (M = 0.006 cm2). This difference was primarily driven by the bilabial condition, as the 

average 50% point for the adult speaker was 0.061 cm2 compared to the average 50% point for the child speaker at 

0.055 cm2. The average 50% point for the alveolar condition for the adult and child were similar, at 0.045 cm2 and 0.048 

cm2.   

  

Conclusions:   
In the shortest timing condition, participants required a greater abductory width before they perceived a production 

as voiceless compared to the two longer timing conditions. There was no significant difference between the two longer 

timing conditions, suggesting that the timing of the abduction may only contribute to the perception of voicing if the 

maximum abduction width is held for a short amount of time. There was also a significant interaction between the speaker 

and the place of articulation. In the perception of the child speaker, listeners perceived a shift from the voiced consonants 

(b, d) to the voiceless consonants (p, t) at comparable abductory widths. Perception of a voicing shift in the adult speaker 

yielded similar results for the alveolar continuum (d to t) as the perception of the child speaker. Yet, a significantly larger 

abductory width was required to perceive a voicing shift in the bilabial continuum (b to p). One potential explanation for 

the difference in the perception of adult and child speech may be related to the listeners’ expectations of speech 

production. Children’s vocal and articulatory motor control are less exact and coordinated than adults, with 

developmental improvements in motor control resulting in increased intelligibility during development. Therefore, if 

listeners anticipate reduced intelligibility or less exact speech in children, widening the vocal fold abduction width may 

provide sufficient acoustic cues to differentiate voice and voiceless productions. Alternatively, when perceiving the 

speech of a mature adult speaker, listeners may anticipate more subtle and complex cues that are secondary to 

abduction width, such as cues from the burst or formant transitions. This may be even more applicable when observing 

the bilabial (b-p) production, as the short vocal tract during this production may make it more difficult to perceive a 

voiceless consonant without additional cues, such as changes in burst amplitude.    

Acoustic analysis is ongoing, but preliminary results suggest that one of the primary cues for voicing contrasts, voice 

onset time (the time between the burst and the start of the vocal fold movement), alone does not explain these perceptual 

differences. In fact, using this kinematic model, voice onset time was primarily 0 milliseconds, meaning the vocal folds 

were consistently vibrating throughout the consonants. The widening of the vocal fold abduction only resulted in ceasing 

the vocal fold vibration at the largest few abduction widths. Thus, when listening to both adults and children, listeners 

would need to rely on other cues to determine voicing categories. Preliminary work on the adult stimuli suggests that 

first formant transitions may be particularly important in determining the voicing category. Figure 2 shows trajectories for 

one of the timing conditions, with the formant trajectory plotted 

over abduction widths ranging from 0.03 cm2 to 0.09 cm2. The 

asterisk in the figure marks the approximate abduction width in 

which participants shifted from a perception of voiced to 

voiceless, with the shift for the bilabial (b-p) continuum occurring 

at a larger abduction width than the alveolar (d-t) continuum. 

The dotted lines indicate places where formant values are less 

stable, frequently masked by aspiration noise from the 

consonant. Initial examination suggests that a key indicator of 

voicing status is the timing of the first formant stability, also 

called F1 cutback. There is sometimes a less prominent F1 

transition in voiceless productions, as the articulatory gesture is 

primarily complete when the voicing begins. The final analysis 

will include a discussion of the impact of additional acoustic 

cues on the perceptual findings in the results section.   
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Abstract: 
Objectives / Introduction: Vocal hyperfunction (VH) is a class of prevalent voice disorders with complex and poorly 

understood etiology. Phonotraumatic vocal hyperfunction (PVH), a subclass of VH, is characterized by excessive 
collision stresses and is implicated in the formation of benign vocal fold (VF) lesions, such as nodules, through a 
feedback loop termed the “vicious cycle”. This feedback loop is believed to be initiated by some trigger, which then 
results in a change in voice, such as loudness or fundamental frequency. The speaker then compensates in order to 
return their voice features back to the normal range. The new baseline results in more forceful phonation, which further 
exacerbates the deleterious effects of the initial trigger and the cycle progresses, potentially resulting in a 
phonotraumatic lesion.  

Swelling (edema) of the VFs is one hypothesized trigger of the vicious cycle, though the relationship between swelling 
and alterations in voice outputs and measures of tissue damage is unclear. In our previous work, the effect of swelling 
on measures of phonotrauma and voice outputs was investigated for increasing degrees of systemic swelling in the 
cover layer of a two-dimensional finite element (FE) vocal fold model [Deng2023]. Swelling was found to elevate 
phonotrauma-related measures, including collision pressure, viscous dissipation (associated with dissipation dose 
[Titze2003]), and von Mises stress (associated with distortion energy [Hill1998]), while simultaneously reducing 
fundamental frequency. The reduction in fundamental frequency can lead to heightened subglottal pressure, increased 
intrinsic muscle activation, or the initial of other compensatory responses. Given these effects, along with the impact on 
phonotrauma indicators, we posited that swelling could play a role in the vicious cycle.  

There were several limitations in this previous work; most notably, a two-dimensional (2D) model was employed with 
generalized swelling in the cover. Locally concentrated swelling is thought to be a precursor to the development of 
nodules [Johns2003]. These localized swelling regions generally occur in the mid-membranous portion of the VFs, thus 
necessitating a three-dimensional (3D) treatment of the problem. Secondly, the vicious cycle was not modeled, wherein 
swelling or other structural changes in the tissue are correlated directly with mechanical damage and may dissipate with 
healing. Modelling such components is important to predict whether a vicious cycle would occur and how quickly it might 
progress.  

As an initial step towards addressing these limitations, we developed a 3D VF model to capture localized swelling 
based on spatial distributions of phonotrauma measures. We use this model to investigate how localized 3D swelling 
affects measures of phonotrauma and voice outputs to gauge the role of swelling in the vicious cycle. 

Methods: A 3D FE VF model coupled with a 1D Bernoulli-based glottal flow solver was used to model VF vibration 
and measures of phonotrauma. The VF geometry, shown in Figure 1, employs the M5 geometry [Scherer2001] with a 
medial surface angle of 3o, VF length of 1.5 cm, and VF thickness of 0.7 cm. The mesh comprised 4230 tetrahedral 
elements. For each coronal plane, 1D glottal flow is assumed and used to compute fluid pressures along the 
corresponding medial surface in that coronal plane. The VFs are 
assumed to be symmetric so that only a single VF was modelled. As 
in our previous work [Deng2023], swelling was modelled using a 
modification of a Saint-Venant Kirchoff hyperelastic material to favor 
a swollen volume [Tsai2004], while viscous effects were modelled 
through a Kelvin-Voigt model. As a first approximation, and unlike the 
previous 2D study, material stiffness is not impacted by swelling in the 
present study. 

To model the effects of localized swelling on voice outputs and 
phonotrauma, self-oscillation of the VFs in an unswollen state was first 
simulated. Two different measures related to phonotrauma, viscous 
dissipation and elastic strain energy (a measure previously used to 
characterize damage in collagenous soft tissues [Balzani2012]), were 

 
Figure 3: Vocal fold geometry and mesh. 
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computed and averaged over time to obtain spatial distributions of phonotrauma. These time-averaged spatial 
distributions of phonotrauma were then used to prescribe localized swelling in the VFs via a linear mapping. Self-
oscillation of the VF was simulated for increasing levels of localized swelling, and changes in voice outputs (fundamental 
frequency and sound pressure level) and changes in the two measures related to phonotrauma were computed. This 
was conducted for a range of total volume changes ranging from 1 to 1.3 times the unswollen volume.  

Results: The two measures of time-averaged phonotrauma for the unswollen VFs show that damage is localized to 
specific regions of the VFs, including near the mid-membranous portion where the VFs contact (see the mid-coronal 
slice in Figure 2(a)). For viscous dissipation there is also a slightly elevated region in the body of the VF, and a highly 
localized concentration near the basement membrane along the superior margin of the fold. The portion along the medial 
surface shows relatively high values over a broad area, yet confined primarily to the cover where nodules are known to 
form [Titze1994].  

Localized swelling distributed proportionally to viscous dissipation is applied to the VFs, as shown in Figure 2(c) with 
maximum 15% swelling. As a result, there is a noticeable change in the vibrational characteristics, with SPL decreasing 
by approximately 5 dB. Interestingly, and contrary to the 2D case studied previously [Deng2023], fundamental frequency 
remains largely unchanged despite the increase in VF mass, though this may not be the case when swelling-induced 
softening of the material is considered. In the absence of compensation to increase SPL back to the original level, the 
swollen fold exhibits reduced viscous dissipation, Figure 2(b), suggesting the potential for a protective measure, though 
the phonotrauma measure is still above base values and may result in further, albeit slight, swelling. We note that this 
“single step” model introduced significant swelling, so progression of the “vicious cycle” remains to be considered.  

Conclusions: Phonotrauma-induced swelling was modeled using a 3D finite element VF model. Measures related 
to phonotrauma were found to localize in the cover layer, largely along the mid-membranous region of the VF.  As a first 
attempt to model the vicious cycle, material swelling was linearly mapped to the magnitude of selected measures related 
to phonotrauma and the resulting VF dynamics were then simulated. Localized swelling was found to alter voice outputs 
by a sufficient margin to warrant compensation, such as increasing subglottal pressure, which may fuel the vicious cycle, 
though, in contrast to the 2D case, swelling was found to decrease viscous dissipation. Comprehensive exploration of 
this, considering compensation and multiple iterations, is planned for future research. 
 

Acknowledgements:  
Research reported in this work was supported in part by the National Institute on Deafness and Other Communication 

Disorders of the National Institutes of Health under award P50DC015446. 
 

References:  
Balzani, D. & Schmidt, T. (2012). Comparative analysis of damage functions for soft tissues: Properties at damage 

initialization. Mathematics and Mechanics of Solids, 20(4), 480-492. 
Deng, J. J., Erath, B. D., Zañartu, M., & Peterson, S. D. (2023). The effect of swelling on vocal fold kinematics and 

dynamics. Biomechanics and Modeling in Mechanobiology, 22(6), 1873-1889. 
Hill, R. (1998). The mathematical theory of plasticity (Vol. 11). Oxford university press. 
Johns, M. M. (2003). Update on the etiology, diagnosis, and treatment of vocal fold nodules, polyps, and cysts. Current 

Opinion in Otolaryngology & Head and Neck Surgery, 11(6), 456-461. 
Scherer, R. C., Shinwari, D., De Witt, K. J., Zhang, C., Kucinschi, B. R., & Afjeh, A. A. (2001). Intraglottal pressure 

profiles for a symmetric and oblique glottis with a divergence angle of 10 degrees. The Journal of the Acoustical Society 
of America, 109(4), 1616-1630. 

Titze, I. R. (1994). Mechanical stress in phonation. Journal of Voice, 8, 99–105. 
Titze, I. R., Svec, J. G., & Popolo, P. S. (2003). Vocal dose measures : Quantifying Accumulated Vibration Exposure 

in Vocal Fold Tissues. Journal of Speech, Language, and Hearing Research, 46(4), 919-932. 
Tsai, H., Pence, T. J., & Kirkinis, E. (2004). Swelling induced finite strain flexure in a rectangular block of an isotropic 

elastic material. Journal of Elasticity, 75, 69-89. 

  

   
Figure 4: Time-averaged viscous dissipation over the last 0.25s of a 0.5s simulation with a slice through the mid-coronal plane for the (a) 
unswollen fold and (b) fold with maximum 15% swelling mapped linearly to viscous dissipation. (c) The resulting swollen fold colored by 
degree of swelling.  

 

(a) (b) (c) 
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Abstract: 
 

Objectives / Introduction: The voice is produced by the self-sustained oscillation of the vocal folds interacting with 
airflow from the lungs. While in general changes in vocal tract shape have small effects on the oscillation of the vocal 
folds, the effects can be significant under specific conditions [1]. For example, voice quality is known to be affected by 
adduction of the false vocal folds, which are located just above the true vocal folds and below the epiglottis. It has also 
been reported that constriction of the aryepiglottic folds may alter the efficiency of voice production [2]. Although there 
are many studies on this topic, e.g. [3], the effects of false and aryepiglottic fold constriction on voice production still 
remain unclear. In particular, since the aryepiglottic fold constriction restricts the airway in the anterior-posterior direction, 
it is expected to have strong aerodynamic effects on the vocal fold oscillations. 

In this study, we perform a three-dimensional airflow analysis in a two-mass model coupled to a simplified vocal tract 
to examine how vocal tract constrictions at the levels of the false and aryepiglottic folds affect the oscillation 
characteristics and sound generation of the true vocal folds. 
 

Methods: Vocal fold oscillation was simulated using a two-mass model, which has smoothly connected surfaces on 
two cylindrical masses [4]. The springs and dampers were connected to each mass to reproduce the mucosal waves. 
The true vocal fold model was placed in a 17 × 17 mm rectangular channel in between the sub- and supra-glottal tract 
with lengths of 150 and 175 mm, respectively. The thickness of the vocal folds was set to 3 mm (0.5 mm for the upper 
masses and 2.5 mm for the lower masses). Rigid false and aryepiglottic fold models were placed downstream of the 
true vocal folds as shown in Fig. 1. The false folds with a length of 4 mm were set parallel to the true folds at 4 mm 
downstream from the true folds. The aryepiglottic folds with a length of 8 mm were oriented along the medial-lateral 
direction at 12 mm downstream from the true folds. The shape of the constriction was designed using a Gaussian 
function similary as in [5]. Both the false and aryepiglottic folds were rigid, and deformation due to airflow pressures was 
not taken into account. The width of the constrictions was varied from 3 to 13 mm to investigate the effect of each 
constriction. At downstream from the vocal tract, we set a space of 230 × 160 × 160 mm3 where the sound can propagate 
away from the vocal tract exit. 

 

 
Fig. 1 Glottal geometry for the simulation. 

 
In order to simulate the airflow and sound generated by the true vocal folds’ oscillation, compressible Navier-Stokes 

equations were solved using the finite difference method as reported in [6]. The structured computational grids were 
constructed on the simplified vocal tract model described above. For the spatial differentiation, a 6th-order-accuracy 
compact scheme was used, while the time integration was calculated using the 3rd-order-accuracy Runge-Kutta 
method. The spatial filter with 10th-order accuracy was used as an implicit large eddy simulation to consider the 
turbulence of the airflow in the larynx. The moving fluid-structure interface on the structured grids was modeled using 
the volume penalization method. A pressure chamber was placed upstream from the subglottal tract, and a uniform flow 
rate of 350 cm3/s with a constant pressure of 1200 Pa was set to reproduce the normal phonation condition in the model. 
The sound pressure levels (SPLs) were calculated by sampling a pressure fluctuation at 160 mm from the vocal tract 
outlet, where the flow velocity is small (< 0.02 m/s). 
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Results: The mean fundamental frequency fo, closed quotient (CQ), and SPL are plotted in Fig. 2. The fo increased 

by 9 Hz with the false fold constriction, whereas the fo decreased by 8 Hz with the aryepiglottic fold constriction. There 
was little change in CQ with changes in the constriction sizes from 5 to 13 mm for both constriction locations. When the 
constriction size was decreased from 5 to 3 mm, the CQ increased by 0.04 with the false fold constriction, while the CQ 
decreased by 0.02 with the aryepiglottic constriction, indicating a negligible effect on CQ. The comparison of outside 
sound pressures (Fig. 2(c)) showed that narrowing the false folds’ gap from 13 to 3 mm increased the sound pressure 
by more than 5 dB, whereas the narrowing of the epiglottic folds changed the SPL only within ±1 dB and had smaller 
effects compared to the false folds.  

A previous study using a one-dimensional glottal flow model [5] demonstrated that vocal tract adjustments including 
aryepiglottic constrictions have relatively small effects on the glottal source except for the extreme constriction 
conditions, and the current results are consistent with the previous study. However, we did not observe a significant 
increase in the far-field SPLs with the aryepiglottic fold narrowing, which is usually observed in human phonation [2]. 
This small increase was likely related to the specific vocal fold condition and vocal tract geometry used in this study [5], 
which will be clarified in our future studies.   

 

 
Fig. 2 Mean fundamental frequency (a), closed quotient (b), and sound pressure level (SPL) at 100 mm from the vocal 
tract (c) plotted with different false and aryepiglottic folds’ constrictions. 

 
Conclusions: In this study, a three-dimensional compressible flow simulation was conducted to investigate the 

effects of false and aryepiglottic folds on voice outcomes. The results showed that both false and aryepiglottic folds had 
relatively small effects on the voice source characteristics, while the far-field sound amplitude was notably increased 
with the false fold constriction. Future studies will focus on changes in the glottal airflow and sound source characteristics 
associated with false and aryepiglottic constriction. 
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Abstract: 
Introduction: 
The human voice is produced through intricate neuromuscular contractions of the intrinsic laryngeal muscles (ILM), 

establishing the prephonatory posture of the vocal folds [1]. Deficiencies in either the recurrent laryngeal nerve (RLN), 

superior laryngeal nerve (SLN), or both can result in ILM malfunction, leading to laryngeal paresis and paralysis [2]. The 

conditions mostly occur on one side, resulting in asymmetric activation of ILMs, which can cause changes in the shape 
of the prephonatory posture, a significant contraction in pitch range, asymmetry in vocal fold vibratory phase, and 

acoustic aperiodicity. These factors ultimately contribute to an overall decline in vocal quality [3]. Hence, it is essential 

to comprehend the role of asymmetric muscle activation and its influence on the shape and vibrational patterns of the 
vocal folds.  

Several studies have sought to investigate the impact of symmetric intrinsic laryngeal muscle activation on vocal fold 
prephonatory shape, vibration, flow, and acoustics [4][5][6]. Other investigations have delved into the role of laryngeal 
paresis and paralysis, along with asymmetric muscle activation, aiming to understand their effects on vibration patterns, 

acoustics, and perception through numerical and experimental methods [2][7][8]. However, the understanding remains 

uncomplete. In particular, a systematic understanding of the effect of asymmetric ILM activations on vocal fold dynamics 
is incomplete. In this article, we propose to use high-fidelity computer modeling technique to investigate 3D vocal fold 
posturing in symmetric and asymmetric muscle activations, focusing on the relationships among muscle activity, vocal 
fold tension, stiffness, and geometry.  
 

Methods:  
 Geometry model. A three-dimensional model of human larynx was reconstructed from high-resolution MRI scans of 

a 74-year-old female (Fig. 1). The model takes into account both left and right sides of all laryngeal cartilages—the 
thyroid, arytenoid, and cricoid cartilages—as well as the intrinsic muscles (CT, TA, lateral cricoarytenoid (LCA), 
interarytenoid (IA), posterior cricoarytenoid (PCA) muscles). These muscles are segmented into bellies, comprising the 
vertical (CTv) and oblique components (CTo) of the CT, as well as the thyromuscularis (TAm) and thyrovocalis (TAv) of 
the TA. The activation of muscles on each side can be independently regulated, allowing for both symmetric and 
asymmetric muscle activations. The vocal fold is a layered structure, encompassing the cover layer, ligament, conus 
elasticus (CE), TA, thyroid epiglottis (TE) muscle, paraglottic space, and cricoid space. 

 
Figure 1. The geometric model of the human larynx reconstructed from the MRI scans of the larynx of a 74-year-old female. 

(Left) The whole larynx model for posturing simulation. (Right) The vocal fold model for FSI simulation. 

  
Material property. A fiber-reinforced anisotropic material model [9] is employed to represent the passive material 

characteristics of the vocal fold cover, ligament, conus elastics and all the muscles. The model parameters for different 
tissues were optimized by aligning with experiment measurements. The active stress in muscles is modeled using the 
Hill-based contractile model. Neo-Hookean material is applied to cricoid, thyroid, and arytenoid cartilages, as well as 
the paraglottic space and cricoid space. 

 
Simulation setup. Each simulation consists of two phases. In Phase 1, the posturing of the complete laryngeal model 

is simulated in response to muscle activations. The displacements of nodes on the anterior, posterior, and lateral 
surfaces of the vocal fold are extracted from the simulation results. These displacements serve as the boundary 
conditions for Phase 2. In this phase, an asymmetric activation ratio of the muscles is employed to represent both SLN 
and RLN paralysis conditions. Phase 2 exclusively simulates the flow-structure interaction (FSI) of the vocal fold, 
incorporating the displacement boundary conditions obtained in Phase 1. The medial, inferior, and superior surfaces of 
the vocal fold are allowed to move in response to aerodynamic loading. Tissue deformation is modeled using the finite 
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element method, and glottal flow dynamics is modeled using the one-dimensional Bernoulli equation. The three-
dimensional geometries for both phases are illustrated in Fig. 1. 
 

