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RESUMEN 

Introducción: La importancia del uso de la termografía infrarroja (IRT) para medir la 

temperatura de la piel (tsk) está aumentando en las condiciones de salud y enfermedad. 

Recientemente, su uso ha ido creciendo especialmente en deportes y medicina del 

ejercicio; sin embargo, no existe un consenso para abordar los métodos de registro de 

datos en tales situaciones. Esta falta de estandarización y control de las variables de 

influencia en la recopilación de datos con IRT se suele atribuir como una fuente de 

sesgo, y en la mayoría de los casos puede influir en los resultados. Además, dada la 

posible influencia de factores individuales en la respuesta de la temperatura cutánea 

registrada por IRT, es difícil identificar si los cambios en la tsk se deben a ajustes 

termorreguladores del cuerpo, como sudoración y aumento del flujo sanguíneo 

periférico, o si estos cambios dependen de parámetros antropométricos o fisiológicos. 

La literatura sobre esto es escasa y necesita nuevos estudios. 

Objetivos: Esta tesis se dividió en dos estudios con objetivos complementarios. El 

objetivo del primer estudio fue desarrollar una lista de verificación para la recopilación 

de tsk utilizando IRT en deportes y medicina del ejercicio. El objetivo del segundo 

estudio fue analizar la respuesta tsk en judokas después de una prueba incremental 

específica y determinar si las medidas antropométricas y fisiológicas pueden explicarse 

por la variación en la media tsk. 

Métodos: En el primer estudio, se llevó a cabo un estudio Delphi para establecer una 

lista de verificación basada en el acuerdo de consenso de expertos líderes en ámbito de 

la termografía. Los miembros del panel de expertos (n = 24) representan a las áreas de 

ciencia del deporte (n = 8; 33%), fisiología (n = 7; 29%), fisioterapia (n = 3; 13%) y 

medicina (n = 6; 25%), de 13 países diferentes. Se propuso una lista inicial de 16 puntos 
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que fue evaluada y comentada por los miembros del panel en tres rondas de encuestas 

anónimas siguiendo un procedimiento estándar “Delphi”. En el segundo estudio, se 

analizaron un total de 23 judocas masculinos (edad: 20.1 ± 4.7 años, altura: 173.1 ± 8.1 

cm, masa corporal: 71.7 ± 8.1 kg) que realizaron una prueba de judo incremental 

específica. Las evaluaciones de la temperatura de la piel se recogieron en 26 regiones de 

interés (ROI), y la media de tsk se calculó usando una ecuación que incluía diez de ellas. 

Los momentos antes de la prueba (pre-prueba), inmediatamente después (0 min) y 

después de 5, 10 y 15 min de la prueba se establecieron para medir la tsk, la tsk media, la 

temperatura auricular (tau) y el lactato sanguíneo. Además, el VO2pico se midió durante 

la prueba de judo específica a través del analizador de gases. 

Resultados: En el primer estudio, los resultados del Delphi produjeron la lista de 

verificación titulada "Imágenes termográficas en deportes y medicina del ejercicio 

(TISEM)", que es una propuesta para estandarizar la recopilación y el análisis de los 

datos de tsk mediante IRT. En el segundo estudio, los atletas completaron una media de 

7.0 ± 1.0 etapas de la prueba, 95% CI [6.2; 7.1]. El VO2pico logrado fue 48.7 ± 5.3 

ml.kg-1.min-1, 95% CI [46.4; 51.0]. En comparación con los valores previos a la 

prueba, solo la frente disminuyó significativamente 5 minutos después de la prueba (p 

<.05). El brazo posterior derecho y el brazo posterior izquierdo permanecieron 

aumentados 10 minutos después de la prueba (p <.05). Después de 15 minutos, 19 de las 

26 ROI analizadas disminuyeron significativamente (p <.05). Entre todos los modelos 

probados de regresión lineal, solo dos fueron significativos, la diferencia de tsk 5 min en 

comparación con la prueba previa (F1, 21 = 16.49, p = .001) y la diferencia de tsk 10 

min en comparación con la prueba previa, para predecir la concentración de lactato al 

final de la prueba (F1, 21 = 9.30, p = .006). 
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Conclusiones: Esta tesis ha proporcionado una lista de verificación con 15 ítems 

dirigidos a estandarizar la evaluación de tsk usando IRT para una amplia gama de 

usuarios finales que incluyen profesionales, científicos deportivos, médicos de ejercicio 

y otros. Esta lista de verificación no se limita a estos ámbitos, y también se podría 

utilizar en otros campos aplicables a seres humanos, como medicina laboral y salud 

pública. Se pretende que el TISEM también se pueda aplicar para evaluar el sesgo en 

estudios termográficos y para guiar a los profesionales en el uso de la técnica 

termográfica en humanos. Además, con relación al segundo estudio de esta tesis, se 

concluyó que 5 minutos después de la prueba, los judocas presentan una temperatura 

auditiva más alta y una tsk más alta en siete ROI, y la tsk disminuyó 15 minutos después 

de la prueba en 19 ROIs consideradas. La variación en la temperatura media de la piel 

no está relacionada con medidas antropométricas. Solo la variación de tsk media de 5 

min y 10 min después de la prueba en comparación con los valores previos a la prueba 

se asocia con lactato sanguíneo al final de la prueba. 

Palabras clave: Termografía infrarroja, guía, lista de control, termorregulación, 

concentración de lactato, judo. 
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ABSTRACT 

Introduction: The importance of using infrared thermography (IRT) to measure skin 

temperature (tsk) is increasing in health and disease situations. Recently, its use has been 

growing especially in sports and exercise medicine; however, no consensus guideline 

exists to address the methods for collecting data in such situations. This lack of 

standardization and control of the intervening variables in the IRT data collection is 

commonly attributed as a source of bias, and can in most cases influence the results. 

Additionally, given the possible influence of individual factors on skin temperature 

response recorded by IRT, it is hard to identify if changes in tsk are due to 

thermoregulatory adjustments of the body, such as sweating and increased peripheral 

blood flow, or if these changes rely on anthropometrical or physiological parameters. 

However, the literature about this is scarce and needs new studies. 

Objectives: This thesis was divided into two studies with complementary objectives. 

The aim of the first study was to develop a checklist for the collection of tsk using IRT 

in sports and exercise medicine. The aim of the second study was to analyze the tsk 

response in judokas after a specific incremental test and to determine if anthropometric 

and physiological measures can be explained by the variation in mean tsk. 

Methods: In the first study, it was carried out a Delphi study to set a checklist based on 

consensus agreement from leading experts in the field. Panelists (n = 24) representing 

the areas of sport science (n=8; 33%), physiology (n=7; 29%), physiotherapy (n=3; 

13%) and medicine (n=6; 25%), from 13 different countries completed the Delphi 

process. An initial list of 16 points was proposed which was rated and commented on by 

panelists in three rounds of anonymous surveys following a standard Delphi procedure. 

In the second study, it was analyzed a total of 23 male judo athletes (age: 20.1 ± 4.7 yrs, 
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height: 173.1 ± 8.1 cm; body mass: 71.7 ± 8.1 kg) who performed a specific incremental 

judo test. Skin temperature evaluations were collected in 26 regions of interest (ROI), 

and the mean tsk was calculated using an equation including ten of them. The time 

points before the test (pre-test), immediately after (0 min), and after 5, 10 and 15 min of 

the test were established to measure the tsk, mean tsk, auricular temperature (tau), and 

blood lactate. Additionally, the VO2peak was measured during the specific judo test via 

gas analyzer. 

Results: In the first study, the results of the Delphi produced the checklist entitled 

“Thermographic Imaging in Sports and Exercise Medicine (TISEM)” which is a 

proposal to standardize the collection and analysis of tsk data using IRT. In the second 

study, the athletes completed a mean of 7.0 ± 1.0 stages of the test, 95% CI [6.2; 7.1]. 

The VO2peak achieved was 48.7 ± 5.3 ml.kg-1.min-1, 95% CI [46.4; 51.0]. Compared to 

pre-test values, only the forehead significantly decreased 5 min after the test (p < .05). 

The posterior right arm and posterior left arm remained increased 10 min after the test 

(p < .05). After 15 min, 19 of the 26 ROIs analyzed significantly decreased (p < .05). 

Among all tested models of linear regression, only two were significant, the difference 

of tsk 5 min compared to pre-test (F1, 21=16.49, p = .001) and the difference of tsk 10 

min compared to pre-test, to predict lactate concentration at the end of the test (F1, 

21=9.30, p = .006). 

Conclusions: This thesis has provided a checklist with 15 items directed at 

standardizing the assessment of tsk using IRT for a wide array of end-users including 

practitioners, sports scientists, exercise physicians, medical professionals and others. 

This checklist is not limited to this setting, and may also be used in others fields such 

occupational medicine and public health. It is intended that the TISEM can also be 
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applied to evaluate bias in thermographic studies, and to guide practitioners in the use of 

this technique. Additionally, based on the analysis of the second study of this thesis, it 

was concluded that 5 min after the test the judokas present a higher tau and a higher tsk in 

seven ROIs, and the tsk decreases 15 min after the test in 19 of the considered ROIs. The 

variation in mean skin temperature is not related to anthropometric measures. Only the 

variation of mean tsk 5 min and 10 min after the test compared to pre-test values is 

associated with blood lactate at the end of the test. 

Keywords: Infrared thermography, guideline, checklist, thermoregulation, lactate 

concentration, judo.  
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1. INTRODUCTION

Humans depend on various mechanisms to maintain core temperature (tc) stable 

as they face increased metabolic rate due physical exercise. When tc increases as a 

consequence of skeletal muscle heat production during dynamic exercise, blood flow is 

redistributed to external parts of the body in order to dissipate the excess heat (Johnson 

et al., 2014). This process increases skin temperature (tsk), reducing core to skin 

gradient. In contrast, if the tsk is elevated due high ambient temperature, the counter 

process also occurs, with external heat being transported through the BF to the interne 

regions, increasing the tc (Johnson et al., 2014). By mediating the processes of heat 

exchange, the skin is therefore an essential component of body thermoregulation. 

Research conducted to study the impacts of tc and tsk on exercise performance 

has been the subject of extensive investigation in the field of exercise science 

(Romanovsky, 2014, Johnson et al., 2014, Taylor et al., 2014). Typically, the 

deleterious effects of increasing the whole body temperature on aerobic performance are 

well known (Cheuvront et al., 2010a). However, recently more attention has been 

devoted on the role of tsk. Some researchers have shown that not tc but rather the 

decrease of core to tsk gradient is the main responsible for impair aerobic exercise 

performance (Cuddy et al., 2014, Sawka et al., 2012, Kenefick et al., 2010). In addition, 

(Sawka et al., 2012) argued that high core temperature (∼40◦C) alone does not impair 

aerobic performance. These evidences have stimulated the conduction of studies that 

measure the tsk to study the thermal balance between the human body and the 

environmental. 

 Among the techniques available to study tsk, the use of infrared thermography 

(IRT) has been emerging considerably in the last years. This technique is characterized 
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by the use of a camera which can detect radiation emitted from human body and 

produce thermal images, called thermograms (Ring and Ammer, 2000). The 

thermograms contain temperature data that can be analyzed by specific software which 

provides temperature of a region of interest (ROI) (Costello et al., 2012, Selfe et al., 

2006). The popularity in the field of sports and exercise science can be verified by the 

high number of publications which have applied this technique over the last years 

(Ferreira et al., 2008, Quesada et al., 2015a, Adamczyk et al., 2014a, Formenti et al., 

2016) (Hadžić et al., 2015, Hildebrandt et al., 2010, Al-Nakhli et al., 2012, Adamczyk 

et al., 2016, Costello et al., 2012, Selfe et al., 2007, Silva et al., 2017, Fournet et al., 

2013, Gerrett et al., 2014, Vainer, 2005, Formenti et al., 2017a, Tanda, 2016, Tanda, 

2015). Despite this popularity, one problem the studies which used IRT have faced so 

far is the differences in the techniques employed for data collection, thereby making it 

difficult the comparison between studies. In addition, some studies often fail to report 

detailed information regarding the collection or analysis of the infrared thermography 

data (Costello et al., 2012, Bach et al., 2015b). These methodological issues regarding 

the use of IRT have highlighted the need to develop protocols that are reliable and allow 

a comparison of results between studies. 

 A number of the research devoted to assessing tsk using IRT has focused on 

understanding the mechanisms related to thermoregulation and performance (Quesada 

et al., 2016, Merla et al., 2009, Tanda, 2016, Tanda, 2015, Quesada et al., 2015b). Three 

main reasons may explain this: firstly, the ease of obtaining data of temperature changes 

using a thermographic camera in exercise conditions; secondly, the ability to map the 

whole body thermally, consequently expanding the analysis of thermoregulation 

throughout the body; thirdly, the relationship already established between increasing tsk 

and decreasing maximal aerobic capacity (VO2max) (Sawka et al., 2012). In this way, 
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considering that the efficiency of thermoregulatory system is an essential element of the 

capacity to adapt to physical exercise, effort tolerance, and physical efficiency 

(Chudecka and Lubkowska, 2010), the study of the changes in surface temperature can 

provide important information about the individual capacity of removing the excess heat 

generated by physical activity. 

 A relevant concern when studying temperature changes dynamics, recorded by 

IRT, is to identify if changes in tsk are due to thermoregulatory adjustments of the body, 

such as sweating and increased peripheral blood flow, or if these changes rely on 

physiological parameters, body composition and morphological features (Chudecka and 

Lubkowska, 2012). In order to identify which variables are related to the tsk response in 

the thermoneutral environment, some studies have demonstrated the impact of 

anthropometric variables (e.g. body fat percentage) (Savastano et al., 2009, Salamunes 

et al., 2017, Neves et al., 2017), while others have indicated the influence of metabolic 

variables (e.g. lactate concentration, VO2max and heart rate) (Adamczyk et al., 2014a, 

Chudecka and Lubkowska, 2010, Arfaoui et al., 2014, Chudecka and Lubkowska, 2012, 

Akimov and Son'kin, 2011, Akimov et al., 2010). However, none of these studies 

investigated incremental test until fatigue. Therefore, the influence of physiological and 

morphological factors on tsk still need future research, especially in experimental field 

conditions that better simulate the practical situation. 

  

1.1 RATIONALE OF THE THESIS 

 During the past 40 years, clinical decisions have become much more supported 

by scientific evidence than by experience or subjective evaluations. Since the 
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publication of the first study in 1979 (Examination, 1979) that proposed the use of 

evidence from the medical literature as a beacon of recommendations for periodic health 

examinations, the scientific community has moved very much in this direction. In fact, 

it has been established criteria for ranking the scientific research based on its level of 

evidence as well as developing tools to verify bias (Phillips et al., 2015, Whiting et al., 

2003, Moher et al., 2009, Higgins et al., 2011). Typically, at the top of the evidence are 

randomized controlled trials and systematic reviews; while at the lowest level are case 

studies and expert opinion without explicit critical appraisal (Phillips et al., 2015). It is 

important to note that the number of levels to rank the studies increased from four in the 

first proposed classification (Examination, 1979) to ten in the latest report of Oxford 

Center for Evidence-Based Medicine (Phillips et al., 2015). Consequently, the 

conducting of scientific experiments generally follows this hierarchical order, which is 

based largely upon the experimental design. More recently, however, new types of 

systematic reviews have been proposed, such as prospective meta-analysis, individual-

level data, network meta-analyses and umbrella reviews (Ioannidis, 2017), which 

suggests that science continues to seek the design of studies that provide increasingly 

reliable information. 

 Concurrently with this concern about the level of evidence related to 

experimental design, the scientific community has also been concerned with assessing 

the quality of trials. Evaluation of the risk of bias became priority when experimental 

studies are evaluated. Some instruments, such as QUADAS (Whiting et al., 2003), 

CONSORT (Moher et al., 2010), PeDro (de Morton, 2009) and Cochrane (Higgins et 

al., 2011), were created to help assess the quality of the trials and to be used as filters 

for inclusion of studies in systematic reviews. The effectiveness of these instruments 

has been proven by the increased quality of randomized controlled trials over the years 
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and its use became mandatory for studies inclusion in systematic reviews (Moseley et 

al., 2011, Moher et al., 2001, de Morton, 2009). However, as far as the evaluation of tsk 

using thermography is concerned, no instrument has yet been produced to assist in 

assessing the quality of the studies. 

 In the use of infrared thermography to measure tsk, the quality, description and 

conduction of the protocol for thermographic data collection should be considered as 

important as the quality of the camera used. There are several influencing factors that 

should be addressed when designing a protocol for data collection (Fernández-Cuevas et 

al., 2015). In addition, the protocol should be standardized, otherwise it cannot ensure 

the quality of thermal image acquisition (Ammer, 2015, Ammer, 2003, Bach et al., 

2015b, Costello et al., 2012, Ring and Ammer, 2012, Ring et al., 2007b). Research 

using infrared thermography generally poorly reported obvious reasons for bias. Two 

reviews that analyzed studies that measured tsk with thermography reported the 

difficulty of analyzing and comparing results (Bach et al., 2015b, Costello et al., 2012). 

