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ABSTRACT

Purpose: To present a method for analyzing breathing modes with infrared thermography. Methods: This exploratory 

cross-sectional study used 38 thermal images of inspiration and expiration with nasal breathing and simulated 

mouth breathing in four nasal breathers without respiratory complaints. Three di൵erent data selection forms (line, 
rectangle, and ellipse) were used to extract the minimum, mean, and maximum temperatures of the regions of 

interest (nose and mouth) using the FLIR Tools® software. Results: Among the three selection forms, there was 

greater temperature variability obtained with the line, revealing limitations in this measurement. There were no 

di൵erences between the rectangle and ellipse values, showing that both selection forms present similar temperature 
extraction results. The comparison results between nose and mouth temperatures during inspiration and expiration 

indicated a statistically signi¿cant di൵erence between all measurements, except for mean inspiration temperatures 
with the rectangle and ellipse. The breathing mode can be distinguished in both inspiration and expiration when 

using mean mouth temperatures with the rectangle and ellipse. Conclusion: Breathing modes should be assessed 

based on mean mouth temperatures during inspiration, using the ellipse.

RESUMO

Objetivo: Apresentar um método de análise do modo respiratório por meio da termogra¿a infravermelha. 
Método: Estudo transversal exploratório de 38 imagens térmicas que representavam o momento da inspiração 

e da expiração durante a respiração nasal e durante a simulação da respiração oral de quatro voluntárias 

respiradoras nasais sem queixas respiratórias. Para a extração da temperatura das regiões de interesse (nariz e 

boca) foram utilizadas três formas de seleção distintas de dados (linha, retângulo e elipse) e três medidas de 
temperatura (mínima, média e máxima) por meio do software FLIR Tools®. Resultados: Dentre as três formas 
de seleção houve maior variabilidade nas medidas obtidas pela linha, revelando limitações nessa medida. Não 

houve diferenças entre as medidas do retângulo e elipse, mostrando que ambas as formas de seleção apresentam 

resultados semelhantes para a extração das temperaturas. Na comparação entre as temperaturas do nariz e da 

boca na inspiração e expiração, os resultados indicaram que houve diferença com relevância estatística em 

todas as medidas realizadas, exceto para as medidas de temperatura média da inspiração, usando o retângulo 

e a elipse. Percebe-se diferenciação do modo respiratório tanto na inspiração quanto na expiração quando 

utilizada a temperatura média da boca com o retângulo e a elipse. Conclusão: Sugere-se para avaliação do modo 

respiratório a avaliação da boca, por meio da elipse, com análise da temperatura média durante a inspiração.
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INTRODUCTION

Breathing is a physiological function of great relevance 

for maintaining life(1). The breathing mode is an important 

factor inÀuencing the balance of structures and other orofacial 
functions, which is why it demands attention from speech-

language-hearing pathologists(2). Habitual mouth breathing 

can signi¿cantly change myofunctional balance, causing, for 
instance, craniofacial and occlusal deformations, loss of orofacial 

muscle strength, functional changes in chewing, swallowing, 

and speech articulation, and changes and adaptations in the 

body(2).

A limitation of myofunctional assessment is the scarcity of 

quantitative and precise techniques for detecting functional and/

or structural abnormalities that may interfere with the breathing 

mode. Breathing assessment is restricted to a subjective analysis 

by the evaluator, as there is no gold standard equipment to be 

used(3).

Infrared thermography is a non-contact method that evaluates 

a range of temperatures in a given scene(4). It is a non-invasive, 

non-radioactive technique capable of capturing the range of 

infrared radiation emitted by a body or object and converting 

it into temperature information(5).

Thermal cameras have sensors that respond to a range 

of the electromagnetic spectrum not perceived by the naked 

eye (wavelength between 0.75 and 1000 μm)(6). They are 

responsible for transforming this information into electrical 

signals that are processed and converted into a visible 

image, represented in di൵erent color scales for the various 
temperature levels captured(4). The radiation emitted by the 

body generally depends not only on its temperature but also 

on emissivity, reÀectivity, and transmissivity(7). Therefore, 

the thermal camera indirectly records the temperature of a 

body, deducing it through the amount of radiation captured 

by the lenses.

Thermography has proven to be an important tool in 

investigating respiratory function. Promising studies have 

been based on the premise that the temperature around the 

nostrils Àuctuates throughout the respiratory cycle(8-19). During 

inspiration, cold air from the environment is inhaled, while 

during expiration, warm air from the lungs is exhaled(9-11). 

Thermograms are then capable of identifying such changes and 

representing qualitatively and quantitatively the temperature 

variation around the nasal vestibule.

The growing interest in thermography to assess breathing 

arises from the fact that respiratory rate is considered an 

important vital sign(9,10). Studies also use the technique to detect 

obstructive sleep apnea during polysomnography(12) and even 

evaluate breathing in cases of nasal septum perforations(13). 

