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ABSTRACT 

 
Purpose: The study aimed at measuring the effect of vocal loading (loud reading) on fundamental 

frequency (F0), throat temperature along with self-rating questionnaire before and after loud reading 

task.  

Methods: 50 (25 men and 25 women) normo-phonic adults participated in the study. Phonation 
sample of vowel /a/ for 6 seconds, thrice, measurement of throat temperature and a self-rating 

questionnaire was collected as baseline. Participants were provided with an English novel and were 

instructed to read at 70-80 dB SPL for 45 minutes. Fundamental frequency, throat temperature and 
scores from the self-rating questionnaire were compared between pre-reading and post-reading 

conditions. Entire experiment was carried out in an air-conditioned room at 25 ℃. 

Results: Statistically significant difference was observed within groups for fundamental frequency, 
throat temperature and scores of self-rating questionnaire. However, statistical significance was seen 

only in fundamental frequency and self-rating questionnaire.  

Conclusion: This study describes the potential use of thermal imaging to be used alongside other 

measures (acoustics) in assessing vocal load. 
 

Keywords: Thermal imaging, infrared thermography, vocal loading, fundamental frequency, self-

rating questionnaire, throat temperature 

 

INTRODUCTION 

Speaking is the most common mode 

of communication and voice is one of the 

main mode for communication. It is noted 

that one indulges in overuse/misuse/abuse 

of voice resulting in voice problems most 

often. Vocal loading task is one of the 

methods where a person is asked to 

speak/read continuously for a longer 

duration at a constant intensity. Protocol for 

prolonged loud reading varies with tasks 

such as prolonged speaking, 
[1,2]

 speaking in 

background noise, 
[3,4]

 sustaining vowels, 
[5,6]

 and singing 
[7]

 at different loudness 

levels from 60-65 dB 
[8]

 to 85 dB 
[4] 

duration 

of the task from 15 minutes 
[9]

 to 2 hours 
[1]

 

by comparing the conditions prior to reading 

and post reading. Vocal loading inhibits 

optimal voice quality, and if persistent it 

may lead to laryngeal pathology. 
[10]

 The 

possible outcomes measured from vocal 

loading are with respect to acoustic 

measures, 
[4,8,11]

 aerodynamic measures, 
[1,11-

12]
 perceptual measures 

[2,12-13]
 and 

physiological measures. 
[14]

 

Thermal imaging is a technique 

which is capable of mapping the 

temperature distribution on the human skin. 
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Lokheshwar Shanmugasundaram et.al. A Preliminary Study Using Thermal Imaging on Voice and Throat 

Temperature under Induced Vocal Loading  

                   International Journal of Health Sciences & Research (www.ijhsr.org)  9 

Vol.8; Issue: 11; November 2018 

[15]
 Average core body temperature is 37 ℃ 

and the surface temperature is around 33 ℃ 

which depends on the ambient conditions. 

There are many factors which lead to the 

difference between core and surface 

temperature such as the thermal properties 

of the tissues separate the organ from body 

surface, fat content, muscle tissues, volume 

of blood flow, amount of energy produced 

in homeostatically regulated metabolic 

processes and skin moisture. 
[16-18]

 

According to Freitas, 
[19]

 the temperature 

difference between the symmetry of the 

body should not exceed 0.5 ℃. Alterations 

in the temperature provide the first signs of 

tissue lesions ahead of structural or 

functional changes that can be observed. 
[20]

 

Infrared Thermography (IRT) has many 

applications in the medical field and has 

been extensively used for breast cancer 

detection, 
[21]

 diabetic neuropathy, 
[22]

 fever 

scanning, 
[23]

 brain imaging 

(thermoencephaloscopy), 
[24]

 dentistry and 

dermatology, 
[25]

 muscular pain and 

shoulder impingement syndrome study. 
[26]

 

IRT has also been used in acupuncture 

treatment 
[27]

 and forensic medicine. 
[28]

 The 

effects of metabolic heat, airflow, and the 

blood circulation were not considered as 

factors as the study was carried out using an 

excised bovine larynx by Cooper and Titze. 
[29]

 Effects of vocal load have been 

measured using acoustic and aerodynamic 

measurements, in the past, but there are no 

published studies on using IRT as a measure 

to infer the change in temperature after 

vocal load. Therefore, the present study 

investigated the effects of controlled, 

prolonged reading using IRT in healthy 

adult males and females. 