The main problems reported were lack of description of relevant methodological details 

and lack of control of intrinsic factors (e.g. caffeine / alcohol consumption, smoking, 

recent physical activity, circadian rhythm, and gender) and extrinsic (e.g. environmental 

temperature, acclimation period, and clothing). Unfortunately, despite the enquire of 

standards for infrared thermography in the last years (Ammer, 2008, Ammer, 2003), 

apparently these problems continue to be a hindrance to the development of 

thermography studies. 

 Another problem of infrared thermography studies is associated with the 

influence degree of intrinsic factor on tsk, which is still poorly understood. Infrared 

thermography has established itself as a promising technique in sports and exercise 
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medicine due in part to its ability to map tsk, providing visual and comprehensive 

information on thermoregulatory responses (Tanda, 2016, Fernandes et al., 2014). 

However, considering the various factors involved in tsk responses, successive 

researches have tried to understand the influence of biophysical factors that mediate the 

response of tsk after exercise. Some studies have focused in investigating the influence 

of physiological factors (Adamczyk et al., 2014a, Chudecka and Lubkowska, 2010, 

Arfaoui et al., 2014, Chudecka and Lubkowska, 2012, Akimov and Son'kin, 2011, 

Akimov et al., 2010), while others have investigated morphological factors (Quesada et 

al., 2015a, Salamunes et al., 2017). The misunderstanding of the degree of influence of 

physiological and morphological factors on the tsk response makes it difficult to 

interpret the results since it is not possible to know if thermoregulatory responses are 

consequences of exercise or if they are dependent on these factors (Chudecka and 

Lubkowska, 2012). Moreover, the temperature response after exercise has been shown 

to be specific, depending on the type of exercise performed; and dynamic, that is, it 

changes rapidly according to the intensity (Tanda, 2016, Silva et al., 2017). 

Consequently, when analyzing the thermoregulatory response of a sporting modality, it 

is necessary to consider the inherent aspects. 

 Judo is a popular Olympic modality with a large number of practitioners around 

the world (Franchini et al., 2011, Degoutte et al., 2003). It is characterized as a high-

intense and intermittent sport, with intervals of effort and pause of 2 by 1 min 

(Franchini et al., 2013). Judo training sessions may generate a high thermal stress load, 

caused mainly by high effort intensities coupled with high ambient temperatures. In 

addition, the use of official clothing (judogui) disfavors the cooling of the body as a 

barrier which impars heat exchanges with the environment (Brito et al., 2011a). 

However, in spite of these characteristics inherent to judo which favor the occurrence of 
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thermal stress, studies that have evaluated the thermoregulatory processes in judo are 

generally rare. Typically, many studies have been devoted to assessing the impact of 

dehydration on performance mainly because reducing liquid ingestion is a recurrent 

practice for weight loss in judo (Rivera-Brown and De Félix-Dávila, 2012, Franchini et 

al., 2012). Nonetheless, the scientific literature still lacks studies that investigate 

thermoregulatory processes in judo.  

 Despites providing information on thermoregulation, the tsk is related to fatigue, 

since the fatigue caused by aerobic exercise is directly related to the increase in tsk 

(Formenti et al., 2017b). Levels et al. (2012) argue that the initial difference in the tsk 

appears to be an important factor for the regulation of exercise intensity. In addition, 

previous studies have shown that changes in tsk affect the power output during med-

duration and long-duration exercise (Schlader et al., 2011, Duffield et al., 2010, Ross et 

al., 2011). In this way, measuring tsk using infrared thermography in judokas may 

provide information about both exercise intensity and thermoregulatory mechanisms.  

1.2. WHY MEASURING SKIN TEMPERATURE USING INFRARED 

THERMOGRAPHY? 

 Human thermoregulation is regulated by a complex system of thermoregulatory 

reflexes that aim to maintain the temperature around 37 ºC (Johnson et al., 2014). This 

process is regulated by thermally sensitive neurons in the anterior hypothalamic-

preoptic area, which mediate the changes in core and tsk (Kenny and Journeay, 2010). 

During physical activity, most of the metabolic heat produced is transported by means 

of the cutaneous circulation, which in turn plays a key role in regulating human body 

temperature (Charkoudian, 2016). As a consequence, a significant part of the metabolic 

heat produced is dissipated through the skin to the external environment, being this 
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process enhanced by the sweat evaporation (Charkoudian, 2010, Johnson et al., 2014). 

Nevertheless, it is well known that tsk is not only a direct result of blood circulation, but 

rather a result of complex thermoregulatory processes that include environmental 

conditions and also different biophysical factors such as body surface area and ambient 

temperature (Cramer and Jay, 2016). Figure 1 shows a schematic about the several 

processes involved in the body’s thermoregulation during exercise. 

 

 

Figure 1. Biophysical factors affecting the changes in core temperature [adapted from 

Cramer and Jay (2016)] 

 The understanding of the thermoregulatory mechanisms is of great interest for 

the exercise science mainly because they are related to performance. Although the 

increase in tc is commonly attributed as the main limiting factor of aerobic exercise 

performance, recent studies have demonstrated that tsk also has an important role 

(Sawka et al., 2012, Cuddy et al., 2014, Périard et al., 2012, Kenefick et al., 2010). It 

has been demonstrated that aerobic exercise intensity can be sustained if the core tc is 

high but tsk is not elevated (Sawka et al., 2012). Because of this evidence, more 
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attention has been devoted to study the thermal balance between the body and the 

environment by assessing tsk. 

 The role of tsk in performance is primarily due to its relation to blood flow. The 

classic thermoregulatory mechanism that describes the cardiovascular system function 

during intense aerobic exercise shows that the skin competes with active skeletal muscle 

for the available blood flow, and thus the ability to meet the dual demands of exercise 

and of temperature regulation is limited (González‐Alonso et al., 2008, Charkoudian, 

2010). In this sense, the increase in tsk may be attributed mainly to increased peripheral 

blood flow, although tsk changes is also impacted by other processes such as  wind and 

sweat evaporation (Charkoudian, 2010). 

It is important to note that the relationship between skin blood flow and tsk is not 

directly. Increased skin blood flow is largely dependent on the exercise intensity, while 

tsk depends mainly on the ability to lose heat. When exercising under optimal conditions 

of temperature and humidity, despite the significant increase in core temperature and 

consequent increment of peripheral blood flow, the thermal gradient at the skin allows 

heat to dissipate, promoting the skin cooling by the evaporation of sweat (Charkoudian, 

2010). In this case, although the peripheral blood flow is high, the tsk may not change in 

the same proportion. On the other hand, when exercising at ambient temperature higher 

than tsk or at high relative humidity (impeding evaporative heat loss), heat balance 

cannot be achieved despite near-maximal activation of autonomic heat loss responses 

(vasodilatation and sweating) (Flouris and Schlader, 2015). In such instances, the skin 

blood flow and tsk will increase, compromising the performance of the exercise (Sawka 

et al., 2012). In this sense, it is worth noting that tsk provides relevant information about 

body’s thermoregulation during exercise, since its response is related to the efficiency 

of the heat exchanges with the environment. 
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  The complex thermoregulatory responses during exercise can be better 

understood with the use of IRT. In fact, previous studies using IRT showed a 

relationship between the dynamics of body temperature changes and the ability of 

regeneration following the effort (Akimov and Son'kin, 2011, Akimov et al., 2010, 

Sanz-López et al., 2015). The assessment of tsk using IRT is versatile, non-invasive, 

wireless, and requires no contact with the individual (Fernandes et al., 2014, Bach et al., 

2015b, Formenti et al., 2016). Due to its image capture capability, the selection of 

regions permits an evaluation of the tsk distributions in different areas, consequently 

allowing its application in studies that require the analysis of several areas 

simultaneously (Fournet et al., 2013, Gerrett et al., 2015). Moreover, the thermograms 

allow the visualization of hot and cold areas. This has important implications in studies 

aimed at determining what location hot or cold tsk is generated (Costello et al., 2012, 

Eglin et al., 2013, Maley et al., 2014, Robinson et al., 2016, Selfe et al., 2010). Another 

advantage of IRT is the portability of cameras which can be used in a wide array of 

conditions and locations in both the laboratory and the field (Fernandes et al., 2016a, 

Hildebrandt et al., 2012). 

 1.3 DIFFERENCES BETWEEN INFRARED THERMOGRAPHY AND 

OTHER METHODS FOR ASSESSING SKIN TEMPERATURE 

 Among the most commonly used methods in the literature for measuring tsk 

during exercise, contact thermometers and infrared thermography stand out. Basically, 

there are two types of contact thermometers, which are the thermocouples and 

thermistors. The thermocouples measure the voltage between two different metals in the 

presence of a temperature gradient by a process called Seedbeck effect (Childs, 2001), 

while thermistors are based on the relationship between temperature and resistance of a 
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semi-conductor metal wire, where there is an inverse relationship between temperature 

and the electrical resistance within the device (Klopfenstein, 1994). Infrared 

thermography, on the other hand, is a measurement of the infrared radiation emitted by 

the human body, which is converted to a value of temperature (Ring and Ammer, 2012). 

Nonetheless, it is important to note these techniques to measuring tsk are based upon 

different physical principles, and thus the results may differ from each other (Bach et 

al., 2015b).  

Typically, mechanisms of the body’s thermoregulation are described as 

conduction, convection, radiation and evaporation (Mcardle et al., 2003). Unlike 

infrared thermography which is a non-contact measurement of radiation, contact devices 

need a direct contact with the object of interest which allows the transfer of heat energy 

into the device (Fernandes et al., 2014, Bach et al., 2015b). Consequently, tsk responses 

measured by contact devices may be influenced by changes in the conduction process, 

while responses measured by thermography may be dependent on processes that impact 

radiation capture. In fact, a systematic review of Bach et al. (2015b) was performed in 

order to analyze the agreement between conductive and infrared means of assessing tsk. 

The results suggested that infrared thermography and conductive devices do not agree 

irrespective of the ambient conditions. However, the authors argued that the current 

evidence has a high risk of bias and the conclusions are not definitive in view of poor 

methodological quality and small sample sizes of the studies. 

 Several authors attempted to explain the reasons why tsk differs between infrared 

thermography and conductive devices. The most plausible explanations are directed to 

the pressure exerted by fixation of the device on the skin (Tyler, 2011), the use of tapes 

for the fixation (Tyler, 2011), the impaired heat loss through convection and 

evaporation in the region where device was fixed (Tyler, 2011, Buono et al., 2007), 
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which may increase tsk measured by the contact device. The latter may also explain why 

tsk measured by thermography is lower during exercise, since the loss of heat in the 

uncovered region by radiation, convection and evaporation is higher due to sweat 

production (Fernandes et al., 2014). Furthermore, given the prominent differences 

herein reported, it is reasonable to state that the absolute temperature values measured 

by contact thermometers cannot be extrapolated for infrared thermography analyzes or 

vice versa, though both techniques have proven to be useful to measure tsk (Taylor et al., 

2014). 

The main differential of infrared thermography versus any other techniques for 

measuring tsk is its ability to measure several points of the body at the same time, 

consequently greatly expanding the amount of information available for analysis. In 

addition, since the process of tsk regulation is dynamic and dependent on factors such as 

exercise type, ambient temperature and sweat evaporation capacity, the tsk may not have 

a homogeneous response, with some areas warming or cooling more than others 

(Fournet et al., 2013, Tanda, 2016). The study of Tanda (2016) investigated the 

difference between running graded exercise (e.g. initial treadmill’s velocity of 6 km/h, 

incrementing by 1.5 km/h every 5 in up to the maximum value of 13.5 km/h) and 

constant exercise (consisted of 25 min-running at the constant speed of 12 km/h). The 

results showed differences in tsk responses between calves and upper arms irrespective 

of the exercise type (graded or constant load) (Figure 2). This evidence corroborates the 

premise that the measurement of temperature in only few predetermined points, as is 

usually done in studies with contact thermometers, may limit the horizon of analysis, 

since the tsk changes heterogeneously in response to aerobic exercise (Tanda, 2016, 

Ludwig et al., 2016). 
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Figure 2. Distributions of the total-body tsk and the regionally averaged (over upper 

arms and calves) tsk for an athlete during graded load and constant load treadmill 

exercises [adapted from (Tanda, 2016)]. 

 Regardless the absolute differences between infrared thermography and 

contacted devices discussed above, it is important to note, however, the capacity of 

modern infrared cameras of detecting changes in tsk. New models of infrared cameras 

have low values of Noise Equivalent Temperature Difference (NEtD) which is the 

capacity to distinguish between very small differences in thermal radiation in the image. 

For example, the camera Flir-T440 used in this thesis has a NETD of > 0.045 at 30 ºC. 
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Thus, although absolutes values differ from contact devices, the camera is very sensible 

to detect changes.  

 Infrared thermography appears to be a valid [correlation range r=0.71-0.77, Roy 

et al. (2006)] and reliable [correlation range r=0.82-0.97, Selfe et al. (2006)] technique. 

In addition, a robust study has shown a inter-examiner intraclass correlation of r = 0.88 

(range 0.73–0.99) between analysis on consecutive days (Zaproudina et al., 2008). 

However, large errors compared to thermocouple during exercise [e.g: -0.75 °C, 

Fernandes et al. (2014)]  always appear as an argument against the use of infrared 

thermography. Conversely, this disagreement with contact thermometers occurs only 

when absolute values are analyzed, consequently not preventing the use of 

thermography to detect changes in temperature. Moreover, most studies that measured 

tsk with infrared thermography analyzed the thermograms by delimiting an area called 

region of interest. This procedure contributes to enhance the quality of the data, since it 

prevents inter-individual anatomical variation of vascularization and veins, which, in 

turn, may lead to a non-uniform heat production (James et al., 2014). Furthermore, 

measurements from a single point on an image or from attached thermistors are 

attributed to potential confounding error when analyzing tsk (Chudecka and Lubkowska, 

2012).  

 Given the exposed, it is important to aware the advantages and disadvantages of 

infrared thermography before assessing tsk in exercise conditions. The results from 

contact devices differ from infrared thermography, but this does not preclude its use to 

evaluate tsk changes associated to exercise. Moreover, possible source of error must be 

taken into account, with the concern of the factors involved in the data collection 

process. 
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1.4 SKIN TEMPERATURE MEASURED BY THERMOGRAPHY  

The growing importance of IRT measures of human tsk in health and disease has 

been evidenced by the increase in the number of publications with this technique. 

Common applications of IRT include: prevention and treatment of sports injuries 

(Hadžić et al., 2015, Hildebrandt et al., 2010), detection of delayed onset muscle 

soreness (Al-Nakhli et al., 2012), evaluation of cryotherapy protocols (Adamczyk et al., 

2016, Costello et al., 2012, Selfe et al., 2014, Silva et al., 2017), assessment of brown 

adipose tissue activation (Robinson et al., 2016), evaluation of tsk during cold (Fournet 

et al., 2013) and hot environment exposure (Gerrett et al., 2015, Vainer, 2005), 

following aerobic (Quesada et al., 2015b), anaerobic (Adamczyk et al., 2014a) and 

resistance exercises (Ferreira et al., 2008). These applications have considerably growth 

in the use of IRT in recent years, due in part to improvements in the accuracy, 

functionality and affordability of camera technology, thus making IRT an emerging 

method of tsk measurement in sports and exercise medicine (Bach et al., 2015b, Costello 

et al., 2012, Fernandes et al., 2014). 

In order to expand the discussion about tsk responses in aerobic exercise, the 

most recent studies of relevance in this theme will be presented below. Typically, the 

main studies, which have used infrared thermography to measure tsk, applied treadmill 

(Merla et al., 2010, Tanda, 2016, Fernandes et al., 2016b) or ergometric bicycle 

protocols (Ludwig et al., 2016, Quesada et al., 2016, Quesada et al., 2015a), at constant 

(Quesada et al., 2016, Tanda, 2016, Fernandes et al., 2016b) or incremental intensities 

(Ludwig et al., 2016, Merla et al., 2010, Quesada et al., 2015a, Tanda, 2016). These 

studies allow a greater understanding of the thermoregulatory mechanisms involved 

during aerobic exercise. 
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One of the most investigated topics is whether infrared thermography is able to 

identify changes in tsk in constant aerobic exercise. Fernandes et al. (2016b) assessed the 

the variations regional tsk during a constant load exercise of 60% of the VO2max. The 

results showed significant distinctions in the tsk distribution during exercise according to 

the activity of the exercised area. The authors suggested that these differences may be 

due to the different blood flow supply to the specific areas or to the higher (or more 

effective) control of the vasodilator mechanisms. On the other hand, (Quesada et al., 

2016) compared the skin and core temperature between cycling exercise performed at 

the intensity of 35% and 50% of peak power output for 45 min. They did not observe 

effect in almost all of body regions, only few regions that are mostly constituted by 

connective, bone and fat tissues were affected. Nonetheless, the authors argued that the 

overall sweat rate was capable to regulate the tsk. However, it is important to observe 

that the low intensities of the exercises performed may not have caused an overload in 

the thermoregulatory system to the point of promoting a more acute increase of tsk, in 

view of the effective action of the sweat and vasomotor mechanisms triggered by 

exercise (Kenny and Journeay, 2010). 