Results:  
The changes in vocal fold geometry resulting from both asymmetric and symmetric ILM activations will be examined 

in detail. Fig. 2 shows preliminary results, including the variations in vocal fold length and vertical thickness in response 
to symmetric CT and TA activations. The baseline scenario represents a fully adducted condition with zero CT and TA 
muscle activations. The vocal fold strain resulting from the isolated activation of TA and CT muscles align with typical 
values reported in previous studies, suggesting that our simulation result is within the physiological range. CT activation 
leads to vocal fold thinning, while TA activation results in vocal fold thickening. This influence of CT-TA activation on 

vertical thickness is in line with the prior study in the canine model [4] and corresponds to experimental observations 

[10]. Asymmetric ILM activations will be conducted to understand their impacts on vocal fold pre-phonatory geometry 

and tension as well as vibration patterns. Fig. 3 shows two preliminary simulations of asymmetric activations. In both 
simulations, the CT, TA, IA, and LCA are fully activated on the left side. In Fig. 3a, the activation level of LCA and IA 
was reduced to 50% while keep other muscles the same as the left side. In Fig. 3b, the activation level of TA was 
reduced to 50% while keep other muscles the same as the left side. The results indicate a slight left-right asymmetry in 
vocal fold shapes.  

 

 
 

Figure 2. The variation of the vocal fold length and vertical 
thickness relative to the baseline condition in response to CT 

and TA activations. 

Figure 3. Asymmetric activation of (a) LCA/IA and (b) TA 
muscles  

 

Conclusions:  
A high-fidelity computer model of the human larynx, encompassing all cartilages and intrinsic laryngeal muscles on 

both sides, is reconstructed using MRI data. The model is used to quantify the 3D properties of vocal fold prephonatory 
posture during symmetric and asymmetric muscle activations representing SLN and RLN paralysis. The relationship 
between the asymmetric ratio of muscle activations and the asymmetric ratio of posture properties will be investigated. 
The FSI simulation is also employed to investigate the vibration patterns.  
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Abstract:  
 
A current branch of voice research is interested in the 3D reconstruction of human vocal folds during phonation. This 
allows not only to measure the lateral and longitudinal, but also the vertical deformation of human vocal folds. 
At the same time, a 3D reconstruction increases the plasticity of visualization and may aid physicians in better detecting 
malicious diseases. To achieve this, endoscopic structured light systems are currently being explored that project a 
known point pattern into the laryngeal area. One can then generate 3D world positions of the superior surface of the 
vocal folds by measuring the deformation of this point pattern. However, to achieve clinical applicability of 3D 
Laryngoscopy, it is of upmost importance that these reconstruction pipelines work robustly without the need of human 
intervention. For this, we present Vocal3D: A fully automatic 3D reconstruction pipeline for Structured Light 
Laryngoscopy. The source code is open source and can be found here: https://github.com/Henningson/Vocal3D 
 
Method:  
 
The pipeline can generally be considered to consist of four parts: 

• A Feature Detection step, that segments glottal gap and vocal folds and detects laser point 
positions. 

• Next, a correspondence estimation step, that estimates which laser beam created which 
observed laser point. 

• Then, a triangulation step of the per frame point cloud in which the reconstructed point cloud 
is split based on the glottal midline. 

• Lastly the 3D reconstruction step, in which we fit a B-Spline based M5 model into the point 
clouds, based on the As-Rigid-As-Possible deformation algorithm. 

 
Given that we have a calibrated system, a high-speed video recorded with a structured light 
endoscope as input suffices.  
Feature Detection To reliably extract laser-point positions as well as a segmentation of vocal folds and glottal gap, we 
use the method introduced in [1]. Here, we find laser dots and segmentations jointly by reformulating the task of localizing 
the laser dots as a segmentation task and finding sub-pixel accurate point positions based on the SoftMax output of a 
general U-Net trained in a supervised manner. 
Correspondence Estimation To estimate correspondences, we first find a single frame in which the glottal gap is 
minimal, by finding a local minimum of the glottal area waveform. 
We assume that the vocal folds are quasi-planar in this state and the amount of detectable laser dots is maximized. 
Here, we find initial labeling candidates based on epipolar constraints of the system and domain, e.g. the vocal folds 
are in general 40mm to 80mm away from the tip of the endoscope. 
We then use a RANSAC-based (Random Sample Consensus) recursive hill climbing scheme introduced in [2] to 
estimate locally optimal correspondences. 
Triangulation Based on the previous step, we now can generate a 3D point cloud using general stereo triangulation. 
Next, we project the glottal outline into the point cloud. At last, we split this point cloud based on the glottal midline (that 
we can estimate in the Feature Detection step) into left- and right vocal fold. 
3D Shape Reconstruction Instead of just fitting a plane into the reconstructed point cloud, we want to reconstruct a 
complete 3D Mesh. To achieve this, we first model the M5 vocal fold model by Scherer et al. [3] as a B-Spline based 
model. Next, we use the As-Rigid-As-Possible algorithm [4] to mimic the soft-tissue deformation of vocal folds, i.e. we 
can use this to also model the movement of the medial surface. As a last step, we compute a least squares fit between 
the superior surface of the vocal fold model and the reconstructed point cloud on a per frame basis. 

Figure 5 - A symbolic 
overview of Structured 
Light Laryngoscopy 
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Qualitative Results: 
 
Here we show reconstructions of a silicone vocal fold model over time. A quantitative evaluation can be found in [2]. 
 

 

 
Figure 6 - A 3D reconstruction of an oscillating silicone vocal fold model over multiple frames using our method. 

 
Discussion & Conclusion:  
 
We evaluated our method on a silicone vocal fold model and on in-vivo recordings of the HLE dataset (publicly available 
here: https://github.com/Henningson/HLEDataset). The reconstruction does not require any human intervention and 
requires a negligible amount of time (mere seconds).  
 
Since we base our reconstruction on the fitting of a parametric vocal fold model, we can not only visualize the movement 
of the superior surface, but also visualize the medial axis of oscillating human vocal folds. However, it must be stated 
that the medial axis is reconstructed in a visually plausible and not physically accurate manner. At the same time, our 
method can also be used to compute the recording angle, allowing one to give hints about the likelihood of symmetry 
artifacts stemming from a tilted endoscope. However, we cannot solve ambiguities that stem from the grid-like projection 
pattern. To reach clinical applicability, other projection pattern need to be considered. 

 
 

Acknowledgements: 
 
This work was supported by Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) under grant 
STA662/6-1, Project-ID 448240908 and (partly) funded by the DFG – SFB 1483 – Project-ID 442419336, EmpkinS. The 
authors gratefully acknowledge the scientific support and HPC resources provided by the Erlangen National High 
Performance Computing Center of the Friedrich-Alexander-Universität Erlangen-Nürnberg. 
 

References: 
 

[1] Joint Segmentation and Sub-Pixel Localization in Structured Light Laryngoscopy. MICCAI 2023; 
Henningson J, Stamminger M, Döllinger M, Semmler M 

[2] Real-time 3D Reconstruction of Human Vocal Folds via High Speed Laser Endoscopy. MICCAI 2022; 
Henningson J, Semmler M, Döllinger M, Stamminger M 

[3] Intraglottal pressure profiles for a symmetric and oblique glottis with a divergence angle of 10 degrees. J 
Acoust Soc Am. 2001 Apr; Scherer RC, Shinwari D, Witt KJD, Zhang C, Kucinschi BR, Afjeh AA 

[4] As-Rigid-As-Possible Surface Modelling. Proceedings of EUROGRAPHICS/ACM SIGGRAPH Symposium 
on Geometry Processing; Sorkinge-Hornung, Olga and Alexa, Marc 

  



ICVPB 2024 

119 
 

FSAI-01: A benchmark dataset for aeroacoustic simulations of human 

phonation 

Stefan Schoder1, Sebastian Falk2, A. Wurzinger1, Alexander Lodermeyer3, Stefan Becker4, 
Michael Döllinger2, Stefan Kniesburges2 

1 Institut für Grundlagen und Theorie der Elektrotechnik, TU Graz, Graz, Austria 
2 Department of Otorhinolaryngology, Head and Neck Surgery, Division of Phoniatrics and Pediatric Audiology, 

University Hospital Erlangen, FAU Erlangen-Nürnberg, Erlangen, Germany 
3 Department of Process Machinery and Systems Engineering, FAU Erlangen-Nürnberg, Erlangen, Germany  

4 Institute of Fluid Mechanics, Friedrich-Alexander-University Erlangen-Nürnberg, Erlangen, Germany 

Keywords: e.g. Voice; Fluid-Structure-Interaction; Acoustics; Dataset 

 

 

Abstract: 
A freely available aerodynamics and aeroacoustic experimental dataset (https://doi.org/10.5281/zenodo.10141715) of 
the synthetic human phonation model synthVOICE (see Figure 1) is presented [1]. The dataset can be used for 
benchmarking numerical methods in aerodynamics, aeroacoustics, and the highly complex fluid-structure-acoustic 
interaction process of voice production.  

 
Objectives / Introduction: 

The sound of the human voice is generated by the fluid-structure-acoustic interaction between the laryngeal airflow and 
the two vocal folds (VFs). To analyze the essential aero-acoustic sound generation, experimental synthetic larynx 
models were developed to provide reliable and reproducible conditions to investigate the phonatory process accurately. 
synthVOICE is an internationally well-respected experimental larynx model that includes two VFs made of silicone 
showing periodical oscillations similar in amplitude and frequency to those found in male phonation. The objective is to 
present the wide range of experimental data in the online database. This includes the model geometry, the material 
characteristics, quantities of the vocal fold dynamics, fluid mechanical quantities, and the acoustic field. 
 

Methods:  
The benchmark case was transferred from a synthetic larynx and includes a large amount of experimental data of the 

fluid flow, the periodic dynamics of the silicone vocal folds and the produced sound field. The experimental setup 
consists of a mass flow generator, an aeroacoustic silencer, and the synthetic larynx model synthVOICE. synthVOICE 
consists of two elastic M5 silicone vocal fold models fixed within a mounting frame. The subglottal channel and the 
mounting frame consist of aluminum. The supraglottal test channel downstream of the vocal folds comprises two 
transparent walls made of acrylic glass (particle image velocimetry access) and two lateral walls made of aluminum. 
The two ventricular folds were inserted optionally at a distance of 5mm downstream of the vocal folds. The obtained 
data from this model are shown in the following table [2]. 

 
 
Results:  

A large amount of experimental data is available online, including the aerodynamic pressure at multiple positions along 
the flow region, the acoustic pressure, the time-resolved 2D flow field measured by PIV, and high-speed recordings of 
the vocal fold oscillations (see previous table). Furthermore, the CAD data of synthVOICE and the exact positions of 
the measuring hardware ensure the reproducibility of the model. In the following, the setup of the high-speed camera 
measurements is depicted, including the images of the vocal fold motion. For instance, the glottal area waveform of one 
oscillation cycle can be derived from these results and used as an input for a phonation simulation, as carried out in [3]. 
 

https://doi.org/10.5281/zenodo.10141715
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The PIV measurement setup inside the supraglottal channel is depicted as a second data-acquiring example. 

 
The dataset provides the opportunity to validate simulation data and workflows. Exemplarily, the validation of an 
aeroacoustic human phonation model using the hybrid aero-acoustic simulation model called simVOICE [3] is 
presented. It combines the flow and acoustic propagation simulations using the CAA solver openCFS [4]. 

 
Conclusions:  
In conclusion, this benchmarking dataset allows the validation of structural dynamics, aerodynamics, and 

aeroacoustics of a highly complex fluid-structure-acoustic interaction encountered during phonation like motion. The 
extensive data packages, including the geometry, the material characteristics, quantities of the vocal fold dynamics, 
fluid mechanical quantities, and the acoustic field, are available online: https://doi.org/10.5281/zenodo.10141715 . 
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Abstract:  

  
Objectives / Introduction:  

Transfer functions of a vocal tract (VT) are often used as an indicator of acoustic resoonance properties of this filter 

changing the primary sound source to the voice sound at the lips. These properties are, however, strongly dependent 

on the boundary conditions of the VT. The input boundary conditions, i.e., the vocal foldss, change the state from open 

to closed during phonation. Moreover, closure is done by soft tissue instead of a hard walll that is usually considered in 

simplified simulations. Computational as well as experimental modelling of these two pproblems is not still properly 

resolved. Therefore, we decided to measure and compute the transfer functions of the VVT model connected to vocal 

folds replica made of silicone, which is used for experimental investigation of voice in ourr laboratory for several years, 

see e.g. [1]. For the measurements we used the recently published methodology develooped by Fleisher et al [2]. For 

computational analysis we used previously published method [3].  

  

Methods:  

First, the simplified vocal tract model with circular cross-sections was 3D printed using aan acoustically hard material. 

The base of its main geometric configuration was taken from a 3D volume model obtainned from CT examination for the 

Czech spoken vowel [a:], see [4]. However, the VT shape was modified by inccreasing the mouth opening, epilarynx 

tube prolongation and narrowing of it and increasing the low pharynx volume. TThen, the tuning procedure [5] was 

applied to reach the resonance frequencies of the VT model  as for formants estimmated from the recordings of sung 

vowel [a:] of the female subject. Thus, the VT model of “opera singing [a:]” was obtaained, see Fig. 1.  

  
Fig.1: Geometry of the vocal tract model.  

  

The volume velocity transfer function of the VT model was measured using the preccise method described in [2]. This 

utilizes excitation of the VT model with an external sound source in front of the lips and measurement of the sound 

pressure inside the models at the glottal end. Thus, the pressure P1 is measured at the glottis while the mouth is open 

and then the pressure P3 is measured right in front of the closed lips. The presssure ratio P1/P3 is exactly the volume 

velocity transfer function, which reflects resonances of the VT open at the lips and closed with a hard wall at the glottis.  

However, the input boundary condition of a real human VT is not a hard wall. The vocaal folds created by soft tissue 

can be very compliant. For modelling we applied the experimental method [2] using the silicone model of vocal folds 

created from Ecoflex 00-10. The pressure P1 was measured with a special B&K 41882 microphone probe with a diameter 

of 1.25 mm. This probe was inserted between the left and right parts of the threee-layer vocal fold (VF) model, which 

was connected to the VT. The transfer function was then measured for several connditions of VF filled either with 

pressurized air or water. Changing the medium and its pressure in the middle layer betweeen models of epithelium and 

body layers inside the VF replica simulated its different stiffnesses.  
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Results:   

Fig. 2 shows the final version of the measured transfer functions, resulting from the aboove-mentioned measurement 

procedure, for several input boundary conditions (VF stiffness): 1) hard wall instead off VF,  2) VF filled with water p internal 

= 10 mbar,  3) pinternal = 5 mbar,  4) pinternal = 0 mbar,  5) VF filled with air pinternal = 10 mbar,  6) VF filled with air pinternal = 

5 mbar,  7) VF evacuated and open. It can be seen that varying the VF stiffneess changes the resonances both in 

frequency and level. A substantial difference between hard wall and compliant VVF is evident mainly above 2 kHz. The 

transfer function of the evacuated VF with glottis partially open reveals extra peeaks and dips caused by the model of 

the subglottal space, see e.g. [1].  

 

Fig.2: The volume velocity transfer function calculated for hard wall closure at the glottiis and measured for different 

vocal folds stiffness.  

  

Conclusions:  

The influence of VF compliance on the vocal tract transfer function was found to be very important, especially in higher 

frequency region.   
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Abstract:  
  
Introduction:  

The human voice is generated in a complex interplay of fluid flow, structural vibration, and acoustics. In this process, 

the vocal folds (VF) are stimulated to vibrate by a flow of air from the lungs. This oscillation in turn leads to a modulation 

of the air flow, resulting in a pulsating jet flow in the vocal tract (VT). The sound that constitutes the voice thereby arises 

aeroacoustically from the turbulent free jet, as well as vibroacoustically by sound radiation from the vocal fold surface. 

For a long time, a linear behavior between sound source and filter was assumed, i.e., changes in the source induced by 

changes in the filter were neglected [1]. However, this simplified representation is not always valid, especially when a 

resonant frequency of the VT is close to the oscillation frequency of the vocal folds 𝑓𝑜 [2]. We want to study the 

threedimensional vocal folds’ oscillatory behavior in a synthetic larynx model with varying vocal tract lengths to study 

the interaction of vocal fold oscillation and acoustic properties of the vocal tract.  

  

Methods:  

The three-dimensional reconstruction of vocal folds in medicine usually involves endoscopy and an approach to extract 

depth information like structured light or stereo matching of images. The resulting mesh can accurately represent the 

superior area of the vocal folds, while new approaches also try to reconstruct the inferior area. We want to study the 

VFs’ oscillatory behavior in a synthetic larynx model with varying vocal tract lengths to study the interaction of VF 

oscillation and acoustic properties of the VT.   

Typical methods for a three-dimensional measurement of vocal fold kinematics involve stereo-imaging techniques 

requiring two elements (either two camera-views or a camera-view and a structured light source). To study the 

interaction between the vocal tract resonance frequencies and the vocal fold oscillation, our test rig is designed to be 

able to elongate the VT however. Therefore, with increasing vocal tract length, the angle between the stereo-elements 

has to become smaller to be able to still access the vocal fold surface, which makes the methods fail eventually. To 

circumvent this issue, we use a different approach for the three-dimensional vocal fold surface oscillation measurement,  

 

Figure  1   –   An  overview over the method. Vibrometer and optical flow measurements are interpolated  
onto a common grid and integrated in time to obtain a three - dimensional displacement field.   
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combining two different measurement techniques. To measure vocal fold velocities in the transverse plane, a highspeed 

camera (hsc) recording is made and an optical flow algorithm is applied. Perpendicular to this plane, vocal fold oscillation 

velocities are measured in the vertical axis via laser-doppler-vibrometry (ldv). For this, a grid containing 702 

measurement points is created on the superior vocal fold surface. Both the hsc-recordings as well as the 

ldvmeasurements are performed with a measurement frequency of 50 kHz. They are synchronized via a subglottal static 

pressure signal from a flush-mounted pressure sensor in the subglottal channel. As the two methods operate on different 

measurement grids, a spatial interpolation using radial basis functions is made to obtain surface points with 

threedimensional velocity vectors. A special curved subglottal channel that allows for optical access of the inferior vocal 

fold surface is used to be able to apply the procedure to the superior and inferior vocal fold surfaces. With these velocity 

vectors, a time integration with Romberg’s method is made to obtain displacement vectors. These are analyzed in detail 

with a focus on their harmonic content.  

  

Results:  

The method allows us to study the harmonic modes of the vocal fold oscillation on both the inferior and superior vocal 

fold surface. Five snapshots of one oscillation cycle are shown in Figure 1. Band-pass filtering to single harmonic peaks 

in the frequency spectrum results in single harmonic oscillation modes. It can clearly be seen that the opening and 

closing of the vocal folds is a result of the basic oscillation mode at 𝑓𝑜. This mode is also the most relevant for the 

convergent-divergent glottis movement that is essential for a self-sustained oscillation. Higher harmonics of 𝑓𝑜 are 

dominated by displacements in the vertical axis (z-axis in Figure 1). Changing the vocal tract length can lead to changes 

in the vocal fold oscillation mode, thereby confirming the presence of acoustic back-coupling onto the vocal fold 

oscillation [3].  

  

Conclusions:  

The method enables us to study the vocal fold oscillation in three dimensions without the need of a stereoscopic 

arrangement. While the measurements already show promising results, there are still some drawbacks that need to be 

improved. One problem is the introduction of a slow drift of the displacement in z-axis, resulting from noisy measurement 

data from the vibrometer. This currently has to be countered by high-pass filtering the data in the z-axis. Another issue 

is the requirement for a suitable initial positioning of the vocal fold surfaces, from which to integrate the displacement 

with the velocity measurements. One possible solution could be the introduction of physical constraints to the model in 

the form of a finite-element-model [4].  
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Objectives / Introduction:  

During self-sustained vocal fold (VF) oscillation stresses are imparted to the internal vocal fold tissue. These arise 

from both tissue deformation due to mucosal wave propagation as well as collision forces when the VFs contact during 

closing. It is believed that excessive amounts of stress experienced by the tissue, whether due to acute or chronic abuse, 

is the primary precursor that can lead to the development of structural growths, such as VF nodules.  

Despite this understanding, knowledge of the mechanical stresses that arise within VF tissue, particularly during 

collision, is limited. Although finite element approaches provide obvious advantages for resolving internal tissue motion, 

validation of these approaches remains a significant concern. In vivo measurements have successfully employed 

ultrasound [1] and optical coherence tomography [2] measurements, although the tissue penetration depth was limited, 

and both the temporal and spatial resolution were limiting factors. Experimental approaches employing silicone vocal 

fold models have been successful at resolving surface stresses and strains [3], although measurements of the internal 

tissue deformation have been more challenging. To the best of our knowledge, only one prior study has pursued this 

effort, where using magnetic resonance imaging, the displacement of discrete markers embedded in a scaled-up 

physical vocal fold model was reported [4]. However, the spatial resolution was limited, and the scaling precluded 

accurate replication of the loading experienced by the in vivo vocal folds.  