The objective of the study was to 

determine the effect of prolonged loud 

reading on fundamental frequency (F0), 

change in temperature at the throat region 

along with self-rating questionnaire before 

and after loud reading task. The 

questionnaire had five questions based on 

(1) vocal discomfort; (2) vocal pain; (3) 

vocal fatigue/tiredness; (4) effort of 

voicing/phonation/speech; and (5) voice 

quality; and the above parameters in the 

questionnaire were rated on a 3-point rating 

scale. 

 

MATERIALS AND METHODS 

Participants 

The study included a total of 50 

participants and was bifurcated into 2 

groups, Group 1 consisting 25 men and 

Group 2 consisting 25 women. Age of the 

participants ranged from 18 to 40 years. 

Participants’ voice was informally screened 

by the first author using perceptual analysis 

and only those who had perceptually normal 

voice in terms of loudness, pitch and quality 

contributed in the study. Language was not 

a barrier among the participants. 

Additionally, participants who had any form 

of voice disorder, exposure to alcohol, 

smoking, trauma/accidents/surgery to 

laryngeal system, exposure to medications 

for a longer duration irrespective of medical 

conditions were excluded from the study. 

Procedure 

All the participants were initially 

briefed about the study and informed 

consent was taken. There were three phases 

involved in the present study where; 

baseline assessment in Phase I, vocal 

loading task in Phase II and termination 

assessment in Phase III. 

In Phase I, participants were made to 

sit comfortably in an air-conditioned room 

at a constant temperature of 25 ℃ for 10 

minutes and subsequently, the temperature 

at the throat region was monitored using a 

thermal imaging camera. Repeated 

measurements were acquired until the throat 

temperature stabilized. Once the 

temperature stabilized, baseline temperature 

was noted down by measuring the 

temperature from the frontal and lateral 

views of the throat. Participants were asked 

to phonate the vowel /a/ steadily for 7-8 

seconds for three times. The audio samples 

were recorded using a sound recorder which 

was kept at a constant distance of 15 cm 

from the mouth to the microphone. Later, 

they were instructed to fill a self-rating 

questionnaire [Appendix A] on 3-point 
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rating scale (0 - Nil, 1 - Occasional and 2 - 

Persistent).  

In Phase II, as a part of vocal 

loading task, participants were asked to read 

a novel by maintaining their loudness at 70-

80 dB for 45 minutes in sitting position. 

Loudness was monitored throughout the 

vocal loading task using a sound level meter 

which was placed at mouth level at a 

distance of 15 cm. Visual cues were 

provided to the participants to maintain the 

loudness level (70-80 dB) as and when the 

reading loudness reduced. The experiment 

was terminated when the participants were 

no longer able to continue to read for 45 

minutes. 

In Phase III, termination assessment 

was carried out immediately after vocal 

loading. The phonation samples, throat 

temperature measurement and self-rating 

questionnaire were collected as in Phase I. 

Instrumentation 

Temperature was measured using a 

thermal imaging camera (Fluke) model Ti32 

(Fluke, Everett, and Washington, USA) and 

sound recorder Olympus (LS100) to record 

phonation sample. Sound Level Meter 

(TECPEL DSL-331) was used to monitor 

the intensity of reading. 

Analysis 

The obtained audio files from the 

sound recorder were in .wav format which 

was analysed using the PRAAT 
[30]

 software 

for fundamental frequency (F0) 

measurement. The images from the thermal 

camera were extracted to the software 

SmartView (Version 4.0) and were stored in 

.IS2 format for temperature analysis. High 

contrast palette was set for analysis as it 

shows a wide distribution of colours 

representing different temperature. 

Emissivity was set at 0.99 for human skin. 