The evaluation of incremental and / or maximum protocols may help to explain 

the tsk response in high intensity exercises. The study of Merla et al. (2010) evaluated 

trained male runners during a graded exercise until fatique. Overall, they found a 

diminished tsk in all regions, in which the total body tsk values were 3-5 ºC lower than at 

baseline. Morever, they observed a faster and more pronounced reduction in the most 

peripheral region (forearms) and far less pronounced in the central region (trunk). The 

authors suggested that skin variation variation during exercise followed a specific 

pattern which was most likely due to the differences in the distribution of innervation 

and cutaneous/tissue vascularization between peripheral and central regions. Similarly, 
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Ludwig et al. (2016) analyzed elite ciclists who underwent in a maximal test and 

confirmed these changes of tsk during an incremental muscular effort. The authors found 

that overall tsk decreased substantially from 32.5 ± 0.67°C to 30.87 ± 0.73 °C. These 

changes were atributed to a greater efficiency of vasoconstriction and vasodilation 

processes in highly trained subjects. On the other hand, the study of (Quesada et al., 

2015a) evaluated physically active males who performed an incremental work load 

cycling test to exhaustion. The regions of rectus fomorales and vastus laterales showed 

incresead values after test, while biceps femoris and gastrocnemius medialis did not 

present changes. However, the authors did not assess other regions of interest which 

could broaden the analysis of the results. Accordingly, these studies which applied 

infrared thermography suggest that exercises at high intensities are likely to promote the 

decrease in tsk immediately after the effort, especially in those peripheral regions or in 

regions not exercised.  

Further, an overview of the tsk response considering exercise intensity (graded or 

constant) and ambient (indoor or outdoor) factors can be seen in the study of Tanda 

(2016). The author measured skin temperatura using infrared thermography to compare 

indoor and outdoor exercise, with environmental conditions very close for all the tests 

(indoor condition: temperature = 22 ± 0.3 ºC, relative humidity of 60% ± 2%, no direct 

ventilation; outdoor condition: temperature of 20-21 ºC, relative humidity of 61-63%, 

with low wind velocity conditions and moderate solar irradiation along 50% of the 

running path). The graded exercise was composed by initial value of 6 km/h the 

treadmill velocity was incremented by 1.5 km/h every 5 min up to the maximum value 

of 13.5 km/h, while the constant load exercised was composed by 25 min-running at the 

constant speed of 12 km/h. The results showed a a fall in tsk during the initial stage of 

running exercise was recorded, regardless of the type of work (overground or treadmill) 
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and environmental (outdoor or indoor) conditions, although the level of changes were 

different (Figure 3). This evidence exemplifies one of the applicability of thermography, 

which is the capacity to precisely evaluate local and mean tsk and their modifications in 

time during running exercise. Considering the ability to dissipate heat as crucial to 

sustain muscular efforts during exercise (Sawka et al., 2012, Torii et al., 1992), the use 

of infrared thermography may be helpful as an indirect estimation of the physical 

efficiency (Tanda, 2016).  

 

Figure 3. Mean skin temperature distribution for an athlete during graded load treadmill 

exercise, constant load treadmill exercise and constant load, outdoor (track) exercise. 

Treadmill velocities versus time are reported too (solid line: graded load, dashed line: 

constant load) [adapted from Tanda (2016)]. 
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1.5 INFRARED THERMOGRAPHY ASSESSMENT AND SPECIFIC 

RESPONSES 

In order to prevent bias and improve the quality of data, several organizations 

have published their own protocols and quality control guidelines (Ammer, 2008, 

IACT, 2002, ISO, 2004, Mercer and Ring, 2009, Ring and Ammer, 2012, Ring and 

Ammer, 2000, Schwartz et al., 2006). Similarly, other investigators have discussed the 

need for standardization to ensure the quality of thermal image acquisition (Ammer, 

2003, Ammer, 2015, Costello et al., 2012, Ring et al., 2007b, Ring and Ammer, 2012). 

The acquisition of accurate tsk data requires knowledge of the primary factors 

influencing the tsk measurement. Fernández-Cuevas et al. (2015) defined the factors 

influencing the use of IRT in studies conducted on humans dividing them into 

environmental, technical and individual factors. However, no specific guidelines or 

checklist was provided. Given the wide array of factors that can affect the measurement 

of tsk (Fernández-Cuevas et al., 2015), the use of IRT for scientific analysis can be 

challenging. However, by defining appropriate measurement standards and protocols, 

the accurate assessment of tsk with IRT is possible. As reported by Costello et al. (2012), 

many researchers fail to report detailed information regarding the procedures and 

conditions under which IRT is employed. As a consequence, there can be a lack of 

standardization between studies which can affect the interpretability of the data. 

However, this limitation can be circumvented with the development of operational 

standards for the use of IRT. 

 Previous reports, as discussed previously, have demonstrated poor agreement 

between tsk measurements by IRT and contact devices (e.g. thermistors, thermocouples, 

iButtons) (Bach et al., 2015b, Bach et al., 2015a, Fernandes et al., 2014). However, 
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there are some inherent limitations related to the methodology of IRT data acquisition 

that could act as confounding factors, thereby influencing temperatures outcomes 

(Fernández-Cuevas et al., 2015). For example, the distance the camera is from the 

subject and the room temperature of the laboratory where IRT recording is conducted 

can affect the data (Fernández-Cuevas et al., 2015). If thermograms from different 

distances (fields of view) of the same subject are compared, the variable number of 

pixels within the ROI can lead to inaccurate data (Ring and Ammer, 2000). Ammer 

(2015) compared the results of local thermograms with a total body thermogram and 

showed differences in the tsk of the anterior thigh of up to 1.09 ± 0.93 °C (CI: 2.91; -

0.74 °C). Likewise, a room without adequate temperature regulation can result in 

variable air temperatures thereby impacting results (Bach et al., 2015b). Most published 

studies using IRT have employed a temperature range of 18 °C to 25 °C (Fernández-

Cuevas et al., 2015). However, it is well established that resting metabolic rate varies as 

a function of ambient temperature which can markedly influence thermoregulatory 

response (e.g. heat conversation or heat loss responses) and ultimate tsk (Taylor et al., 

2014). Consequently, it is important to ensure that ambient temperature conditions are 

adequately regulated to minimize any potential influence on the measurement of tsk 

using IRT. 

In addition to follow a well design protocol for data collection, it is extremely 

important to consider the influence of physiological and anthropometrical parameters on 

tsk response. A number of studies have reported the relationship between tsk and 

performance parameters (e.g., lactate and VO2max) (Adamczyk et al., 2014a, Chudecka 

and Lubkowska, 2010, Arfaoui et al., 2014, Chudecka and Lubkowska, 2012, Akimov 

and Son'kin, 2011, Akimov et al., 2010). Similarly, other studies have shown the 

association between tsk and anthropometrical parameters (e.g., fat composition) 
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(Quesada et al., 2015a, Salamunes et al., 2017). A relevant concern when studying 

temperature changes dynamics, recorded by IRT, is to identify if changes in tsk are due 

to thermoregulatory adjustments of the body, such as sweating and increased peripheral 

blood flow, or if these changes rely on physiological parameters, body composition and 

morphological features (Chudecka and Lubkowska, 2012). In this way, one of the 

assumptions is that the tsk responses may be dependent on the training level. Another 

assumption is that body composition, especially body fat, could act as an endogenous 

heat insulator and therefore difficult the heat dissipation. Although the knowledge of the 

mediating factors of tsk responses is essential for thermographic analysis (Fernández-

Cuevas et al., 2015), with the exception of the two studies performed with handball 

players (Chudecka and Lubkowska, 2010) and volleyball players (Chudecka and 

Lubkowska, 2012), a major problem of these investigations is the predominance of 

laboratory studies, which differ considerably from specific conditions of the sport 

practice. The degree of influence of physiological and anthropometric variables on tsk 

still needs new studies, especially in field situations that consider the specificity of the 

sport as exercise intensity, time of effort and pause, and clothing. 

Regarding the impact of clothing, it is well established that the type of clothing 

used during exercise can improve performance if it favors heat exchanges, or impair it if 

such clothing retains heat (Gavin, 2003). In sports where there is official clothing, the 

impact of clothes on tsk be of interested to coaches, since increased tsk coincides with 

increasing blood flow which, in turn, may be a factor impairing aerobic exercise 

(Cheuvront et al., 2010b). Despite the importance of the theme, to the best of my 

knowledge, no study has evaluated the impact of clothing on judo using infrared 

thermography. 
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 Based on the above, this doctoral thesis seeks to remedy two problems faced by 

researchers who use infrared thermography to measure tsk in sports and exercise 

medicine. Firstly, it was addressed the difficulty of establishing reliable criteria for the 

development of data collection protocols. Although there are recommendations on the 

use of thermography available (Ring and Ammer, 2000, IACT, 2002, ISO, 2004), it has 

been observed that many studies did not completely follow these recommendations or 

did not accurately report details that are essential to understand the results (Bach et al., 

2015b, Costello et al., 2012). Therefore, the first study of this thesis attempts to address 

this problem through an international consensus to develop a checklist on the 

measurement of human tsk using thermography in sports and exercise medicine. 

Secondly, it was addressed the impact of physiological and morphological variables on 

the tsk response measured by IRT. For a better understanding of the thermoregulatory 

processes, it is important to evaluate if intrinsic factors, such as physiological 

parameters and body composition, can mediate the tsk response. This knowledge is 

essential for understanding the skin thermal response and separating the results from the 

thermoregulatory adjustments of those derived from intrinsic factors. Therefore, the 

second study of this thesis addresses this theme, investigating whether the response of a 

specific incremental test in college judo athletes is related to the physiological and 

morphological factors of the athletes. 
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2. HYPOTHESIS AND OBJECTIVES 

2.1. THESIS OUTLINE 

 This thesis is divided in two studies, in which the first is the development of an 

instrument (without hypothesis) and the second is experimental. Therefore, the objectives of 

the first study and the hypotheses and objectives of the second study will be presented below. 

2.2. OBJETIVES OF THE STUDY I 

 1a) To develop a detailed checklist for the standardization of the tsk assessment 

protocols using infrared thermography in sports and exercise medicine. 

2.3 HYPOTHESIS OF THE STUDY II 

 The hypothesis of the present study II are the following: 

H01: After a specific incremental judo test, the thermoregulatory variables local tsk, mean tsk, 

and tau will not change in college judo athletes. 

HA1: After a specific incremental judo test, the thermoregulatory variables local tsk, mean tsk, 

and tau will change in college judo athletes. 

H02: The variation of mean tsk 5 min, 10 min, and 15 min after a specific incremental judo test 

compared to pre-test values cannot be explained by the anthropometrical variables body fat, 

body mass index and body surface area. 

HA2: The variation of mean tsk 5 min, 10 min, and 15 min after a specific incremental judo test 

compared to pre-test values can be explained by the anthropometrical variables body fat, body 

mass index and body surface area. 
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H03: The variation of mean tsk 5 min, 10 min, and 15 min after a specific incremental judo test 

compared to pre-test values cannot be explained by the physiological variables lactate at the 

end of the test, lactate clearance and VO2peak. 

HA3: The variation of mean tsk 5 min, 10 min, and 15 min after a specific incremental judo test 

compared to pre-test values can be explained by the physiological variables lactate at the end 

of the test, lactate clearance and VO2peak. 

2.4. OBJETIVES OF THE STUDY II 

 The objectives of study II were: 

2a) To analyze the local tsk, mean tsk, and tau responses in college judokas after performing 

a specific incremental test 

2b) To investigate if the anthropometric variables body fat, body mass index, and body 

surface area can be explained by the variation in mean tsk 5 min, 10 min, and 15min 

compared to pre-test values. 

2c) To investigate if the physiological variables lactate concentration at the end of the test, 

lactate clearance, and VO2peak can be explained by the variation in mean tsk 5 min, 10 min, 

and 15 min compared to pre-test values. 
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3. METHODOLOGY 

 This thesis is composed by two studies with different methodologies that are 

detailed below. The ethical committee of the Technical University of Madrid (UPM) 

and the Faculty of Sciences for Physical Activity and Sport (INEF) approved the studies 

(appendix I). 

3.1. METHODOLOGY OF THE STUDY I 

3.1.1 RESEARCH DESIGN 

A Delphi procedure was applied in the present study, as previously described 

(Boulkedid et al., 2011, Dalkey and Helmer, 1963, Hsu and Sandford, 2007, Steurer, 

2011). The Delphi procedure is based on developing a consensus among a group of 

experts through a series of questionnaires interspersed with controlled feedback 

(Whiting et al., 2003). In this procedure the expert evaluation, judgment, phrasing and 

scoring of each round is completed independently. As previously demonstrated, 

controlled and anonymous feedback also helps the experts to gain a consensus 

(Boulkedid et al., 2011, Dalkey and Helmer, 1963, Hsu and Sandford, 2007, Steurer, 

2011). To initiate the process, a literature review was conducted in March 2016 to 

identify the available guidelines. Thus, we made a search in Medline, Pubmed, ISI Web 

of Knowledge, Science Direct, Google and Google Scholar to identify studies related 

with infrared thermography guidelines. A combination of common keywords of 

‘‘infrared thermography” or “thermal imaging” or “thermology” or “infrared” or 

“guidelines” was used. This search aimed to identify guidelines, protocols and articles 

concerning the use of infrared thermography in scientific research. Subsequently, 

instead of asking open questions to the panelists, an initial list of items for inclusion in 
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the checklist was developed. This approach is considered appropriate if basic 

information is already available within the literature (Hsu and Sandford, 2007). In 

addition, as infrared technology has been improved in recent years, only documents 

published since 2000 were included. Therefore, nine documents were selected which 

contained recommendations on the use of IRT for measurements in humans. These 

documents were used to develop an itemized list and they are listed below: 

a) A comprehensive review about a classification of influence factors that should 

be consider in any thermography protocol to avoid error and optimize it. (Fernández-

Cuevas et al., 2015); 

b) A guideline for neuro-musculo-skeletal infrared thermography sympathetic skin 

response studies (Schwartz et al., 2015); 

c) A description of modern infrared imaging technology and the standardization 

protocols for thermal imaging in medicine (Ring and Ammer, 2012); 

d) An informative on using infrared thermal imaging for fever detection (Mercer 

and Ring, 2009); 

e) The Glamorgan Protocol for recording and evaluation of thermal image of 

human body (Ammer, 2008); 

f) The Guidelines for Neuro-musculo-skeletal Thermography (Schwartz et al., 

2006); 

g) The International Organization for Standardization (ISO) ISO 9886 with an 

ergonomic evaluation of thermal strain by physiological measurements (ISO, 2004); 

h) The International Academy of Clinical Thermology standards and protocols in 

clinical thermographic imaging (IACT, 2002); 
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i) The requirements for the location, setting up the equipment and the preparation 

of the human subject to be investigated with infrared thermography (Ring and Ammer, 

2000). 

The core panel (composed of four researchers) reviewed the nine documents to 

summarize the empirical and theoretical evidence regarding the procedures involving 

IRT. A preliminary list (with 16 items for inclusion in the checklist) was settled based 

on scientific evidence provided in the selected documents. The core panel previously 

established that only aspects relating to the measurement of tsk using IRT would be 

included in the checklist, and other aspects in the applications of IRT were not included.  

Although no criterion is universally accepted to address consensus, the value of 

80% agreement is mostly used (Bahl et al., 2016, Boulkedid et al., 2011, Hsu and 

Sandford, 2007, Snyder et al., 2014, Whiting et al., 2003). A five point Likert Scale 

(strongly agree, moderately agree, neutral, moderately disagree, strongly disagree) 

(Whiting et al., 2003, Chipchase et al., 2012) was used in all rounds to rate each item 

for inclusion in the checklist. Therefore, we applied the criteria of 80% of the sum of 

responses of ‘strongly agree’ and ‘moderately agree’ to approve an item. To help panel 

members in their decision-making, the core panel summarized the evidence and 

provided the references which supported each item. In addition, the panelists were 

encouraged to identify any study or practical experience that could help in the 

discussion. In every round, all members were given an opportunity to comment on the 

items and suggest possible rephrasing. The panelists had 15 days to respond to each 

round and all communication was conducted by electronic mail. 