In response, we propose a novel approach that utilizes optically clear synthetic, self-oscillating vocal fold models with 

embedded fluorescent particles that are illuminated to track internal VF deformations. The utility of this approach is 

highlighted in this abstract, and measurements relevant to tissue deformation during vocal fold collision are presented.  

Methods:   

Life-size silicone VF models were fabricated using a layered Body/Cover/Epithelium structure, as shown in Figure  

1A. The models were fabricated using optically clear Solaris (Smooth-On) at a part A:part B:thinner ratio of 1:1:4 for the 

body, 1:1:13 for the cover, and Ecoflex 00-45 Near Clear at a 1:1:0.3 ratio for the epithelium. The resulting moduli of 

elasticity of the layers are also shown in Figure 1A. Figure 1B shows the optical nature of the Solaris silicone relative to 

standard Ecoflex 00-30 silicone. When casting each layer, 10.0 µm diameter Fluoro-Max dry red fluorescent particles, 

which have a peak excitation wavelength of 540 nm and a peak emission wavelength of 612 nm, were mixed into the 

silicone creating a homogeneous distribution of embedded particles.    

The models were affixed to an optically-clear acrylic bracket and placed in a pressure-driven laryngeal flow facility in 

a hemilaryngeal configuration [5], where they underwent self-sustained oscillations. The subglottal pressure was psg = 

2.40 kPa and the fundamental frequency was fo = 151 Hz. To measure the internal deformations of the fluorescent 

particles a LaVision FlowMaster PIV system was used. A Litron Nano L Nd:YAG laser (532 nm, 50 mJ/pulse) was passed 

through optics to create a 1 mm thick planar laser sheet that was coincident with the mid-coronal VF plane. A sCMOS 

camera (2,560 x 2,160 pixels) was placed lateral to the VF models to allow visualization of the mid-coronal VF plane. A 

550 nm long pass filter was mounted on the end of a Nikon 50 mm f/2.8 lens so that only the illuminated particles inside 

the VFs were visible, while spurious reflections at the model surface were attenuated. The viewing area and the 

interrogation scheme (32 x 32 pixel with 50% overlap) resulted in a spatial resolution of 0.1 mm. Image-pairs of the 

internal deformations were acquired at 20 equally-

spaced instances in time throughout one oscillatory 

cycle. At each instance in time, 50 frame-straddle 

images were averaged to ensure convergence of 

the mean displacements.  

Results:   

Figure 2 shows a sequence of images of the 

internal material deformation rate (velocity) at  

three instances throughout the phonatory cycle (t/T   
= 0.05 (opening), 0.35 (maximum opening), and 
0.60 (collision), where T represents the period of 
oscillation. The complete cycle is not shown for  

Figure 1: A) Schematic of the VF model with elastic modulus of each layer. B) 
Traditional versus optically-clear VF models.  



ICVPB 2024 

126 
 

  
Figure 2: Raw images of the fluorescent particles embedded in the VF models (top row) and the resultant velocity fields acquired using particle 

image velocimetry (PIV) (bottom row) at times A) t/T = 0.05 (opening), B) t/T = 0.35 (maximum opening), and C) t/T = 0.70 (collision). 
 

brevity. Raw images showing the speckle pattern of the fluorescent particles are shown on top, with interrogated velocity 

fields below with coloring by velocity magnitude, and velocity vectors overlaid. Note, the difference between the body 

and cover layers is easily evident in the raw images.   

VF motion was primarily confined to the cover layer with the tissue velocity rapidly decreasing in the lateral direction. 

The majority of the cover motion was in the superior region of the VF motion. During opening (Figure 2A) VF motion was 

initiated at the superior edge and was highest at the initial opening. Upon reaching maximum opening (Figure 2B) the 

velocity decreased, and vocal fold closure was initiated at the inferior edge (note the vectors oriented towards the medial 

direction in Figure 2B). During closure, the tissue velocity was highest immediately preceding closure (Figure 2C). At 

this moment, the maximum tissue velocity was ~0.8 m/s.  

Note, resolution of the internal velocity field was poor along the VF surfaces, as seen in Figure 2. This arose due to 

both medial and superior VF surface curvature during oscillation. The curved surfaces caused refraction of the imaged 

particles which is manifest by blurriness in the image. Furthermore, casting the epithelium surface often produced slight 

wrinkles along the VF surface, which exacerbated this issue.  

The kinetic energy per unit volume of the VF was computed along a vertical line that passed from the medial to lateral 

surface at a position of x = 11 mm, as referenced in Figure 2, at the time of VF collision (t/T = 0.70). Figure 3 shows the 

velocity magnitude along this line as well as the kinetic energy. Note, both values go to zero at the medial surface (z = 

0 mm) due to the loss of information at the surface. As can be seen, the velocity, and more predominantly the kinetic 

energy, is primarily confined within the cover layer. This information provides useful insights regarding the computation 

of dissipated power during VF collision, and the subsequent risk of developing phonotraumatic lesions.  

Conclusions:   

This work has shown the utility of utilizing digital image 

correlation of embedded fluorescent particles to resolve 

internal VF kinematics during oscillation and collision, and 

has shown how it can be used to inform collision dynamics 

and the estimation of dissipated power. This technique 

shows significant promise for advancing understanding of 

internal VF tissue dynamics in both normal and  

pathological conditions. Furthermore, it provides 

quantifiable data for validation of numerical models for 

exploring the etiology of structural VF pathologies. 
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Abstract:  
  
Objectives / Introduction:  
During phonation, the vocal folds (VFs) often vibrate with a vertical phase difference between the upper and lower 

margins of the medial surface, which alters the shape of the VF medial surface within an oscillation cycle: during the 

opening phase, the medial shape is convergent, and during the closing phase the medial shape is divergent (or less 

convergent). This change in the VF medial shape is assumed to facilitate VF self-oscillation by generating a larger 

pressure during the opening phase than during the closing phase [1-3]. To better understand the mechanisms of VF 

oscillation, it is important to explore the dynamic distributions of the pressure inside the larynx, and how they change 

with different laryngeal and supralaryngeal configurations. In particular, the dynamic distribution of the contact pressure 

along the VF medial surface is relevant in investigating the occurrences of VF injuries and the strategies to prevent them 

[4-5]. Here we propose to measure the dynamic intraglottal pressure distribution on the medial surface using an excised 

human larynx. The goal of this preliminary study was to use a small (0.5 mm diameter) probe to obtain the pressure 

distribution with a fine spatial resolution, and observe its variations with different laryngeal adjustments.  
  

Methods:  
One excised human larynx (male, 40 years old) was used for the experiment. The night before the experiment, the 

larynx was slowly thawed in a fridge at the temperature of -4°C, and on the day of the experiment it was soaked in saline 

solution. The larynx was mounted on a tube connected to an expansion chamber mimicking the lungs, and airflow was 

provided through a constant-pressure source. Supralaryngeal superfluous tissues were removed to make the VFs 

visible, and sutures were attached to mimic the actions of the lateral cricoarytenoid (LCA) and cricothyroid (CT) muscles. 

Weights were attached to the sutures to simulate different degrees of muscle activation.  
The intraglottal pressure was measured by a probe microphone type 4182 (Brüel & Kjær, Nærum, Denmark) with a 

modified probe similar to the one described by Chen & Mongeau [6]: it was 100 mm long, closed at the end, and a hole 

was drilled on the side, approximately 20 mm from the closed end. The intraglottal pressure was registered across a 

grid containing 51 rows and 5 columns, spanning 10 mm vertically (0.2 mm increments from slightly above the highest 

VF displacement to below the VFs) and 4 mm on the anterior-posterior direction (1 mm increments), for a  

duration of 0.25 s each. The mean airflow, mean subglottal pressure, subglottal acoustic pressure, and radiated 

pressure were also simultaneously recorded. The placement of the probe microphone was controlled and automated by 

two step motors.  
The airflow was adjusted so that the VF oscillation was steady and regular. This allowed for a consistent cycle 

synchronization based on the subglottal acoustic pressure waveform.  
  
Results:  
Figure 1 depicts the pressure distribution recorded by the probe microphone for two contrasting laryngeal 

configurations: on one hand the aim was to thin and stretch the VFs by simulating a high CT and LCA muscle activation 

(Fig. 1a), and on the other hand the aim was to make the VFs thick, lax and short by reducing the weights attached to 

the elongation sutures while pushing the thyroid cartilage backwards (Fig. 1b). As expected in the absence of a vocal 

tract, the pressure values right above the VFs (top in the figure) is negligible in comparison with the intraglottal and 

subglottal pressure values. Similarly, as the probe was moving downwards the pressure waveform became more and 

more similar to the subglottal pressure waveform.  
Most interestingly, we observed that in the region between the subglottal and supraglottal space, the phase at which 

the peak intraglottal pressure occurred varied with the vertical location. This can be seen in Figure 1 as local maxima 

propagating upwards as time passes. This upward propagating pattern of the peak intraglottal pressure likely resulted 

from a VF contact region moving upwards with time, which goes in line with a wave-like vibration of the VFs. The extent 

of the peak travel can therefore be used as an estimation of the effective VF thickness: for the "thin" VFs condition (Fig. 

1a), it is roughly 3 mm, whereas in the "thick" condition (Fig. 1b) it is roughly 5 mm.   
The pressure distribution did not exhibit substantial variations along the anterior-posterior direction. However, we 

observed substantial variations of the intraglottal pressure waveform when moving the probe in the medial-lateral 

direction.  
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Figure 1. Dynamic distribution of the intraglottal pressure in the vertical dimension within one oscillation cycle. The intraglottal 

pressure values  are normalized by the mean subglottal pressure . The top panels represent the subglottal acoustic 
pressure waveform Psub. (a) "thin" VFs condition (  kPa); (b) "thick" VFs condition (  kPa);.  

Discussion and conclusions:   

This study presents the first fine-resolution, ex vivo measurement of the intraglottal and contact pressure distribution 

across the medial surface of the VFs, using an excised human larynx. We used a full larynx, where our probe was 

disrupting the full extent of the VF vibrations, which contrasts with most previous studies that used hemilaryngeal models 

[4,7]. Nevertheless, we believe that the results of this study provide new insights into the mechanisms of voice production 

and are relevant for the measurement of the intraglottal and contact pressures in living human subjects, where the 

conditions are similar to our study.  
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Abstract: 
 
Objectives / Introduction:  
Phonation is a complex physical interplay involving the vocal fold tissue, which is set into oscillation by the airflow, 

and the resulting acoustics. Synthetic vocal folds and larynx models play a crucial role in fully understanding this intricate 
fluid-structure-acoustic interaction. Additionally, such synthetic models can replicate various voice pathologies and can 
serve as preliminary work for larynx implants. This study presents a biomimetic synthetic vocal fold and larynx model 
capable of reproducing various laryngeal dynamics and adaptive stiffnesses of the vocal folds. 
 

Methods:  
The vocal folds are composed of silicone and a three-layer vocal fold model with integrated fibers. The study examines 

the impact of varying fiber pretension levels and increasing flow rates, while having a pre phonatory closed glottis. 
Furthermore, as the flow increased, the adduction of the vocal folds was incrementally increased with fiber tension 
ranging from 0 to 10 mm. The measurements utilize a multimodal approach, including subglottal pressure, vocal fold 
dynamics, and supraglottal acoustic signals, with adduction controlled through manipulators. 

 
Results:  
The models response to changes in fiber tension (see Fig. 1) demonstrates that the fundamental frequency increases 

with increasing fiber tension at a constant airflow. Additionally, we observed an increase in the fundamental frequency 
with increasing airflow at constant tension.  

 

 
Figure 7: The plot shows the influence of different fiber tensioning levels on the fundamental frequency in Hz as a 
function of the airflow in SLM 

 
Regarding adduction (see Fig. 2), the model exhibits two different phonation modes: the first at approximately 150 Hz 

– 200 Hz and the second at 260 Hz – 325 Hz. In both modes, it is evident that adduction decreases with higher airflow 
to maintain stable phonation in the respective mode.  
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Figure 8: The figure shows the relationship between adduction in mm (orange curves) and the resulting fundamental 
frequency in Hz (blue curves) as a function of the airflow in SLM for phonation mode 1 (solid line) and phonation mode 
2 (dashed line). The vibratory response was tested for fiber tensions at (a) 0 mm, (b) 5 mm, and (c) 10 mm. 

 
Conclusions:  
The vibratory response of the model can be adaptively adjusted by manipulating the airflow, fiber tension, and 

adduction, allowing for significant physiological and pathological variability in the phonation process. 
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Abstract: 
 

Objectives / Introduction: 
 
The experimental investigation of the flow-structure coupling represents a significant challenge in 
otolaryngology/phoniatrics, which is often performed with human and animal-derived specimens showing a rapid 
degradation of relevant mechanical and dynamic properties. The synthetic, elastomer-based replication of laryngeal 
mechanics remains challenging due to the complex, non-linear mechanical properties of the larynx. Complementing 
previously described approaches relying on the multi-layered molding of laryngeal structures, the presented approach 
is based on the adhesion-controlled highly dynamic rotational molding of ultra-soft silicones, yielding film thicknesses 
as low as 10 micrometers with ultra-soft properties and high geometric precision. 
 

Methods:  
 
Relying on rotational frequencies exceeding 30 Hz, the manufacturing of thin-walled laryngeal models becomes feasible. 
Based on the multi-layered manufacturing, the targeted modification of superficial mechanics with ultra-soft properties 
is obtained while enabling the replication of complex geometries and undercuts. The subsequent elastomer- and 
hydrogel-based modification of molded silicone structures allows for adapting the mechanical and dynamic properties 
of the vocal folds, representing a promising approach for the facilitated modeling of laryngeal dynamics. 
 

Results:  
 
Based on the described method, first prototypes of vocal fold models were manufactured which are shown in fig. 1. 
These prototypes were evaluated in a customized experimental setup by measuring the vocal folds’ dynamics, the 
subglottal pressure and the generated sound signal. 
 

 

Figure 9:  Depiction of rotationally molded laryngeal model inside the additively manufactured mold 

 
 
Conclusions:  

 
While the manufacturing of ultra-soft laryngeal models with a high geometric precision is usually impaired due to 
material-specific limitations of ultra-soft polymers, employing the multi-layered manufacturing of elastomers of varying 
mechanical properties allows to mimic the biomechanical properties of the vocal folds while minimizing adverse adhesive 
effects and the aging of models. 
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Abstract: 
 

Objectives / Introduction:  
In the past two decades, in vitro studies of human phonation have shifted from static or controlled oscillations to self-
oscillating bio/phono-mimetic replicas, yielding promising results (1–5). Artificial vocal folds have high availability, 
affordability, and they can be reused during an extended period of time. Moreover, control and access to the vibration 
and airflow parameters is made easier. Finally, they are essential to better evaluate and link together the results that 
come from theoretical and numerical models (2). However, they are generally still far from representing the 
physiological reality of human vocal folds. Besides, few studies have focused on varying either the mechanical 
properties of the chosen material or the pre-phonatory strain applied to the replica to better understand their influence 
on its vibratory properties. In particular, only four studies have investigated the impact of changing the vocal-fold 
anterior-posterior strain condition (εap) on fundamental frequency of oscillation (fo), and on subglottal pressure-airflow 
relationship (4–7). Owaki et al. (7) used a rubber model of vocal folds to measure the impact of material stiffness and 
elongation. Shaw et al. (6) compared silicone-based vocal-fold models with and without embedded fibers, highlighting 
the impact of material anisotropy on strain-induced variations in fo and pressure onset (Pon). Tur et al. (4) designed a 
multilayer fiber-reinforced silicone model as a close representation of human vocal folds, exploring the effects of 
changing diameter, resistance and tension of the ligament fibers, which resulted in a very promising frequency range 
of 200-520 Hz. Finally, Luizard et al. (5) developed an extensible vocal-fold replica with tunable material properties 
(using silicones or gelatin-based hydrogels), and evidenced a relationship between fo and fold stiffness. Yet, the range 
of fo was much lower than expected for human speech, and it did not vary much with longitudinal elongation, calling 
for further investigation.  
In this paper, we present an improved version of the testbed developed in Luizard et al. (5), allowing both anterior-
posterior elongation and medial-lateral compression. Flow-induced oscillations were characterized on a 
homogeneous silicone model with varying longitudinal and lateral strain conditions, and airflow rate. 

 
Methods:  

Figure 1: (a) Vocal folds and the 3D-printed inner mold, (b) Applied pre-strains, (c) General view of the testbed 
 

Vocal fold replica. An existing articulated larynx testbed with folds actuation in longitudinal stretching was used as 
a starting block (5). Improvements were made on the artificial larynx and its actuation in lateral compression. 

Laryngeal envelope and vocal folds were molded into a single block of homogeneous silicone rubber of shore 

hardness 00-30. The folds’ length at rest was 12mm and their thickness was 1.5mm. Their geometry was inspired 

from M5 models (8), corresponding to a simplified two-circle version of Microvoice model (5).  
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Vibroacoustic characterization. The laryngeal replica was loaded by adjustable strains in the anterior-posterior 
direction (εap) and medio-lateral one (εml). Airflow rate (ϕ) was controlled by means of an electromechanical valve 
actuator, as in (5). Several parameters characterizing the oscillatory behavior were measured: subglottal pressure 
(Psg), fundamental frequency of oscillation (fo), sound pressure level (SPL).  

    
Results:  
As shown in Figure 2a, an increase of 0.30 in longitudinal strain εap results in an increase of 40 Hz in fundamental 
frequency fo of oscillation within the whole airflow range. This qualitative trend is consistent with (4, 6) in case of fiber-
reinforced folds. Previous vocal-fold models with homogeneous and isotropic material properties such as those used 
in (5, 6) did not show an increase in frequency fo with the applied anterior-posterior pre-strain. 
For a given pre-strain, varying the mean airflow rate has minimal effect on fo , which varies at most in the range of 10 
Hz, consistent with (5).  
As evidenced in Figure 2b, the mean subglottal pressure increases non-linearly with the mean airflow rate ϕ up to 
2L/s (depending on the pre-strain level), then reaching a stable state. On the other hand, pressure decreases with 
increasing pre-strain, contrary to (4,5) but in line with (6) who found a decreasing onset pressure with increasing 
length for linear models.  
These discrepancies between previous articulated larynx testbeds are attributed to the critical role played by the 
boundary conditions applied to the folds, which differ particularly in the medial-lateral and inferior-superior directions.  
 
 

Figure 2: (a) Relationship between fundamental frequency fo and anterior-posterior strain εap, colored by values of mean airflow rate ϕ.(b) Relationship 

between mean subglottal pressure Psg and ϕ, colored by strain εap. Fold’s snips correspond to maximum glottal apertures. 

 
Conclusions:  
This study introduces an articulated in vitro larynx testbed, allowing a quantitative control over both anterior-posterior 
pre-elongation and medial-lateral pre-compression. These developments show encouraging results on the fo-
variations obtained by activating such articulations, while demonstrating the importance of boundary conditions for 
accurate replication of previous aero-acoustic results. 
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Abstract  
Objectives / Introduction:  

During speech production, the vocal folds (VFs) undergo almost continuous adduction and abduction to generate the 

voiced and unvoiced segments. Each voiced segment consists of vibratory patterns that include onset and offset and 

possibly a short duration of vibration. The mechanics and kinematics of the vocal onset and offset of oscillations 

potentially contain rich information that can be related to vocal health, dysfunction, and patients’ specific voice 

symptoms such as vocal fatigue and handicap (1,2,3). This presentation demonstrates effects of English consonants 

varied by their place, manner, and voicing on the onset and offset VF oscillation patterns in a vowel-consonant-vowel 

(VCV) non-word syllable.  

Methods:  

Data: High speed recordings (HSV) obtained with nasoendoscopy were used to investigate the onset and offset 

vibratory patterns during the VCV productions, with consonants varying by their place (bilabial, labiodental, alveolar, 

labiodental, and velar), manner (stop and fricative), and voicing (voiced/voiceless) features (see Table 1). Minimum 

of six productions of each VCV (/ipi/, /ibi/, /ifi/, /ivi/, /iti/, /idi/, /isi/, /izi/, /iki/, /igi/) were obtained while a female subject 

produced them with her habitual voice, resulting in 96 HSV recordings total at 4000 frames/second (fps). The rate of 

the VCV production was regulated by a metronome to ensure uniformity across recordings (0.92 seconds per 

production). HSV images and acoustic data were recorded simultaneously.  