Laryngeal region was selected using a 

circular selection tool for frontal view 

images as in Figure 1 and polygon tool for 

lateral view images as in Figure 2 and 

Figure 3. The temperature of the selected 

regions (of three images) was averaged. 

 

 
Figure 1. Average temperature of the neck from frontal view 

 

 
Figure 2. Average temperature of the neck from lateral (left) 

view 

 

 
Figure 3. Average temperature of the neck from lateral (right) 

view 

 

Statistical Analysis 

Test of normality was carried out, 

and the data normalized after the removal of 

one participant. Within and between group 

comparison for fundamental frequency and 

temperature change was done using mixed 

ANOVA. Since only 3 out of 50 participants 

opted the score 2 for self-rating 

questionnaire (3-point scale), they were 

converted to a score of 1 for better statistical 

analysis and McNemar’s test was employed 

to find the significant change between pre 

and post reading scores of the self-rating 

questionnaire. 
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RESULTS 

The mean and standard deviation of 

the fundamental frequency and temperature 

change for pre and post reading are 

tabulated in Table 1. All the parameters had 

shown an increase in values from phase I to 

phase III. F0 had an increase by 12.29 Hz 

and 10.58 Hz, and the temperature had an 

increase by 2.61 ℃ and 2.66 ℃ in group I 

and group II, respectively after loud reading. 

Results of mixed ANOVA are represented 

in Table 2. A significant difference was 

observed in within-group comparison for 

fundamental frequency and temperature in 

both the groups that is, from phase I to 

phase III. However, between groups 

significant difference is observed only 

concerning fundamental frequency and not 

for temperature change. Percentage 

responses for phase I and phase III in both 

the groups are mentioned in Table 3 where 

the highest change was detected for the 

vocal fatigue in both the groups. Group II 

had the least change in percentage for the 

voice quality which is not statistically 

different compared to other parameters. The 

results of the McNemar test are represented 

in Table 4. All the self-rating questions 

show significantly increased ratings after 

vocal load in group I. 

 
Table 1. Mean and standard deviation (SD.) for change in temperature and F0 in both males and females.  

Parameters Group I Group II 

Pre-reading Post-reading Pre-reading Post-reading 

Mean (SD.) Mean (SD.) Mean (SD.) Mean (SD.) 

F0 (Hz) 119.24 (13.72) 131.53 (13.13) 215.65 (13.65) 226.23 (13.32) 

Temperature (℃) 35.60 (0.76) 38.21 (0.58)  35.35 (0.69)  38.01 (0.82)  

 
Table 2. Results of mixed ANOVA. 

Parameters F (1.47) p value 

F0prepost 614.796 0.000* 

F0prepost*Group 0.058 0.811 

Group 1.618 0.210 

Tprepost 95.807 0.000* 

Tprepost*Group 0.533 0.469 

Group 679.583 0.000* 

*indicates level of significance (p<0.05) 

 
Table 3. Percentage scores of self-rating scale 

Parameters Group I Group II 

Pre-reading (%) Post-reading (%) Pre-reading (%) Post-reading (%) 

Vocal discomfort 4 56 12 68 

Throat pain 0 44 0 28 

Vocal fatigue 0 84 4 80 

Effort while speaking 0 56 0 56 

Voice quality 0 56 0 12 

 
Table 4. Results of McNemar test 

Parameters Group I Group II 

McNemar 

(
2
) 

p value McNemar  

(
2
) 

p value 

Vocal discomfort 12.07 0.000* 15.05 0.000* 

Throat pain 09.09 0.002* 05.14 0.023* 

Vocal fatigue 19.04 0.000* 18.05 0.000* 

Effort while speaking 12.07 0.000* 12.07 0.000* 

Voice quality 12.07 0.000* 01.33 0.248 

*indicates level of significance (p<0.05) 

 

DISCUSSION 

Fundamental frequency 

Mean F0 values were increased in 

phase III among the participants in both 

group I and group II. The results of the 

present study agree with Whitling et al., and 

Xue et al., 
[4,11]

 who also found an increase 

in F0 after loud reading task. The reason for 

the increase in F0 after loud reading may be 

due to the continued use of voice at high 

intensity (70-80 dB) for a longer duration 

(45 minutes) without voice rest. According 

to Stemple et al., 
[1]

 increase in F0 is due to 

weakness in the thyroarytenoid muscle. 
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During prolonged vibration of vocal folds, 

the cover and transition layer of vocal folds 

become stiff due to loosening of muscle 

portion of the thyroarytenoid muscle 

resulting in increased rate of vibration of 

vocal folds leading to rising in F0.  