The responses of each Delphi round were organized to include the results of the 

previous round and a summary of all panel members’ evaluation (Appendix II, III and 
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IV). All modifications were shared in the subsequent rounds as previously reported 

(Chipchase et al., 2012, Snyder et al., 2014, Whiting et al., 2003). Furthermore, the 

decision made in each round comprised of six distinct actions: (1) Modify: when an item 

was substantially modified, either by suggestion of a panel member or to meet new 

evidence; (2) Rephrase: when an item was rephrased to improve understanding without 

changing the meaning; (3) Divide: when an item was divided into two different items; 

(4) Exclude: when an item did not meet the criteria and was excluded from the 

checklist; (5) Include: when a panel member suggested a new item; and (6) Approve: 

when an item met the criteria and was approved to be part of the checklist. Consensus 

was achieved for an item if: a) the criteria of 80% of the sum of responses of ‘strongly 

agree’ and ‘moderately agree’ was reached; and b) no panelist recommended a relevant 

change in wording or provided new or additional evidence. All comments regarding 

rephrasing were incorporated when revising the checklist.  

3.1.2 PARTICIPANTS 

Twenty five of the thirty invited experts agreed to participate in the study. Two 

experts declined the invitation because they were too busy to participate, and a further 

three did not respond. One expert only completed the first round leaving a total of 24 

experts who participated in the full evaluation. Panelists were selected based on their 

expertise in studies with IRT and thermal physiology, with at least three publications 

related to the discipline or area. Once a person was identified as an expert, an e-mail 

was sent to him/her with an invitation to participate; those who agreed received an 

electronic consent document.  

The panelists included experts who self-defined themselves as working 

predominantly in the sport sciences (n=8; 33%), physiology (n=7; 29%), physiotherapy 
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(n=3; 13%) and medicine (n=6; 25%). They were currently working in academic and/or 

research institutions (n=17; 71%), practicing in hospitals as medical doctors (n=3; 

13%), working for a company/industry (n=2; 8%), or working in the military (n=2; 8%). 

The panelists resided in the United Kingdom (n=5; 21%), Brazil (n=3; 13%), Australia 

(n=2; 8%), Italy (n=2; 8%), Poland (n=2; 8%), Spain(n=2; 8%),  United States (n=2; 

8%), Austria (n=1; 4%), Canada (n=1; 4%), France (n=1; 4%), Mexico (n=1; 4%), 

Portugal (n=1; 4%) and Russia (n=1; 4%) (figure 4).  

Figure 4. Distribution of the panelist around the world. 

Panelists had a wealth of experience working with IRT, thermoregulation, and 

the assessment of tsk (Median=8 years; range 4-32), and they had published a median of 

eight (range 3-80) full peer reviewed articles related to the subject examined in the 

current manuscript. In addition, a search on the Scopus database on 06/26/2017 showed 

an average H index of 9 (range: 3 to 35). Participants received an information document 

describing the study with consent indicated by completion of the Delphi survey. The 

first, second, third and last authors organized the work of the panel as part of the core 

research team but did not participate as panel members. The core panel was responsible 
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for the development of the initial items, the analysis, organization and reporting of the 

decisions, as well as communicating with the panelists. 

3.1.3. ROUND 1 

 The initial list of possible items for inclusion was sent to all panel members 

which included information on the aim of the consensus protocol and the process 

(appendix II). The scientific reasoning for the inclusion of each item was presented. All 

panelists were asked to analyze each item while considering two main points: (1) 

validity, that was defined as the extent to which the characteristics of the item are 

appropriate to the objective of the checklist (Boulkedid et al., 2011); and (2) feasibility, 

which was defined as the practical viability of the item (Boulkedid et al., 2011). The 

panelists were encouraged to support their answers with information based on peer-

reviewed literature whenever possible. When this was not possible, it was suggested 

that they justify their positions using their practical experience in the use of 

thermography. 

3.1.4 ROUND 2 

 The results of round one were analyzed by the core panel and a report was 

prepared containing the response rating, as well as a summary of all the comments 

received for each item (appendix III). In addition, in this round, panelists were asked to 

indicate which tense they preferred the checklist to be in, and whether they wanted to 

propose a new item not included in the initial list. In this context, the following 

questions were asked: 1) In order to improve the understanding and interpretation of the 

proposed items, which tense do you deem to be the most appropriate for the 

presentation of the checklist? 2) Do you want to propose an item that is not included in 
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this checklist? If yes, please, propose the item and identify where you think it should be 

in the checklist. 

3.1.5 ROUND 3 

Based on the results of round two, all the items were modified according to the 

chosen tense (have/should/must). As some items were approved in round two (5 items), 

only those items that did not receive consensus were assessed further. The response 

ratings and a summary of all the comments received were presented again (appendix 

IV).. The study was concluded in this round since we achieved the previously 

established threshold for consensus. 

The phases of the study are presented in Figure 5. 

 

Figure 5. Flowchart of the development process (n = number of panelists). 
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3.2. METHODOLOGY OF THE STUDY II 

3.2.1. EXPERIMENTAL APPROACH TO THE PROBLEM 

This study is a cross-sectional design which was conducted in June 2016 to 

assess the tsk response in college judokas after a specific incremental judo test. All 

participants underwent the same protocol, where they performed an incremental test 

designed to represent the effort-pause ratio of judo (2 min of effort and 1 min of pause) 

(Franchini et al., 2013). The measures performed included the tsk using IRT, 

anthropometric variables [body mass index (BMI), body surface area (BSA), body fat 

percentage (BF)], and physiological variables [blood lactate (LAC) and peak 

consumption of oxygen (VO2peak)]. The time points for data collection were pre-test, 0 

min, 5 min, 10 min, and 15 min after the test. 

3.2.2. PARTICIPANTS 

A national team of college judo athletes was invited to participate in this study. 

The athletes were all Caucasians with 10.0 ± 4.0 years of practice who had participated 

in national and international competitions and were enrolled in systematized training 

sessions for ≥ 12.0 hours per week. The following selection criteria were applied: a) 

participated in competitive training for the past three years; b) participation in 

competitions in the year the study was conducted; c) no recent history of febrile illness, 

muscle injury, trauma, or metabolic diseases for at least 3 months before the study; d) 

no consumption of performance-enhancing supplements or medication for at least 3 

months before the study; and e) not smoker. 

After applying the selection criteria, 11 athletes were excluded. The final sample 

of this study consisted of 23 college judo athletes (males) [age: 20.1 ± 4.7 years; height: 
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173.1 ± 8.1 cm; mass: 71.7 ± 8.1 kg; body fat (BF); 11.7 ± 2.0%; body mass index 

(BMI): 23.9 ± 1.6 kg/m
2
; body surface area (BSA): 1.85 ± 0.13 m

2
). Prior to 

commencing the study, all participants were provided with written information detailing 

the purpose of the study, completed a health questionnaire and written informed consent 

in accordance with the Declaration of Helsinki. Ethical approval was granted from the 

University's ethics committee in which the research was conducted.  

3.2.3. ANTHROPOMETRY 

 The anthropometrical variables used in this study were assessed by a single 

trained anthropometrist according to the recommendations of the International Society 

for the Advancement of Kinanthropometry (Marfell-Jones et al., 2006). Body mass was 

measured on a scale with maximum capacity of 200 kg and accuracy of 100 g (SAGE®, 

MD, Spain). Height was measured using a stadiometer (Harpender, British Ind., 

England). Body density was indirectly estimated using the seven skinfolds equation for 

men (Jackson and Pollock, 1978). Body fat percentage (BF) was estimated by Siri 

(1961) equation. Body surface area (BSA) was calculated from body weight and height 

measurements according to Du Bois and Du Bois (1989). The body mass index (BMI) 

was calculated using the formula: weight (kg) / height (m)
2
  (Marfell-Jones et al., 2006).  

3.2.4. PROTOCOL 

The judokas were instructed to avoid high-intensity training sessions two days 

prior to the test to provide better recovery and no affect the pre-test values. Prior to the 

test, the judokas were instructed to avoid alcohol beverages, caffeine, large meals, 

creams, cosmetics, and showering for four hours before the assessment (Moreira et al., 
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2017). These instructions were confirmed verbally before the assessment and the 

athletes performed the proposed test wearing the official judogi.  

We developed a specific incremental test based on the Special Judo Fitness Test 

– SJFT (Franchini et al., 2009), in which the time of effort (2 min) and rest (1 min) for 

the test was established based on previous research of time-motion analysis in judo 

(Franchini et al., 2013). The test intended to represent the main actions involved in judo 

considering the standing combat. Additionally, this test was intended to simulate a 

situation of exhaustion in order to study the thermal and physiological responses 

involved. Two hours prior to the test, participants were instructed to drink 500ml of 

water in order to avoid dehydration (Convertino et al., 1996). Thus, the test description 

is a) the test started with two ukes (judoka threw) separated by 10 meters and a tori 

(thrower judoka) between them; b) the test begins at a speed 6 km/h where the tori must 

move alternately by the ukes and throw them by ippon-seoi-nage; c) the stages were 

standardized in 2 min by 1 min interval; d) each complete stage added to 0.5 km/h in the 

velocity; e) the test finishes when the judoka cannot maintain the pace set by the current 

stage; and f) accounts to total score using only the complete stages. The speed was 

controlled by a succession of acoustic signals predetermined in a computer attached to 

speakers. To avoid different intensities in the throw technique, the ukes did not vary 

more than 10% of the evaluated weight. Additionally, a sports mattress (2.0 x 1.0 x 0.1 

m) was used to avoid discomfort during the throws. At the end of the test, the 

participants were instructed to remain standing without abrupt movements, to perform a 

passive recovery. 

With the aim of evaluating the test intensity, heart rate (HR) was measured every 

5-s (Polar S810i 4SW; Polar®, Finland) and an auto-evaluation from 6 to 20 on the rate 
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of perceived exertion questionnaire (RPE) (Borg, 1982) was requested at each stage and 

at the end of the test. The percentage of maximum heart rate (%HRmax) was calculated 

using the equation of Tanaka et al. (2001) (Tanaka et al., 2001). Figure 6 summarize the 

test protocol. 

 

Figure 6. Specific judo test used in the study. 
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3.2.5. PEAK OXYGEN CONSUMPTION (VO2peak) 

The analysis of the expired gases (VO2, VCO2 and respiratory exchange rate – 

RER) was performed during the whole protocol using a Jaeger Oxycon Mobile (Erich 

Jaeger, Viasys Healthcare, Germany) portable metabolic system (Foss and Hallen, 

2005). The VO2peak (ml.kg
-1

.min
-1

) was defined as the highest 15-s value reached during 

the specific judo test. To consider the test as maximum, we followed the 

recommendations of Caputo and Denadai (2004). Thus, all subjects fulfilled at least two 

of the following three criteria for VO2peak: a) respiratory exchange ratio > 1.1; b) blood 

lactate > 8.0 mmol/L; c) Peak HR > 90% of HR maximum predicted by Tanaka et al. 

(2001) (Tanaka et al., 2001). 

3.2.6. LACTATE AND LACTATE CLEARANCE 

 Ear lobe capillary blood samples were collected and analyzed for lactate 

concentration (LAC) using an automated analyzer (Lactate Pro®, Arkray, Japan) at the 

time points: prior to the test (pre-test), immediately after the test (0 min) and 5 min, 10 

min, and 15 min after test. The lactate clearance (LACCLE) was considered the relative 

decrease of LAC between the end and 15 min after the test and was calculated by the 

equation: [(LAC-0min) – (LAC-15min)] * 100 / (LAC-0min). 

3.2.7. TEMPERATURE MEASUREMENTS 

To prevent bias and correctly collect infrared thermography images, the 

"Thermographic imaging in sports and exercise medicine" checklist (TISEM) was 

followed when designing the protocol (Moreira et al., 2017). The tsk was measured 

using IRT at pre-test, 5 min, 10 min, and 15 min. At the same time points, the auricular 

temperature (tau) was measured by an auricular thermometer (ThermoScan Pro4000, 
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WelchAllyn
®
, Switzerland). Skin temperatures were determined by IRT camera with 

infrared resolution of 320 × 240 pixels, thermal sensitivity < 50 mK, and accuracy of ± 

2 °C (FLIR T440, Flir Systems Inc., Wilsonville, Oregon, USA). The camera used was 

calibrated by the manufacturer 6 months before the experiment and was turned on 30 

minutes prior to the test to allow sensor stabilization. The data collection was performed 

at an indoor gymnasium equipped with artificial fluorescent lamps with the 

environmental temperature maintained through a heating/cooling air conditioner. 

Environment temperature was measured by a weather station (Slimline BAR908HG, 

Oregon Scientific
®
, USA) with the average temperature remained at 24.2 ± 0.7 °C, and 

the relative humidity was 32.0 ± 4.1% during all of the experiment.  

Twenty-six regions of interest (ROIs) were defined: 1) forehead; 2) check; 3) 

anterior right thigh; 4) anterior left thigh; 5) anterior right leg; 6) anterior left leg; 7) 

anterior right arm; 8) anterior left arm; 9) anterior right forearm; 10) anterior left 

forearm; 11) anterior right shoulder; 12) anterior left shoulder; 13) chest; 14 abdomen; 

15) posterior right thigh; 16) posterior left thigh; 17) posterior right leg; 18) posterior 

left leg; 19) posterior right arm; 20) posterior left arm; 21) posterior right forearm; 22) 

posterior left forearm; 23) posterior right shoulder; 24) posterior left shoulder; 25) upper 

back; and 26) lower back. All ROIs were manually selected in specific software 

(Thermacam Reporter, Flir Systems
®
, Danderyd, Sweden). The figure 7 shows an 

example of the regions of interest used. 
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Figure 7. Delimitation of ROIs used in the study. A = Anterior view; B = Posterior 

view. 
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A time of 10 minutes in a standing position was used for acclimation (Marins et 

al., 2014b), and the emissivity value adopted for human skin was 0.98 (Steketee, 1973). 

The images were recorded while the participant was standing up (anatomical position) 

wearing underpants at a mean distance of 1 meter for forehead and check and 3 meters 

for all the other ROIs as previously described (Marins et al., 2014b, Marins et al., 

2014a, Moreira et al., 2017). The camera was positioned perpendicular to the ROI, and 

a matte background was used in order to avoid interference on the image. With the aim 

of avoiding the effect of skin surface rubbing on skin measurement, sweat was not 

removed after the test. The assessments were performed between 09:00 h to 14:00 h in 

order to avoid circadian influence (Costa et al., 2015). The same evaluator collected the 

thermal images and selected the ROIs, where the mean tsk of each ROI was used for all 

analyses.  

To visualize the differences in tsk responses in the presented figures, the cut-off 

point of 0.6 °C was used, which was defined as the mean of differences between all 

regions of interest analyzed. Moreover, the mean tsk of the whole body (tskMED) was 

calculated using the ten sites equation of Houdas and Ring (1982): (0.06 * forehead) + 

(0.12 * check) + (0.12 * abdomen) + (0.12 * subscapular) + (0.08 * posterior upper 

arm) + (0.06 * posterior forearm) + (0.125 anterior-medial-thigh) + (0.075 * anterior 

calf) + (0.075 * posterior calf). The sites of tsk measurement for the calculation of mean 

tsk were selected as previously reported (Choi et al., 1997). According to Choi et al. 

(1997) (Choi et al., 1997), measurements of temperatures at seven or more skin 

locations are necessary to obtain a reliable median tsk of the whole body. The same 

authors argue that the equation of  Houdas and Ring (1982) is one that best expresses 

the mean temperature of the skin when using infrared thermography. Considering the 

values determined by the equation of mean body tsk, the following temperature 
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variations were calculated: ΔtskMED5-min (difference between the mean tsk 5 min after 

the test and mean tsk prior to the test, expressed in °C), ΔtskMED10-min (difference 

between the mean tsk 10 min after the test and mean tsk prior the test, expressed in °C), 

and ΔtskMED15-min (difference between the mean tsk 15 min after the test and mean tsk 

prior to the test, expressed in °C). 

3.2.8. STATISTICAL ANALYSIS 

A priori sample size calculations for a within analysis of variance (ANOVA) 

were performed (G*Power 3.1.9.2, University of Dusseldorf, Germany) using the 

following input parameters: effect size F = 0.25; type I error probability = 0.05; desired 

power = 0.80; number of groups = 1, minimum number of repeated observations = 4, 

correlations among observations = 0.50, and non-sphericity correction = 1. Results 

indicated that 24 participants would provide a statistical power of 81%.  