Procedures: HSV recordings were temporally segmented using the acoustic data as a guide, and each VCV 

production was individually saved to a video file to play back at 20 fps (i.e., slowed down by 200). Each video was 

perceptually evaluated around its consonant for the presence or absence of three outcome measures: Arytenoid 

Abduction (separation), Vocal Fold Vibration Cessation, and Vocal Fold Contact Loss.   

Analysis: The data were analyzed in 3 two-factor groups while fixing either manner or place: voicing and place effects 

on stops (Group 1, N:36); voicing and place effects on fricatives (Group 2; N:28); and voicing and manner effects on 

alveolar consonants (Group 3, N:28). This arrangement avoids a missing-data problem due to English lacking some 

consonants (i.e., /ɸ/, /β/, /p̪ /, /b̪ /, /x/, and /ɣ/). The numbers of samples in VCV groups were matched to the minimum 

available. Those with more samples were randomly sampled for each group.  

Table 1: Investigated Vowel-Consonant-Vowel Patterns and Analysis Groupings  

  

  

⇦ Group 1  

⇦ Group 2  

      

   ⇧      

Group 3 Results:  

Group 1: Voicing and place effects for stops: All voiceless stops (/ipi/, /iti/, /iki/; N:18) (Table 2) presented with 

arytenoid abduction, vocal fold vibration cessation, and vocal fold contact loss across alveolar, bilabial, and velar 

places of articulation before the stop consonant in VCV production. None of the voiced stops (/ibi/, /idi/, /igi/; N:18) 

(Table 2) consonants demonstrated arytenoid abduction before stopping consonant production. Vocal fold vibration 

cessation was present only with voiced bilabial and alveolar stops (/ibi/, /idi/); both were present only once in six 

productions (17%). Vocal fold contact loss happened in 39% of all voiced stops while 83% of voiced bilabial and 33% 

of voiced alveolar stop productions presented this feature (Table 2).   

Manner  Voicing  
 Place    

Bilabial  Labiodental  Alveolar  Velar  

Stop  Voiceless  /ipi/    /iti/  /iki/  

  Voiced  /ibi/    /idi/  /igi/  

Fricative  Voiceless    /ifi/  /isi/    
  Voiced    /ivi/  /izi/    
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Group 2: Voicing and place effects for fricatives: All voiceless fricative production (/ifi/, /isi/; N:14) (Table 3) 

presented arytenoid abduction, vocal fold vibration cessation, and vocal fold contact loss for labiodental and alveolar 

places of articulation before the fricative production in VCV production. None of the voiced fricatives (/ivi/, /izi/; N:14) 

demonstrated arytenoid abduction before the fricative in VCV production. Vocal fold vibration cessation was present 

only in voiced alveolar fricatives (/izi/; N:7) indicating place of articulation effect during VCV production. None of the 

voiced labiodental fricatives demonstrated this gesture in VCV production. Vocal fold contact loss occurred in all 

alveolar voiced fricatives (/izi/; N:7) and only 14% voiced labiodental fricatives (/ivi/; N:7) indicating a place of 

articulation effect during VCV production (Table 3).  

Group 3: Voicing and manner effects on alveolar place of articulation: While all voiceless alveolar stops and 

fricatives (/iti/, /isi/; N:14) demonstrated vocal fold contact loss before the consonant production, only 43% of all voiced 

alveolar stops (/idi/) and 100% voiced alveolar fricatives (/izi/) did so in VCV production (Table 4).  

  

Table 2: Group 1 / Voicing and Place Effects on Stop Consonants  

Voicing  Place  
Arytenoid  
Abduction   

VF Vibration  

 Cessation  

Vocal Fold   

Contact Loss  

Voiceless  (all)  18/18 (100%)  18/18 (100%)  18/18 (100%)  

Voiced  Bilabial  0/6 (0%)  1/6 (17%)  5/6 (83%)  

  Alveolar  0/6 (0%)  1/6 (17%)  2/6 (33%)  

   Velar  0/6 (0%)  0/6 (0%)  0/6 (0%)  

  

Table 3: Group 2 / Voicing and Place Effects on Fricative Consonants  

Voicing  Place  
Arytenoid  
Abduction  

VF Vibration  
Cessation  

Vocal Fold  
Contact Loss  

Voiceless  (all)  14/14 (100%)  14/14 (100%)  14/14 (100%)  

Voiced  Labiodental  0/7 (0%)  0/7 (0%)  1/7 (14%)  

   Alveolar  0/7 (0%)  7/7 (100%)  7/7 (100%)  

  

Table 4: Group 3 / Voicing and Manner Effects on Alveolar Consonants  

Voicing  Manner  
Arytenoid  
Abduction  

 VF Vibration  

 Cessation  

Vocal Fold   

Contact Loss  

Voiceless  (all)  14/14 (100%)  14/14 (100%)  14/14 (100%)  

Voiced  Stop  0/7 (0%)  1/7 (14%)  3/7 (43%)  

   Fricative  0/7 (0%)  7/7 (100%)  7/7 (100%)  

  

Conclusions:  

Preliminary results strongly suggest main effects of voicing, place, and manner and interaction effects between voicing 

and place and between voicing and manner on the vocal fold vibratory patterns of the VCV productions. Arytenoid 

abduction (separation) with cessation of vibration and loss of vocal fold contact always occurs during VCV production 

with all of the voiceless consonants assessed (/ipi/, /iti/, /iki/, /ifi/, /isi/). As the arytenoids abduct, VFs have to lose 

contact, and there is too much air leakage to sustain the vibration. None of the voiced consonants (/ibi/, /idi/, /igi/, /ivi/, 

/izi/) exhibited arytenoid separation. The vocal fold vibration cessation before the voiced consonant production was 

observed mostly for alveolar fricative (/izi/) in VCV position. The vocal fold contact loss was observed in some of the 

voiced alveolar stops but present in all voiced alveolar fricatives. Behaviors of the vocal fold (contact/cessation) with 

the voiced consonants is dictated by the aerodynamic coupling of the source and vocal tract. Interestingly, the stops 

and fricatives draw the polar opposite effect of the placement. Stops further from source cause more contact loss 

while fricatives further from source cause less contact loss and cessation. At the alveolus, the voiced fricative is more 

likely to cause disruption to the vibration than voiced stop. Indications for future studies and clinical implications of 

the results will be discussed.  
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Abstract: 

Objectives / Introduction: 

Healthy function of intrinsic laryngeal muscles (ILMs) is extremely important for producing intelligible and highquality 

speech. This work aims to correctly measure ILM activities for accurate assessment of laryngeal function, which is 

helpful to further understand neuromuscular control of voice production and to diagnose laryngeal disorders in clinical 

applications. 

Methods: 

A non-invasive method using two-channel surface electromyography (sEMG) was designed to extract the activity 

signals of cricothyroid (CT) and lateral-cricoarytenoid (LCA) muscles through specific sensor placement and signal 

processing. The activities of CT and LCA muscles were quantitatively evaluated by two time-domain features (i.e., root 

mean square RMS, mean absolute value MAV) and three frequency-domain features (i.e., median frequency MDF, 

mean frequency MNF, and frequency ratio FR) of the extracted sEMG signals. The sEMG features were further 

compared with acoustic features (i.e., fundamental frequency F0 and closed quotient CQ) of simultaneous speech 

signals to investigate dynamic changes in muscle activity during speech control. 

 
Fig. 1. The sEMG signal collection and processing. 

Results: 

The frequency-domain features of sEMG signals from CT and LCA muscles had a significant and consistent 

correlation with F0 but no significant correlation with CQ, indicating an increasing activity of CT and LCA muscles with 

voice pitch rising. Furthermore, CT muscle showed greater changes in the frequency-domain sEMG features during 

pitch control than LCA muscle. This outcome was consistent with the effect of CT and LCA muscles on voice control 

reported in previous experimental studies. Moreover, the frequency-domain features of sEMG signals had a more stable 

pattern than the time-domain features across subjects, showing potential as reliable parameters for quantitative 

evaluation of laryngeal muscle activity. 
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Fig. 2. The relationships between sEMG features and acoustic features. In each subfigure, the scatter plots show 

extracted sEMG features of LCA (blue color) and CT (red color) muscles, while the solid lines represent linear fitting 

curves of the scatter data with marked Pearson’s correlation coefficients between sEMG features and CQ (* denotes p 

＜0.05 and ** denotes p＜0.01). 

Conclusions: 

Surface electromyography is feasible and effective to non-invasively extract and quantitatively evaluate dynamic 

activity of CT and LCA muscle during phonation, which is promising to develop into a practical technique for in-vivo 

human research on neuromuscular control and clinical diagnosis of laryngeal disorders. 
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Abstract:  
  
Objectives / Introduction: Excessive voice use and compensatory intrinsic and extrinsic laryngeal muscle tension are 

considered potential factor affecting several voice disorders such as muscle tension dysphonia, Parkinson’s disease, 

laryngeal dystonia, among others. Laryngeal electromyography is a diagnostic technique employing hook-wire 

intramuscular electrodes that is currently limited to the examination of specific neurological conditions due to its highly 

invasive nature. Surface electromyography (sEMG) is a non-invasive approach that has the potential to capture extrinsic 

laryngeal tension that may exhibit altered activity in subjects with dysphonia [1], but has yielded conflicting results, likely 

due to the variability in electrode configuration, phonatory tasks, outcome measures, and normalization procedures. 

High-density sEMG (two-dimensional arrays) has the potential to address some of these limitations by extending the 

contact surface, increasing the number of channels, and providing means to better decompose and analyze the sEMG 

signals [2]. Furthermore, intermuscular coherence networks have recently been employed using traditional bipolar 

electrodes to comprehensively investigate the muscular system during various phonatory tasks and have exhibited a 

more consistent behavior to describe muscle activity than spectrally-temporal features such as Root Mean Square 

(RMS) and Power Spectral Density (PSD) [3][4].  

  

The aim of this work is to utilize high-density sEMG and intermuscular coherence as a non-invasive method to study 

laryngeal muscle activity and correlate it with vocal tasks, benefiting from an increased number of acquisition channels. 

It is anticipated that the efficacy of intermuscular coherence as an estimator of laryngeal muscle tension will be 

determined and the advantages of high-density sEMG recording will be explored, in comparison with traditional 

electromyography processing techniques.  

  

Methods: Muscle activity was recorded using an electromyography device (Quattrocentro, OT Bioelettronica, Torino, 

Italy) in monopolar mode with a sampling frequency of 2000 Hz. A 64-channel (5 x 13) electrode grid with a distance of 

8 mm between electrodes was used. A series of vocal tasks were conducted, each with varying levels of loudness and 

pitch conditions, for the sustained vowels /i/, /a/, and the repeated syllable /pae/. In the first task group, three levels of 

loudness and three pitch ranges were utilized, each produced for 8 seconds for the sustained vowels /i/, /a/ and syllable 

/pae/. In the second group, an ascending and descending pitch glide was performed for a vowel /i/. The location of the 

electrode array (64 channels) was oriented considering the trajectory of the sternocleidomastoid muscle (Fig. 1A). Two 

subjects, one male and one female, with no history of vocal pathology completed the vocal tasks for this initial pilot 

study, in accordance with the approved IRB protocol of the FONDECYT 1230828 project.  

  

  
Fig 1. A. Location of the matrix considering different anatomic points. B. Matrix of squared magnitude coherence for the vowel /i/ at 

comfortable amplitude. C. Matrix of squared magnitude coherence for the vowel /i/ at loud amplitude  
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Magnitude squared coherence was calculated using Welch power spectral density with a Hamming window of 2048 

samples and 50% overlap. The maximum coherence component in the 10-100 Hz range was selected for each sensor 

pair. Utilizing the maximum coherence value obtained for each channel, the coherence matrix was constructed, followed 

by the computation of the average coherence across all channels (Fig. 1B,C). To facilitate a comparison between muscle 

coherence and traditional methods, RMS value was calculated.  

  

  Results: The results illustrate that the concurrent utilization of 

high-density sEMG and intermuscular coherence has the potential 

to differentiate both changes in vocal parameters (namely, volume 

and pitch) and various vocal tasks. This distinction is attributed to 

the increased number of channels capable of capturing subtle 

shifts associated with vocal production. This is initially evidenced 

by the visualization of the coherence matrix, revealing electrode 

channels with heightened coherence in tasks involving high pitch 

or loudness. A mean normalized coherence value of 0.81 was 

obtained for a loud amplitude and a value of 0.53 for a comfortable 

amplitude of the vowel /i/ (Table 1). Additionally, a symmetry in 

the coherence matrix is noticeable, indicating a certain uniformity 

in the distribution of extrinsic laryngeal muscle activity. In this pilot 

study the ability of intermuscular coherence to distinguish 

between vocal parameters and tasks proved to be significantly 

superior to conventional metrics such as RMS, which did not yield 

satisfactory outcomes, exhibiting very similar patterns across 

different phonatory tasks.  

  

  

Conclusions: This study illustrates potential and sensitivity of intermuscular coherence analysis for reflecting subtle 

modulations in vocal output, particularly in detecting changes in vocal parameters. The preliminary results suggest that 

the high functional synchrony of cervical muscles produces a pronounced coherence response during loud pitch 

exercises, advocating that laryngeal performance can be assessed through intermuscular coherence. The use of 

highdensity sEMG presents a more comfortable and convenient approach, requiring the placement of only a single 

electrode instead of multiple electrodes across different areas. The augmented number of acquisition channels also 

facilitates the monitoring of a broader area, enhancing the detection of finer muscle activity variations. Future efforts 

include extending this methodology to a broader array of phonatory tasks and a larger patient and control cohort for the 

acquisition of comprehensive statistical metrics.  
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Abstract:  
  

Objectives / Introduction:  

Various techniques have been developed to measure vocal fold (VF) oscillations [1]–[5]. However, due to the 

restricted anatomical access in the larynx, these methods only measure particular aspects such as the caudal 

surface [3], the layered structure [4] or the tissue velocity [5]. A 3D, temporally resolved measurement of the VF 

oscillation will increase our understanding of the origin of voice and may guide therapeutic decisions, e.g. when 

tumor resection is required [6]. We have previously shown that magnetic resonance imaging (MRI) is capable of 

achieving high spatio-temporal resolution to image the VF oscillation in 2D [7], [8]. In our previous work, we have 

used rapidly switched magnetic field gradients to encode the tissue motion. In this work, we report on a new 

approach that minimizes gradient switching and allows for isotropic encoding in all 3 spatial dimensions, with sub-

millimeter isotropic spatial and sub-millisecond temporal resolution.  

Methods:   

MR-data was acquired on a clinical 3T MRI (Siemens Prisma) using a zero echo time (ZTE) pulse sequence. 

With ZTE the duration of the simultaneous encoding and acquisition of the MR-signal was 0.64ms. To acquire an 

image with isotropic spatial resolution, the direction of the encoding gradient (G = 23.6mT/m) was changed after 

each acquisition [9] and data acquisition was repeated every 0.85ms. The MR-signal is acquired with a small 

circular coil (d=7cm) at the larynx of the volunteer. To acquire an image with 0.8mm spatial resolution, data 

acquisition was repeated 287.200 times and required 4min 20s in total. The male volunteer (26y, 80kg) was lying 

in a supine position and asked to sing at a constant frequency of (f = 150Hz) with intermittent breathing at will. 

Shifts in larynx position over the measurement can cause image blurring. To compensate for these shifts, one-

dimensional MR navigator data were acquired every 255ms in superior-inferior (S/I) direction and every 510ms in 

right-left (L/R) and anterior-posterior (A/P) direction. This allows for retrospective tracking of the larynx position 

relative to a reference position. Variations in larynx position are then corrected using Fourier shift theorem.  

To reconstruct the VF oscillation, MR-data were sorted according to the motion phase during signal acquisition. 

Therefore, a microphone was placed at the mouth of the volunteer to record the acoustic signal. To suppress the 

noise from the MRI machine, a low-pass Butterworth filter (6th order, f0 = 180Hz) was applied to the acoustic signal. 

The VF motion phase was then obtained from a fit of a sine function for each acquisition. Using this phase, data 

are sorted into 10 phases (frames).   

Results:   

The mean phonation frequency was 149±2Hz, yielding a temporal resolution of 0.67ms in each of the 10 frames 

(Figure 1). Transverse images of the larynx show a wide opening of up to 2.4mm across the glottis, and the 

coronal view shows a vertical displacement of 1mm during the reconstructed oscillation cycle. From the images 

in sagittal orientation we could estimate the variation of contact area between 46 and 78mm2 in the volunteer.   

During phonation the maximal displacements of the larynx in S/I direction were –4mm and +3mm. The standard 

deviation over all estimated larynx displacements was = 0.8mm. Via thresholding, we extracted surface data 

of the glottis (Figure 2).  

  

Conclusions:   

In this work we for the first-time measure VF oscillations in humans with a full high spatio-temporal 3D+t 

resolution. The ZTE pulse sequence is advantageous as it provides a very short encoding time and low acoustic 

noise compared to conventional pulse sequences, making it the ideal imaging method during speech and singing.  
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A disadvantage of ZTE is the low tissue contrast, which currently does not provide a differentiation between the 

layers of the VF. However, for VF motion studies the boundary between tissue and the air in the glottis can be 

visualized. In our previous work, instead of the MR-compatible microphone, we have used an electroglottogram 

(EGG) for signal synchronization. While the optical microphone improves measurement setup times and patient 

comfort, the reconstructed images can no longer be correlated to features in the EGG signal.  

A higher spatio-temporal resolution is currently limited by the spatial selectivity of the MR excitation pulse. 

Solutions to this problem have been proposed and will be applied in a next step [10]. In voice research, the access 

to the vocal folds is limited, requires unpleasant insertion of a laryngoscope into the pharynx and can be prone to 

perspective distortion [11]. Computational simulations and ex-vivo studies showed that vocal control is three-

dimensional [12]. Thus in the future, we want to apply this new technique in a volunteer study to visualize and 

quantify medial surface vertical thickness of the VF during vibration in vivo and asses its role in regulating the 

glottal closure pattern for different voice qualities.   
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Figure 1: Transverse, coronal and sagittal views of the vocal folds. Images are Figure 2: Reconstruction of the surface area in the 

taken from the 3D+t MR data. White lines indicate the position of the other 2 glottis during phonation. Left: view from top (artificial 

views. Animated version. laryngeal stroboscopy), Right: Rotating view from below the vocal fold plane. Animated version.  
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Abstract:  
  

Objectives / Introduction:  

The vocal folds produce the primary sound of phonation. Therefore, it is important to consider any changes in material 

characteristics that may occur due to vibration frequency when analyzing vocal production. Various techniques for 

determining viscoelastic properties have been developed, such as the tensile test, rheometer, atomic force 

microscopy as well as indentation measurements, pipette aspiration, ultrasound elastography and Brillouin 

microspectroscopy, the last four of which have the potential to be used in vivo.   

The microstructure of the superficial layers of the vocal folds could be effectively visualized with optical coherence 

tomography (OCT) [1]. The pipette aspiration technique, on the other hand, has shown that it is capable of measuring 

frequency-dependent properties [2]. Published data suggest that the stiffness of the vocal fold tissue increases with 

frequency [3, 4].  

The combination of these two techniques can provide a comprehensive understanding of the tissue's structure as well 

as its viscoelastic properties.   

This abstract presents the OCT pipette aspiration as a novel measurement technique in voice science and its results 

on the frequency-dependent elastic properties of the superficial layers of the vocal folds.    

  

Methods:   

An OCT (OQ Labscobe 2.0/X, Lumedica) is used to record the B-mode images, with a 3D printed pipette mounted to 

the sensor head. The pipette has an inner radius of 2.5 mm, an outer radius of 3.5 mm and is shielded from the optical 

system by a sapphire window. The pipette is pressed vertically onto the tissue surface by a linear drive, whereby a 

contact pressure of 0.05 N is desired. The tissue is excited by a customary loudspeaker and simultaneously the 

applied pressure is measured by a pressure transducer (XCS-093±5SG, Kulite). The measurement setup is shown 

in Figure 1a.  

The excitation frequency range is between 1 Hz and 100 Hz, with 200 OCT images and 4 seconds of pressure data 

recorded for each of the 34 steps.  

The pressure fluctuation follows a sinusoidal pattern; therefore, a vibration cycle can be reconstructed using the 

pressure data as a reference. This step is necessary due to the low sample rate (approx. 30 Hz) of the OCT. 

Furthermore, the surface of the tissue is detected using a second-degree polynomial fit to the brightest line in recorded  

B-scan. Using the maximum displacement of the specimen surface Δ𝑑𝑑 and the maximum pressure fluctuation Δ𝑝𝑝, 

the Young’s modulus 𝐸𝐸𝑃𝑃𝑃𝑃 of a Neo-Hookean material can be estimated by   

  

 PA =  a Δp,  

E 

1.07 Δd 

  

where 𝑎𝑎 is the inner radius of the pipette [5]. In addition, the static Young's modulus 𝐸𝐸𝐼𝐼 is measured using the 

pipette for an indentation measurement [6].  