As this technique does not require contact, it has also been used 

to assess children(14) and infants in neonatal units(15,16). In addition 

to information on temperature changes in the nostrils, studies 

have used thermography to analyze variations around the mouth, 

obtaining robust results(17-19).

Given the current use of thermography to assess respiratory 

function – a focus of interest for speech-language-hearing 

pathologists in oral motor therapy –, it would be relevant to 

integrate this instrument in breathing mode assessment. Thus, 

this study aimed to present a method of analyzing breathing 

mode using infrared thermography.

METHODS

This is an exploratory cross-sectional study. Data collection 

only began after approval by the Institution’s Research 

Ethics Committee under evaluation report number 4.364.887. 

All participants signed an informed consent form.

The participant inclusion criteria were being 18 years old 

or over; being a nasal breather; and not having any physical, 

neurological, and/or cognitive changes that might prevent or 

hinder collaboration during the examination. The exclusion 

criteria were using a bandage on the skin and/or other factors that 

prevented its exposure to a balanced temperature environment; 

doing physical exercises, acupuncture, massages; having 

undergone electrical stimulation; having attended saunas or 

been exposed to the sun for a long time up to 24 hours before 

taking measurements; using bronchodilators and vasoactive 

medications; having a fever, allergic rhinitis, Àu-like symptoms, 
and/or a cold on the day of the tests; having orofacial pain; 

having a beard (men); and being in the fertile or menstrual 

period (women).

Based on these criteria, four female volunteers were selected 

by convenience. They were self-reported nasal breathers without 

respiratory complaints, with a mean age of 33.5 years. All four 

were speech-language-hearing pathologists working in oral 

motor therapy; therefore, their report of habitual nasal breathing 

was reliable. Altogether, the sample included 38 thermograms 

of all participants, 19 of which with habitual nasal breathing 

and 19 with simulated mouth/oronasal breathing.

Even though they had knowledge about mouth breathing, the 

classi¿cation of the participants’ breathing mode was con¿rmed 
in two other stages. Thus, after being asked about their breathing 

mode (the answer could be nasal, mouth, or oronasal), the 

participants were assessed to verify whether they could close 

their lips for at least 2 minutes. To be considered a possible 

nasal breather, the participant must be able to maintain the lips 

closed without tension. Lastly, their orofacial muscle tone was 

assessed, which had to be adequate for them to be classi¿ed as 
a possible nasal breather.

Participants remained in the room for approximately 20 minutes 

before taking measurements to stabilize the temperature, 

complying with the recommendations of the American Academy 

of Thermology(20).

A FLIR SC660 thermal camera (FLIR Inc., Santa Barbara, 

CA) and a 24-degree FLIR lens (38 mm) were used for the 

tests. The FLIR SC660 camera was selected because it has good 

resolution (0.1 °C) and sensitivity (0.03 °C), as well as the image 

sequence recording tool with determined frequencies, for being 

able to record radiometric information (temperature values). 

The acquisition frequency was set at ¿ve frames per second. 
The lens was selected following the best FOV (¿eld of view) 
criteria for the scene, positioning the camera approximately 

1 meter away from the volunteer’s face, and maximizing the 

IFOV (instantaneous ¿eld of view) in relation to the main 
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targets (nose and mouth). Thus, temperature changes could be 

observed throughout the breathing process.

Measurements were taken in a room whose temperature 

was monitored and maintained at around 20±1 °C(20). From a 

metrological standpoint, the room temperature must be well 

controlled to allow for result repeatability and create a basic 

thermal reference between di൵erent volunteers(4).

Regarding the experimental setup of the tests, the thermal 

imager was stabilized on a tripod to avoid vibration during 

the experiments. A standard 30° measuring angle was used 

to visualize the nostrils and mouth during collection better. 

The participant was then seated on a ¿xed armless chair with its 
back against the wall, their feet Àat on the Àoor, approximately 
1 meter away from the camera lens.

Data were collected in two stages. Initially, the volunteers were 

¿lmed breathing normally through the nose for 2 minutes. In the 
second stage, the volunteers were recorded again for 2 minutes, 

simulating mouth/oronasal breathing. Figure  1 synthesizes 

these processes.

FLIR Tools® software was used for the quantitative and 

qualitative analyses of the image sequences. The emissivity level 

was set at 0.98, which corresponds to that of the human skin(21).

Three di൵erent selection forms – line, ellipse, and rectangle – were 
used to measure the temperature variation around the nostrils and 

mouth during inspiration. Firstly, measurements were taken by 

positioning horizontal lines between the corners of the mouth and 

between the nostrils. Then, the thermograms were analyzed using 

the areas of a rectangle and an ellipse, positioned between the 

corners of the mouth, the cupid’s bow, and the lower limit of the 

lower lip and chin to obtain thermal values of the mouth. As for 

nose temperatures, another ellipse and another rectangle were 

placed around the nostrils, the tip of the nose, and the nasolabial 

angle. Figures 2, 3 and 4 depict these mechanisms.