Descriptive statistics of mean and standard deviation (±SD) were used to 

describe the variables. The Kolmogorov–Smirnov test was used to assess data 

normality. The required assumptions (dependence of observations, normality of 

sampling distribution, and uniformity of residuals) for repeated ANOVA were verified 

as previously described (Cohen, 1988). One-way repeated measures ANOVA with 

Bonferroni correction was performed with times (pre-test, 5 min, 10 min, and 15 min 

after) to test if there were differences in tsk, tskMED, tau, teye over time. Mauchly’s test was 

used to check for sphericity. If the sphericity assumption was violated (p < 0.05), the 

Greenhouse-Geisser correction was applied to adjust the degrees of freedom. Bonferroni 

post hoc test was used for multiple-comparisons. Effect sizes (ES) were determined 

using the Eta-squared method. When applied to ANOVA, it has been suggested that an 
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effect size of 0.01 represents a small effect size; 0.06 a medium effect; and 0.14 a large 

effect (Cohen, 1988).  

A series of linear regressions were run to understand the effect of tskMED 

differences between the three moments after test and pre-test values (ΔtskMED5-min, 

ΔtskMED10-min AND ΔtskMED15-min) on VO2peak, LAC-0min, LACCLE, BF, BSA and 

BMI. To assess linearity, a scatterplot of each dependent variable mean against each 

independent variable mean with superimposed regression line was plotted. A visual 

inspection of these plots indicated a linear relationship in two models: ΔtskMED5-min to 

predict LAC-0min; and ΔtskMED10-min to predict LAC-0min. There was 

homoscedasticity, normality of the residuals, and no participant was identified as an 

outlier. Effect sizes (ES) were calculated using adjusted R
2
, where a value of 0.01 is 

classified as small, 0.09 medium, and 0.25 large effect (Cohen, 1988). The adopted 

significance level was set at α = 0.05. All analyses were conducted on IBM SPSS 

statistical software (Version 22.0, Chicago, USA). 
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4. RESULTS  

4.1 RESULTS OF THE STUDY I 

4.1.1. RESULTS OF ROUND 1 

 Decisions in this round included modification (6; 38%), rephrasing (8; 50%), 

and exclusion (2; 12%) of items. In general, the items obtained a high level of 

agreement between the experts, however some items were judged incomplete or wrong 

(the number of the approved item in the final checklist is expressed in table 1 – items: 

individual data, previous instructions, environmental condition, image background, 

acclimation and camera preparation) while others required alternate phrasing (items: 

extrinsic factors, environmental setup, equipment, image recording, camera position, 

emissivity, body position and image evaluation). For the incomplete items, new 

evidence was provided by panel members and subsequently incorporated. Likewise, 

suggested grammatical edits were incorporated to improve clarity. Although some items 

met the approval criteria, none was approved in this round, since it was deemed by the 

panelists that the proposed edits should be re-evaluated. 

 The core panel identified two items (assessment time and method of drying the 

skin) to be removed since they were judged not relevant to the checklist. Five panelists 

argued that both items were not related to the objective of the checklist and therefore 

they should be excluded. All edits were highlighted and explained in subsequent round 

for evaluation.   

4.1.2. RESULTS OF ROUND 2 

 The decisions in this round comprised modification (4; 25%), rephrasing (6; 

38%), division (1; 6%) and approval (5; 31%). Five items were approved since they met 
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the approval criteria and no further relevant information was provided by the panelists 

(items: extrinsic factor, environmental condition, camera position, emissivity and image 

evaluation). Ten panelists suggested a new approach to address the items “assessment 

time” and “method of drying the skin”, which were suggested to be removed in the 

previous round because they were not related to the goal of the checklist. Based on the 

feedback received on these items, a new version was proposed to make them applicable. 

In addition, the item “assessment time” was divided into “assessment time” and 

“assessment operators”, since most of the comments indicated that two distinct aspects 

were addressed. Regarding the question about which tense would be the most 

appropriate, the majority of panel members selected should/has/must sentences 

(15;63%) followed by past tense (4;17%), question sentences (4;17%), and present tense 

(1;4%). Based on these data, the items on the checklist were modified. 

Only one panel member proposed a new item regarding aspects that should be 

considered when presenting IRT images in scientific articles. The core panel considered 

this item related to the category “body position”, and it was therefore added to item 13. 

All decisions were communicated and submitted to the next round.  

4.1.3. RESULTS OF ROUND 3 

 The items approved in the previous round were not included in this round. Thus, 

the decisions involved approval (10; 92%) and exclusion (2; 8%). Two items (image 

background and assessment operators) did not meet the criteria for inclusion and were 

subsequently excluded from the checklist. The responses from each of the rounds, and 

the decisions made by the core panel are shown in table 1. 
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4.1.4. FINAL DOCUMENT 

 The final Checklist was structured as a list of 15 items (table 2) which should be 

marked “yes”, “no”, or “unclear”.  
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Table 2. Thermographic imaging in sports and exercise medicine (TISEM). 

1) The relevant individual data of the participants must be provided.  

Note: These could include, but are not limited to, age, sex, body mass, height, body mass index, 

ethnicity and whether they are smokers or not. An indication of physical activity profile (e.g. 

frequency, duration, intensity, and activity description) should be reported. 

 Yes      No      Unclear      

2) Participants should be instructed to avoid alcohol beverages, smoking, caffeine, large meals, 

ointments, cosmetics and showering for four hours before the assessment. Also, sunbathing 

(e.g. UV sessions or direct sun without protection) should be avoided before the assessment.  

Note: This should be confirmed verbally before the assessment. The use of any medicinal treatments 

or drugs should be recorded. Any condition that could not be avoided should be reported. 

 Yes      No      Unclear      

3) Extrinsic factors affecting skin temperature (e.g. physical activity prior to the assessment, 

massage, electrotherapy, ultrasound, heat or cold exposure, cryotherapy) should be clearly 

described. 

 Yes      No      Unclear      

4) Ambient temperature and relative humidity of the location where the assessment took place 

must be recorded and reported as mean ± standard deviation. 

 Yes      No      Unclear      

5) The assessment should be completed away from any source of infrared radiation (e.g. 

electronic devices, lightning) or airflow (e.g. under an air conditioning unit). 
Note: Any condition that could not be controlled should be reported. 

 Yes      No      Unclear      

6) The manufacturer, model and accuracy of the camera used should be provided.  
Note: When available it is recommended to provide the maintenance information of the equipment 

(e.g. when and where it was completed the last calibration). 

 Yes      No      Unclear      

7) An acclimation period in the examination room should be completed. 
Note: This item is only applicable for initial baseline measurements or basal analysis. 

 Yes      No      Unclear      

8) If necessary the camera should be turned on for some time prior to the test to allow sensor 

stabilization following the manufacturer's guidelines. 

 Yes      No      Unclear      

9) Conditions of image recording such as mean distance between object and camera, 

percentage of the region of interest within the image should be detailed. 

 Yes      No      Unclear      

10) The camera should be positioned perpendicular to the region of interest. 

 Yes      No      Unclear      

11) Emissivity settings of the camera must be reported. 
Note: 0.98 of emissivity is suggested for a dry clean skin surface. 

 Yes      No      Unclear      

12) The time of day at which the images were taken should be reported. 

 Yes      No      Unclear      

13) The standard body position of the subject and the regions of interest must be well 

described and appropriately selected. A visual example (with temperature scale presented and 

scale of colors properly configured) is recommended.   

 Yes      No      Unclear      

14) If the skin is dried (e.g. to remove surface water), the drying method should be clearly 

described. 

 Yes      No      Unclear      

15) The evaluation of thermograms and collection of temperature from the software should be 

clearly described. 

 Yes      No      Unclear      
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4.2. RESULTS OF THE STUDY II 

4.2.1. SPECIFIC INCREMENTAL JUDO TEST 

 The evaluated judokas completed a mean of 7.0 ± 1.0 stages of the test, 95% CI 

[6.2; 7.1] with a mean time of effort of 20.0 ± 3.0 min, 95% CI [18.7; 21.2]. The 

VO2peak achieved was 48.7 ± 5.3 ml.kg
-1

.min
-1

, 95% CI [46.4; 51.0]. The kinetics during 

the incremental maximal test for %HRmax and the RPE test are presented in Figure 8.  

 

 

Figure 8.  Kinetics of %HRmax and RPE during the specific judo test. 

 

 The specific judo test elicited significant changes in lactate concentration over 

time, F (1.887, 41.522) = 71.970, p < .001, η2 = 0.766, with lactate concentration increasing 

from pre-test (1.1 ± 0.3 mmol.L
-1

) to 0 min (6.4 ± 2.7 mmol.L
-1

). Additionally, lactate 

concentration decreases from 0 min to 5 min (5.9 ± 2.4 mmol.L
-1

) and 15 min (4.0 ± 1.9 

mmol.L
-1

). Post hoc analysis with a Bonferroni adjustment revealed that lactate 

concentration was significantly increased from pre-test to 0 min (difference = 5.3 
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mmol.L
-1

, 95% CI [3.70, 6.89], p < .001), 5 min (difference = 4.81 mmol.L
-1

, 95% CI 

[3.39, 6.22], p < .001), and 15 min (difference = 2.8 mmol.L
-1

, 95% CI [1.73, 3.95], p < 

.001). Additionally, lactate concentration significantly decreased from 0 min to 15 min 

(difference = 2.5 mmol.L
-1

, 95% CI [1.47, 3.43], p < .001) but not from 0 min to 5 min 

(p > 0.05). Moreover, a lactate clearance of 37.7%, CI [30.41 to 44.95] was achieved by 

the judokas.  

4.2.2. AURICULAR TEMPERATURE AND MEAN WHOLE BODY SKIN 

TEMPERATURE 

 The tau showed a significant effect of time, F (3, 66) = 43.886, p < .001, η² = .67. 

There was an increase in tau pre-test (36.6 ± 0.4 °C) to tau 5 min (37.5 ± 0.6 °C) with a 

significant mean increase of 0.89 °C, 95% CI [0.63, 1.16], p < .001. Moreover, there 

was a decrease in tau at 5 min (37.5 ± 0.6 °C) to tau at 10 min (37.2 ± 0.6 °C) and tau at 15 

min (37.1 ± 0.5 °C) with a significant mean decrease of 0.37 °C, 95% CI [0.15, 0.59], p 

< .001, and 0.5 °C, 95% CI [0.28, 0.69], p < .001, respectively. When the tskMED was 

analyzed, a significant effect of time was observed, F (1.744, 38.372) = 18.283, p < .001, η² 

= .454. Post hoc comparisons using Bonferroni showed that tskMED significantly 

decreased from pre-test (34.2 ± 0.5 °C) to 15 min (33.5 ± 0.6 °C) with a significant 

mean decrease of 0.7 °C, 95% CI [0.22, 1.14], p = .002. Additionally, the TSkMED 

significantly decreased from 5-min (34.3 ± 0.6 °C) to 10 min (33.8 ± 0.6 °C) and 15 min 

(33.5 ± 0.6 °C) with a significant mean decrease of 0.6 °C, 95% CI [0.36, 0.76], p < 

.001, and 0.9 °C, 95% CI [0.58, 1.11], p < .001, respectively. Figure 9 shows the tau and 

tskMED responses during the experiment. 
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Figure 9. tau and tskMED responses during the experiment. 
a 
Significant difference 

compared to pre-test (p ≤ .001); 
b 

Significant difference compared to 5 min (p ≤ .001). 

4.2.3. SKIN TEMPERATURE CHANGES 

The tsk responses in all regions of interest analyzed are shown in Table 3. Only 

the forehead significantly decreased 5 min after the test (p < .05), while the chest, 

posterior right leg, posterior right arm, posterior left arm, posterior left shoulder, upper 

back and lower back increased (p < .05). The regions of posterior right arm and 

posterior left arm remained increased 10 min after the test (p < .05), while the forehead, 

anterior right leg, anterior left leg, anterior right shoulder, abdomen, posterior right arm 

and posterior left arm significantly decreased (p < .05). After 15 min, 19 of the 26 ROIs 

analyzed significantly decreased. Figure 10 depicts the temperature variation at 

moments 5 min, 10 min and 15 min compared to the pre-test values. 
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Figure10. Significant tsk differences between (A) 5-min and pre-test, (B) 10-min and 

pre-test and (C) 15-min and pre-test. 

Table 3. Tsk responses of each ROI during the experiment. (E.S. = Effect size) 

 
  Time point   

N° Region of interest Pre-test 5-min 10-min 15-min F P E.S 

1 Forehead 35.5 ± 0.5 34.9 ± 1.0
a
 34.5 ± 0.9

a
 34.2 ± 0.9

ab
 20.463 .000 .48 

2 Check 36.2 ± 0.3 36.0 ± 0.7 35.8 ± 0.6 35.8 ± 0.4
a
 6.430 .003 .23 

3 Anterior Right Thigh 33.1 ± 0.7 33.1 ± 0.8 32.8 ± 0.8
b
 32.5 ± 0.7

b
 5.028 .011 .19 

4 Anterior Left Thigh 33.1 ± 0.7 33.0 ± 0.8 32.8 ± 0.8
b
 32.6 ± 0.7

b
 4.313 .025 .16 

5 Anterior Right Leg 33.0 ± 0.8 32.5 ± 1.0  32.2 ± 0.9
a
 32.2 ± 0.8

a
 8.074 .001 .27 

6 Anterior Left Leg 33.0 ± 0.8 32.4 ± 0.9 32.1 ± 0.9
a
 32.1 ± 0.8

a
 10.894 .000 .33 

7 Anterior Right Arm 34.1 ± 0.6  34.2 ± 0.6 33.6 ± 1.0
b
 33.3 ± 0.9

ab
 12.099 .000 .36 

8 Anterior Left Arm 34.0 ± 0.6  34.0 ± 0.5 33.7 ± 0.9 33.5 ± 0.8
ab

 5.922 .001 .21 

9 Anterior Right Forearm 33.5 ± 0.7 33.6 ± 0.8 33.2 ± 0.9 32.9 ± 0.8
ab

 6.656 .001 .23 

10 Anterior Left Forearm 33.5 ± 0.6 33.6 ± 0.7 33.2 ± 0.9
b
 33.1 ± 1.0

b
 5.492 .006 .20 

11 Anterior Right Shoulder 35.0 ± 0.5  35.2 ± 0.7 34.4 ± 0.8
ab

 34.0 ± 1.0
abc

 21.858 .000 .50 

12 Anterior Left Shoulder 34.9 ± 0.5 35.2 ± 0.7 34.3 ± 0.8
b
 33.9 ± 0.9

ab
 23.553 .000 .52 

13 Chest 34.1 ± 0.8 34.9 ± 0.7
a
 33.8 ± 0.8

b
 33.3 ± 1.0

abc
 21.740 .000 .50 

14 Abdomen 33.9 ± 0.9 34.1 ± 0.7 32.9 ± 0.8
ab

 32.6 ± 0.8
abc

 24.221 .000 .52 

15 Posterior Right Thigh 33.2 ± 0.7 32.7 ± 1.0 32.7 ± 0.8 32.6 ± 0.7
a
 5.189 .010 .19 

16 Posterior Left Thigh 33.3 ± 0.8  32.8 ± 0.9 32.7 ± 0.9 32.6 ± 0.7
a
 7.349 .003 .25 

17 Posterior Right Leg 32.9 ± 0.7 32.3 ± 0.8
a
 32.4 ± 0.8 32.3 ± 0.7

a
 6.678 .005 .23 

18 Posterior Left Leg 32.9 ± 0.9 32.4 ± 0.8 32.4 ± 0.7 32.3 ± 0.6
a
 5.273 .009 .19 

19 Posterior Right Arm 32.5 ± 1.5  33.6 ± 0.8
a
 33.5 ± 1.0

a
 33.2 ± 0.8

b
 8.186 .004 .27 

20 Posterior Left Arm 32.7 ± 0.7 33.7 ± 1.0
a
 33.7 ± 1.2

a
 33.3 ± 1.1 8.670 .000 .28 

21 Posterior Right Forearm 33.6 ± 0.5 33.6 ± 0.8 33.3 ± 1.1 33.1 ± 0.9
b
 4.895 .004 .18 

22 Posterior Left Forearm 33.5 ± 0.5 33.7 ± 0.8 33.5 ± 1.0 33.2 ± 1.2
b
 3.503 .032 .14 

23 Posterior Right Shoulder 34.5 ± 0.5 34.8 ± 0.7 34.0 ± 0.9
b
 33.4 ± 1.0

abc
 25.534 .000 .54 

24 Posterior left Shoulder 34.5 ± 0.5 35.0 ± 0.7
a
 34.0 ± 0.9

b
 33.5 ± 1.0

abc
 29.273 .000 .57 

25 Upper back 34.3 ± 0.8 35.1 ± 0.6
a
 34.0 ± 0.8

b
 33.4 ± 0.9

abc
 27.724 .000 .56 

26 Lower back 33.6 ± 1.0 34.7 ± 0.8
a
 33.3 ± 1.0

b
 32.7 ± 1.1

abc
 25.567 .000 .54 
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4.2.4. PREDICTION MODELS OF SKIN TEMPERATURE 

Among all tested models of linear regression, only two were significant (Figure 

10): ΔtskMED5-min to predict LAC-0min, F (1, 21) = 16.49, p = .001, and ΔtskMED10-min to 

predict LAC-0min, F (1, 21) = 9.30, p = .006. 

