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1. Introduction 

1.1. Basic measures  

High-speed measures have the potential of a powerful technique for measuring voice production. High-

speed films is a great tool for investigating the interrelations between the mechanical aspects of vocal-fold 

vibration and other biofeedback signals of vocal physiology and mucosa research for many years (Deliyski 

and Hillman, Pedersen). Based on high-speed films local living cells can be taken into light and electron 

scanning microscope to get still better understanding of the voice function in ongoing research to understand 

voice production. 

1.2. Clinical use 

The technological breakthroughs are related to film sensitivity, frame rate, pixel resolution and dynamic 

ranges as the most important high-speed camera characteristics. The Wolf Ltd. setup of high-speed films 

has been for sale for several years now and has been working well functioning for 5 years in our clinical 

situations with up to 4000 frames per second for 2 seconds in colour.  

1.3. Background  

The historical development of high-speed films is long and the references are dependent on which aim has 

been specified. (van Leden, Moore, Poul, van den Berg, referred by Deliyski and Hillman(2010))  

1.4. Comparison to stroboscopy 

The clinical use of stroboscopy has had a theoretical input based on measures of various benign voice 

disorders with use of the Timcke stroboscope. Shortly after, stroboscopy was combined with 

electroglottography (Pedersen 1977). Videostroboscopy is applicable only with sustained phonation tasks for 

individuals with stable phonatory characteristics. High-speed films allow accurate and reliable assessment of 

unstable phonatory characteristics for example in dystonia patients with voice problems (Pedersen 2012).  

2. Method  

2.1. Principle of high-speed films 

With 4000 frames of the vocal cords, high-speed films are applicable for evaluating transient vocal-fold 

vibratory behaviours such as phonatory breaks, laryngeal spasms, and the onset and offset of phonation. It 

can be used for tasks involving vocal attack, coughing, throat clearing, laughing, and other activities involving 

rapid laryngeal manoeuvres. The current challenges come from the fact that it is still a work in progress, in 
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which new technologies and methodologies need to follow the clinical needs, while clinical evidence and 

standards are being established. 

2.2. Combined segmentation 

A healthy voice is presented, together with its corresponding segmentation, kymography, acoustical curves, 

Electroglottography and quantitative open quotients data will be what we refer to when comparing 

healthy/pathologic condition.  

3. Pictures 

3.1. Normal function  

3.1.1 Intonation 

 

 

Figure 1 - Acoustical delay compared to Electroglottography for a normal function of vocal cords. 
Electroglottography shows the tone generator and the acoustical curve shows the resonance. 
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3.1.2. FFT 

 

 

Figure 2 - Fast Fourier Transformation for a normal female and male. Defining the voice till 2000 Hz in the Wolf 
Ltd program 

 

3.1.3. Kymography 

 

 

Figure 3 - Accordance between kymography and Electroglottography for vocal cords activity 
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3.1.4. Quantitative open quotients 

  

Range 

Normative values in our clinic, 

measured on 18 females and 12 

males (aged 20-40 years) of high-

speed films, sustained tone (/a/) for 

two seconds. 

Open quotient of the larynx 

between the vocal cords in: 

- Front 

- Middle 

- Rear 

- Area calculations 

 Average Lowest Highest S.D. 

Open quotient front 

Male 0,45 0,14 0,92 0,32 

Female 0,48 0,37 1,0 0,49 

Open quotient centre 

Male 0,51 0,09 1,0 0,27 

Female 0,58 0,12 1,0 0,29 

Open quotient rear 

Male 0,59 0,07 0,99 0,32 

Female 0,48 0,00 1,0 0,31 

Area between vocal cords 

Male 0,60 0,04 1,0 0,43 

Female 0,68 0,13 1,0 0,30 

Table 1 - The Quantitativa open quotients for a normal function voice, based on high-speed frames up to 8000/2 
second 

 

3.2. Normal Function – Male 

 

 

Figure 4 – High-Speed picture of a normal functioning voice – male (see video 1 on the CD)  
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3.2.1. Calculations front, middle, rear, open quotient, area and kymography 

 

 

Figure 5 - Recording data of a normal functioning voice – male 

 

3.2.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 6 - Segmentation of a normal functioning voice with marking of the edges of the vocal cords– male 
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Figure 7 - Segmentation of a normal functioning voice – male – open quotient, center and front movements of 
the right and left vocal cords. 