When the region of interest (ROI) is selected, the FLIR Tools® 

program presents three values – the maximum, minimum, and 

mean temperatures of the selected area.

The data were analyzed in IBM SPSS Statistics, version 23. 

The distribution of continuous variables was tested with the 

Shapiro-Wilk test, which indicated an asymmetric distribution. 

Comparisons between the nasal and mouth/oronasal breathing 

modes and between nose and mouth temperatures were analyzed 

with the Mann-Whitney test. Comparisons between the minimum, 

mean, and maximum temperatures were analyzed with the 

Kruskal-Wallis test. The signi¿cance level was set at 5%.

Figure 1. Thermograms selected with the experimental device during the inhaling and exhaling process through the nose (a)-(b) and mouth (c)-(d)
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Figure 2. ROIs manually selected through a rectangle in the FLIR Tools software

Figure 3. ROIs manually selected through a horizontal line in the FLIR Tools software

Figure 4. ROIs manually selected through an ellipse in the FLIR Tools software

temperature with the line; maximum nose temperature with the 

line; and mean mouth temperature with the ellipse and rectangle.

The comparison of temperatures according to the selection 

form during both inspiration and expiration (Table 2) shows 

di൵erences between the line, rectangle, and ellipse in almost all 
measurements. This di൵erence was predominant between the 
line and ellipse and between the line and rectangle – most of 

the time the line measurements were smaller than the rectangle 

and ellipse measurements.

RESULTS

The temperatures obtained during inspiration and expiration 

with nasal and mouth/oronasal breathing are compared in Table 1. 

It shows the following measurements with signi¿cant di൵erences 
in inspiration: mean nose temperature with the ellipse and the 

rectangle; minimum mouth temperature with the line; and mean 

mouth temperature with the ellipse, the rectangle, and the line. During 

expiration, the following ones had statistical di൵erences: mean nose 
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Table 1. Comparison of temperatures (°C) of the regions of interest during nasal and mouth/oronasal breathing