Temperature change 

Significant difference is seen within 

groups on throat temperature and no 

significant difference is observed between 

groups. Overall, the temperature has 

increased by 2.6 ℃ which can lead to 

trauma if unattended. When subjected to 

movement of the vocal muscles, the neck 

region is defied to regulate the core 

temperature. Increased blood flow leads to 

cutaneous vasoconstriction. 
[31]

 But, when 

the duration of use of muscles prolong, the 

core temperature increases where the 

vasodilation is caused due to the central 

regulatory mechanism and heat is dissipated 

through the skin. 
[32]

 Human body 

temperature remains almost the same across 

genders, and the results of this study 

corroborate with Mackowiak, Wasserman 

and Levine’s 
[33]

 observation.  

Self-rating 

An unceasing collision between the 

vocal folds for a longer duration leads to 

fatigue. Continuous vibration of vocal folds 

might be the reason for both the groups 

rated vocal fatigue as being the highest 

percentage among the five parameters. All 

the parameters had a significant difference 

in post-reading except voice quality in 

group II. This can be attributed to the fact 

that females are more talkative than males 
[34]

 due to which only 3 out of 25 females, 

perceived change in voice quality. However, 

since males talk comparatively less, a 

continuous use of voice for 45 minutes 

brought about a self-perception of change in 

voice ratings in 14 out of 25 males. 

 

CONCLUSION 

In the present study, IRT was used to 

document the throat (skin) temperature in 

normal individuals before and after vocal 

loading. All the participants had an increase 

in fundamental frequency, temperature at 

throat region along with increase in scores 

on self- rating questionnaire in termination 

assessment. Increase in these values can 

lead to phono-trauma if voice is used for a 

longer duration without any breaks. Since 

IRT shows physiological change rather than 

anatomical changes, further studies can be 

carried out using infrared thermography on 

disordered population. IRT could help as a 

diagnostic tool to detect presence of any 

pathology at the vocal folds indirectly. IRT 

could also be included in the protocol for 

assessing vocal loading along with other 

tests.  
 

ACKNOWLEDGEMENTS 
The authors extend their gratitude to Dr. 

S.R. Savithri, Director All India Institute of 

Speech and Hearing (AIISH), Mysuru, INDIA, 
for granting permission to carry out the research 

study, and also to Dr. Santosh C D, Lecturer in 

Biostatistics, for guidance in statistical analysis. 

The authors appreciate A2Z NDT Services, 
Bangalore, INDIA for lending their Infrared 

thermal camera, and are grateful to the subjects 

who participated in the experiment. Authors 
would also like to thank Anu Rose Paulson and 

Krithika N. K. for their help in proof reading 

this article.  

 

Funding 

The study is funded by AIISH Research Fund 

(Ref. No.: SH/CDN/ARFSP2/2017-18). 
Authors have no conflict of interest to disclose. 

 

REFERENCES 
1. Stemple JC, Stanley J, Lee L. Objective 

measures of voice production in normal 

subjects following prolonged voice use. 

Journal of Voice. 1995 Jun 1;9(2):127-33. 
2. Kelchner LN, Toner MM, Lee L. Effects of 

prolonged loud reading on normal 

adolescent male voices. Language, speech, 
and hearing services in schools. 2006 Apr 

1;37(2):96-103. 

3. Solomon NP, DiMattia MS. Effects of a 
vocally fatiguing task and systemic 

hydration on phonation threshold pressure. 

Journal of Voice. 2000 Sep 1;14(3):341-62. 

4. Whitling S, Rydell R, Åhlander VL. Design 
of a clinical vocal loading test with long-

time measurement of voice. Journal of 

Voice. 2015 Mar 1;29(2):261-e13. 