 

Figure 11. Difference of tsk between (A) 5-min (r = .66, p = .001) and (B) 10-min (r = 

.55, p = .001) after test and pre-test values correlated significantly with the lactate 

concentration. 

 

In the first model, the prediction equation was:  

LAC-0min = 6.03 + 2.38*ΔtskMED5-min   [Equation 1] 

The difference between tskMED5-min after test and baseline values accounted for 

44.0% of the variation in LAC-0min concentration with adjusted R
2
 = 41,3%, a large 

size effect according to Cohen (1988). An extra degree Celsius of ΔtskMED5-min leads to 

a 2.4 mmol.L
-1

, 95% CI [1.16 to 3.60], increase in lactate concentration. For the second 

model, the prediction equation was: 

LAC-0min = 7.15 + 1.86*ΔtskMED10-min  [Equation 2] 
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The difference between tskMED 10 min after test and baseline values accounted 

for 30.7% of the variation in LAC-0min concentration with adjusted R
2
 = 27,4%, a large 

size effect according to Cohen (1988). An extra degree Celsius of the ΔtskMED5-min 

leads to a 1.86 mmol.L
-1

, 95% CI [0.59; 3.13], increase in lactate concentration. Figure 

10 presents the results of the first and second models. 
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5. DISCUSSION 

5.1. DISCUSSION OF THE STUDY I 

 In the absence of a consensus guideline to measure tsk with IRT in sports and 

exercise medicine settings, a Delphi procedure was applied to develop a checklist for 

addressing the methodological aspects of data collection. The final checklist entitled 

“Thermographic Imaging in Sports and Exercise Medicine” (TISEM) contains 15 items 

which were approved by 24 world leading experts covering different fields of expertise 

(e.g. sport sciences, physiology, physiotherapy and medicine). The items encompassed 

the participants’ demographic information (items 1, 2 and 3), camera/room or 

environment setup (items 4, 5, 6, 7, 8, 9, 10 and 11) and recording/analysis (items 12, 

13, 14 and 15) of tsk using IRT. Considering the rapidly emerging use of IRT in sports 

and exercise medicine (Costello et al., 2012, Hildebrandt et al., 2012, Hildebrandt et al., 

2010), TISEM addresses the relevant issues regarding the methodological aspects of 

data collection. The items from TISEM were organized to identify key methodological 

aspects regarding the use of infrared thermography in humans, especially when 

conducting research investigations. Similarly, it is proposed that this checklist could be 

used to collect tsk data in a medical or clinical setting, since all items are equally 

relevant in non-sports and exercise medicine setting. 

 It is well established that age (Kenny and Journeay, 2010), sex (Gagnon and 

Kenny, 2012), body composition (Chudecka et al., 2015, Savastano et al., 2009), 

ethnicity (Maley et al., 2014), prevalence of smoking (Bornmyr and Svensson, 1991, 

Ijzerman et al., 2003) and others impact thermoregulation and tsk. As such, we advise 

physical characteristics (e.g. age, sex, body mass, height and body mass index), as well 

as ethnicity and smoking history be reported. A number of studies have previously 
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demonstrated the effect of physical fitness on tsk (Abate et al., 2013, Akimov and 

Son'kin, 2011, Chudecka and Lubkowska, 2010, Formenti et al., 2013, Quesada et al., 

2015a), therefore it is recommended that participants’ physical activity profile (e.g. 

frequency, duration, intensity, and activity description) and/or physical fitness (e.g. 

aerobic capacity) be reported. Moreover, although the exact time frames of the impact 

of  alcoholic beverages, smoking, caffeine, large meals, ointments, cosmetics, 

showering and sunbathing may have on tsk are not well known (Fernández-Cuevas et al., 

2015, Ring and Ammer, 2000), TISEM advises that users control these variables in 

order to standardize the data collection procedures within and, where possible, between 

studies. These variables should be confirmed verbally before the assessment and the use 

of any medicinal treatments or drugs should be recorded. Additionally, tsk is heavily 

influenced  by extrinsic factors such as prior physical activity (Bach et al., 2015b, 

Formenti et al., 2016, Tanda, 2016), as well as physical or medical treatments such as 

massage (Adamczyk et al., 2016, IACT, 2002, Ring and Ammer, 2000), electrotherapy 

(Ring and Ammer, 2000), ultrasound (Fernández-Cuevas et al., 2015), and by heat 

(Bach et al., 2015a, Gerrett et al., 2015) or cold (Chesterton et al., 2002, Vellard and 

Arfaoui, 2016) exposure. Therefore, any intervention prior to or during the assessment 

of tsk should be recorded and detailed. 

 In relation to the experimental setup and reporting of environmental conditions it 

is important to describe the ambient temperature and relative humidity where the 

assessment took place. Tsk is influenced by the environment, especially if the skin is 

exposed (Bach et al., 2015b, Fernandes et al., 2014), therefore TISEM recommends that 

mean ambient temperature (°C; ± standard deviation) and relative humidity (%; ± 

standard deviation) be reported. Similarly, external factors, such as infrared radiation 

(e.g. electronic devices, lightning) or airflow (e.g. under an air conditioning unit, ceiling 
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fans, open windows/doors), are likely to impact on and interact with tsk. Therefore, 

TISEM suggests completing the assessment away from these factors and reporting 

whether exposure to any of these conditions was unavoidable. Since a large number of 

infrared camera models are currently available including cooled and uncooled cameras 

(Bach et al., 2015b, Ring and Ammer, 2000), TISEM advises that manufacturer, model 

and accuracy of the camera is detailed. Where available, it is also important to report 

when and where the camera was last calibrated. Regarding the sensor stabilization of 

IRT cameras, depending on the technology, some models need to be turned on for some 

time prior to the assessment in order to ensure consistent readings. To determine the 

time frame to address this issue, TISEM recommends following manufacturer's 

guidelines or performing a quality assurance test, as described by Ring et al. (2007b). In 

addition, when baseline measurements of tsk are required, TISEM recommends that an 

acclimation period be conducted in the examination room wherein ambient temperature 

and humidity are regulated. Although previous research (Marins et al., 2014b) showed 

that a 10-min acclimation period is sufficient wherein differences between external and 

internal (testing room) temperature is less than 5 ºC, the panelists agreed (63%) that 15 

minutes should be the minimum recommended acclimation period (Fernández-Cuevas 

et al., 2015, IACT, 2002, Ring and Ammer, 2000). However, it is important to note that 

extreme temperature (e.g. more than 20 ºC of difference between external temperature 

and room temperature), can require more time to acclimatize because of the marked 

effects on tsk (Taylor et al., 2014). Moreover, the after-effect of the removal of clothing 

should be considered given that it can influence tsk up to 20 minutes after undressing 

(Vainer, 2001). Therefore, the time used must be determined in accordance with the 

objective of the study/assessment, the ROI (open skin or that under clothes) and the 

environmental conditions. The checklist also advises that the distance between the skin 
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and camera and percentage of the region of interest within the image should be detailed 

to guarantee reproducibility across studies. As demonstrated by Ammer (2015), when 

the camera is placed close to the region of interest, the field of view provides a more 

detailed temperature information. In addition, the camera should be positioned 

perpendicular to the region of interest, otherwise the assessment can result in a critical 

loss of information (Tkacova et al., 2010). 

 While controversy in the literature regarding emissivity exists (Sanchez-Marin et 

al., 2009, Steketee, 1973), 96% of experts strongly agreed that an emissivity of 0.98 (ε) 

should be used for clean dry skin. Due to circadian rhythm (Costa et al., 2015, Marins et 

al., 2015), tsk is likely to change during the course of the day, therefore, when 

individuals are assessed over multiple days or when comparisons between participants 

are made at different time of the day, the time of day at which the images were recorded 

should be reported. The panel of experts agreed that the use of a standardized body 

position as well as the selection of regions of interest should be sufficiently described to 

ensure the reliability and reproducibility of the data. Moreover, the presentation of a 

visual example is recommended as it may add important information or representation 

about how regions of interests were defined. Since water impacts on emissivity 

(Fernández-Cuevas et al., 2015) in some situations, particularly during cold water 

immersion or exercising in water, the experts agreed (92%) that the skin could be dried. 

However, the method of drying (e.g. towel patting) should be clearly described and 

reported. Recent recommendations by Seixas et al. (2014) suggested that the skin 

should be carefully dried with a microfiber towel to limit irritation of the skin (that may 

occur with more abrasive fabrics). At the same time, it is quantitatively demonstrated 

that moisturizing the skin affects tsk contrast and may be used to enhance the surface 

vessels thermal pattern (Vainer, 2001). In addition, a suitable practice within extremity 
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cooling studies is to use a thin plastic bag to prevent the extremity from becoming wet 

(Eglin et al., 2013, Maley et al., 2014). Finally, the method of analysis including the 

software used and whether or not the analysis was completed manually or automatically 

should be described. Similarly, the method employed to calculate the final temperature 

value (e.g. average, median, maximum or minimum) should be clear described. As 

much information about the process itself should be provided so that others can 

replicate the findings if needed. 

5.1.1. STRENGHTS AND LIMITATIONS OF STUDY I 

The number of experts who have completed the process (24) is greater than other 

studies using a similar methodological design (Boulkedid et al., 2011). In addition the 

experience of the panel experts (median = 8 years; range 3 to 32 years and publications 

median = 8; range 3 to 80),  the multiple nationalities (13) and different professional 

backgrounds (4) of the panelists allow a thorough and broad analysis of the use of IRT, 

illustrating the  positive characteristics of the current Delphi procedure (Boulkedid et 

al., 2011, Hsu and Sandford, 2007). However, the study is not without limitations. 

While the Delphi panel consisted of experts representing a range of disciplines, the 

process would have benefitted from a greater inclusion of practitioners that use IRT 

daily. In addition, the invitation of panelists could have caused selection bias. Because 

the recommendations are primarily based on experts’ opinion, users should take into 

account the possibility of the checklist does not address all issues. In this sense, 

additional items may be required since scientific evidence has become available. 

 

5.2. DISCUSSION OF THE STUDY II 
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This study measured and analyzed the mean tsk response in judo athletes before 

and after performing an incremental effort test until fatigue; additionally, it was also 

verified if the temperature variation was associated with the anthropometric and 

physiological variables. Three main findings can be drawn from the present study: first 

the judokas presented 5 min after the test a higher tau and a higher tsk in seven ROIs, but 

the tskMED did not increase; second, the tsk decreased 15 min after the test in 19 of the 26 

ROIs analyzed; third, despite the analysis of anthropometric [e.g., body fat (BF), body 

mass index (BMI) and body surface area (BSA)] and physiological variables [e.g., 

lactate (LAC), lactate clearance (LACCLE) and VO2peak], only the lactate concentration 

at the end of the test was explained by the mean tsk variation 5 min and 10 min after the 

test. The measurement of tsk before and after exercise, besides showing how the body's 

thermoregulatory mechanism behavior works (Fernández-Cuevas et al., 2014), enables 

us to infer organic responses due to the stress (Levels et al., 2012). In this sense, several 

protocols have monitored the tsk variation before and after exercise but focused on 

submaximal exercises (de Andrade Fernandes et al., 2016, Fernández-Cuevas et al., 

2014, Quesada et al., 2016). To the best of our knowledge, there are few studies that 

evaluated the tsk before and after maximal exertion in athletes. Furthermore, studies that 

have monitored the thermographic response in judokas are scarce; to the best of our 

knowledge, there is only study that investigated the capacity of the tsk in estimating the 

energy expenditure in different types of throws techniques (Sacripanti et al., 2015). 

The tsk provides a wide response of the organic thermal control, as it reflects heat 

dissipation by radiation, convection, conduction and evaporation of sweat beside the 

environment. Similar to the central temperature, the tsk is intrinsically associated with 

fatigue, since the decrease in the aerobic power has a close associated with the tsk 

(Formenti et al., 2017b). Therefore, it is interesting that new studies investigate the tsk 
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response in maximal exercises, since there is difference when compared to the 

submaximal (Balci et al., 2016). In fact, our results contradict the findings of previous 

protocols of continuous submaximal exercise, where it was observed that there was a 

decrease in the temperature in several ROIs during the exercise (Quesada et al., 2016, 

de Andrade Fernandes et al., 2016, Fernández-Cuevas et al., 2014). Our results showed 

a significant increase in temperature in seven ROIs analyzed 5 min after, with gradual 

cooling occurring at the 10 min and 15 min; this result may be associated with the high 

progressive intensity applied in the present protocol. Balci et al. (2016) observed that 

compared to submaximal exercise, maximal exercise results in lower energy dissipation 

(261.5 kJ/m
2
 vs. 416 kJ/m

2
); thus, we believe the progressive intensity resulted in a 

higher heat retained, which requires more than 5 min to be dissipated (Figure 9). It is 

necessary also to consider an intrinsic factor to the sport; in this study, we developed a 

specific test that used the official clothing for training and competitions (judogi); it is 

known, however, that this clothing affects the heat exchanges, impacting the 

thermoregulation (Brito et al., 2011b). 

It was observed that the incremental specific judo test caused local changes in 

tsk, and these changes may be related to areas directly involved in physical effort. For 

example, Figure 10 shows that the areas of trapezium, trunk, triceps and posterior right 

leg were increased 5 min after the test. This finding may be attributable to greater 

muscle activity in the area generated by the technique used to project the subject. 

Additionally, the triceps remained hotter 10-min after the test, possibly due to its high 

muscle activity during the exercise or because the initial starting values were low (Table 

1). These results agree with previous studies, which observed that the thermographic 

response is dependent on the type of exercise (Tanda, 2016, Silva et al., 2017). 

However, this relationship must be considered taking into account the other 
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thermoregulatory factors involved, such as temperature and humidity, given the 

mediation of these in the thermoregulation process (Cramer and Jay, 2016). 

Considering that the changes in body tsk are due to the higher catabolism of the 

exercise, as a consequence of the heat produced and conducted to the skin, the 

measurement of tsk by IRT may indirectly estimate organic responses (de Andrade 

Fernandes et al., 2016). Due to the advantages of IRT, recent studies have investigated 

possible associations between tsk response and exercise load (de Andrade Fernandes et 

al., 2017), heart rate (Neves et al., 2016), blood lactate (Adamczyk et al., 2014b, 

Akimov et al., 2010), and muscle damage (Fernandes et al., 2017). Similar to the 

present study, previous investigations showed an association between blood lactate and 

tsk responses, Akimov et al. (2010) observed that there is an association between the 

decline in forehead temperature and blood lactate, a similar result was observed by 

Adamczyk et al. (2014a), but these researchers observed an inverse association with the 

anterior thigh temperature. In our study, we also observed a significant correlation, but 

this association was observed at the moments ΔtskMED5-min and ΔtskMED10-min, only at 

the moments when tsk had not been diminished (Figure 9). Adamczyk et al. (2014a) 

affirmed that tsk and blood lactate are connected. Based on our results, we believe that 

there is a direct relationship between increased epithelial temperature and lactate 

concentration at the post-exercise moment. Considering the maximal character of the 

exercise performed, the lactate removal capacity was reduced immediately post-exercise 

probably due to saturation at elimination sites (Stallknecht et al., 1998), but 5 min after, 

regardless the interruption of the exercise, a high blood flow was maintained to remove 

the lactate produced. Concomitant to this process, there was also an increase in the 

blood flow directed to the skin to eliminate the heat and consequently to promote the 
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late thermoregulation (15 min). Thus, the increase in blood flow due both lactate 

removal and thermoregulatory processes may explain these results. 

Considering the criteria recommended to identify whether VO2peak was reached 

during the test, only the mean lactate concentration was predominantly below the 

recommended (i.e., > 8.0 mmol/L) (Caputo and Denadai, 2004); this result may be 

associated with the duration interval between stages. It should be noted, however, that 

the test applied in this study did not aim to measure the VO2 but to provide a 

progressive effort until the fatigue. Additionally, considering the high training level of 

the study participants (i.e. national level athletes), it is reasonable to expect a high rate 

of lactate removal, thus impacting the results. 

In the present study, the mean tsk did not increase at 5-min after the test and 

decreased 15-min after, while the tau increased 5-min after the test and returned to 

baseline 10-min after (Figure 9). It is important to note that the calculation of mean tsk 

was performed using the Houdas and Ring (1982) equation, in which 10 ROIs were 

considered. This calculation better reflects changes in tsk in a dynamic exercise as used 

in the present study, since the value found is calculated from several regions, producing 

a general representation of the skin's thermal response (Choi et al., 1997). Our results 

differ from others studies that investigate tsk response following a graded exercise and 

found a decreased in tsk immediately after the exercise (Merla et al., 2009, Ludwig et al., 

2016, Tanda, 2016). However, it should be considered that, due to delayed removal of 

clothing and VO2 equipment, the first post-exercise measurement was performed only 5 

min after. This time interval possibly impacted the results, given the activation of 

thermoregulatory mechanism, which increases blood flow in the skin (Kenny and 

Journeay, 2010). Moreover, the same mechanism likely impacted the tau results as the 

auditory canal is supplied with blood from both superficial and deep sources (Taylor et 
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al., 2014). Thus, these results indicate that the elevation of both tsk and tau increased 5 

min after effort and may be explained by the increased blood flow as a consequence of 

high intensity exercise. 