Variables Inhaling Exhaling

ROI
Temperature 

Analyzed

Selection 

form

Breathing 

mode
Mean SD VC p-value Mean SD VC p-value

Nose Minimum Ellipse Nasal 22.0 1.3 6.1 .990 23.8 0.9 3.8 .584

Mouth 22.0 1.2 5.3 23.7 0.8 3.3

Rectangle Nasal 22.0 1.3 6.0 .939 23.9 0.9 3.8 .750

Mouth 22.0 1.2 5.3 23.8 0.8 3.4

Line Nasal 22.5 1.9 8.3 .603 24.5 0.8 3.3 .289

Mouth 22.2 1.4 6.2 24.2 0.8 3.2

Mean Ellipse Nasal 25.4 1.0 3.9 .000 26.5 0.7 2.6 .197

Mouth 30.8 0.7 2.3 26.2 0.7 2.6

Rectangle Nasal 25.0 1.0 4.0 .000 26.4 0.7 2.7 .157

Mouth 30.9 0.6 1.9 26.0 0.7 2.6

Line Nasal 24.1 1.2 5.2 .269 26.5 0.6 2.1 .011

Mouth 24.5 1.1 4.5 26.0 0.8 3.0

Maximum Ellipse Nasal 29.3 1.3 4.5 .932 29.5 0.7 2.4 .140

Mouth 29.3 2.0 6.9 29.0 1.1 3.9

Rectangle Nasal 29.1 0.9 3.2 .428 29.6 0.7 2.3 .076

Mouth 29.5 1.7 5.7 29.1 1.0 3.3

Line Nasal 25.7 1.2 4.8 .324 29.2 0.6 1.9 .001

Mouth 26.2 1.3 5.0 27.7 1.8 6.6

Mouth Minimum Ellipse Nasal 27.3 1.4 5.0 .962 29.1 1.1 3.9 .954

Mouth 27.3 1.3 4.8 29.1 1.1 3.8

Rectangle Nasal 27.2 1.5 5.4 .835 29.3 0.9 3.1 .930

Mouth 27.2 1.3 4.8 29.3 1.0 3.2

Line Nasal 30.0 0.8 2.8 .000 30.0 0.6 2.1 .089

Mouth 28.3 1.5 5.4 29.2 1.9 6.6

Mean Ellipse Nasal 25.3 1.5 5.9 .000 30.8 0.7 2.2 .006

Mouth 29.9 0.8 2.7 30.1 0.7 2.5

Rectangle Nasal 25.6 1.5 6.0 .000 30.9 0.7 2.1 .003

Mouth 30.2 0.7 2.4 30.2 0.8 2.6

Line Nasal 30.9 1.0 3.1 .000 30.9 0.6 2.1 .363

Mouth 29.5 1.1 3.6 30.6 1.5 5.0

Maximum Ellipse Nasal 33.0 0.7 2.0 .224 32.9 0.8 2.3 .687

Mouth 32.7 1.0 3.0 33.0 1.0 3.0

Rectangle Nasal 33.0 0.4 1.3 .851 32.9 0.8 2.4 .821

Mouth 32.9 1.0 3.1 32.8 0.9 2.8

Line Nasal 32.3 1.1 3.5 .124 32.4 1.0 3.0 .496

Mouth 31.8 0.7 2.1 32.6 0.8 2.5

Caption: p = significance probability (Mann-Whitney test); ROI = region of interest; SD = standard deviation; VC = variation coefficient
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Table 2. Comparison of temperatures (°C) obtained with the different selection forms: line, ellipse, and rectangle

Variables Inhaling Exhaling

ROI
Breathing 

Mode
Temperature

Form 

seleção
Mean** SD VC p-value* Mean** SD VC p-value*

Nose Nasal 

breathing

Minimum Ellipse 22.0 A 1.3 6.1 .000 23.8 A 1.3 5.6 .000

Rectangle 22.0A 1.3 6.0 23.9 A 1.3 5.6

Line 22.5 B 1.9 8.3 24.5 B 1.8 7.6

Mean Ellipse 25.5 A 1.0 3.9 .000 26.5 A 1.0 3.8 .037

Rectangle 25.0B 1.0 4.0 26.4 A 1.0 3.8

Line 24.0 C 1.2 5.2 26.5 A 1.2 4.7

Maximum Ellipse 29.3 A 1.3 4.5 .000 29.5 A 1.3 4.5 .000

Rectangle 29.1 A 0.9 3.2 29.6 A 0.9 3.1

Line 25.7 B 1.2 4.8 29.2 B 1.2 4.2

Mouth 

breathing

Minimum Ellipse 22.0 A 1.2 5.3 .000 23.7 A 1.2 5.0 .000

Rectangle 22.0 A 1.2 5.3 23.8 A 1.2 4.9

Line 22.2 B 1.4 6.2 24.2 B 1.4 5.7

Mean Ellipse 30.8 A 0.7 2.3 .000 26.2 A 0.7 2.7 .476

Rectangle 30.9 A 0.6 1.9 26.0 A 0.6 2.3

Line 24.5 B 1.1 4.5 26.0 A 1.1 4.2

Maximum Ellipse 29.3 A 2.0 6.9 .000 29.0 A 2.0 6.9 .000

Rectangle 29.5 A 1.7 5.7 29.0 A 1.7 5.8

Line 26.2 B 1.3 5.0 27.7 B 1.3 4.7

Mouth Nasal 

breathing

Minimum Ellipse 27.3 A 1.4 5.0 .000 29.1 A 1.4 4.7 .026

Rectangle 27.2 A 1.5 5.4 29.3 AB 1.5 5.0

Line 30.0 B 0.8 2.8 30.0 C 0.8 2.8

Mean Ellipse 25.3 A 1.5 5.9 .000 30.8 A 1.5 4.8 .568

Rectangle 25.6 A 1.5 6.0 30.9 A 1.5 5.0

Line 30.9 B 1.0 3.1 30.9 A 1.0 3.1

Maximum Ellipse 33.0 A 0.7 2.0 .000 32.9 A 0.7 2.0 .000

Rectangle 33.0 A 0.4 1.3 32.9 A 0.4 1.3

Line 32.3 B 1.1 3.5 32.4 B 1.1 3.5

Mouth 

breathing

Minimum Ellipse 27.3 A 1.3 4.8 .191 29.0 A 1.3 4.5 .511

Rectangle 27.1 A 1.3 4.8 29.3 A 1.3 4.4

Line 28.3 A 1.5 5.4 29.2 A 1.5 5.2

Mean Ellipse 29.9 A 0.8 2.7 .022 30.1 A 0.8 2.7 .024

Rectangle 30.2 B 0.7 2.4 30.2 A 0.7 2.4

Line 29.5 A 1.1 3.6 30.6 A 1.1 3.5

Maximum Ellipse 32.7 A 1.0 3.0 .000 33.0 A 1.0 2.9 .000

Rectangle 32.9 A 1.0 3.1 32.8 A 1.0 3.1

Line 31.8 B 0.7 2.1 32.6 B 0.7 2.0

Different letters indicate statistically significant differences between measured values; *Friedman test; **Wilcoxon test

Caption: p = significance probability; ROI = region of interest; SD = standard deviation; VC = variation coefficient. Different letters indicate statistically significant 

differences between the measured values.