Lokheshwar Shanmugasundaram et.al. A Preliminary Study Using Thermal Imaging on Voice and Throat 

Temperature under Induced Vocal Loading  

                   International Journal of Health Sciences & Research (www.ijhsr.org)  13 

Vol.8; Issue: 11; November 2018 

5. Buekers R. Are voice endurance tests able 

to assess vocal fatigue?. Clinical 
Otolaryngology & Allied Sciences. 1998 

Dec;23(6):533-8. 

6. Enflo L, Sundberg J, McAllister A. 

Collision and phonation threshold pressures 
before and after loud, prolonged 

vocalization in trained and untrained voices. 

Journal of Voice. 2013 Sep 1;27(5):527-30. 
7. Yiu EM, Chan RM. Effect of hydration and 

vocal rest on the vocal fatigue in amateur 

karaoke singers. Journal of Voice. 2003 Jun 
1;17(2):216-27. 

8. Remacle A, Finck C, Roche A, Morsomme 

D. Vocal impact of a prolonged reading task 

at two intensity levels: objective 
measurements and subjective self-ratings. 

Journal of Voice. 2012 Jul 1;26(4):e177-86. 

9. Linville SE. Changes in glottal 
configuration in women after loud talking. 

Journal of Voice. 1995 Mar 1;9(1):57-65. 

10. Colton RH. Physiological mechanisms of 
vocal frequency control: The role of tension. 

Journal of voice. 1988 Jan 1;2(3):208-20. 

11. Xue C, Kang J, Hedberg C, Zhang Y, Jiang 

JJ. Dynamically Monitoring Vocal Fatigue 
and Recovery Using Aerodynamic, 

Acoustic, and Subjective Self-Rating 

Measurements. Journal of Voice. 2018 Jun 
29. 

12. Baldner EF, Doll E, van Mersbergen MR. A 

review of measures of vocal effort with a 

preliminary study on the establishment of a 
vocal effort measure. Journal of Voice. 2015 

Sep 1;29(5):530-41. 

13. Boominathan P, Anitha R, Shenbagavalli M, 
Dinesh G. Voice characteristics and 

recovery patterns in Indian adult males after 

vocal loading. Journal of the All India 
Institute of Speech & Hearing. 2010 Jun 

1;29(2). 

14. Niebudek-Bogusz E, Woznicka E, 

Zamyslowska-Szmytke E, Sliwinska-
Kowalska M. Correlation between acoustic 

parameters and Voice Handicap Index in 

dysphonic teachers. Folia Phoniatrica et 
Logopaedica. 2010;62(1-2):55-60. 

15. Chudecka M. Use of thermal imaging in the 

evaluation of body surface temperature in 
various physiological states in patients with 

different body compositions and varying 

levels of physical activity. Central European 

Journal of Sport Sciences and Medicine. 
2013;2(2);15-20. 

16. Aarts NJ. Presidential address: First 

European Congress on Thermography. 
Bibliotheca radiologica. 1975(6):IX. 

17. Kuzański W. The application of 

thermography as an imaging diagnostic, 

method in medicine. Przegl Pediatr. 1993; 
1:135-41. 

18. Davidovits P. Physics in biology and 

medicine. Academic press; 2012 Dec 31. 
19. Freitas RA. Nanomedicine, volume I: basic 

capabilities. Georgetown, TX: Landes 

Bioscience; 1999 Jan. 
20. Pereira T, Nogueira-Silva C, Simoes R. 

Normal range and lateral symmetry in the 

skin temperature profile of pregnant women. 

Infrared Physics & Technology. 2016 Sep 
1;78:84-91. 

21. Köşüş N, Köşüş A, Duran M, Simavlı S, 

Turhan N. Comparison of standard 
mammography with digital mammography 

and digital infrared thermal imaging for 

breast cancer screening. Journal of the 
Turkish German Gynecological Association. 

2010;11(3):152. 