On a thawed porcine larynx, the pipette is placed in the middle of the vocal folds and four iterations of the entire 

frequency range are measured in each case.   
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Results:   

Figure 1b shows an exemplary OCT image in which the tissue surface and the layered structure of the tissue are 

clearly visible.   

  

 

Figure 1: Panel a displays the measurement setup. Panel b shows an OCT image of the vocal folds. Panel c indicates the Young's modulus of 
the vocal fold tissue. The marker represents the mean value for all iterations (n = 4), and the error bar indicates one standard deviation of the 
same data set.  

Figure 1c displays the mean values for both the static and pipette measurements for each step. It is observed that 

the Young's modulus increases with increasing frequency, although there is nearly no change above 50 Hz.  

  

Conclusions:   

The data presented indicates an increase in Young's modulus for higher frequencies, consistent with previously 

published data. However, based on the measurements on one larynx with four iterations, no statistically significant 

statement can be made.   

Nevertheless, it is shown that the combination of pipette aspiration and optical coherence tomography is capable of 

measuring the frequency-dependent Young's modulus of the vocal folds. Additionally, it is possible to record B-mode 

images of the vocal fold structure simultaneously. Therefore, the presented method expands the diagnostic 

possibilities of non-destructive tissue characterization and may be beneficial in a clinical setting.  
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Abstract:  
  

Objectives / Introduction: A healthy voice is a fundamental ‘tool’ for social and occupational life. A number of 

professions, e.g., teacher, lecturer, or kindergarten worker, come along with excessive voice use. Over years, prolonged 

vocal loading can lead to substantial voice problems, such as chronic hoarseness. In serious cases, social isolation and 

occupational disability can be the consequences. An early identification and characterisation of vocal dysfunction are 

thus essential as they enable a targeted intervention. However, standard outpatient voice assessments only provide a 

snapshot of a patient’s voice and usually do not capture effects of vocal loading that emerge after a certain longer period 

of voice use in everyday life settings. Therefore, we suggest a mobile solution for longitudinally collecting objective 

voice parameters ‘in the wild’ and making them clinically accessible.  

In a preliminary study (Pokorny et al., 2024), we conducted voice recordings of four voice healthy speakers, who 

completed a 90-minute reading task. Acoustic analyses of an extended set of extracted voice parameters revealed 

individual effects of vocal fatigue across different speakers. Only a few parameters turned out to universally describe 

vocal changes over time.  

In this work we wanted to take an important step towards practical implementation. We aimed to develop a prototype 

of a long-term voice recording and voice parameter extraction app – the VocDoc, and demonstrate its basic functionality 

under real-world conditions.            

  

Methods: We implemented the VocDoc prototype for iPhone. For constant recording quality, a clip-on microphone 

is expected to be attached to the collar and plugged to the phone. The VocDoc was supplied with an intelligent and 

noiserobust voice activity detection input stage, i.e., a machine learning-based agent that initially learns intrinsic voice 

characteristics of a specific user based on a few sample utterances and, thenceforth, automatically detects whenever 

the user is speaking. For each detected speech segment of the user, the VocDoc finally extracts a set of 84 voice 

parameters, such as statistical functionals of the fundamental frequency, voicing probability, alpha ratio, Hammarberg 

index, or spectral flux, in real time and stores them locally in form of a vector together with time stamps in a text file. For 

data privacy reasons, the VocDoc does not store raw audio. Feature extraction is realised by means of the widely-used 

open-source toolkit openSMILE (Eyben et al., 2010).   

For a proof-of-concept evaluation, we equipped a 32-year-old male university teacher with the VocDoc and collected 

data while he was giving a 90-minute lecture.  

   

Results: During the 90-minute test run under realistic conditions, the VocDoc detected 7836 speech segments of the 

target speaker, successfully extracted the segment-wise voice parameters, and stored them in a text file. The 

trajectories of several voice parameters were subject to high fluctuations. Nevertheless, we could observe overall linear 

trends over time, such as an increase of the mean fundamental frequency or the standard deviation of voicing probability 

in voiced regions; see Figure 1.    

  

Conclusions: We introduced and initially tested a novel app – the VocDoc – as an easy-to-apply mobile framework 

for the long-term recording of clinically relevant voice parameters of a patient in everyday life settings. Collected data 

are intended to be visualised and interpreted by phoniatricians and speech-language therapists for diagnostic 

reasoning, intervention planning, and therapy success evaluation. Next steps comprise the collection and analysis of 

patient voice data by means of the VocDoc, a final selection of supported voice parameters in consultation with 

healthcare professionals, as well as an integration of machine learning-based features, such as an automatic detection 

of pathological voice segments.    
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Figure1: Distribution of detected speech segments alongside a 90-minute lecture and smoothed trajectories of two 

segment-wisely extracted example voice parameters including linear fitting line (red).  
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Abstract:  
  

Objectives / Introduction: Common operations for unilateral vocal fold paralysis (UVFP), such as Thyroplasty Type 

1, improve vocal efficiency (VE) by closing the membranous gap between the normal and paralyzed fold. VE measures 

the degree to which subglottal aerodynamic power is translated to acoustic power. However, even after surgical 

treatment, some patients report symptoms such as vocal fatigue, decreased projection, and decreased intelligibility in 

noisy environments. These recalcitrant symptoms will be associated with reduced VE relative to normal voice, 

suggesting that enhancing VE could further ameliorate these symptoms.   

Previous research in the excised canine larynx suggests that this further improvement is possible by certain 

modifications to the procedure. For example, it was found that medialization of the tissue below the fold (infraglottal 

region) results in higher VE than medialization of the fold itself (glottal) even though both operations close the 

mediallateral membranous gap1,2. However, translating these surgical findings in animals to patients requires a deeper 

understanding of how and why various treatment modifications affect VE.  

This study’s goal is to quantify the effect of implant location on the stiffness gradient, maximum divergence angle, 

vocal fold vertical height, and vocal efficiency (VE) using an excised canine larynx model.   

  

Methods: 4 larynges were excised from healthy canines, and a hemilaryngectomy was performed to remove the right 

fold, leaving the trachea intact. The hemilarynx was attached to a transparent Plexiglas plate using a suture at the 

anterior commissure and two on the thyroid cartilage in order to secure it in place. Sealing was ensured by a bead of 

silicon sealant, delineating the contact between the thyroid cartilage and the transparent plate. The model was mounted 

on an aerodynamic nozzle to supply the glottis with conditioned airflow at a known flow rate and pressure. The remaining 

arytenoid cartilage was positioned using a three-axis prong system. This way, different measurable adduction levels 

were achievable. Three conditions were evaluated: without an implant, with an implant at the glottal level, and with an 

implant placed infra-glottal (Fig. 1).   

A stereoscopic digital image correlation setup acquired mid-membranous tissue deformation during phonation, using 

anterior commissure vocal fold silastic implant two high-speed cameras and a  

 
  

Figure 1 Implant Locations in the Larynx. (a) Cross-section of the mid-coronal plane of larynx post removal of supraglottal 
tissues, showing internal structure. (b) and (c) are enlarged views from the dashed rectangle in (a), depicting silastic implant 
placement  

Results: The implant location (inferior vs. superior) directly impacted the medial shape and the vibration amplitude. 

The medialization effect was also noticeable in the prephonatory state (Fig. 2). Trends observed in VE were not 

consistent across the different larynges.   

volumetric laser to illuminate the  
sample.  The  three-dimensional  
medial shape of the glottis was  
acquired in its pre-phonatory state  
and  then during phonation.  A  
microphone was used to measure  
the sound pressure level to derive  
vocal efficiency.  

After phonation trials, the bulk  
stiffness of the tested fold was  
measured using a micro-indenter.  

b) c) 

glottal height 

a) 

thyroid cartilage 

trachea 
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Figure 2 Prephonatory profiles of the vocal fold’s shape extracted in the 
midcoronal plane for the three different implant conditions. Dashed lines 
emphasize the location of the inferior aspect of the fold.  

  

Conclusions: VE is not so much impacted by vertical height, rather than 

inferior-superior phase-delay (divergence angle), although implant location 

affected both. The trends differed from what had been reported in literature 

previously with full larynges, which could be due to the hemilaryngectomy 

approach and its associated challenges, such as potential non-

anatomically realistic leakages, or vibration onto a hard plate instead of 

compliant tissue. Statistical analysis is recommended.  
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Abstract: 
 

Objectives / Introduction: Approximately 8% of the population has a diagnosis of asthma, with the prevalence 
increasing each year. A commonly prescribed treatment for asthma is combination inhaled corticosteroids (ICs), which 
are composed of corticosteroids and beta agonists that relax the smooth muscle of the airway. Unfortunately, the use 
of combination ICs has been associated with voice disorders in 5-58% of patients1. This association has been 
attributed to the fact that the drugs must pass through the airway before reaching the lungs. The purpose of this study 
is to investigate the mechanisms that may be associated with voice disorders after IC usage by determining the 
inflammatory and biomechanical changes in vocal fold tissue following IC administration in a rabbit model.   

 
Methods: Twenty 6-month old male New Zealand white rabbits were randomly assigned to a control or experimental 
group (N=10 each). The experimental group received Advair HFA, a combination corticosteroid consisting of 
fluticasone propionate (45 mcg) and salmeterol (21 mcg). Medication was administered via an inhaler with spacer and 
mask. The control group received a saline treatment with 0.9% sodium chloride via a nebulizer with a small animal 
mask attachment. Both groups were administered 18 breaths of one puff or nebulization twice daily for eight 
consecutive weeks. Following the treatment period, all animals were euthanized and vocal folds were harvested and 
stored in phosphate-buffered saline (PBS) at -80ºC. The right vocal folds were thawed prior to rheometric tests to 
determine elastic and viscous moduli. Following rheometry, RNA was extracted from the tissues and processed for 
RT-qPCR analysis. The tissues were tested for the following pro-inflammatory cytokines: TNF-α, IL-1β, and IL-6. 
  
Results: Viscoelastic differences were not identified between vocal folds treated with corticosteroids and those treated 
with saline. Although significant differences were not found in TNF-α and IL-1β expression, IL-6 expression was 
significantly increased in the combination IC treated group. 
 
Conclusions: Findings indicated an increased amount of IL-6 in vocal folds treated with corticosteroids compared to 
control vocal folds. IL-6 is an indicator of chronic inflammation, and suggests that voice disorders due to IC treatment 
may be a consequence of a chronic inflammatory response to the medication. 
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Abstract: 
 

Introduction/Objectives: Semi-Occluded Vocal Tract Exercises (SOVTE) elevate vocal tract pressure during 
phonation by increasing air flow resistance. The augmented pressure expands the vocal tract, compelling the 
speaker to actively engage the muscles around the epilarynx in order to achieve an optimal acoustic impedance 
match between the vocal folds and vocal tract, thereby producing voice. One popular SOVTE method involves 
phonating into a tube with one of its terminations submerged in water. The advantages of this technique include a 
consistent flow resistance, primarily dictated by the tube's immersion depth, and an oscillatory back pressure 
component arising from bubble release, which is assumed to alleviate muscle tension. This study seeks at 
understanding the impact of the vocal tract compliance on the bubble release mechanism and the oscillatory 
component of the back pressure.  

Methods: The study is achieved through experimental assessments and comparisons of BRF and vocal tract 
pressure as functions of flow rate, using tubes connected to both a non-compliant (synthetic) vocal tract and real 
vocal tracts of six adult subjects.  

Results: The comparison reveals significant divergences between the results obtained from non-compliant and real 
vocal tracts. Real vocal tracts display notably higher pressure fluctuations and the BRF appears to be driven by the 
vocal tract acousto-mechanical resonance.  

Conclusions: The substantial increase in the oscillatory component of the pressure within a real vocal tract indicates 
feedback loop between the pressure source (bubble release) and the resonator (vocal tract). The increase in oral 
pressure fluctuation caused by the feedback loop implies that subjects must exert an additional effort in order to 
adjust their vocal tract, potentially enhancing kinesthetic awareness and improving long-term voice production. 
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Abstract:  
  
Introduction  

The human voice is generated in a complex interplay of fluid flow, structural vibration and acoustics. In this process, the 

vocal folds are stimulated to vibrate by a flow of air V ̇ from the lungs. This oscillation in turn leads to a modulation of 

the air flow, resulting in a pulsating jet flow in the vocal tract. The sound that constitutes thereby is mainly generated 

aeroacoustically from the turbulent pulsating jet flow. This sound is filtered through the vocal tract and radiated through 

the mouth, resulting in the voice. A detailed investigation of this process in vivo is often hindered due to limited access 

to the flow field in the larynx and trachea. Therefore, clinicians often rely on measurements of the vocal fold vibration 

for the diagnosis of speech impairments.   

In an academical setting, these limitations are often circumvented by investigating the phonation process on excised 

human or animal larynges or artificial vocal folds. This allows for a better access of the regions of interest and more 

indepth analysis of the underlying physics. For performing detailed flow analysis in and above the glottis, particle image 

velocimetry (PIV) has been proven as a useful tool in the past. Classical planar PIV measurements allowed to study the 

basic features of the supra- and intraglottal aerodynamics (see e.g. Oren et al. (2014), Lodermeyer et al. (2015)). Also 

tomographic PIV measurements have been applied in voice research recently, allowing to study volumetric quantities 

such as the maximum flow declination rate (de Luzan et al. (2020)).   

However, especially high-speed PIV has emerged as a valuable method for connecting supraglottal aerodynamics and 

the resulting acoustics of the voice (Lodermeyer et al. (2021), Näger et al. (2023)). Therefore, in this work we use 

highspeed PIV measurements to investigate the human phonation process on a synthetic larynx model. For a better 

understanding of the connection between the flow field and its corresponding acoustic sources, we additionally apply 

dynamic mode decomposition (DMD) to the measured flow fields, which enables us to gain insight into coherent flow 

structures at for the phonation process relevant frequencies.  

Methods  

Synthetic vocal folds were cast from a single layer of silicone. Their shape was based on the M5 model by Scherer et 

al. (2001). The experimental setup is depicted in figure 1. A vocal tract of rectangular cross section with a length of 

180mm was added downstream of the vocal folds. A silencer was added upstream to attenuate emerging sound in the 

inflow hose. The vocal tract wall was made of glass to allow for optical access for the high-speed camera. PIV 

measurements were conducted with a measurement frequency of 2x5 kHz and a pulse distance of 4µs. The measured 

velocity fields were then used in combination with a Poisson solver to obtain pressure fields as well. This allowed us to 

compute aeroacoustic source terms of the PCWE on the PIV-grid. These could be interpolated onto a finite element 

grid, which enabled us to do acoustic radiation simulations based on our PIV measurements.  

 

Figure 1 – The experimental setup. The vocal fold position is indicated between the vocal tract and the subglottal channel. A silcencer is placed 
upstream to attenuate emerging sound in the inflow hose.  
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Figure 2 – Comparison of the the sound pressure level Lp for the acoustic analogies based on a perturbation ansatz PCWE, and AWE compared 
to the experimental microphone measurement (black) and the simulation based on Lighthills´s formulation (red)  

  

Results and Discussion  

The aerodynamics in the VT were shown to be dominated by a fundamental oscillation frequency and its corresponding 

higher harmonics. The DMD analysis revealed that the basic oscillation frequency of the vocal folds is the dominant 

cause for the oscillation of the jet. The higher harmonic frequencies on the other hand are characterized by periodically 

shedding vortex pairs of decreasing size with increasing frequency. These vortex pairs lead to strong aeroacoustic 

sources. A fourier transformation of the source terms revealed, that the main source region for the base frequency was 

located just downstream of the glottis. For the higher harmonics, the source regions moved slightly further downstream 

in the channel.   

The acoustic radiation simulations showed a good agreement with experimental microphone measurements in their 

broadband level. Also the peak locations at the oscillation frequency and its higher harmonics are captured well. There 

exist however some differences in the peak levels between the measurement and the simulations.  

Conclusion  

The described measurement procedure enabled us to perform detailed investigations in analyzing the human phonation 

process. The DMD analysis revealed vortex pairs shedding at the glottis that can be used to explain the resulting 

aeroacoustic source terms. An interesting direction to extend this approach is the investigation of two-way fluid-

acousticinteraction. Titze (2008) described, that the acoustic standing waves in the vocal tract can under certain 

circumstances influence the (sub-)glottal flow field as well as on the vocal fold vibration. This phenomenon will be 

analyzed with the developed approach in future works.  
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Abstract: 
 
Objectives / Introduction: The use of protective face masks became necessary when teachers returned to in-person 
classes amid the COVID-19 pandemic. Teachers are considered a professional category with elevated risk for work-
related voice disorders and voice symptoms. Teachers wearing a face mask while teaching may face several challenges 
related to healthy voice production, and the use of these protective devices, albeit necessary when there is risk of 
airborne disease transmission, may cause vocal overload1,2. Studies show that individuals who wore face masks to work 
during the pandemic reported more vocal symptoms and difficulties in coordinating breath and speech3. One study 
suggests that surgical and N95 protection masks favor speech intelligibility when compared to simple cloth face masks4. 
Therefore, better understanding the challenges and advantages of the use of face masks may aid in planning actions 
that will prevent work-related voice disorders in the school context, especially in specific public health situations when 
wearing a face mask is needed in order to protect the health of the entire community. Objective To estimate the 
association between the use of protective face masks and risk for voice disorder in university professors.  

 
 

 
Methods: This is an observational, analytical, cross-sectional study, conducted in October-November 2022, while 

using a face mask on campus was mandatory for teachers, students and staff at all times.  Initially, all 2251 eligible 
professors at the Federal University of Santa Catarina (Brazil) received an invitation email to participate in this study. 
The inclusion criteria made sure that the participants were teaching in-person graduate and/or undergraduate courses 
in any of the four different University campuses during data collection. Professors who were on any kind of leave of 
absence at the time of data collection or those who were teaching online for any reason were not included. The research 
team developed an online questionnaire using the Research Electronic Data Capture (RedCap) platform, that contained 
questions on sociodemographic data, voice, work characteristics, personal health information, habits and use of masks 
while teaching. The same questionnaire also included the Screening Index for Voice Disorder (SIVD), a tool that has 
been developed and validated for screening teachers for the risk of voice disorders5.  The dependent variable in this 
study was risk for voice disorder as measured by the SIVD (a score of 5 or more symptoms in a list of 12 indicates risk 
for voice disorder in teachers). The independent variable was the use of face mask, assessed through the answer to 
the following question: “do you use a face mask to teach in-person classes?”. Response categories were: “never”, 
“seldom”, “sometimes”, “always”. The adjustment variables in the study were gender (male, female); age group (29 to 
59 or over 60 years of age); weekly hours of class (0-6; 7-9; 10 or more hours); having had COVID-19 (no, yes); having 
had a positive test for COVID-19 (no, yes); and rest (if participant refers waking up feeling rested). Professors who 
answered “yes” to wearing face masks (either seldom, sometimes or always) while teaching were asked, subsequently, 
about what kind of mask and how often they used them (FFP2 or N95, surgical, cloth, or using FFP2/N95 and surgical 
masks simultaneously). Categorical variables were described in terms of their absolute and relative frequencies, and 
respective 95% Confidence Intervals (CI95%). Then, the occurrence of the risk of voice disorder was estimated 
according to the adjustments and independent variables. In order to compare these proportions, either Pearson’s Chi-
Square test or Fisher’s Exact test were used. A Logistic Regression Model was applied in order to estimate the 
association between the use of face masks and risk of voice disorder. For both the bivariate and adjusted analysis the 
Odds Ratio (OR) was used as the association measurement. The analysis was adjusted for all variables, regardless of 
the p value. Variables were included for analysis simultaneously using the ‘enter’ method. The Hosmer-Lemeshow 
(goodness-of-fit test) Test was used in order to test the appropriateness of the final model. For the same purpose, a 
ROC curve was plotted and the residues were analyzed for symmetry and graphically. The model proved appropriate. 
The significance level for this study was set at 5% (p<0.05) and data analysis was conducted using Stata, version 14. 
All participants signed an informed consent term in order to take part in this study which was approved by the institutional 
research ethics committee. All teachers at risk of having voice disorder were assessed and treated by specialist 
professionals at the University Clinic.  
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Results: 256 university professors answered the questionnaire and were included in the study. Most of them were 

women (56.9%), between 29 and 59 years of age (82.1%), with a mean workload of over 10 hours of teaching every 
week (60.5%). Most of the participants (57.3%) reported having had COVID-19, of whom 51.6% said that they had a 
positive diagnostic test for COVID-19. Moreover, 85.4% of the professors reported drinking less than 2 liters of water a 
day, and 62.1% refer waking up feeling rested. Most professors (75.3%) referred always using a face mask while 
teaching, and according to the results from the SIVD, 36.7% were at risk of having a voice disorder. The most frequently 
reported vocal symptoms were: strained speech (54.3%), dry throat (46.8%), dry cough (45.3%) and hoarseness (41%), 
followed closely by phlegm (40.6%). Regarding this instrument’s total score, of the teachers who were at risk (5 points 
or over), 25.01% scored between 5 and 7, and 17.97% scored between 7 and 10. The 12-point maximum score was 
not achieved by any of the participants. After adjustments to the model, professors who referred that they “sometimes” 
used a face mask while teaching had 5.65 times more chance of having a voice disorder when compared to those who 
said they “never” wore a mask while teaching (p = 0.045). Those who reported “always” wearing a mask also had more 
chance of this outcome (OR: 3.55) but without statistical significance (p = 0.116). The type of mask used had no 
significant relation to the risk of voice disorder.  