 

3.2.3. Electroglottography and other measures 

 

 

Figure 8 - Electroglottography, Acoustic curve and Kymography for normal functioning voice – male 
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3.3. Normal Function – Female 

 

 

Figure 9 - High-Speed picture of normal functioning voice – female (see video 2 on the CD) 

 

3.3.1. Calculations front, middle, rear, open quotient, area and kymography 

 

 

Figure 10 - Recording data of a normal functioning voice – female 

 

3.3.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 11 - Segmentation of a normal functioning voice – female 
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Figure 12 - Segmentation of a normal functioning voice - female - open quotient, center and front 

 

3.3.3. Electroglottography and other measures 

 

 

Figure 13 - Electroglottography, Acoustic curve and Kymography for a normal functioning voice – female 
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3.4. Acute Laryngitis 

 

 

Figure 14 - High-Speed picture of Acute Laryngitis (see video 3 on the CD) 

 

3.4.1. Calculations front, middle, rear, open quotient, area and kymography 

 

 

Figure 15 - Recording data of Acute Laryngitis 

 

3.4.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 16 - Segmentation of Acute Laryngitis, no closure 
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3.4.3. Electroglottography and other measures 

  

 

Figure 17 - Electroglottography, Acoustic curve and Kymography of Acute Laryngitis 

 

3.5. Nodules 

 

 

Figure 18 - High-Speed picture of Nodules (see video 4 on the CD)  



Page 14 of 32 

 

3.5.1. Calculations front, middle, rear, open quotient, area and kymography 

 

 

Figure 19 - Recording data of Noduli 

 

3.5.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 20 - Segmentation of vocal nodules 
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Figure 21 - Segmentation of Nodules - open quotient, center and front moving the right and left vocal cords 

 

3.5.3. Electroglottography and other measures 

 

 

Figure 22 - Electroglottography, Acoustic curve and Kymography of vocal cords 



Page 16 of 32 

 

3.6. Cyst 

 

 

Figure 23 - High-Speed picture of a cyst - before and after treatment (see video 5 and 6 on the CD) 

 

3.6.1. Calculations front, middle, rear, open quotient, area and kymography 

 

  

Figure 24 - Recording data of cyst – before and after treatment 

 

3.6.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 25 – Segmentation of cyst – before treatment 
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Figure 26 – Segmentation of cyst – after partial treatment 

 

 

Figure 27 - Segmentation - open quotient, center and front movement right/left vocal cords – before and after 
partial treatment 
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3.6.3. Electroglottography and other measures 

 

 

Figure 28 - Electroglottography, Acoustic curve and Kymography – before treatment 

 

Figure 29 - Kymography – after partial treatment 

 

3.7. Recurrent Nerve Palsy 

 

 

Figure 30 - High-Speed picture of Nerve Palsy - before and after (see video 7 and 8 on the CD) 
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3.7.1. Calculations front, middle, rear, open quotient, area and kymography 

 

 

Figure 31 - Recording data of Nerve Palsy – before and after training 

 

3.7.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 32 - Segmentation of Nerve Palsy – before training 

 

Figure 33 - Segmentation of Nerve Palsy – after training 
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3.7.3. Electroglottography and other measures 

 

 

Figure 34 - Acoustic curve and Kymography for Nerve Palsy – before training 

 

 

Figure 35 - Acoustic curve and Kymography for Nerve Palsy – after training 
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3.8. Puberty 

 

 

Figure 36 - High-Speed picture of a puberty boy (see video 9 on the CD) 

 

3.8.1. Corresponding Movements – right/left vocal cords 

 

 

Figure 37 - Segmentation of a puberty boy 
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Figure 38 – Segmentation intonation of a puberty boy - front, center and rear curves of right and left vocal cord 

 

3.8.2. Electroglottography and other measures 

 

 
 

Figure 39 - Kymography, Area and Electroglottography for a puberty boy, which has a delay 
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3.9. Pressed Voice  

 

 

Figure 40 - High-Speed picture of a very pressed voice with use of false vocal cords 

 

3.9.1. Corresponding Movements – right/left vocal cords 

 

 