Telson et al. CoDAS 2024;36(2):e20220323 DOI: 10.1590/2317-1782/20232022323en 7/10

The comparison between nose and mouth temperatures during 

inspiration and expiration is shown in Table 3. The results indicate 

a statistically signi¿cant di൵erence between all measurements, 

except for the mean inspiration temperature using the rectangle 

and the ellipse. The temperature of the mouth was always higher 

than that of the nose, both when inhaling and exhaling.

Table 3. Comparison of temperatures (°C) of the regions of interest between measures taken from the nose and mouth

Variables Inhaling Exhaling

Temperature
Breathing 

mode

Selection 

form
ROI Mean SD VC p-value Mean SD VC p-value

Minimum Nasal Ellipse Nose 22.0 1.3 6.1 .000 23.8 0.9 3.8 .000

Mouth 27.3 1.4 5.0 29.1 1.1 3.9

Rectangle Nose 22.0 1.3 6.0 .000 23.9 0.9 3.8 .000

Mouth 27.2 1.5 5.4 29.3 0.9 3.1

Line Nose 22.5 1.9 8.3 .000 24.5 0.8 3.3 .000

Mouth 30.0 0.8 2.8 30.0 0.6 2.1

Mouth Ellipse Nose 22.0 1.2 5.3 .000 23.7 0.8 3.3 .000

Mouth 27.3 1.3 4.8 29.1 1.1 3.8

Rectangle Nose 22.0 1.2 5.3 .000 23.8 0.8 3.4 .000

Mouth 27.2 1.3 4.8 29.3 1.0 3.2

Line Nose 22.2 1.4 6.2 .000 24.2 0.8 3.2 .000

Mouth 28.3 1.5 5.4 29.2 1.9 6.6

Mean Nasal Ellipse Nose 25.4 1.0 3.9 .819 26.5 0.7 2.6 .000

Mouth 25.3 1.5 5.9 30.8 0.7 2.2

Rectangle Nose 25.0 1.0 4.0 .169 26.4 0.7 2.7 .000

Mouth 25.6 1.5 6.0 30.9 0.7 2.1

Line Nose 24.1 1.2 5.2 .000 26.5 0.6 2.1 .000

Mouth 30.9 1.0 3.1 30.9 0.6 2.1

Mouth Ellipse Nose 30.8 0.7 2.3 .001 26.2 0.7 2.6 .000

Mouth 29.9 0.8 2.7 30.1 0.7 2.5

Rectangle Nose 30.9 0.6 1.9 .003 26.0 0.7 2.6 .000

Mouth 30.2 0.7 2.4 30.2 0.8 2.6

Line Nose 24.5 1.1 4.5 .000 26.0 0.8 3.0 .000

Mouth 29.5 1.1 3.6 30.6 1.5 5.0

Maximum Nasal Ellipse Nose 29.3 1.3 4.5 .000 29.5 0.7 2.4 .000

Mouth 33.0 0.7 2.0 32.9 0.8 2.3

Rectangle Nose 29.1 0.9 3.2 .000 29.6 0.7 2.3 .000

Mouth 33.0 0.4 1.3 32.9 0.8 2.4

Line Nose 25.7 1.2 4.8 .000 29.2 0.6 1.9 .000

Mouth 32.3 1.1 3.5 32.4 1.0 3.0

Mouth Ellipse Nose 29.3 2.0 6.9 .000 29.0 1.1 3.9 .000

Mouth 32.7 1.0 3.0 33.0 1.0 3.0

Rectangle Nose 29.5 1.7 5.7 .000 29.1 1.0 3.3 .000

Mouth 32.9 1.0 3.1 32.8 0.9 2.8

Line Nose 26.2 1.3 5.0 .000 27.7 1.8 6.6 .000

Mouth 31.8 0.7 2.1 32.6 0.8 2.5

Caption: p = significance probability (Mann-Whitney test); ROI = Region of interest; DP = standard deviation; VC = variation coefficient
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Lastly, the comparison between minimum, mean, and 

maximum temperatures (Table 4) showed a signi¿cant di൵erence 
in all analyses, as expected. In general, mean temperatures had 

lower variation coe൶cients.

Table 4. Comparison of the images with the minimum, mean, and maximum temperatures