 
Conclusions: The risk of voice disorder was greater in the participating professors who referred using face masks 

sometimes while teaching. There was a greater risk of voice disorder in teachers who do not wake up feeling rested. 
The most frequently reported vocal symptoms were strained speech and dry throat. It is believed that, possibly, either 
pre-existing or incipient voice disorders may cause teachers to perceive greater difficulty while addressing the class 
while wearing a mask, which may cause them to either take it off or wear them only in part of the time during class. The 
authors do not discourage the use of face masks when needed, but we highlight the importance of better understanding 
the challenges that using a face mask while teaching can cause to these voice professionals who are historically at risk 
for the development of voice disorders, in order to better prevent and/or treat work-related voice disorders. As the type 
of mask was not related to the risk of voice symptoms, based on available data on speech intelligibility and protection 
characteristics, surgical or N95 masks should be preferable for use in the classroom if there is risk of airborne diseases.   
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Abstract:  
  

Objectives / Introduction: With age, the voice quality decreases owing the age-related atrophy of the laryngeal 

muscles. This is called presbyphonia. In previous studies [1, 2] the beneficial impact of the Functional Electrical 

Stimulation (FES) treatment could be shown. In this study, the best parameter set to distinguish between aged 

(presbyphonia), young, and stimulated (treated) voices is evaluated in an ex vivo ovine model.  

  

Methods: The stimulation electrodes were placed at the recurrent laryngeal nerve in 12 old sheep (10 years) to 

stimulate the thyroarytenoid muscle (TAM). Stimulation was applied to 6 sheep for nine weeks. For the phonation 

experiments, the harvested larynges were fixated in a mechanical setup and the vocal folds (VF) were postured in 

phonation position. Each larynx performed 64 measurement runs with different mass-flow and pre-stress settings. For 

each case, the VFs vibration was recorded with a highspeed camera. Simultaneously, the subglottal pressure and the 

sound were measured. From these signals, 28 parameters were computed using the Glottis Analysis Tools (GAT) [3] 

software package [1]. Additionally, the volume of the TAM and the length of the vocal folds was segmented from microCT 

scans [2]. The data of the aged non-stimulated sheep were augmented with data of similar aged (9 years) unstimulated 

sheep from a pre-study [4]. Additionally, the data from another pre-study of unstimulated but young (younger than one 

year) sheep [5] was added as a third group. The experiments, data collection, and data analysis of both pre-studies [4, 

5] was done in the same way as the new data [1, 2].   

To find the best parameter set to distinguish between the three groups, a feature selection using SVM classifiers was 

performed, utilizing MATLAB. In total, 1006 datasets (486 aged, 377 stimulated, 143 young) with 30 parameters were 

used. The performance of each classifier was evaluated using five-fold cross validation. Each parameter was left out 

once and the best parameter set was used in the next iteration. The final classifier was then tested on a separate test 

set.  

   

Results: After 24 iterations with seven parameters left, the loss of the classifier increased drastically, see Figure 1. 

These seven parameters are the mass-flow (Q), fundamental frequency (f0,audio), Amplitude Periodicity (AP), Signal-

toNoise-Ratio (SNRaudio), Cepstral Peak Prominence (CPPaudio), jitter (Jitt%Psub), and the total TAM volume, see Figure 

2. All named parameters show statistically significant differences between the three groups (Kurskal-Wallis test, p < 

0.001). The overall accuracy of the classifier on the test set is 86.6 %. For the young group the accuracy value even 

reaches 90.3 %.  

  

Conclusions: As Q and Jitt%Psub representing the aerdynamics and SNRaudio and CPPaudio representing the acoustic 

signal, it may be concluded that the glottal dynamic signal contributes less to the separation of the three groups, as AP 

is the only parameter in the remaining parameter set. The f0,audio cannot be counted as the acoustic signal as it represents 

the (identical) fundamental frequency of all three signals. With the limited amount of data in mind also the overall 

accuracy of the classifier seems reasonable.   

  

Acknowledgements:  
  



ICVPB 2024 

158 
 

The project was supported by the Deutsche Forschungsgemeinschaft (DFG, Germany) Grant No. DO1247/12-1 and the 

Fonds zur Förderung der wissenschaftlichen Forschung (FWF, Austria) Grant No. I3997.  

  

  

 

Figure 2: Boxplots of the final parameter set.  
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Abstract:  
  

Objectives / Introduction:  

In order to control the phonation during speech the vocal folds undergo continues muscular manipulation [1]. These 

manipulations do not only alter the vocal fold constellation but also the biomechanical properties of the tissue. The 

vocal folds are a layered structure, which can be simplified into a cover and body part according to Hirano [2]. To 

determine the change in both layers, it is necessary to measure in different depths of the sample which requires a 

combination of measurement techniques. Whereby most of the material testing make a dissection of the sample 

necessary. In contrast, the pipette aspiration technique and ultrasound elastography offer an approach which is 

noninvasive and through its combination able to produce a more complete view inside of the vocal folds tissue. 

Thus, it is possible to study the effect of different manipulations on the tissue, which provides new insights into 

understanding the process of speech production.  

  

  

Methods:   

In ex-vivo experiments on ten larynges, seven different manipulations were applied as adduction and elongation, 

and the larynges were brought to phonation by a controlled airflow through the remaining trachea. The material 

properties of the tissue were determined for each manipulation. With the pipette aspiration technique for the near 

surface area and with the US elastography of the vocal musculus, both measurement techniques are well 

established in voice science and can be seen in Figure 1 [3,4]. Further the movement of the vocal folds were 

recorded with a highspeed camera, so variations in the phonation can be identified [5]. In addition, the subglottal 

pressure as well as the produced sound is recorded.  

  

  

  
Figure 1: Both measurement devices are shown above. The pipette aspiration setup with its named components on the left as well as the 

USelastography setup on the right.  
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Results:   

The applied manipulations do affect the elasticity of the tissue. Regardless of its region the manipulation led to higher 

elasticity values. Furthermore, it can be seen in Figure 2, that the tissue of the body, which is measured with the 

USelastography is in general stiffer as the cover is more effected by the manipulations as the cover, measured with 

the pipette used as an indenter for static elasticity measurements. The pipette aspiration data is also shown in the 

plot but can not be compared directly because the dynamic measurement differs to the static ones made by the two 

other techniques.  

  

 

  
Figure 2:The static elasticity values for both vocal folds sides determined with the US-elastography and the pipette used as an indenter for 
static measurements and in its purpose for dynamic measurements are plotted to compare them. The measurement series starts with a 
reference measurement followed by symmetric adductions with 30g and 50g. After a renewed reference measurement, the larynx is 

elongated with 30 g and 70g. Finaly a last reference measurement is made.  

  

  

Conclusions:   

It was successfully possible to integrate both measurement techniques into ex-vivo phonation experiments and 

receive material properties of the vocal fold on different locations.  

The data of all measurement techniques show response to the manipulations, where the highest elasticity rise can 

be seen in the vocalis muscle.  

The results of this combined measurements give a novel insight in to the understanding of the process of phonation.  
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Abstract: 

Objectives / Introduction: 

In recent years, there has been an active area of research on ambulatory devices for voice monitoring, specifically to 

study vocal behavior and/or vocal pathologies [1]. These have been used in commercial and research settings [2], where 

the main component is a miniature accelerometer that it attaches to the neck-surface of the user. When using ambulatory 

voice monitoring devices (a prototype shown in Figure 1A to the right ), a variation in frequency and sensitivity response 

of the neck skin acceleration (NSA) is observed in relation to a light-weight accelerometer used in laboratory (in-lab) 

settings, shown at the left in Figure 1 A. Since current ambulatory devices might have material properties covering the 

accelerometer sensor, the frequency response of these devices will also differ. In order to fairly compare data extracted 

from different devices, we propose a method to match the frequency response of ambulatory devices to the frequency 

response of an in-lab accelerometer setup. Therefore, any measure or feature extracted from the in-lab accelerometer 

that is frequency-dependent could be compared with the same measures/features extracted from a given device. The 

case of inverse filtering the accelerometer signal to obtain an estimation of the glottal flow is an example where the 

frequency response of the sensors (in-lab and ambulatory device) should be as similar as possible to avoid differences 

and bias from the extracted voice features. Thus, the aim of this study is to correct for the frequency response difference 

between laboratory and in-field neck surface acceleration for ambulatory monitoring devices. 

Methods: 

A proof-of-concept experiment was conducted to examine two configurations of the Knowles BU-27135 

accelerometer, i.e., an in-lab and an ambulatory voice monitoring (AVM) prototype. The accelerometers were mounted 

on a 3" full-range speaker using a double-sided tape (Model 2181, 3M, Maplewood, MN), a setup that produces a piston-

like vibration at frequencies up to 1 kHz. A high-bandwidth test signal was then applied to the speaker, which produced 

a surface acceleration over both accelerometers. Following the methods proposed in [3], a sweep test signal allows for 

improving the signal-to-noise ratio and for reducing distortion measurements. To obtain the frequency response and 

eliminate the non-linear components of the speaker, the measured signals were deconvolved via inverse filtering using 

the Discrete Fourier Transform (DFT), as proposed in [3]. 

 

Figure 1 (A): An accelerometer packed in a light-weight silicone (left side) and an AVM prototype (right side). Both sensors have the same 

accelerometer brand and model. The AVM includes a portable audio digital interface.(B): Setup of both accelerometers attached to the speaker with 

a double-sided 3M tape. 

Results: Figure 2 (upper panel) shows the magnitude response of both sensors for this initial experiment. As 

observed, between 200 and 800 Hz, both sensors have a nearly flat frequency response. However, below 200 Hz, the 

AVM needs a gain boost of up to 10 dB to match the in-lab accelerometer frequency response. A similar case occurs at 

frequencies higher than 800 Hz, with correction gains up to 6 dB approximately. In order to compensate for these gains, 



ICVPB 2024 

162 
 

we can use the coefficients of the impulse response derived from the DFT-based data as a FIR filter (in our experiment, 

512 coefficients), or we can estimate a stable auto-regressive moving average (ARMA) model to implement an IIR filter, 

which reduces the computational cost in these devices. The resulting compensation ARMA filter for this experiment is 

shown in Figure 2 (lower panel) with an estimated order of poles (p) and zeros (q) of (p,q) = 

(6,6). 

 

Figure 2: Differences between similar accelerometers mounted in different packages (See Figure 1). At top, Note the magnitude frequency 

response changes at low and high frequencies, which means the AVM needs to compensate for these differences to improve the accuracy between 

inlab v. infield voice recordings. At bottom, the frequency response to compensate in the AVDM, including an ARMA fit (p,q)=(6,6) from the sweep-

based DFT data. 

Conclusions: This preliminary experiment emphasizes the importance of specific calibration or frequency 

compensation for the AVM and similar devices that include an accelerometer. By compensating for these responses, 

direct comparisons between results obtained from accelerometers used in laboratory experiments and those used in the 

field (i.e., ambulatory) are possible. This experiment has the potential to aid in the design of repeatable methods to 

provide researchers with a reliable and simple method for accurately comparing results obtained from laboratory 

conditions with those from ambulatory voice monitoring devices. 
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Abstract:  
Objectives / Introduction: In singing instruction, internal body movements during singing cannot be observed directly. 

Therefore, teachers judge the state of the vocal organs based on the singing voice and use words to describe internal 

body movements (such as "open your throat"). Recently, real-time magnetic resonance imaging (rtMRI) has made it 

possible to capture moving images. This approach can be used to observe the movements of the vocal organs during 

singing [1]. In this study, we evaluated changes in acoustic characteristics and body movements during singing after 

one year of singing instruction.  

  

  

Methods: The vocal participant was a student with no 

previous singing training. Singing instructions were 

provided by a professional vocalist who taught at the 

music academy. A total of 24 lessons were conducted 

over the course of one year. The subject underwent 

rtMRI and voice recording before beginning training. 

Voice recordings were then made monthly. Finally, 

rtMRI and voice recording were performed at the end of 

the study period. The singing task involved the vowel /a/ 

at any pitch. Images of the vocal tract were obtained 

using an MRI system (Siemens MAGNETOM Prisma  

Fit 3T). The subject sang in the supine position. Movies 

were captured for 50 s at a slice thickness of 10 mm and 

a frame rate of 10 fps. The pixel size was 1 × 1 mm. The 

contours of the vocal tract were extracted as follows: line 

1 was the shortest line between the upper and lower lips, 

line 2 was the shortest line between the contact point of 

the soft palate and the posterior wall of the pharynx to 

the tongue, and line 3 connected top of the arytenoid 

region to the bottom of the vallecula. The vocal tract 

bound by line segments 1 and 2 was  

determined as the width of the oral cavity, and that Fig. 1 Methods for extracting vocal tract contours bound by line 

segments 2 and 3 was determined as the width of the pharyngeal cavity in pixels (Fig. 1). The Singer's formant (SF), a 

common acoustic characteristic, is observed at approximately 3 kHz in the spectrum of the singing voice; the more 

pronounced it is, the higher it is evaluated by the listener. In this experiment, we used STRAIGHT [2] to analyze singing 

voices. In the STRAIGHT analysis, a singing voice is decomposed into a fundamental frequency and a smoothed 

spectrum that represents the characteristics of the vocal tract. The sum of the power in the 0–12 kHz band and the sum 

of the power in the SF band (2–4 kHz) were determined. The value of SF power divided by the total power was defined 

as "SF occupancy.” Thus, if the total power was in the 2–4 kHz band, the SF occupancy was 1 (maximum). The vocal 

participant was evaluated by 18 professional singers and instrumentalists (three sopranos, three tenors, six baritones, 

five pianists, and one violinist). The singing voice was rated on a 5-point Likert scale (Good, 5; Bad, 1). Mean ratings of 

the singing voice before and after training were compared using a t-test.  
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Results: The mean ratings of the singing voice were 2.22 before training and 3.44 after training, and their difference 

was significant (t(17) = -3.42, p = 0.0033), suggesting that singing voices improved after training. As shown in Fig. 2, 

SF occupancy rates of the singing voice were 0.0033 before training and 0.2680 after training, indicating an increase 

after training. These results explain the increase in singing voice ratings after training. It can be observed that the SF 

occupancy rate increased gradually after the training. Fig. 3 shows the traced and layered vocal tract shapes of the 

vowel /a/ before and after training. The oral and pharyngeal cavities were larger after training (red) than before training 

(blue). Before training, the oral cavity was 1298 pixels and the pharyngeal cavity was 383 pixels. After training, the sizes 

were 2183 and 985 pixels, respectively. These results indicate that one year of singing training expanded the oral and 

pharyngeal cavities. The expansion of the oral cavity could be achieved mainly by widely opening the mouth, while the 

expansion of the pharyngeal cavity mainly by lowering the larynx. The shape of the vocal tract, particularly the large 

cross-sectional area ratio of the larynx to pharynx (which is necessary for SF synthesis [3]), is related to the acoustic 

characteristics of the singing voice. Therefore, the expansion of the pharyngeal cavity after training increased the SF 

occupancy of the singing voice.  

  
Conclusions: In this study, we examined how the acoustic characteristics of a student’s singing voice and vocal tract 

changed after one year of singing training. Evaluation by 18 professional singers and instrumentalists rated the singing 

voice higher after training than before. This suggests that one year of singing training caused a change in the singing 

voice of the subject, resulting in a higher evaluation. A singing voice analysis also showed that the SF occupancy of the 

singing voice was higher after the training than before, providing insight into the improvement in singing voice after 

training. Furthermore, the oral and pharyngeal cavities were larger after training than before training. The shape of the 

vocal tract is related to the acoustic characteristics of the singing voice, and the expanded pharyngeal cavity after training 

increases the SF occupancy of the singing voice.  
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Abstract: 
Objectives / Introduction: 
In the western classical style of singing, aesthetic aspects are very closely linked to economic aspects of voice 
production, since the singer must be audible through an orchestra without technical amplification. In this context, a 
voice production is defined as efficient, when its mechanism achieves a high vocal sound pressure level compared 
to the energy spent and the bio-mechanical properties employed by the singer. Effectiveness is influenced by 
breathing strategy, voice source (e.g., spectral slope), and vocal tract (VT) acoustics (e.g., amplification of 
psychoacoustically relevant frequency sections in the spectrum) (1) as well as their interactions (2). In contemporary 
commercial music, a considerably wide range of singing styles is used. Thanks to electronic amplification and modern 
recording technology, it is also possible to apply very soft voice production types in noisy environments. However, if 
singers use a less efficient strategy to produce a high vocal output the risk of vocal overload increases. To quantify 
voice efficiency, our group recently proposed a measure for acoustic sound intensity within the human glottis 
depending on different vocal tract configurations and vocal fold vibration (3). This measure was applied in an initial 
single-subject study aiming to quantify voice efficiency in 6 voice qualities (Speech, Falsetto, Sob, Oral Twang, Opera, 
and Belting) as defined by Estill Voice Training® (4). In this continuation we aim to analyze the transferability of the 
proposed measure to different individuals, beginning with the conjunction of VT configuration and its acoustic 
properties. 

 
Methods:  
Four professional singers (two females – 
subjects A&B and two males – subjects C&D) 
with a high qualification level in Estill Voice 
Training® were included in this study and asked 
to perform sustained phonation on vowel [a:] in 6 
voice qualities on G#4 (415Hz) for females and 
G#5 (207Hz) for males during 3D MRI recordings 
of the vocal tract as described in (5). 
Segmentation of MRI data, implementation of 
teeth models, preparation of the model for 
simulation as well as calculation of acoustic 
properties in transfer functions by finite-element-
modeling was performed as described in (6). The 
volume and partial volume of defined VT 
segments were analyzed based on anatomic 
landmarks (7). Based on this the ratio between 
the mean oropharyngeal and hypopharyngeal 
volume (OP/HP ratio) was calculated. Vocal tract 
length was determined according to (8).  

 
 
 
 
 
 
 

Figure 1: Ratio of oro- vs. hypopharyngeal Volume (first row) and 

vocal tract length (second row) for all subjects and voice qualities.  
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Results:  
Singers presented characteristic VT 
configuration for the respective 
voice quality with a high level of 
inter-individual agreement in volu-
metric analysis (see Figure 1): 
Belting and Twang had a similar 
configuration and were character-
ized by a megaphone shape (hypo-
pharyngeal constriction with 
trumped-shaped widening with a 
high OP/HP ratio and low VT 
length). Opera and Sobbing in 
contrast were characterized by an 
anti-megaphone configuration in-
cluding a hypopharyngeal widening 
with a consequently reduced 
OP/HP ratio and a low laryngeal 
position), most pronounced for 
Sobbing. Falsetto and Speech were 
intermediate in both, length and 
configuration, however, exhibited 
the highest individual variance. 
This grouping was also reflected in the VT acoustics with a strong association of voice quality with the position of the 
first two resonances (ƒR1/2) and thus vowel color (see Figure 2). An efficiency gain can be discussed for the 
association of ƒR1 with ƒo for Opera and Sobbing and of ƒR1 with 2ƒo for Belting and Twang for the female subjects 
(A&B).  
An enhancement of harmonic energy in the psycho-acoustically relevant region of 2-4 kHz was pronounced in Opera 
and Belting (for all subjects) as well as Twang (for subjects B&D). Sobbing was in contrast characterized by the 
occurrence of anti-resonances in this region. In Falsetto/Speech, inter-individual differences in the acoustic 
evaluation became apparent showing no specific strategy for enhancing acoustic energy. 
 