Figure 41 - Segmentation of a pressed voice 
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Figure 42 - Segmentation of a pressed voice - open quotient, center and front movements of the right and left 
vocal cord 

 

3.9.2. Electroglottography and other measures 

 

 

Figure 43 - Kymography, Electroglottography and Acoustic curve for at pressed voice 
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3.9.4. FFT 

 

 

Figure 44 - FFT for a pressed voice 

   

3.10. Dystonia 

 

 

Figure 45 - High-Speed picture for Dystonia - before and after partial treatment (see video 10 on the CD) 
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3.10.1. Corresponding Movements – right/left vocal cords 

 

 

Figure 46 - Segmentation for dystonia – center movements of right and left vocal cord – before partial treatment 

 

Figure 47 - Segmentation for Dystonia - center movements of the right and left vocal cord – after partial 
treatment 

 



Page 27 of 32 

 

3.10.3. Electroglottography and other measures 

 

 

Figure 48 - Acoustic curve, Electroglottography and Kymografi for Dystonia – before partial treatment 

 

Figure 49 - Acoustic curve, Electroglottography and Kymography for Dystonia – after partial treatment 
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3.11. Reflux 

 

 

Figure 50 - High-Speed picture of reflux, with mucus behind the arytenoid (see video 11 on the CD) 

 

3.11.1. Electroglottography and other measures 

 

 

Figure 51 - Acoustic curve, Electroglottography and Kymography of a patient with reflux 
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3.12. Helicobacter Pylori Bacteria 

 

 

Figure 52 - High-Speed picture of a patient with Helicobacter pylori bacteria 

 

3.12.2. Corresponding Movements – right/left vocal cords 

 

 

Figure 53 - Segmentation of helicobacter infection - vocal cords are not closing correctly in the rear part 
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3.12.3. Electroglottography and other measures 

 

 

Figure 54 - Acoustic curve, Electroglottography and Kymography of helicobacter infection 

4. Discussion 

4.1. Stroboscopy versus high-speed 

Stroboscopy is preferable for mucosal movement until we have up to 6000 pictures/second in full register 

(Deliyski and Hillman (2010)). The anatomy is shown better in details on stroboscopy. The problem is 

whether the picture is correct since stroboscopy is an average picture of several movements of the vocal 

cords depending on the voice fundamental frequency in Hertz. High-speed films are showing the correct 

movement of right and left vocal cords including regularity and closure.  

4.2. Online curves on high-speed films 

The great value of high-speed films is the combination with the online curves of kymography 

Electroglottography, and acoustical curves, even the area in between of interest. As a basis it is so that the 

more irregular the curves are the worse is the voice. The voice sound is stored that it can be reproduced. Of 

course MDVP of sustained tones and during reading of a standard text gives other informations. But in the 

clinical work there is a time aspect: online measures are seen at once. 
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4.3. Quantitative measures on high-speed films 

Based on segmentation; with marking of the edge of the vocal cords during intonation, quantitative voice 

vocal cords measures can be calculated of the open quotient in the front, center, and rear parts. This is of 

great value, for example, in untrained reflux patients there will always be a gap in the rear part, due to the 

acid and gastric enzymes irritation the arytenoids. For trained singers are the closures are often too high, 

because of pressed inter-arytenoid muscles. Experimentally jitter and shimmer have been made on high-

speed films, but they are not really for clinical use online, yet. 

4.4. The laryngological clinic 

The online Wolf Ltd setup works very well and very stable so it is possible to take many patients a day and 

evaluate them very quickly. This is appreciated by patients and medical doctors. Speech therapists have 

quickly learned to use the measures. This does not mean that phonetograms and Multi Dimensional Voice 

Program (MDVP) are marginalized. But Voice Handicap Index (VHI) combined with high-speed film setup 

might be the first of choice in the future in the laryngological clinic. 

5. Conclusion 

With high-speed films a correct picture of the vocal movement is shown. Anatomical deviations of the 

mucosa are seen more clearly on stroboscopy and laryngoscopy unfortunately without being functionally 

true. Online high-speed film calculations are made of open quotients, between the vocal cord in front, center 

and rear parts, based on segmentation of the edges of the vocal cords and curves are presented of 

kymography acoustical and electroglottographic signals.   
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