Variables Inhaling Exhaling

ROI
Breathing 

mode

Selection 

form
Temperature Mean SD VC p-value Mean SD VC p-value

Nose Nasal Ellipse Minimum 22.0 A 1.3 6.1 .000 23.8 A 0.9 3.8 .000

Mean 25.4 B 1.0 3.9 26.5 B 0.7 2.6

Maximum 29.3 C 1.3 4.5 29.5 C 0.7 2.4

Rectangle Minimum 22.0 A 1.3 6.0 .000 23.9 A 0.9 3.8 .000

Mean 25.0 B 1.0 4.0 26.4 B 0.7 2.7

Maximum 29.1 C 0.9 3.2 29.6 C 0.7 2.3

Line Minimum 22.5 A 1.9 8.3 .000 24.5 A 0.8 3.3 .000

Mean 24.0 B 1.2 5.2 26.5 B 0.6 2.1

Maximum 25.7 C 1.2 4.8 29.2 C 0.6 1.9

Mouth Ellipse Minimum 22.0 A 1.2 5.3 .000 23.7 A 0.8 3.3 .003

Mean 30.8 B 0.7 2.3 26.2 B 0.7 2.6

Maximum 29.2 C 2.0 6.9 29.0 C 1.1 3.9

Rectangle Minimum 22.0 A 1.2 5.3 .000 23.8 A 0.8 3.4 .000

Mean 30.9 B 0.6 1.9 26.0 B 0.7 2.6

Maximum 29.5 C 1.7 5.7 29.0 C 1.0 3.3

Line Minimum 22.2 A 1.4 6.2 .000 24.2 A 0.8 3.2 .000

Mean 24.5 B 1.1 4.5 26.0 B 0.8 3.0

Maximum 26.2 C 1.3 5.0 27.7 C 1.8 6.6

Mouth Nasal Ellipse Minimum 27.3 A 1.4 5.0 .000 29.1 A 1.1 3.9 .000

Mean 25.3 B 1.5 5.9 30.8 B 0.7 2.2

Maximum 33.0 C 0.7 2.0 32.9 C 0.8 2.3

Rectangle Minimum 27.2 A 1.5 5.4 .000 29.3 A 0.9 3.1 .000

Mean 25.6 B 1.5 6.0 30.9 B 0.7 2.1

Maximum 32.9 C 0.4 1.3 32.9 C 0.8 2.4

Line Minimum 30.0 A 0.8 2.8 .000 30.0 A 0.6 2.1 .016

Mean 30.9 B 1.0 3.1 30.9 B 0.6 2.1

Maximum 32.3 C 1.1 3.5 32.4 C 1.0 3.0

Mouth Ellipse Minimum 27.3 A 1.3 4.8 .000 29.0 A 1.1 3.8 .000

Mean 29.9 B 0.8 2.7 30.1 B 0.7 2.5

Maximum 32.7 C 1.0 3.0 33.0 C 1.0 3.0

Rectangle Minimum 27.1 A 1.3 4.8 .000 29.3 A 1.0 3.2 .000

Mean 30.2 B 0.7 2.4 30.2 B 0.8 2.6

Maximum 32.9 C 1.0 3.1 32.8 C 0.9 2.8

Line Minimum 28.3 A 1.5 5.4 .000 29.2 A 1.9 6.6 .000

Mean 29.5 B 1.1 3.6 30.6 B 1.5 5.0

Maximum 31.8 C 0.7 2.1 32.6 C 0.8 2.5

Different letters indicate statistically significant differences between measured values

Caption: p = significance probability (Kruskal-Wallis test); ROI = region of interest; SD = standard deviation; VC = variation coefficient
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DISCUSSION

Despite being a preliminary study, the results obtained 

so far provide relevant evidence regarding the application 

and use of infrared thermography in objective breathing 

mode assessment, bringing important information about 

ROI selection and temperature analysis during inspiration 

and expiration.

The comparison of temperatures between the nasal and 

mouth/oronasal breathing modes showed that most of the 

di൵erences were observed during inspiration when analyzing 
mean temperatures and that the mouth had more homogeneous 

data than the nose to assess and compare breathing modes. Thus, 

these proved to be important analysis parameters to distinguish 

breathing modes.

Three di൵erent forms – line, rectangle, and ellipse – in the 
FLIR Tools® program were used to select the ROI temperatures 

(nose and mouth). There was a statistical di൵erence between 
almost all measurements, predominantly between the line 

and ellipse and between the line and rectangle. There were no 

di൵erences between the measurements of the rectangle and 
ellipse, showing that both selection forms extract temperatures 

similarly. The line obtained higher variation coe൶cients than 
the other forms in most measurements. This indicates greater 

data dispersion in relation to the mean when using this selection 

form, thus suggesting that the line may not obtain breathing 

temperatures as e൶ciently. It was also noted that during the 
manual selection of ROIs with the line, its position may vary 

from analysis to analysis, thus interfering with measurement 

repeatability. There were no di൵erences between the measurements 
with the rectangle and ellipse, showing that both selection forms 

have similar temperature extraction results. The ellipse could 

be used instead of the rectangle because it comes closest to the 

anatomical shape of the mouth and nose and does not invade 

areas close to the ROI.

The comparison between nose and mouth temperatures shows 

that most mouth values are signi¿cantly higher than the nose 
ones. No studies were found in the literature that addressed this 

di൵erence. Therefore, a protocol for evaluating breathing modes 
with infrared thermography must consider which region will 

be evaluated, whether the nose or the mouth. The comparison 

of temperature variation coe൶cients demonstrates that they 
tend to be lower in the mouth, especially during inspiration, 

thus indicating less data dispersion, which may point to more 

homogeneous results obtained in this region.