Conclusions:  
The analysed six voice qualities differed concerning their VT configuration and related acoustic properties. The four 
singers showed consistent vocal tract configurations and acoustic strategies, especially for Belting, Twang, Opera, 
and Sobbing. Falsetto and Speech exhibited stronger individual variations suggesting that these qualities are less 
defined by their acoustic properties. In accordance with (3) the transfer functions indicated that Belting and Opera 
represent different but particularly efficient strategies as both enhance acoustic energy in psycho-acoustically relevant 
regions. Sobbing was characterized by an energy loss through the occurrence of antiresonances possibly caused by 
the piriform sinus and the vallecula. The significance of this study is limited due to the small number of subjects. Still, 
the uniformity of the vocal tract configurations and their acoustic properties in the reproduction of six voice qualities 
in four different individuals indicates that it is possible through training to apply defined resonance strategies with 
specific properties in terms of their efficiency. In the next step, additional consideration of the VT efficiency in relation 
to the voice source based on (3) is planned.  
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Abstract:  
  

Objectives / Introduction: The airway microbiome has been implicated in the pathogenesis of laryngotracheal stenosis 

(LTS).1-4 However, these studies have been limited by the sub-genus-level resolution of amplicon-based 16S rRNA 

sequencing. Metagenomic whole genome shotgun sequencing (mWGS), by contrast, allows for strain-level taxonomic 

and functional genomic analysis, providing insight into the specific organisms and pathways involved. This study aims 

to explore the role and function of microbiome in LTS using mWGS.  

  

Methods: mWGS was conducted on 12 intraoperative swab samples from 4 patients with LTS and 4 control patients. 

Patients also underwent chart review and completed questionnaires to document their medical history, antibiotic use, 

zip code, diet, and current medications. DNA was extracted and sequenced on an Illumina NextSeq 2000. Using 

Biobakery workflows, reads were quality controlled through KneadData and taxonomic profiles were generated through 

MetaPhlAn4.  

   

Results: LTS samples exhibited decreased taxonomic diversity and were dominated by species with previously 

described roles in other chronic inflammatory processes such as Streptococcus salvarius, Streptococcus mitis, 

Anaerococcus vaginalis. Our results demonstrate species- and strain-level microbiome differences in patients with LTS 

and shed light on potential microbial players in the chronic inflammatory processes of airway stenosis (Figure 1). These 

data illustrate the additional insight mWGS can provide and enable downstream strain-level and functional analysis to 

characterize the pathogenesis of LTS.  

  

  
  

  



ICVPB 2024 

168 
 

Conclusions: Analyzing microbiota variations in LTS could reveal etiology-specific biomarkers, comorbidity links, and 

therapeutic targets.  
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Abstract  
Objectives / Introduction:  

The mechanics and kinematics of vocal fold vibration during the transients—either onset or offset of sustained 

phonation or in speech context—potentially contain rich information that can be related to vocal health, dysfunction, 

and patients specific voice symptoms. Measuring objective features of the transients from real speakers can be 

challenging, especially in speech context, because the non-transient segments are also dynamic with constantly 

fluctuating amplitude and frequency. Thus, there is no clear reference point to determine when the signal is out of the 

transient reaching so-called “steady state”.   

In literature, the transient segment of sustained phonations were determined via model fitting1, by a percentage of the 

steady-state amplitude2, by the maximum glottal length3, or by utilizing a feature such as vocal attack time4 which 

does not depend on transient/steady-state boundary. Yet another approach, which has been explored in speech 

context, is the voiceless-consonant-induced fundamental frequency5 which is measured from a fixed number of vocal 

cycles from a consonant-induced cessation. This presentation proposes a method to establish objectively the 

transient/steady-state boundary by fusing the vibration amplitude envelope and instantaneous fundamental frequency 

estimates with piecewise linear approximation. Use of a piecewise linear function is a simple and effective way to 

unify the handling of vocal transitions influenced by both voiced and voiceless consonants.  

Methods:  

Given a one-dimensional voice signal capturing a vowel-consonant-vowel (VCV) transitions, the goal is to identify 

when the consonant-influenced segment begins and ends (let 𝑡𝑠𝑠 to mark the boundary). We assume that an 

approximate location of the consonant is given. Also, the influence of a consonant is assumed to lower the vibration 

amplitude envelope and fundamental frequency 𝑓𝑜 always.  

The proposed process is performed in two steps. First, the presence of vocal cessation is detected to establish the 

least active reference points (𝑡𝑚𝑖𝑛). If cessation is present, its starting and ending times are determined. If not, the 

time markers of the minimum amplitude and 𝑓𝑜 are recorded instead. The cessation analysis fuses the information 

from both envelope and 𝑓𝑜 contours. Also, the AC-component of the voice signal is used refine the 𝑡min estimate by 

detecting the vanishing point of its cyclic behavior.   

With the least-active reference points, the second step models the behaviors of the envelope and 𝑓𝑜 contours from 

least active to most with a 2-segment piecewise linear function. The junction between the two segments are expected 

near the edge of consonant-influenced segment. The vowel-side segment is then extended till it intersects the contour 

to form the first candidate of the boundary (𝑡0). Some consonant induces overshooting behavior on the envelope or 

𝑓𝑜. This transient characteristic is captured by fitting another 2-segment function is fitted the vowel starting from the 

nearest peak to 𝑡0 on the vowel side away from the consonant. The first intersection with the contour is marked 𝑡2. If 

the %overshoot metric is over a preset threshold (e.g., 20%), 𝑡2 is chosen as 𝑡𝑠𝑠 else 𝑡1 is selected. Boundaries of 

feature contours are individually processed.   

Results:  

To demonstrate, Fig. 1 shows analysis outcomes of the glottal area waveforms (GAWs) of nasoendoscopic highspeed 

videoendoscopic recordings at 4000 frames/second. These are VCV patterns with /i/ and alveolar consonants (/iti/, 

/idi/, /isi/, /izi/). The algorithm properly handled both with and without cessation.  

Conclusions:  

Piecewise linear function is an effective tool to describe changes in the behaviors of the amplitude or 𝑓𝑜 behavior of 

vocal signals in consonant-influenced segment from neighboring vowel-only segment. This is achieved by having 

three simple degrees of freedom to model specific features (the overall slope of each segment and the transition 

time).   
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Fig. 1. Analysis outcome examples: Constant-influenced transient segments in alveolar VCV patterns of GAW signals.  
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Abstract: 
 
Objectives / Introduction: The vocal folds (VFs) possess widely varying shapes across individuals that can change 

for a given speaker with laryngeal posture. Onset pressure is an important characteristic of the ease of phonation and 
is affected by VF shape [Chan1997]. However, investigations into the effect of VF shape on onset pressure typically 
focus on a limited set of geometric parameters, such as the angle of the medial surface of an idealized fold [Lucero1998, 
Chan1997]. While these studies have successfully determined the influence of these specific parameters on the 
vibrational characteristics of an idealized fold, they are limited by the a priori selection of parameters. Furthermore, a 
broad systematic parametric exploration of the geometry is practically difficult given the relatively complex geometry of 
the VFs leading to a high-dimensional parameter space. Herein we use a finite element-based VF model where shape 
varies smoothly through deformations of the mesh to explore the effect of shape on onset pressure, an important 
characteristic of VF vibration. We use a sensitivity analysis to model how onset pressure changes with respect to any 
smooth stiffness change through a second order Taylor series approximation. To better interpret this model, we further 
decompose this Taylor series approximation, using a strategy similar to principal component analysis, into a small 
number of smooth shape modes that are primarily responsible for the variations in onset pressure. Unlike shape 
variations in parametric studies, these smooth shape modes are not defined a priori and so are not limited by a specific 
shape parameterization. 
 

Methods: A two-dimensional (2D) finite-element (FE)-based VF model coupled with a 1D Bernoulli-based glottal flow 
model was used to determine the variation in phonation onset pressure with smooth shape variations. Phonation onset 
pressure was computed by identifying Hopf bifurcations of the coupled model [Titze1988, Zhang2007]. Specifically, a 
system of equations governing the conditions for a Hopf bifurcation [Griewank1983] of the coupled VF model were 
solved to identify the phonation onset pressure. Smooth variations in the shape of the VFs were treated by allowing the 
VF pre-phonatory shape to be deformed by an imaginary surface force. This strategy was employed to handle numerical 
difficulties with mesh motion since the interior mesh points should move to preserve mesh quality when the mesh surface 
shape is altered.  

A second-order Taylor series approximation of the effect of shape changes from a base shape on onset pressure 
was then computed, such that changes in onset pressure are given by 

𝑝on ≈ 𝑝on(𝒎0) +
𝜕𝑝on
𝜕𝒕

(𝐦0)𝒕 +
1

2
𝒕T
𝜕2𝑝on
𝜕2𝒕

(𝒎0)𝒕, 

where 𝑝on is the onset pressure, 𝒎0 represents the base VF shape (mesh vertex locations), and 𝒕 represents a shape 
change (an imaginary shape changing force). We computed the first and second-order sensitivities of onset pressure 
with respect to shape changes using an adjoint-based method. A ranking of shape changes that contribute the most to 

changes in onset pressure was then computed by an eigen-decomposition of the second-order sensitivity (𝜕2𝑝on 𝜕2𝒕⁄ ), 
similar to a principal component analysis. 

To assess whether the results of this sensitivity analysis are general or simply a product of a specifically chosen VF 
base shape and base VF properties, we conducted the sensitivity analysis over a range of base VF parameters. We 
considered a range of base shapes centered around the M5 geometry [Scherer2001a] and a simple trapezoidal 
geometry over medial surface angles ranging from 0∘  to 30∘. We also considered varying body to cover stiffness ratios 

of 1: 1, 2: 1, 3: 1, and 4: 1. 
  
Results: To illustrate the results, we show in Figure 1 an example case for a base shape derived from the M5 model 

[Scherer2001] with a 3∘ medial angle for a 1: 1 body-to-cover stiffness ratio with nominal value of 6 kPa. Figures 1A to 
1C illustrate the first three shape modes ordered by decreasing eigenvalue magnitude. The shape mode with the biggest 
impact has an associated positive eigenvalue of 𝜆 = 2072.8 and consists of an inferior-superior lengthening of the VF, 
as well as rocking the vocal fold in the superior direction such that the glottal configuration is more divergent. The second 
shape mode consists of an inferior-superior lengthening with a depression near the midpoint of the medial surface and 
a lateral shrinking of the VF. The third shape mode consists of an inferior-superior lengthening of the VF with an 
increasingly convergent profile of the medial surface. These latter two shape modes represent more complex shape 
changes but have significantly smaller associated eigenvalues. This suggests that these shape modes contribute 
minimally to onset pressure variations in comparison to the first identified mode. 
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Figure 10: From left to right, the three shapes changes with the largest impacts on onset pressure, as ranked by eigenvalue magnitude, and a 
pre-phonatory shape that approximately minimizes onset pressure, as predicted by the sensitivity analysis. Arrows indicate changes in mesh 
vertex positions. The final image shows the original (grey) and modified vocal fold shape (blue) that minimized phonation onset pressure. 

Because the first shape mode has an associated positive eigenvalue, this suggests that perturbing the VF shape by 
this mode results in quadratic increases in onset pressure, and therefore, a minimum in onset pressure can be achieved 
for a given perturbation by this mode. Based on the Taylor model, the perturbation along the first shape mode that 
minimizes onset pressure is shown in Figure 1D and involves a diverging glottal area and inferior-superior lengthening 
of the VF. The latter two shape modes with negative associated eigenvalues suggest the reverse of a positive 
eigenvalue; for a given perturbation along these shape modes onset pressure is decreased. Over the range of base 
geometries and body-to-cover stiffness ratios considered we found similar shape modes present. This suggests that the 
sensitivity of onset pressure to shape is not a product of a specific linearization point. 

 
Conclusions: While there are infinitely many VF shape variations, the method introduced here enables identification 

of a set of shape modes that most affect onset pressure, ordered by significance of impact. In the present study, centered 
about M5-type vocal fold geometries, this shape change consists of a general inferior-superior lengthening of the VFs 
with rocking of the fold in the superior direction to create a more divergent glottis (see Figure 1). This shape change 
results in quadratic increases to onset pressure and, as a result, onset pressure can be minimized for a given scaling 
of this shape change. Our Taylor model suggests that a divergent glottal configuration is one contributor to minimizing 
onset pressure, which is consistent with past findings [Lucero1998]; however, we also find that a superior rotation of the 
VF along with inferior-superior lengthening also contribute to minimizing onset pressure. The full presentation will 
consider multiple iterations of the shape optimization process to explore the large deformations that may arise to 
minimize phonation onset pressure.  

The main limitation of our work is the 2D VF geometry employed. The three-dimensional shape of real VFs would 
likely introduce anterior-posterior shape variations into the observed shape modes. What these anterior-posterior shape 
variations resemble will be the subject of future work. 
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Abstract: 
 

Objectives / Introduction: Throughout the years, various voice acoustic measurements have been proposed and 

examined for their effectiveness in the assessment of speakers with voice disorders. The main aim of this paper is to 

determine the efficacy of different acoustic markers in evaluating voice disorders using a systematic review of 

literature.  

 

Methods: A systematic review of literature was performed based on the PRISMA Statement guidelines. Indexed 

Journal and conference papers were collected from seven popular databases: Pubmed, Web of Science, Scopus, 

EBSCO (Academic Search Elite), Science Direct, BVS, and Scielo. In this search, papers centered on the assessment 

of voice disorders using voice acoustic parameters were considered, as well as two additional inclusion criteria, 

namely, papers conducted intra- or inter-comparison between dysphonic and non-dysphonic speakers and papers 

published in three different languages (English, Spanish, and Portuguese). In this ongoing study, the data from the 

included papers are analyzed through several types of analysis – bibliometric, co-occurrence, and content analysis. 

In addition, meta-analysis is performed to investigate the efficacy of specific acoustic measurements in assessment 

of different voice disorders.  

 

Results and Conclusions: Our preliminary results suggest that the analysis of voice acoustic metrics and different 

types of voice problems and disorders has been widely performed. These acoustic markers are ranked in terms of 

their significant levels and correlation coefficients in assessing voice disorders. The outcome of the analysis is 

projected to also reveal the certain acoustic measurements that are most effective in assessing specific voice 

disorders. This review also highlights the potential measurements that need to be further investigated and the future 

directions for better acoustic assessment in clinical settings.  
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Abstract: 

Objectives / Introduction: 

The oscillation of the vocal folds results from the interplay between glottal aerodynamics and tissue elasticity. In this 

process, intraglottal pressure serves as the driving force. This pressure during the closing phase of the fold vibrations is 

particularly interesting because of the vortical structures that can form by flow separation and impact the glottal dynamics 

[1,2]. Our previous study [3] showed through computational models that the mean negative pressure during glottal 

closing can be about 28% of the subglottal pressure. In the comparative cases where the negative intraglottal pressures 

were artificially removed, the vibration amplitude and flow rate were reduced by up to 20%, and the closing speed, flow 

skewness quotient, and maximum flow declination rate were reduced by up to 40%.   

The main limitation of our previous study [3] was excluding a supraglottal tract from the model. Natural human 

phonation involves a supraglottal tract, and its presence affects the intraglottal pressure through flow inertia. In the 

current study, we aim to analyze the impact of the supraglottal tract on negative intraglottal pressures during glottal 

closing. We propose to examine two interactive mechanisms contributing to the negative intraglottal pressure formed 

during closing: (1) from the flow separation that forms in a divergent glottal shape and (2) from flow inertia in the 

supraglottal tract.   

Methods:  

Numerical simulation of glottal flow aerodynamics is conducted using a hydrodynamic/acoustic splitting method [4], 

which has been validated [5] and used in our previous work [3]. The simulation employs the three-mass model wherein 

the body-cover structure of the vocal fold is represented by three lumped masses connected through springs and 

dampers [6]. In the fluid-structure interaction (FSI) simulation, the displacement and velocity of the upper and lower 

masses from the three-mass model are provided to the flow model to update the flow field; additionally, the surface 

pressure from the flow model is utilized to calculate the external force on the three-mass model, therefore, driving its 

motion.   

Figure 1. Simulation setup. (a) In the DIV (divergent) group, the glottis forms a divergent shape during closing. In 
the STR (straight) group, the glottis forms a straight channel during closing. These differences in glottal behavior are 
achieved by adjusting the parameters of the three-mass vocal fold model. (b) The open-space flow domain setup for  

NO TRACT condition. The glottis directly opens to a large open space (c) The flow domain setup for TRACT condition. 

The glottis is connected to a supraglottal tract, which opens to a large open space.   

Four groups of simulations were conducted (Figure 1). In the DIV (divergent) groups, the three-mass parameters are 

consistent with those used in [3]. These parameters generate a divergent glottal shape during closing. The glottis is  

connected to an open space or supraglottal tract, representing the conditions without-tract (NO TRACT DIV) and 

withtract (TRACT DIV). In the STR (straight) groups, we adjusted the parameters of the three-mass model to achieve a 
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nearly straight channel shape during vocal fold closing in both without-tract (NO TRACT STR) and with-tract (TRACT 

STR) conditions. The open space and supraglottal tract geometries are identical for the DIV and STR groups. In each 

group, the subglottal pressure ranges from 0.4kPa to 1.2kPa with increments of 0.2kPa.  

  

Results:   

Sustained vibration was achieved in all cases. Figure 2 shows the minimum glottal angle, the peak glottal flow rate, 

and the mean pressure on the vocal fold medial surface during closing. The minimum glottal angle during vocal fold 

closing in the STR group is close to zero but can be slightly divergent. The peak flow rate was not affected by the tract 

but was higher when the vocal folds closed in a straight rather than divergent glottis shape.   

Regarding the mean pressure during glottal closing, due to the minimal flow separation in STR cases, we propose 

that the effect of the supraglottal tract in the STR conditions is primarily due to flow inertia in the tract, while the impact 

of the supraglottal tract in the DIV conditions is due to the combined effects of flow inertia in tract and flow separation in 

the glottis. It is observed from Figure 2 that the presence of the supraglottal tract largely reduced intraglottal pressures 

in DIV cases. In contrast, this effect is much smaller or even the opposite in STR cases. Furthermore, it is noticed that 

the mean pressure difference is smaller between DIV and STR groups when no tract is present (No TRACT STR vs NO 

TRACT DIV in Figure 2), suggesting a smaller effect of flow separation on the pressures without a tract. These results 

suggest that the presence of the supraglottal tract can further reduce the negative intraglottal pressure during glottis 

closing by affecting flow separation-induced negative pressures, potentially by strengthening the intraglottal vortices. 

However, this hypothesis needs to be further examined.   

  

  
Figure 2. (a) Minimum glottal angle. (b) Peak glottal flow rate. (c) Mean pressure of the medial surface during vocal 

fold closing.  

  

Conclusions:   

During normal human phonation, the intraglottal negative pressure is affected by both the inertance of the supraglottal 

tract during flow declination and the flow separation in a divergent glottis. To quantify the impact of the supraglottal tract, 

we conducted two groups of simulations where the vocal folds closed either straightly or divergently, with and without a 

supraglottal tract. The results indicate that, in addition to directly reducing intraglottal pressure through the flow inertia 

in the tract, the supraglottal tract may also indirectly lower intraglottal pressure by reinforcing the negative pressure 

generated by flow separation.  
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Abstract: 
 

The possibility of manipulating a talker’s voice quality in real-time plays an important role in the context of auditory 
feedback modulation (AFM) and vocal motor control. AFM is a method in which a person phonates into a microphone 
and receives a direct acoustically perturbed feedback of their own voice via headphones. As these feedback 
modulations are processed, they typically result in the initiation of direct vocal responses. Our goal was to develop a 
system for real-time voice quality alteration that allows for the adjustment of a person’s voice to authentically portray 
dysphonic attributes. In an iterative process, we manipulated different vocal parameters and added noise components 
to the spectrum to achieve a hoarse voice quality. Various resynthesis settings were tested in AFM experiments in 
which we collected perceptual ratings and assessed potential vocal changes through acoustic analyses. Here, we 
present and discuss our findings, offer a glimpse into future research directions, and examine potential implications 
for voice therapy. 
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Abstract: 

Objectives / Introduction: 

The current gold standard for modeling the acoustic energy transfer of the vocal tract is the calculation of detailed 

3dimensional models derived from a stack of MRI data [1]. It seems reasonable to simplify these complex geometries 

for increased convenience, reduced calculation time, and to limit the time needed to segment the entire cavity. 

Therefore, we derived several simplified models based on the 3-dimensional ones to study the impact of the 

simplifications on the acoustic transfer function. 

Methods: 

The first simplification comprises the removal of main side cavities, namely the piriform sinuses and the vallecula. 

Within a second approach, we derived cylindrical models with identical bent shapes (as the original model) and 

identical exact cross-sectional areas. In a third approach, we derived area functions from the cylindrical models. The 

detailed 3-dimensional models, the models without side cavities, and the cylindrical models were analyzed using the 

Finite-Element-Methods, whereas the area functions were analyzed within PRAAT [2]. 

Results: 

We found that the elimination of the side cavities strongly changed the high-frequency transfer characteristics at 

frequencies higher than the second resonance frequency. For the cylindrical and the PRAAT models, we observed 

additional discrepancies in the first two resonance frequencies in comparison to the detailed 3-dimensional models. 