22. Ring F. Thermal imaging today and its 

relevance to diabetes. Journal of Diabetes 
Science and Technology. 2010;4(4):857-862 

23. Bitar D, Goubar A, Desenclos JC. 

International travels and fever screening 
during epidemics: a literature review on the 

effectiveness and potential use of non-

contact infrared thermometers. 

Eurosurveillance. 2009 Feb 12;14(6):19115. 
24. Shevelev IA. Functional imaging of the 

brain by infrared radiation 

(thermoencephaloscopy). Progress in 
neurobiology. 1998 Oct 1;56(3):269-305. 

25. Fikackova H, Ekberg E. Can infrared 

thermography be a diagnostic tool for 
arthralgia of the temporomandibular joint?. 

Oral Surgery, Oral Medicine, Oral 

Pathology, Oral Radiology, and 

Endodontology. 2004 Dec 1;98(6):643-50.  
26. Park JY, Hyun JK, Seo JB. The 

effectiveness of digital infrared 

thermographic imaging in patients with 
shoulder impingement syndrome. Journal of 

shoulder and elbow surgery. 2007 Sep 

1;16(5):548-54. 
27. Lo SY. Meridians in acupuncture and 

infrared imaging. Medical hypotheses. 2002 

Jan 1;58(1):72-6. 

28. Cattaneo C, Di Giancamillo A, Campari O, 
Orthmann N, Martrille L, Domeneghini C, 

Jouineau C, Baccino E. Infrared tympanic 



Lokheshwar Shanmugasundaram et.al. A Preliminary Study Using Thermal Imaging on Voice and Throat 

Temperature under Induced Vocal Loading  

                   International Journal of Health Sciences & Research (www.ijhsr.org)  14 

Vol.8; Issue: 11; November 2018 

thermography as a substitute for a probe in 

the evaluation of ear temperature for post-
mortem interval determination: a pilot 

study. Journal of Forensic and Legal 

medicine. 2009 May 1;16(4):215-7.   

29. Cooper DS, Titze IR. Generation and 
dissipation of heat in vocal fold tissue. 

Journal of Speech, Language, and Hearing 

Research. 1985 Jun 1;28(2):207-15. 
30. Boersma P, Weenink D. Praat: doing 

phonetics by computer (Version 5.1. 

05)[Computer program]. Retrieved May 1, 
2009. 

31. Johnson JM. Exercise and the cutaneous 

circulation. Exercise and sport sciences 

reviews. 1992;20:59-97. 
32. Formenti D, Ludwig N, Gargano M, 

Gondola M, Dellerma N, Caumo A, Alberti 

G. Thermal imaging of exercise-associated 

skin temperature changes in trained and 
untrained female subjects. Annals of 

biomedical engineering. 2013 Apr 

1;41(4):863-71. 

33. Mackowiak PA, Wasserman SS, Levine 
MM. A critical appraisal of 98.6 F, the 

upper limit of the normal body temperature, 

and other legacies of Carl Reinhold August 
Wunderlich. Jama. 1992 Sep 

23;268(12):1578-80. 

34. Leaper C, Smith TE. A meta-analytic 
review of gender variations in children's 

language use: talkativeness, affiliative 

speech, and assertive speech. 

Developmental psychology. 2004 
Nov;40(6):993. 

 
 

Appendix A 

Self-Rating Scale 

 

Name:     Age:    Height/Weight: 

0 represents ‘Nil’, 1 represents ‘Occasionally’ and 2 represents ‘Persistent’ 

Pre-reading 
Presence of discomfort in throat 
0     1     2 

Presence of pain in the throat 

0     1     2 

Presence of vocal fatigue/tiredness 

0     1     2 

Effort of voicing/phonation/speech  

0     1     2 

Voice quality  

0 (Normal)    1 (Mild-Mod hoarseness)   2(Severe hoarseness) 

 

Post-reading 
Presence of discomfort in throat 
0     1     2 

Presence of pain in the throat 

0     1     2 

Presence of vocal fatigue/tiredness 

0     1     2 

Effort of voicing/phonation/speech  

0     1     2 

Voice quality  

0 (Normal)    1 (Mild-Mod hoarseness)   2 (Severe hoarseness) 
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