
1

HHIGHIGH--SSPEED  PEED  IIMAGING (HDSI) OF MAGING (HDSI) OF 
VVOCALIZATIONS IN OCALIZATIONS IN PPERFORMING ERFORMING 

AARTISTS: RTISTS: IIMPLICATIONS MPLICATIONS FFOR OR VVOCAL OCAL 
Fatigue and for Vocal CostFatigue and for Vocal Cost

presented by

Mette Pedersen MD

Bioengineering Applications in Performing Arts and Entertainment Industry 
Conference (BAIPAEIC) & XIX Pacific Voice Conference (PVC): Safety, 

Efficiency & Health on Stage

Santa Clara University
Santa Clara

April 22-23, 2011



2

The presenter

Mette Pedersen:

• FRSM Dr.med.Sci.et h.c. 
• Ear-Nose-Throat specialist
• Delegate in the European Union from the 

Danish Ministry of Science

• The Medical Centre
• Oestergade 18 3.
• DK - 1100 Copenhagen Denmark
• E-mail: m.f.pedersen@dadlnet.dk
• Url: http://www.mpedersen.org

M. Pedersen, FRSM Dr. med. Sci. , et h.c, ENT Specialist. The Medical Center, Oestergade 18, 3. 
DK – 1100 Copenhagen, Denmark.

http://www.mpedersen.org

http://www.mpedersen.org/


• Abstract
• HSDI of the vocal cords shows correct representation of their 

vibratory movement during vocalization. We used Wolf Ltd., 
Germany, HSDI unit to record and to analyse two seconds of 
phonation movements at the speed of 4000 frames per second.

• Analyses included segmentation and calculation of open quotients
of the anterior, middle and posterior areas of the vocal cords, 
recorded together with acoustical and electroglottographic (EGG) 
signals online to enhance understanding of how vocalization is 
organized. Results are also presented for the left and the right vocal 
cords.

• Based on these analyses we conclude that HSDI in combination 
with EGG enhances diagnostics.
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abstracta

Abstract
• Aspects of vocal training are also discussed and results from 

traditional videostroboscopy and HSDI are contrasted. 
• High speed digital imaging of the vocal cords shows correct 

representation of their vibratory movement during vocalization. 
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Stroboscopy with 
synchronized 
electroglottography (EGG) 
1977 in FoliaPhoniatrica by 
us, showing the stroboscopic  
open and closed phase as a 
marking on the EGG signal.
A short delay from the EGG 
phases to the acoustical 
signal was also found.
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• At that time we also 
manually calculated and 
compared the EGG 
amplitude in 25 singers from 
Copenhagen Conservatory 
with 25 hospital employes. 
The amplitude was higher in 
singers.

• (Pedersen, M. (1978)) 
Electroglottography
compared with synchronized 
stroboscopy in students of 
music. The study of sound, 
Tokyo 18: 423-434.
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• The various parts of the EGG
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• Register change in puberty especially in males was seen in the 
EGG and phonetograms, but not on videostroboscopy, as presented 
at the Voice symposium in NY in 1988, made and edited for sale at 
Medizinische Hochschule Hannover 

• On highspeed films with segmentation the register shift is of course 
clearly seen since all movements are shown and not only averages
as published in: 
Pedersen M (2008). Register measurements in puberty. Deutsche 
Gesellschaft für Akustik e.V. Congress report 2nd workshop COST 
2103 Aachen. 
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• Here is the HSDI video of a 20 year old male with minor throat irritation 
– he is normal but the irritation is seen as a very small reddening and 
edema of the arytenoids, the vocal cords are red but with normal
configuration. How does this look with the possible online analysis of the 
high speed film.
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Slightly irregular movement of the vocal cords in 
the front, center and rear. Audio in the bottom.

Open 
Quotients:
Front: 0.48
Center: 0.44
Rear: 0.27



EGG
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Kymography



• 24 years old rock singer at his first visit 3 months before 
he won the Danish grand prix. We will help him to win 
the European one!
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23/11 2010 –
Azithromycin for 
bacterial infection

25/11 2010 – Less oedema, 
ongoing treatment



SS
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• When the rock singer came to the clinic his complaint was vocal 
fatigue. He ment that he had lost hight (4 tones on the 
phonetogram)and intensity (reduced to half) as well as having pain 
in the throat (edema and reddening of the mucosa in the larynx), the 
result being STRAIN because the normal frequency and intensity 
had to be maintined during singing
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ehar