Conclusions:  

Depending on the degree of simplifications, the acoustical transfer characteristics of the vocal tract significantly 

change in terms of resonance frequencies and bandwidths. Despite characteristics sizes of side cavities and local 

pockets of a few millimeters up to a few centimeters (typical for wavelengths >> 10 kHz), these morphometric features 

also determine the frequency range for speech[3]. 
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Abstract:  
  

Objectives / Introduction:  

  

The Lombard Effect (LE) is the involuntary tendency of speakers to raise their voices in response to speaking in a 

loud or noisy environment (Bottalico et al., 2022). Essentially, LE acts as an adaptive communication mechanism and 

depends on the linguistic context of the message (Patel & Schell, 2008) and the type and intention of the 

communicative interaction (Garnier et al., 2010). The LE has been previously described through fMRI studies, where 

certain brain areas underlying the effect have been characterized (Meekings et al., 2016).  This study aimed to 

compare variations in voice production and electrophysiological neural activity among individuals with healthy voices 

in different acoustic backgrounds. As such, this is the first approach to studying the LE using electroencephalography 

(EEG).  

  

Methods:   

Twenty-one volunteers were recruited for this study (mean age = 27.9, SD= 3.6). All participants completed three 

sequential acoustic background conditions: Baseline (in quiet), Lombard (in noise), and Recovery (in quiet after five 

minutes of rest). The acoustic signal was obtained using a microphone (B&K, model 4961; Nærum, Denmark) located 

in front of the participant at 15 cm from the lips at a 45-degree offset in the axial direction and amplified by a B&K 

1705 signal conditioner. The EEG signals were recorded using a BioSemi ActiveTwo system with 64 active electrodes 

The location of each active electrode was according to the standard 10–20 montage. Dynamic Causal Modeling 

(DCM) was employed to investigate the effective connectivity involved in speech in noise.  

  

Results:   

Three DCM models were inverted for each subject's evoked responses of the Lombard Effect. Considering the source 

locations of the N1-P2 complex, the regions included in the models were the left primary auditory cortex (A1; [50 −10 

8]), the left temporal pole (TPO; [55 10 -15]), the left parahippocampal gyrus (PHG; [30 −20 -15]), and the left inferior 

frontal gyrus (IFG; [50 30 4]). Specifically, in Model 1, the input was generated in A1; forward connections were 

specified from A1 to TPO, from TPO to IFG, and from TPO to PHG. Additionally, a backward connection from IFG to 

PHG was specified. Subsequently, a modulatory connection was outlined from PHG to TPO. In Model 2, the TPOPHG 

connection was replaced by the connection between A1 to PHG. In Model 3, there was specified a modulatory 

connection from PHG to A1, excluding TPO from modulation.   

Bayesian model selection (BMS) analysis using random effects (RFX) inference method - at the group level - indicated 

exceedance probabilities of 97.16%, 1.52%, and 1.32% for Models 1, 2, and 3, respectively (Figure 1). Therefore, the 

probability of Model 1 being more likely than models 2 and 3 was higher. BMS was applied to determine the model 

that accurately fits the data. The comparison of models utilizes logarithmic evidence under the free energy criterion. 

This criterion consists of two elements: the precision (fit) term, obtained from the log-likelihood of the data, and the 

complexity term (Penny et al., 2004).  
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Figure 1. Three different models were constructed based on source localization analysis, incorporating the primary 

auditory cortex (A1), the temporal pole (TPO), the parahippocampal gyrus (PHG), and the inferior frontal gyrus (IFG).  

a) Model 1, b) Model 2, c) Model 3. The bar plots display d) the expected and e) exceedance probabilities for these 

three models.  

  

Conclusions:   

The findings indicate that forward, backward, and modulatory connections can explain the difference between the 

evoked response in the Lombard and baseline conditions. DCM inversion results provide insights into the cortical 

network underlying cognitive processes of prediction and feedback in the context of the LE. Furthermore, the 

modulatory effect of the connection from PHG to TPO offers guidance on the adaptive listening response in noisy 

environments within the LE.   
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Abstract:  
Objectives / Introduction: Sex hormones target many tissues, including the vocal folds (VF), making this organ a 

suitable candidate for studying hormonal impact in animal models that can be translated to humans. The rat vocal 

folds express estrogen receptor beta, emphasizing a functional but undetermined role for hormones in vocal fold 

biology1,2. As a multilayered organ composed of a mucosa (stratified squamous epithelium and extracellular matrix 

(ECM)-rich lamina propria) and thyroarytenoid muscle, a spatial investigation is crucial to interrogate the molecular 

signatures of each layer in response to estrogen manipulation. This preliminary study aimed to apply the GeoMx 

nanoString technology to compare the spatial transcriptional profile of each main layer of the rat VF - epithelium, 

lamina propria, and muscle - between intact and ovariectomized (OVX) rats.   

Methods: Six-month-old intact (n=3) and ovariectomized (OVX, n=3) Sprague-Dawley female rats were used in this 

pilot study. The animals had no manipulation besides the ovariectomy surgery performed by the accredited vendor. 

Larynges were collected immediately post-euthanasia and placed in 10% formalin for FFPE blocks and subsequent 

spatial transcriptomics analysis. Two FFPE serial sections of the larynx were submitted for each rat (n=12 sections). 

After validation of morphological markers for each VF layer (epithelium (Ep), lamina propria (LP), and muscle (Ms)), a 

total of 72 regions of interest (ROIs) were selected across all FFPE slides, representing the Ep, LP, and Ms of the left 

and right VF, i.e., 4 ROI of each VF layer for each rat. Figure 1 shows an example of an OVX larynx section with ROIs 

selected from each tissue layer of the left and right VF. The spatial transcriptomics was performed using the GeoMx 

Mouse Whole Transcriptome Assay, which provides 13,668 probes with >90% identity to rat sequences, 

corresponding to >68% of the total mouse probes. Libraries were prepared for each ROI, and sequencing was 

performed using Illumina P2 100 cycles. Data were converted from FASTQ to DCC, and statistical analysis was 

performed by the nanoString statistical core service.   

  
Figure 1: Representative figure of scanned rat larynx showing vocal fold tissue layers labeled with specific 

antibodies and selected regions of interest (ROIs).  

  

Results: A total of 5,111 genes were identified in the rat VF mucosa and muscle. Principal component analysis (PCA) 

showed that samples are primarily clustered by tissue layer (figure 2). Despite the lack of statistically significant 

differentially expressed genes between intact and OVX rat larynges, the expression pattern was distinct between the 

tissue layers in each group, evidencing the different roles of each tissue to the vocal fold dynamics. This study was 

performed with a small sample size in order to determine the applicability of the GeoMx technology to rat VF tissue.   
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Figure 2: Principal component analysis showing clustering of vocal fold layers in intact and OVX rats, evidencing a 

primary separation by tissue layer regarding gene expression.  

  

Conclusions: These preliminary results indicate that the GeoMx spatial transcriptomics can be applied to rat larynx 

tissue and that distinct gene expression patterns of vocal fold layers can be separated to uncover their differential role 

in vocal fold biology, especially when comparing epithelium and lamina propria to muscle. This study serves as a  

foundation for our current spatial transcriptomics of the rat larynx subjected to estradiol loss and replacement followed 

by systemic dehydration.  
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Abstract:  
  

Objectives / Introduction:  

Macrophages are part of the immune regulation system and serve as an important cell type in dealing with the effects 

of various environmental harmful influences on the respiratory system such as toxic substances, and bacterial and viral 

infections (Hirayama, 2018). The IQOSTM system is a new smoking device that has been proposed to be a less toxic 

alternative to conventional cigarette smoking. This assumption was supported by chemical analyses from previously 

published research work (Uguna, 2022). However, because of the novelty of the development, the availability of data is 

scarce. The influence of other cell types on the cytokine profile of macrophages is an important research topic. 

Fibroblasts are known to build tissue structures, mediate signaling to neighboring tissue layers, and thus influence the 

microenvironment (Dutsch-Wicherek, 2013). We have previously investigated gene and protein expression levels of 

immortalized and primary fibroblasts from healthy and Reinke’s edema patients and the altering effects of cigarette 

smoking as a major risk factor for several diseases. Current studies in our group focus on the synergistic effects of 

different cell types altered by cigarette smoke.  

  

Methods:   

In this preliminary study, we treated activated macrophages (M0) from the immortalized human THP-1 cell line with 

conventional cigarette smoke extract (CSE) and IQOSTM smoke extract (IQOS™-SE) for 24h. We compared the results 

with the effect of conditioned medium (CM) derived from CSE- and IQOS™-SE-treated immortalized human vocal fold 

fibroblasts (hVFF). Gene expression analysis was performed by RT-qPCR.  

  

Results:   

The monocyte chemotaxis receptor CCR2 was downregulated by CSE, whereas CSE-CM was responsible for a 

significant upregulation.  

Potential markers for CSE-induced cell damage (CYP1B1) and inflammatory genes (COX2, NQO1, PPARγ) were more 

upregulated by exposure to CSE than to IQOS™-SE. The slight increasing effect of IQOS™-SE was abolished with 

IQOS™-SE-CM, in fact a downregulation of NQO1 and PPARγ was observed. This effect was not observed with 

CSECM.  

COX1 and MMP9 show similar downregulation with direct exposure to both smoke extracts and even stronger with CM 

treatment.   

  

Conclusions:   

These preliminary results showed that receptors (CCR2 and PPARγ) and enzymes involved in smoking-induced cell 

damage (CYP1B1, MMP9) and acute inflammation (COX1, COX2, NQO1) are differentially regulated by molecular 

signals from hVFF. Our results indicate an enhanced effect on gene expression levels due to cross-talk of cell lines. We 

also noticed that conventional cigarette smoke extract had a stronger effect on macrophages than IQOS™-SE.  

As a consequence, we suggest further exploration with co-cultivation of cell types to gain more detailed information 

for specific cell responses and also more accurate insight into cellular signaling across different cell lines.  
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Abstract: 
 

Objectives / Introduction: Vocal fold (VF) scarring results in low quality of life and is notoriously difficult to treat. 
Hyaluronic acid-based (HA) injectables are often used to treat vocal fold injury, but the effects are temporary. Amniotic 
fluid (AF) has demonstrated healing potential in a variety of organs, including the airway. Therefore, we investigated 
the use of AF in a VF scar model. 

 
Methods: This study included six groups of 10 (N=60) male New Zealand white rabbits. All groups included punch 
biopsy of one VF, with the contralateral VF serving as an internal uninjured control. Treatment (HA, AF, or sham/saline) 
was injected immediately into the wound bed following injury. Each treatment group was analyzed at four and 10 
weeks post-injury (n=30 each). Rheological analysis was conducted to determine viscous and elastic moduli, while 
RT-qPCR analysis was conducted to determine expression levels for the pro-inflammatory cytokines TNF-α, IL-1β, 
and IL6. 
  
Results: Rheology: No significant differences in elastic modulus were detected between control VFs at week four or 
week 10. Treated VFs were comparable across groups at week four, but there was an intervention effect at week 10, 
with the AF group exhibiting higher elastic modulus values than saline and HA groups. Differences within treatment 
and time groups between treated and non-injured VFs existed only in the saline group at four weeks. Differences 
within groups across time points existed in the saline non-injured group, and the AF treated group. Results for viscous 
modulus mirrored those for the elastic modulus. 
PCR: For TNF-α, at four weeks, the saline group had a higher ΔCt than HA and AF groups. For IL-1β, differences 
were found in the saline control and AF control groups between four and 10 weeks, with the 10-week time points 
having higher ΔCt values. Diferrences were also found between treated and non-treated VFs in both the saline and 
AF groups at 10 weeks, with the control groups having higher values. Finally, ΔCt were higher at 10 weeks than at 
four weeks in the AF treated group. For IL-6, at 10 weeks, non-injured VFs in the HA group had higher values than 
treated VFs, and AF treated VFs had higher values than saline treated VFs. 
 
Conclusions: Based on rheology results, AF treated VFs were different/stiffer than saline and HA groups at 10 weeks. 
HA was consistent across acute and chronic time points, while saline was the most variable. Where significance was 
detected, inflammatory marker levels trended as expected, with longer time points having lower inflammatory levels 
than shorter time points, and non-injured VFs having lower levels of inflammation than injured VFs. In general AF 
treated VFs at 10 weeks appeared to have lower levels of inflammation than saline treated VFs. These results suggest 
a potential for the use of AF as a treatment for VF scar, but further testing is needed. 
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Abstract: 
 

Introduction: 
 

 The objective of this work was to demonstrate the effectiveness of our classification via sEMG data collection 

of the extralaryngeal muscles to detect vocal fatigue using continuous speech while mitigating for confounding factors. 

Previously in [1] we proposed a classification framework where we extracted features from sEMG data collected on 

vowels and conducted subject-wise cross-validation to evaluate the overall classification performance. In this work, we 

applied the same confounding mitigation technique that was proposed in [2] to improve the generalization of our SVM 

approach applied to sentences.  

Methods: 
 

 Table 1 shows our subject statistics and Table 2 shows the continuous speech tasks that were used for our 
classification experiments in this study. Our proposed classification framework and confounding mitigation scheme (GA-
SVM) are illustrated in Figure 1, more details can be found in [1] and [2].  

 
Table 1. Descriptive statistics for age, neck skinfold thickness (supra- and infrahyoid), and Vocal Fatigue Index factor 1 (VFI-1) scores for 40 

matched test subjects. 
 Vocally Fatigued Vocally Healthy 

Number of subjects 20 20 

Age (21-39 years) 25.6 ± 4.3 25.3 ± 4.7 

Suprahyoid (3.2-16.7 mm) 7.0 ± 3.4 5.4 ± 1.3 

Infrahyoid (2.7-15.0 mm) 6.4 ± 3.1 5.1 ± 1.3 

VFI-1 (0-28) 18.2 ± 5.4 5.1 ± 1.3 

 
Table 2. Continuous speech tasks chosen for sEMG data collection used for the classification experiments. 

Task Description Reps Time 

Sentence 1 “The dew shimmered over my shiny blue shell again” [3] 55 2 secs 

Sentence 2 “Only we feel you do fail in new fallen dew” [3] 55 2 secs 

 

   
 

Figure 1. Proposed classification framework using Support Vector Machine (SVM) as the classifier and a Genetic Algorithm (GA)-based 
technique to mitigate confounding predictions biased by subjects’ skinfold thicknesses. 
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Results:  
 

 We used classification accuracies to evaluate our proposed framework. We also used p-values to measure 
whether our model predictions were confounded against subjects’ skinfold thicknesses. The higher the p-value, the 
less confounded our model predictions were. 
 

Table 3. Classification accuracy and p-value evaluations using subject-wise validation for sentences 1 (Table 3a) and 2 (Table 3b).  

 p-value Training Acc Testing Acc 

SVM 0.0058 98.61% 65.62% 

GA-SVM 0.2324 92.97% 90.23% 

(a) Sentence 1 
 

 p-value Training Acc Testing Acc 

SVM 0.0057 98.72% 66.76% 

GA-SVM 0.2179 94.42% 90.63% 

(b) Sentence 2 
Conclusions: 
 
In this work, we continued our investigation on the detection of vocal fatigue using a new classification approach 

(GA-SVM) for sEMG signals collected from subjects’ anterior necks. We extended our experiments to continuous 
speech, instead of individual vowels, to improve ecological validity for a preclinical screening environment. We 
classified sEMG samples collected from a group of 40 matched subjects and achieved better results compared to our 
previous work in [2]. Moreover, our confounding mitigation technique using GA demonstrated improved effectiveness 
in generalizing the SVM classifier.  
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Abstract: 
 

Introduction: There has been an assumption that whispering may impact vocal function, leading to the widespread 
recommendation against its practice after phonosurgery1,2. However, the extent to which whispering affects vocal 
function and vocal fold oscillation patterns remains unclear. 
 
Methods: 10 vocally healthy subjects (5 male, 5 female) were instructed to forcefully whisper a standardized text for 
10 minutes at a sound level of 70 dB(A), measured at a microphone distance of 30 cm to the mouth. Prior to and 
following the whisper loading, the dysphonia severity index (DSI) was assessed. Simultaneously, recordings of high 
speed videolaryngoscopy (HSV), electroglottography, and audio signals during sustained phonation on the vowel /i/ 
(250 Hz for females and 125 Hz for males) were analyzed after segmentation of the HSV material. 
 
Results: The pre-post analysis revealed only minor changes after the intervention. These changes included a rise in 
minimum intensity, an increase in the glottal area waveform-derived open quotient, and the glottal gap index, along 
with a decrease in relative average perturbation. However, no statistically significant changes were observed in the 
harmonic-to-noise-ratio, the glottal- to-noise-excitation-ratio, and the electroglottographic open quotient. 
 
Conclusion: Overall, the study suggests that there are only small effects on vocal function following a forced whisper 
loading. 
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Abstract: 
 
Objectives / Introduction: Creak is an acoustic feature that has been used to discriminate speakers with adductor 

laryngeal dystonia (AdLD) from typical speakers during a standard reading passage with outstanding diagnostic 
accuracy [1]. Yet, creak is a phenomenon not unique to AdLD. In the linguistics literature, creak has been studied 
extensively in typical speakers as a phrase-boundary marker. This study aims to further investigate creak in speakers 
with AdLD and controls without voice complaints by comparing the prevalence of creak across estimated breath groups. 
Specifically, we hypothesized that creak would be consistent across breath groups in speakers with LD, whereas creak 
would be located at the end of phrases/breath groups in control speakers. Alternatively, we hypothesized that creak 
would be located toward the ends of estimated breath groups in both speaker groups; however, there would be more 
breath-like pauses in speakers with AdLD than controls, resulting in more creak overall. Secondarily, we hypothesized 
that the duration of breath-like pauses would be shorter in speakers with AdLD, leading them to run out of air at a faster 
rate than control speakers. 
 

Methods: Thirty-four speakers were enrolled in the study, 17 of whom were diagnosed with AdLD and 17 of whom 
reported no current or history of voice complaints (controls). Each speaker was recorded reading aloud the first 
paragraph of the Rainbow Passage [2]. Two trained technicians then manually aligned a phoneme-specific transcription 
text grid to the acoustic signal in Praat [3]. Any pause > 500 ms was automatically marked as a breath-like pause. The 
technicians manually listened to pauses < 500 ms to determine whether a breath was audible, in which case it was 
marked accordingly. The technicians re-aligned and marked pauses for 20% of the recordings for the purposes of 
calculating intra- and inter-rater reliability. The presence of creak was estimated from the audio recordings in a time-
varying way (10ms window) using a creak detection algorithm [4], implemented in a custom MATLAB [5] script. Creak 
occurrence on each phoneme was coded binarily depending on whether creak occurred. For each phoneme, the time 
between the phoneme midpoint and the onset of the next breath-like pause was calculated. A generalized linear mixed-
effects model was performed to determine the relationship between the time preceding a breath-like pause and whether 
creak occurred while controlling for the effect of phoneme duration. Breath count and duration were also compared 
between groups to further examine whether these factors affect the prevalence of creak in AdLD. 

  
Results: Inter-rater reliability between the two technicians was excellent (ICC(A,1) = .90), and intra-rater reliability 

was excellent (ICC (A,1) = .91 and .92). There was a greater overall probability of creak in the AdLD group compared 
to controls (22% vs. 5%, p < 0.001) and a greater probability of creak as speakers approached a breath-like pause in 
both groups (p < 0.001), consistent with the first hypothesis. Moreover, the interaction between time preceding breath-
like pause and group was significant (p < 0.001), such that there was a stronger relationship between the time preceding 
a breath-like pause and creak for control speakers (p < 0.001). Overall, these results indicate that, within a breath group, 
creak is more consistent for speakers with AdLD than control speakers. Contrary to our secondary hypothesis, there 
were no significant differences in the total number of breaths between groups; however, speakers with AdLD took longer 
breath-like pauses (p = 0.002), consistent with an overall reduced rate of speaking (p < 0.001). 

 
Conclusions: Creak is more prevalent in speakers with AdLD, despite there being no difference in the number of 

breaths taken between speakers with and without AdLD. The probability of creak occurring was greater in both groups 
the closer the phoneme was to the end of the breath group (i.e, the subsequent breath-like pause); however, differences 
in the slopes suggest that speakers without AdLD have a larger increase in the probability of creak occurring at the end 
of a breath group than speakers with AdLD. The shallower slope in speakers with AdLD indicates creak was more 
prevalent throughout the breath group than in controls. Results suggest that the underlying mechanisms that result in 
creak in speakers with AdLD may not only be related to breath groups, but possibly in response to laryngeal spasms. 
Further work is needed to investigate underlying causes of creak in speakers with AdLD. 
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