Statistically signi¿cant di൵erences were found between 
all the mean, minimum, and maximum temperatures used for 

analysis – mean temperatures generally had lower variation 

coe൶cients. It was also found that, in general, the minimum 
and maximum temperatures were close when comparing those 

recorded in nasal and mouth/oronasal breathing, while the 

mean mouth temperatures using the rectangle and ellipse were 

able to distinguish the breathing mode, although only during 

inspiration. Therefore, mean temperatures can be considered 

the most suitable to assess breathing modes.

Despite the satisfactory results, this research has technical 

limitations due to its exploratory design. Among them are the 

small sample size and the fact that the assessments involved 

only nasal breathers without any respiratory complaints. 

The researchers aim to overcome these di൶culties in future 
stages of the study, evaluating a larger sample, and including 

mouth/oronasal breathers in the trials.

The next phase of the research shall also have two raters 

analyzing the data to calculate interrater and intrarater agreement. 

The literature does not address this issue, but it seems essential 

for data reliability. Likewise, the normalized temperature should 

be calculated. Lastly, it should be noted that body movements 

during breathing can inÀuence data collection. To minimize this 
impact, future research should use a method to monitor head 

movement during tests.

This research is innovative in oral motor therapy since there is 

no gold-standard equipment or technique for analyzing breathing 

modes. Furthermore, there is still little research involving the 

use of infrared thermography in breathing assessment, and the 

existing ones mainly analyze respiratory frequency to determine 

the number of respiratory cycles per minute(8-19). A study aimed 

to analyze temperature modulation around both the nostrils and 

the mouth (as in the present study), but like other research, its 

main objective was to evaluate the respiratory rate by comparing 

it with shoulder movements during breathing(18). Hence, no study 

has used this technique to verify breathing modes.

This tool is expected to be useful in speech-language-

hearing clinical practice as a complementary analysis tool to 

detect mouth/oronasal breathing and provide simple and visual 

information to present the patient’s progress throughout the 

therapeutic process.

CONCLUSION

Breathing modes can be assessed with infrared thermography 

when analyzing the mean temperature of the mouth during 

inspiration using an ellipse.

ACKNOWLEDGEMENTS

This study was ¿nanced in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior – Brasil 

(CAPES) – Finance Code 001, the Fundação de Amparo à 

Pesquisa de Minas Gerais (FAPEMIG), and the Conselho 

Nacional de Desenvolvimento Cientí¿co e Tecnológico (CNPq).

REFERENCES

1.	 Jiang S, Chan J, Stupak HD. The use of infrared thermal imaging to determine 

functional nasal adequacy: a pilot study. OTO Open. 2021;5(3):2473974X211045958. 

http://dx.doi.org/10.1177/2473974X211045958.

2.	 Costa M, Valentim AF, Becker HMG, Motta AR. Achados da avaliação 

multiprofissional de crianças respiradoras orais. Rev CEFAC. 2015;17(3):864-

78. http://dx.doi.org/10.1590/1982-021620158614.

3.	 Melo DL, Santos RVM, Perilo TVC, Becker HMG, Motta AR. Avaliação 

do respirador oral: uso do espelho de Glatzel e do peak nasal inspiratory 

flow. CoDAS. 2013;25(3):236-41. http://dx.doi.org/10.1590/S2317-

17822013000300008. PMid:24408334.

4.	 Chrzanowski K. Testing thermal imagers. Practical guide. Warsaw: Military 

University of Technology; 2010.



Telson et al. CoDAS 2024;36(2):e20220323 DOI: 10.1590/2317-1782/20232022323en 10/10

5.	 Côrte ACRE, Hernandez AJ. Termografia médica infravermelha aplicada 

à medicina do esporte. Rev Bras Med Esporte. 2016;22(4):315-9. http://

dx.doi.org/10.1590/1517-869220162204160783.

6.	 Sanches IJ, Gamba HR, Souza MA, Neves EB, Nohama P. Fusão 3D de 

imagens de MRI/CT e termografia. Rev Bras Eng Bioméd. 2013;29(3):298-

308. http://dx.doi.org/10.4322/rbeb.2013.031.

7.	 Novo MMM, Bitencourt CS, Tiba PRT, Silva DGM, Pandolfelli VC, 

Carlos S. Fundamentos básicos de emissividade e sua correlação com 

os materiais refratários, conservação de energia e sustentabilidade. 

Ceramica. 2014;60(353):22-33. http://dx.doi.org/10.1590/S0366-

69132014000100004.