5.2.1. LIMITATIONS OF THE STUDY II 

This study must be interpreted considering some limitations. It is possible that 

the variability of tsk responses between subjects may have been influenced by the 

interruption phase of the test. Considering the structure of the specific judo test, with 2 

min of effort and 1 min of rest, it is likely that there will be different changes in subjects 

ending the test at the middle compared to those who finish at end of the effort phase. 

However, the applied test was intended to simulate the characteristic effort of the judo 

competitions, which present an intermittent character of effort equal to the one used in 

the present study (Franchini et al., 2013). Another limitation of our study is that the 

specific component of the test, composed by the execution of the ippon-seon-nagi 

throw, could cause friction between the judogi and the skin of the athlete and 

consequently influence the tsk values measured by IRT in some ROIs. Nevertheless, the 

official clothing of judo is standardized and the analysis considering the specific factors 

of the sport is considered important for understanding these results (Brito et al., 2011a).  

5.2.2. PRACTICAL APPLICATIONS OF THE STUDY II 

The relation between tsk variation and metabolic production of lactate may have 

certain applications during training and competition. First, coaches must be aware that 

training sessions with anaerobic characteristics may impose a higher thermoregulatory 

challenge to the athlete, consequently increasing water loss and the risk of severe 

dehydration (Rivera-Brown and De Félix-Dávila, 2012). Second, the tsk measured by 
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IRT can be a useful tool to quickly assess the effects of the exercise. We recommend 

that the tsk may be used considering the other thermoregulatory factors involved (i.e., 

hydration status, temperature and ambient humidity) in order to evaluate both physical 

and thermoregulatory impact of the training. Third, given the deleterious effects of 

increasing tsk on performance (Sawka et al., 2012), the use of cooling methods (e.g., 

application of iced garments, towels, water immersion, or fanning) (Racinais et al., 

2015) prior to a high-intensity intermittent training session could assist in reducing 

thermoregulatory load and improve aspects of training performance for judo positive 

effects. 

Additionally, the LAC-0min can be estimated by IRT without the need for an 

invasive measurement. For example, in the first model, tskMED increased 0.3, 0.5 or 0.8 

°C five minutes after the test. For 0.3 °C, mean LAC-0min concentration was predicted 

as 6.8 mmol.L
-1

, 95% CI [5.85; 7.64]; for 0.5 °C, it was predicted as 7.22 mmol.L
-1

, 

95% CI [6.30; 8.20]; and for 0.8 °C, it was predicted as 7.94 mmol.L
-1

, 95% CI [6.76; 

9.11]. For the second model, tskMED increased 0.3, 0.5 or 0.8 °C ten minutes after the 

test. For 0.3 °C, mean LAC-0min concentration was predicted as 7.71 mmol.L
-1

, 95% 

CI [6.39; 9.03]; for 0.5 °C, it was predicted as 8.1 mmol.L
-1

, 95% CI [6.58; 9.58]; and 

for 0.8 °C, it was predicted as 8.64 mmol.L
-1

, 95% CI [6.84; 10.45]. 
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6. IMPLICATIONS FOR FUTURE RESEARCH 

 The first objective of this thesis allowed the development of a questionnaire to 

collect data using infrared thermography in physical activity and sports settings. In 

addition, the second objective of this thesis allowed understanding the influence of 

physiological and anthropometric factors on skin temperature response of judokas. 

From the results of this thesis and having a broad view on projects with the same theme, 

future studies should take into consideration the following points: 

a) Conducting studies using infrared thermography to measure skin temperature in 

physical activity and/or sports settings should be planned considering the 

methodological aspects necessary to obtain reliable data. Therefore, the checklist 

TISEM developed in this thesis can be useful to direct scientists and 

practitioners in the application of this technique. 

b) As important as developing a good data collection protocol, the preparation of 

scientific papers should be based on the description of the fundamental 

methodological aspects, otherwise it is not possible to ensure the reliability of 

the data. In this way, TISEM can also be useful because its content presents the 

crucial points that need to be reported. 

c) The results of study II allow to infer that the analysis of skin temperature 

response using infrared thermography in judokas can be mediated by the 

intensity of the anaerobic metabolism, since only the concentration of lactate 

after the specific incremental test was associated with the difference average 

skin temperature between rest and 5 and 10 min after the test. Therefore, future 

studies should mainly consider the nature of the protocol (aerobic or anaerobic) 

in order to better understand thermoregulatory responses after exercise. 
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d) Further studies are still needed to understand the tsk response measured by IRT, 

especially in extreme temperature and humidity situations. In addition, it is 

desirable that new studies investigate different sports modalities in order to 

expand the knowledge in this area. 
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7. CONCLUSIONS 

7.1 CONCLUSIONS OF THE STUDY I 

We have provided a checklist with 15 items directed at standardizing the assessment 

of tsk using IRT for a wide array of end-users including practitioners, sports scientists, exercise 

physicians, medical professionals and others. This checklist is not limited to this setting; it 

may also be used in others fields such occupational medicine and public health. It is intended 

that the TISEM can also be applied to evaluate bias in thermographic studies, and to guide 

practitioners in the use of this technique. 

7.2 CONCLUSIONS OF THE STUDY II 

Based on established aims, applied methods and results found, it is concluded that:  

a) The judokas presented 5 min after the test a higher tau and a higher tsk in seven 

ROIs, but the tskMED did not increase. Compared to pre-test values, the tsk decreased 15 min 

after the test in 19 ROIs analyzed. 

b) The anthropometric measures body fat, body mass index, and body surface area 

cannot be explained by the variation in mean tsk between pre-test and 5, 10, 15 min after test. 

c) Considering the analysis of the physiological variables lactate concentration at the 

end of the test, lactate clearance, and VO2peak, only the lactate concentration at the end of the 

test can be explained by the variation of mean tsk between pre-test and 5 min, and pre-test and 

10 min. 
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9.1. APPENDIX I: ETTHICS COMMITTEE REPORT OF THE TECHNICAL 

UNIVERSITY OF MADRID 
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9.2. APPENDIX II: DELPHI ROUND 1 

DELPHI ROUND 1 

 

Delphi process consists in a expert consensus which is made surveying expert opinion 

and reach a group response (Steurer, 2011). This is the round 1 of Delphi process to reach a 

consensus about the methodology for a thermographic data collection oriented to humans, 

mainly in the sports.  

We decided to perform a literature review for developing the checklist instead of 

asking open questions to panel members. Thus, we have organized and performed an initial 

list items to compose the checklist that we intend to do. Each item has 3 possible answer (yes, 

no and unclear). Also, we present our position stand about every item.  

This checklist will be evaluated for every panel member and the results of this 

evaluation will be shown in the next Round of Delphi process. In the next Round, the panel 

members will be able to propose items to the instrument too. The checklist was based on the 

following guidelines and scientific articles available: 

a) A comprehensive review about a classification of influence factors that should be 

consider in any thermography protocol to avoid error and optimize it. (Fernández-Cuevas 

et al., 2015); 

b) A guideline for neuromusculoskeletal infrared thermography sympathetic skin 

response studies (Schwartz et al., 2015); 

c) A description of modern infrared imaging technology and the standardization 

protocols for thermal imaging in medicine (Ring and Ammer, 2012); 

d) An informative on using infrared thermal imaging for fever detection (Mercer and 

Ring, 2009); 

d) The Glamorgan Protocol for recording and evaluation of thermal image of human 

body (Ammer, 2008); 

e) The Guidelines for Neuromusculoskeletal Thermography (Schwartz et al., 2006); 

f) The International Organization for Standardization (ISO) ISO 9886 with an ergonomic 

evaluation of thermal strain by physiological measurements (ISO, 2004); 
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g) The International Academy of Clinical Thermology standards and protocols in clinical 

thermographic imaging (IACT, 2002); 

h) The requirements for the location, setting up the equipment and the preparation of the 

human subject to be investigated with infrared thermography (Ring and Ammer, 2000). 

 

Before you fill in the evaluation, we will ask you to consider: 

 

1) The objective of this project is to edit formal consensus method to create a specific 

checklist to collect TSK data with IRT cameras for sports medicine purposes. The main 

application of this checklist to auxiliary clinicians, researchers and professionals to 

collect quality data without methodological bias. It can be also applied to for 

evaluation of bias in thermographic studies. 

 

2) We assume that there are many factors involved in the thermal collection and it is 

difficult to control all of them; however, through this checklist we intend to reduce to 

a minimum the risk of obtaining biased measured data.  

 

3) We propose to make a checklist as simple as possible in order to facilitate its usage in 

the areas of sports medicine and human exercise. It is not the purpose of this 

instrument to control infrared thermography, but rather to promote scientific validity 

and quality data collections. 

 

INSTRUCTIONS: In this first round, we kindly ask you to: 

 

1) Rate each item according to a five point Likert Scale (strongly agree, moderately agree, 

neutral, moderately disagree, strongly disagree). 

 

2) In the “comments place” you can comment any of the items included in the instrument, to 

suggest possible rephrasing of questions and to highlight any items that may have been 

missed off in the initial list of items. 

 

3) We encourage you to support your answers with scientific arguments based on published 

articles. When it was not possible to obtain references to support decisions, we suggest 
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explaining your positions considering your practical experience with thermography 

technique. 

 

4) At the end of the document you will find the references used for the production of each 

item. We did not provide them in the document to review in order to facilitate the review 

process and to have always a version as close as possible to the final document that will 

be published. 

 

Thank you in advance for collaborating with this project! 
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ITEM 1 

The participants were clearly described with information about their sex, age, weight, height, body 

fat, body surface, fitness level  and dominance (leg and hand). 

Author’s position stand: According to Fernández-Cuevas et al. (2015) there are some personal factors 

that may influence in thermographic data. We suggest that a good infrared thermography study should 

take into considerations these variables and describe the participants clearly. The absent of any 

information could lead to wrong interpretation of the data and also make further comparison impossible.  

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 2 

The participants were previously informed to avoid the use of medicaments or drug treatments, 

alcohol beverages, smoke, caffeine, heavy meals, ointments, cosmetics, shower and sunbathing 

prior the test. 

Author’s position stand: Pre-examinations preparations instructions are extremely important to avoid 

miscomprehension of infrared thermography exam. Among the great number of factors which may 

influence the exam, we suggest to request to the participant to avoid the items expressed above in a 

communications previous to start the data collection.   

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 3 

The physical intervention prior the test, as exercise, massage, electrotheraphy, ultrasound, heat 

treatment, cryotherapy, among others, were properly described. 

Author’s position stand: Every procedure listed above may have influence in a thermography exam. 

We suggest that any kind of intervention have to be described properly. This description will help to 

compare and evaluate the results of infrared thermography. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 4 

The room where the test took place had its temperature and humidity measured and recorded 

during the test, maintaining temperature between 18-24 ºC and humidity  40-70 %? 

Author’s position stand: It is important to control the room temperature in order to not create an 

environment that could influence the skin circulation and the processes of vasodilatation and 

vasoconstriction. All guidelines suggest controlling the temperature and humidity. Thus, we agree with 

the temperature between 18-24 ºC and humidity 40-70 % which can meet the requirements of thermal 

neutral status. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 5 

The camera was properly described with information of model, precision, resolution and 

calibration process. 

Author’s position stand: We do not intend to restrict the use of infrared thermography by certain brand 

of cameras or minimum configuration. Indeed, the higher quality in terms of resolution and precision, 

the higher will be the camera’s price. In this item we want the users consider the specificity of the 

infrared thermography exam and the equipment error. Even though most cameras recommended are 

configured with 320X240 pixels of resolution and precision of 2%, it does not mean that users should 

not work with cameras which may not meet this configuration. In fact, users have to consider the 

configuration of the camera used in order to interpret the results based on the precision of the equipment.  

In this way, using a camera with poor resolution or poor precision will not allow the same conclusions it 

can be taken with a better camera. In general, when are analyzed big samples or population groups the 

quality of the camera used does not matter much due to error dilution. In other hand, we strongly suggest 

the use cameras with at least 320X240 pixels of resolution and precision of 2% when performing 

randomized controlled trials or any kind of research with small groups. 

The calibration process should be taken prior the tests. The easiest way to perform it is by using a 

constant and known temperature source (black body) into the thermogram. Thus, we suggest that this 

process should be done in order to guarantee the minimum difference between the camera and a known 

temperature source. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 6 

The room where the test took place was isolated from any source of infrared radiation as 

electronic devices, incident lightning or any kind of airflow directed to the assessed subject. 

Author’s position stand: External sources of radiation or airflows can affect both the subject 

thermoregulation and camera’s reading. In this item we suggest preparing a room to avoid any kind of 

interferences that can have impact in thermography exam. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 7 

The room where the test took place was equipped with a background to avoid infrared 

interferences. 

Author’s position stand: We suggest the use of a black background, made with a surface mate for the 

infrared radiation, in order to avoid any kind of reflection radiance that can influence camera’s reading. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 8 

The participants performed an acclimatization period in the room where the test took place for at 

least 10 minutes in which the regions of interest were uncovered. 

Author’s position stand: Based on guidelines references, we suggest a minimum period of 10 minutes 

for acclimatization with the region of interest uncovered by any type of clothing.  

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 9 

The camera turned on 10 minutes prior the test for sensor stabilization. 

Author’s position stand: Most manufactures recommend turning the camera on in order to achieve 

radiometric stability. Since we need to perform an acclimatization period prior the exam, we suggest that 

the camera be turned on while waiting. This will allow enough time to stabilize the sensor of the camera.     

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

 

ITEM 10 

The distance between the camera and the region of interest was reported. 

Author’s position stand: We strongly suggest that the distance of a region of interest should be as small 

as possible in order to enhance the number of pixels involved in average calculation.  

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 11 

The camera was positioned perpendicular to the region of interest. 

Author’s position stand: The camera should be placed in a 90° angle for obtaining a more accurate 

reading. It was demonstrated that other angles can give different results. (Tkacova et al., 2010) 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

 

 



 
Appendix 

________________________________________________________________________________________________________________________________________ 

- 108 - 

 

 

ITEM 12 

The emissivity was set at 0.98. 

Author’s position stand: All the guidelines agree with the emissivity set at 0.98 for skin temperature, so 

we suggest it. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 13 

The tests were taken at same time of the day and by the same evaluator for all participants. 

Author’s position stand: The circadian rhythm has been described as an influencing factor which can 

affect the results of skin temperature. Thus, we recommend, specially for comparing purposes, 

performing the analysis at the same time of the day. It is suggested either, the same evaluator for all 

participants in order to avoid individual errors.  

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 14 

The regions of interest were delimited by anatomical locations and described with visual example 

of it. 

Author’s position stand: Selecting a region of interest (ROI) is one of the most controversial points in 

infrared thermography. Even though Glamorgan protocol has been used to standardize the ROIs, many 

researches performed their own protocol for delimiting ROIs. It is important to standardize the ROI in 

infrared thermography studies applied in sports medicine and exercise field, especially for comparing the 

results with further researches. However, we agree that the most important thing to consider on 

delimiting a ROI is the objective of the study. In this sense, we suggest to use Glamorgan protocol for 

selecting ROIs and, when the objective of the study justify a different delimitation, we recommend to 

describe the ROI using anatomical locations as reference. We also recommend showing a visual example 

of how the ROI was delimited. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 15 

The skin was dry before the tests. 

Author’s position stand: The moisture emits radiation and can affect the reading of infrared camera. 

Any excess of water on skin, which is likely to occur following exercise in hot weather, cold water 

immersion or any ice application should be removed. Thus, we suggest drying the skin with a towel 

before the test without rubbing.  

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 
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Comments: 

 

ITEM 16 

The evaluation of thermograms and collection of temperature from the software clearly described.  

Author’s position stand: The process of evaluation of thermal image should be clearly described. The 

name of the software and type of extracting data (manual or automatic) should be showed. Also, we 

suggest describing properly every process involved from data obtaining until data processing in order to 

guarantee the reproducibility of the study. 

Panel member evaluation of the item: 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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9.3. APPENDIX III: DELPHI ROUND 2 

DELPHI ROUND 2 

 

This second round contains the results of 25 expert panel members who have 

participated in the first round. The names of the panel members will be communicated at the 

end of the process. We will present first round results which include quantitative analysis 

(percentage of answers) and qualitative analysis (a summary of all comments received).  