• The cost aspects are related to 
• Lost concerts
• Lost career
• Lost quality of life
• The solution in England is :
• A specific professional voice insurance
• Voice related possibility for public 

complaints (eg indoor climate in halls) 
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• Here is the rocksinger again, after the first treatment with 
the highspeed film with segmentation and calculation of 
opening quotients during intonation in front, centre and rear 
parts of the vocal cords. 
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• A comparison is made of acoustical curve, 
EGG, area, front, centre and rear curves 
of the right and left vocal cords in the 
treated singer.
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A comparison is made before and after 
treatment on Kymography



The Grand Prix singer before treatment
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Front: 
0.53

Center:
0.48

Rear:
0.36



• Grand Prix Singer area, EGG, audio and kymography
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• Grand Prix singer after treatment
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Front:
0.56

Center:
0.44

Rear:
0.31



• Grand Prix singer area, EGG, audio and kymography
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Kymography before treatment Kymography after treatment



• Visually the curves were regular 
qualitatively, the refinement of quantitative 
measures related to online results of high 
speed films have to be made. 

• The singers get conscious where the faults 
are by looking at the curves. This is of 
course not the case using video 
stroboscopy which as we show – is only 
an anatomic average of 6 EGG   
movements in the next picture 
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• Here are 6 highspeed films made during the period up to the grand 
prix competition of our rock singer – apart from the first infection he 
”mangaged” to have several other strain periods, demanding our 
knowledge to help.
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13,15,17 Dec 2010
Reflux diagnosis 
and treatment

29/12 – Corona virus 
OC 43

25/1 2011 – second 
Corona virus NL 63
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22/2 2011 – Bacterial 
infection 5 days before 
Grand Prix. Treated 
with Moxifloxacin

22/3 2011 - Minor 
relapse of infection 
after concert tour in 
Canada. Treated with 
Azithromycin

From 16/12 2010 
constantly treated with 
pantoprazol and 
fexofenadin



• 23.Nov 2010 steptococs type A were 
found treated with azitromycin 6 days

• 29. Dec 2010 corona virus OC43 virus and 
influenza symptoms treated with tamiflu

• 25.Jan 2011 corona virus NL 63 and 
influeza symptoms treated with tamiflu

• All treatments combined with 
fexophanadin 180 mg x3 daily
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• A gastro esophageal hernia with reflux 
was suspected because of ongoing throat 
pain. It was diagnosed 15. December 
2010 with distal oesophagitis with 
reddening of the mucosa. Life style was 
changed - Proton pump inhibitor was given 
for a pharmacological correction as a 3 
month supplement, and help to change of 
lifestyle
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• Edema of the arytenoids can be seen due 
to gastro esophageal hernia.

• A film is presented of what happens as for 
acid mucus ”visiting the arytenoids” for 0.2 
seconds. 
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• A grading was presented of edema of the arytenoid
region depending of acid and mucin provocation from the 
stomach for videostroscopy which can also be used for 
HDSI.

(MAVEBA 2007).
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Fig. 1A                                                          Fig. 1B                                                       Fig. 1C

Score 1                                                          Score 3                                                        Score 5   



• Our gastro enterologist at the university of Copenhagen 
gives further information by grading the gastro 
oesophageal hernias in maximum opening to the 
esophagus, moderate and a little opening. He seldom 
finds reflux without a hernia.

• Our rock singer had only a small hernia, grade 1:
• The life style change included no smoking, no fatty and 

smoked food, no coffein and chocolate intake, no spicy 
food, no eating 2-3 hours before bed time and lying with 
the head at least 30 degrees up at night
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• Other important reasons for vocal fatigue are inhalation and food 
allergies. A film of a highly allergic girl with a moderate esophageal
hernia is presented. She has just been accepted for Odense artist 
school as 1 of 8 out of 700 – she starts 1. August 2011 – so we have 
time to make her conscious of her riscs and vocal borders.
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2 days after 
start of allergy 
treatment



• Segmentation before Treatment:
• With opening quotients 
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• Segmentation after treatment for 2 days:
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• Before treatment
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• One week after beginning of treatment of the allergy



• Genetic lactose intolerance with edema of 
the arytenoids is seen in 12% of the 
performers in the clinic. It changes the 
artist life to get a correct genetic diagnosis, 
just a blod test..
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• In conclusion: 
• High speed films give the correct picture of the functional 

vocal cords. Better segmentation options are on their 
way from Erlangen in Germany (prof. Döllinger) with 
more pixels and quantitative calculations of the online 
parametres including vibrato.
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