8.	 Hu M-H, Zhai G-T, Li D, Fan Y-Z, Chen X-H, Yang X-K. Synergetic use 

of thermal and visible imaging techniques for contactless and unobtrusive 

breathing measurement. J Biomed Opt. 2017;22(3):36006. http://dx.doi.

org/10.1117/1.JBO.22.3.036006. PMid:28264083.

9.	 Kastl KG, Wiesmiller KM, Lindemann J. Dynamic infrared thermography 

of the nasal vestibules: a new method. Rhinology. 2009;47(1):89-92. 

PMid:19382503.

10.	 Vermeulen S, Barreto M, La Penna F, Prete A, Martella S, Biagiarelli F, et al. 

Exhaled breath temperature in children: reproducibility and influencing 

factors. J Asthma. 2014;51(7):743-50. http://dx.doi.org/10.3109/027709

03.2014.906606. PMid:24654705.

11.	 Hers V, Corbugy D, Joslet I, Hermant P, Demarteau J, Delhougne B, et al. 

New concept using Passive Infrared (PIR) technology for a contactless 

detection of breathing movement: a pilot study involving a cohort of 169 

adult patients. J Clin Monit Comput. 2013;27(5):521-9. http://dx.doi.

org/10.1007/s10877-013-9457-2. PMid:23549646.

12.	 Fei J, Pavlidis I, Murthy J. Thermal vision for sleep apnea monitoring. 

In: Yang GZ, Hawkes D, Rueckert D, Noble A, Taylor C. In: International 

Conference on Medical Image Computing and Computer-Assisted Intervention; 

2009; London. Proceedings. Berlin: Springer; 2009. p. 1084-91. http://

dx.doi.org/10.1007/978-3-642-04271-3_131.

13.	 Lindemann J, Wiesmiller K, Keck T, Kastl K. Dynamic nasal infrared 

thermography in patients with nasal septal perforations. Am J Rhinol 

Allergy. 2009;23(5):471-4. http://dx.doi.org/10.2500/ajra.2009.23.3351. 

PMid:19807978.

14.	 Goldman LJ. Nasal airflow and thoracoabdominal motion in children using 

infrared thermographic video processing. Pediatr Pulmonol. 2012;47(5):476-

86. http://dx.doi.org/10.1002/ppul.21570. PMid:22009760.

15.	 Klaessens JHGM, van den Born M, van der Veen A, Sikkens-van de 

Kraats J, van den Dungen FAM, Verdaasdonk RM. Development of a 

baby friendly non-contact method for measuring vital signs: first results 

of clinical measurements in an open incubator at a neonatal intensive care 

unit. In: Proceedings of Advanced Biomedical and Clinical Diagnostic 

Systems XII; 2014; San Francisco, California. Proceedings. USA: SPIE 

BiOS; 2014. 89351 p. https://doi.org/10.1117/12.2038353.

16.	 Pereira CB, Heimann K, Venema B, Blazek V, Czaplik M, Leonhardt 

S. Estimation of respiratory rate from thermal videos of preterm infants. 

Annu Int Conf IEEE Eng Med Biol Soc. 2017:3818-21.. http://dx.doi.

org/10.1109/EMBC.2017.8037689. PMid: 29060730.

17.	 Procházka A, Charvátová H, Vyšata O, Kopal J, Chambers J. Breathing analysis 

using thermal and depth imaging camera video records. Sensors (Basel). 

2017;17(6):1408. http://dx.doi.org/10.3390/s17061408. PMid:28621708.

18.	 Pereira CB, Yu X, Czaplik M, Blazek V, Venema B, Leonhardt S. Estimation 

of breathing rate in thermal imaging videos: a pilot study on healthy 

human subjects. J Clin Monit Comput. 2017;31(6):1241-54. http://dx.doi.

org/10.1007/s10877-016-9949-y. PMid:27778207.

19.	 Hu MH, Zhai GT, Li D, Fan YZ, Chen XH, Yang XK. Synergetic use of 

thermal and visible imaging techniques for contactless and unobtrusive 

breathing measurement. J Biomed Opt. 2017;22(3):36006. http://dx.doi.

org/10.1117/1.JBO.22.3.036006. PMid:28264083.

20.	 AAT: American Academy of Thermology. Guidelines for dental-oral and 

systemic health infrared thermography. Pan American J Med Thermol. 

2015;2(1):44-53. http://dx.doi.org/10.18073/pajmt.2018.5.41-55.

21.	 Steketee J. Spectral emissivity of skin and pericardium. Phys Med Biol. 

1973;18(5):686-94. http://dx.doi.org/10.1088/0031-9155/18/5/307. PMid:4758213.

Author contributions

YCT was responsible for developing the research project, collecting and 

analyzing data, and writing the manuscript. RMMMF, RAMF, MPP and ARM 

provided general guidance for the work, supervised the study, the research 

project development, data analysis, and manuscript writing.