The results of first round are presented in order to allow panel members to compare 

and contrast their opinions with those of the group. Therefore, this method intends to increase 

the consensus among rounds and guarantee that the majority of the panel members agree with 

the individual items.  

The consensus criterion will be established as more than 80% of agreement [i.e. 

strongly agree, moderately agree] on each item (Boulkedid et al., 2011). Thus, every change 

made in the checklist has considered the opinion provided by panel members on first round.  

We edited some items in order to improve the checklist and respect ethical concepts as 

follows: 

 

1) The inclusion of any aspect in the checklist should address the majority of work 

incorporating the use of infrared thermography. Thus, as you can see in some items, there 

are some aspects that are important to perform a specific study with infrared 

thermography, however they cannot be considered essential in all types of related studies. 

In these cases, we decided to include in the item only aspects that are essential to perform 

thermography in all cases and set a suggestion (outside the checklist) about different 

additional aspects about the item. 

 

2) All items will include a description that includes details of how to answer and interpret it. 

This information will be collected mainly from panel members’ comments. 

 

3) The checklist aims to focus only on specific criteria for the use of infrared thermography 

in exercise and sports medicine/science settings. Thus, while there are many important 

issues highlighted in the first round items, some were removed because they are general 



 
Appendix 

________________________________________________________________________________________________________________________________________ 

- 111 - 

 

scientific rules and not specific to the application of infrared thermography in studies as is 

the purpose of this checklist. 

 

INSTRUCTIONS: In this second round, we kindly ask you to: 

 

5) Rate new each item according to a five point Likert Scale (strongly agree, moderately 

agree, neutral, moderately disagree, strongly disagree). 

 

6) In the “comments place” you can comment any of the items included in the instrument, to 

suggest possible rephrasing of questions. 

 

7) We encourage you to support your answers with scientific arguments based on published 

articles. When it was not possible to obtain references to support decisions, we suggest 

explaining your positions considering your practical experience with thermography 

technique. 

 

8) In order to make a consensus about general aspects of the checklist, we request you to 

answer two simple questions which are related to tense used and suggestion of new items. 

 

Thank you again for collaborating with this project! 
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Previous questions: 

Question 1 

In order to improve the understanding and interpretation of the proposed items, which tense you 

deem to be the most correct for this checklist? Note: We present the tense example on the first 

item. 

Example:  

a) Present tense: The temperature is controlled 

b) Past tense: The temperature was controlled 

c) Future tense: The temperature will be controlled 

d) Should / has /must sentence: The temperature should / has /must  be controlled 

e) As a question : Was the temperature controlled? 

 Present tense (a) 

 Past tense (b)  

 Future tense (c) 

 Should /has / must  sentence (d)  

 As a question (e) 

 

Question 2 

Do you want to propose an item that is not included in these checklist items? 

 Yes     No.  

If yes, please, propose the item and the identify what number item you think it should be  

 

Proposed new item: 

  

Item Number:                 (The following items will be renumbered if this item is added) 

 

Comments about the item: 

 

 

Items review: 

 

ITEM 1 (Original) 

The participants were clearly described with information about their sex, age, weight, height, body 

fat, body surface, fitness level and dominance (leg and hand). 

Round 1 Results (n; %): 

St. agree (17; 68%); Mod. agree (4; 16%); Neutral (2; 8%); Mod. disagree (2; 8%); St. disagree (0; 

0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 
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Summary of comments received: 

It seems to be difficult to achieve a consensus on what parameters are required to describe participants 

involved in studies with infrared thermography. In fact, some factors described may be important for the 

interpretation of the data, but are not necessary requirements for all types of work. 

The comments on this item were varied and mainly focused on the lack of description and evidence 

regarding the proposed parameters. For example, the assessment of fitness level has to be defined and 

must include measures of endurance, strength, coordination, dynamic balance and flexibility. Indeed, the 

item did not describe the method to measure body surface area. In fact, some arguments indicate that is 

not reasonable limit the use of thermography by the description all these characteristics. 

Some panel members pointed out that there is no robust evidence of the influence of dominance and 

level of physical activity in the thermographic analysis. On the other hand, it was quoted two additional 

factors that may influence which are smoking (Bornmyr and Svensson, 1991, Ijzerman et al., 2003) and 

ethnic origin (Maley et al., 2014). 

It was highlighted that the description of the sample will depend mainly on the objectives of the study. 

Thus, a more simple or detailed description of the sample will depend specifically of the type of study 

conducted. Consequently, require a specific description for all types of studies using thermography 

would not be a correct approach since the detailing of the sample does not depend on the technique itself 

but rather the objective of the study. It is important to note that the description of the sample is a specific 

item of scientific analysis and must meet specific criteria analysis which are already contained in other 

documents and standards commonly used as Strobe (Von Elm et al., 2007) and Consort (Rennie, 2001). 

In this way, the author of the work is responsible to conduct an adequate description of the sample in 

order to allow a better interpretation of data and reproduction of the research. 

Thus, we decided to rephrase the item to an overview of the sample which does not require in particular 

any specific item, but we will suggest, for a general study of thermography the use of age, sex, body 

mass, height, body mass index (BMI), ethnicity and whether they are smokers or non-smokers as items 

present in the sample description since this items received the most part of agreement of panel members. 

Indeed, according with the characteristics of the study, specific data could be included in the sample 

description if exists any scientific evidence of being an influence factor on thermography. 

New item 1: The relevant demographic data of the participants were provided.  

 

Note: These could include, but are not limited to, age, sex, body mass, height, BMI, ethnicity and 

whether they are smokers or not. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 2 (Original) 

The participants were previously informed to avoid the use of medicaments or drug treatments, 

alcohol beverages, smoke, caffeine, heavy meals, ointments, cosmetics, shower and sunbathing 

prior the test. 

Round 1 Results (n; %): 

St. agree (19; 76%); Mod. agree (4; 16%); Neutral (1; 4%); Mod. disagree (1; 4%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

This item includes external substances that may be an influencing factor on infrared thermography. 

There is a consensus among most of the panel member that, unless any of this substances is the reason of 

the study, they should be avoided since they are factors that influence IRT measures (Bernard et al., 

2013, Diakides and Bronzino, 2007), however it was highlighted the need to check this information 
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before the test. It is very common in this kind of test deliver to the participant an inform with specific 

instructions that must be followed before the exam, therefore, it was suggested that this information 

should be checked before the examination, which, in most cases, can be done while acclimatation is 

performed. To this end, we add “checked prior the test” in the sentence. 

Another issue discussed was the need to establish a time limit to avoid the aforementioned substances, 

however it appears to be very difficult because these factors have rarely been explored in terms of their 

effects in Tsk distribution doing infrared thermography. In general, we suggest avoiding sunbathing for 5 

days prior the test and all other aspects 4 hours prior the test as indicates ATT Guidelines (IACT, 2002). 

We decided to put this information as suggestion in the description of item.  

It was contested that asking participants to avoid medication is not ethical as some participants cannot 

avoid medication without medical permission. Also, some panel members pointed out that not all 

medicaments and drug treatments change the thermal pattern. Regardless, we propose that all medication 

should be named, and the duration and dosage should be recorded and reported in order to interpret the 

results correctly. To this regard, it was suggested to change the word “avoid” to “report”.  

New item: Participants were previously instructed to avoid alcohol beverages, smoking, caffeine, 

large meals, ointments, cosmetics, and showering for four hours before the assessment. 

 

Note: This should be confirmed verbally before the assessment and the use of any medicinal 

treatments or drugs should be recorded. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

 

 

ITEM 3  (Original) 

The physical intervention prior the test, as exercise, massage, electrotheraphy, ultrasound, heat 

treatment, cryotherapy, among others, were properly described. 

Round 1 Results (n; %): 

St. agree (22; 88%); Mod. agree (2; 8%); Neutral (1; 4%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The majority of comments regarding this item involve suggestions that we decided to add outside the 

checklist as a suggestion which include: 1) record and describe type and duration of any physical 

treatment with details about intensity, duration of a single application, frequency, sets, repetitions among 

others. 2) It was suggested data collection before the intervention in order set a baseline. 

One panel member has suggested a rephrase to clarify the sentence. 

New item: Extrinsic factors affecting skin temperature (e.g. physical activity prior to the 

assessment, massage, electrotheraphy, ultrasound, heat exposure, cryotherapy) were clearly 

described in the methodology. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 4  (Original) 

The room where the test took place had its temperature and humidity measured and recorded 

during the test, maintaining temperature between 18-24 ºC and humidity  40-70 %? 

Round 1 Results (n; %): 

St. agree (12; 48%); Mod. agree (4; 16%); Neutral (2; 8%); Mod.disagree (4; 16%); St.disagree (3; 12%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The specific conditions of ambient temperature and humidity are known to alter skin temperature. The 

most important thing here is not to determine an ideal temperature to be complete the assessment, but to 

understand that the interaction body/environment is an ongoing process in which the results of skin 

temperature measurement will be a response of this interaction. Thus, considering only researches that 

aim to study the skin temperature response in thermoneutral conditions, it is essential that temperature 

measurements are carried out in a stable and controlled environment, free from external radiation (i.e. 

sun) (Ring and Ammer, 2000). On the other hand, when studying the skin temperature interaction with a 

specific environmental condition determined by a research goal, temperature and humidity should be 

recorded in order to assist in the interpretation of data. That is, thermography can be used in 

environmental conditions that exceed the limits of the thermoneutral comfort, since the temperature and 

humidity values are recorded and body/environment relation is considered. 

The discussion concerning the best temperature and humidity to perform infrared thermography was 

extensive. To facilitate understanding, it will be presented the main arguments that have achieved greater 

agreement among the panel members: 

1) 18 ºC seems to be too cold.  

2) The range of temperature is a common misinterpretation. The intention was that thermal images 

should be recorded at any room temperature between 18 and 24 °C, but the variation of the 

selected room temperature should be at maximum ±0.5°/hour. 

3) When investigating extremity responses or when low skin temperature is expected, it is 

important that the ambient temperature is at the higher end of the thermoneutral zone (~24 ºC). 

4) If high local temperature is anticipated, the choice of room temperature is 20 ±0.5 °C. 

5) Any humidity will contribute to some error as water vapor in the air is reflecting or blocking the 

IR radiation between the optical sensor and the person of interest. So keeping humidity to a 

minimum would be a goal. 

6) It seems to be a consensus to consider the thermal comfort of the participants in selecting the 

temperature and this can vary depending upon local climate. 

Considering: a) the different thermal sensation among populations from different parts of the world, 

which is crucial in determining the ideal temperature to collect infrared thermography, b) the 

temperature and humidity could be altered depending on the research question as used when performing 

studies with extreme environmental or testing specific clothes. We decided to: 

1) Rephrase the item taking off the temperatures and humidity limits and add them outside the 

checklist, since they cannot be used in every type of research. 

2) Unless it is justified by the objective of the research, will be suggested (outside the checklist) 

the range of 20-25 °C and relative humidity bellow 50% as lab thermoneutral condition.  

New item: Ambient temperature and relative humidity of the place where the assessment took 

place were recorded and reported as mean ± standard deviation. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 5  (Original) 

The camera was properly described with information of model, precision, resolution and 

calibration process. 

Round 1 Results (n; %): 

St. agree (13; 52%); Mod. agree (11; 44%); Neutral (0; 0%); Mod. disagree (1; 4%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The panel members comments were focused mainly in the following topics: 

1) Some panel members agree with calibration process by black body while others did not. Some 

panel members argue that they have their camera calibrated professionally by the manufacturer 

and this procedure is sufficient to guarantee a good measurement. In fact, some panel members 

do not believe that thermography community will follow the black body reference requirement 

in all cases, especially into a practical routine and clinical environment. On other hand, some 

kind of studies and approaches need to verify the accuracy, especially those who are using 

inferior equipment. Furthermore, although the lack of consensus among panel members, we 

think that the need to use a black body calibration process will depend on the study type and 

goals.  

2) As one panel member said, considering the definition of International Vocabulary of Metrology 

(BIPM et al., 2008), accuracy is the closeness agreement between a measured quantity value 

and a true value of a measurement". In this way, we replace “precision” to “accuracy” in which 

2% error refers to the range of temperature measured.  

3) Many panel members have suggested defining a minimum acceptable standard in terms of 

quality and resolution similar to other fields of research and ISO standardization for other 

devices however; this is not the objective of this checklist. Considering the main objective of 

the checklist is to provide the necessary information to use thermography and collect data in 

physical exercise and sports settings, we decided to rephrase the item and indicate as a 

suggestion the calibration process according to Ring and Ammer (2000). Indeed, regarding the 

camera configuration, we will suggest as minimum the recommendations contained at ATT 

guidelines (IACT, 2002). 

New item: The manufacturer and model of the camera or devise used were provided and the 

accuracy and calibration process detailed. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

 

ITEM 6 (Original) 

The room where the test took place was isolated from any source of infrared radiation as 

electronic devices, incident lightning or any kind of airflow directed to the assessed subject. 

Round 1 Results (n; %): 

St. agree (18; 72%); Mod. agree (7; 28%); Neutral (0; 0%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The main discussion of this item has been focused on the possibility of practical implementation of all 



 
Appendix 

________________________________________________________________________________________________________________________________________ 

- 117 - 

 

these recommendations and determines what would be acceptable or not. Although there was evidence 

that these factors described affect the measurement of infrared thermography (Fernández-Cuevas et al., 

2015), it is not possible determines the size of changes of each factor described, alone or together, in the 

infrared thermography results.  

It was highlighted the importance of avoiding any obvious interference which has great potential to 

significantly change the results. For example, air conditioners with very cold air taken directly to the 

participant or a large heat source coming of electronic equipment near the participant are examples of 

obvious sources of interference which should be avoided. Therefore, we rephrase the item by adding the 

word “obvious” and will add an explanatory description of how to interpret this item.  

New item: The assessment was completed away from any obvious source of infrared radiation (e.g. 

electronic devices, lightning) or airflow (e.g. under an air conditioning unit). 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 7 (Original) 

The room where the test took place was equipped with a background to avoid infrared 

interferences. 

Round 1 Results (n; %): 

St. agree (11; 44%); Mod. agree (7; 28%); Neutral (3; 12%); Mod.disagree (3; 12%); St.disagree (1; 4%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The need for a black background was challenged by several panel members, notably because lack of 

evidence or practical experience. It was reported that there was no interference to justify the mandatory 

adoption of a background in the manner described in item. Neither the black color is required, since 

some panel members indicated that other matte colors have the same effect. In addition, the interference 

issue of external radiation sources was already discussed in the previous item which generates a double 

question. 

However, the main point highlighted in this item refers to the suggestion to use a background that is out 

of the temperature range of region of interest, because this would have an increase in the quality of 

thermography. Define the need for a matte background or what would be acceptable as such lacks 

scientific evidence, leading us to turn to the practical experience of the panel members for decision-

making. Therefore, we modified the item and will add comments here exposed in the interpretation of 

the item. If this item follows with disapproval, we will remove it from the checklist as criterion of 80% 

of submitted agreement. 

New item: The thermogram was taken against a non-reflecting surface. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 8  (Original) 

The participants performed an acclimatization period in the room where the test took place for at 

least 10 minutes in which the regions of interest were uncovered. 

Round 1 Results (n; %): 
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St. agree (12; 58%); Mod. agree (8; 32%); Neutral (3; 13%); Mod.disagree (3; 12%); St.disagree (2; 8%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The lack of consensus in this item was due two main reasons: 1) 10 minutes would not be enough to 

establish a balance of body/environment, especially in extreme temperature conditions or when the room 

temperature is very different from external temperature; 2) The fact that the item does not specify that 

this acclimation refers only to measure the baseline and is not applied when data collection is occurring 

during exercising where thermal and vascular process are quickly adapting. 

About the ideal acclimation time for measurements at baseline, most panel members agree to 15 minutes 

as minimum recommended; however emphasize that the most extreme temperature, the greater will be 

the time used to promote thermal equilibrium, especially in peripheral areas of the body such as hands 

and feet. Moreover, although the body position (sitting or standing) should be considered as a factor of 

influence in acclimation period, it is not necessary to establish a specific position to perform acclimation, 

but rather use the same body position among the protocol and consider these effects on skin temperature 

analysis. Also, it is important to avoid the rigid position by the participant during acclimation period 

because immobilization is generally followed by relaxation and blood redistribution, which causes the 

surface skin temperature increase, especially in the hands, feet and facial regions (Gulyaev et al., 1995). 

All these arguments herein will be included in the item description. 

As suggested by one panel member, we decided to change the term “acclimatization” to “acclimation” 

since the term acclimation is used to describe the adaptive changes that occur within an organism in 

response to experimentally induced changes in particular climatic factors such as ambient temperature in 

a controlled environment, and the term acclimatization to describe the adaptive changes that occur within 

an organism in response to changes in the natural climate (Bligh and Johnson, 1973). 

We decided to include a note saying that this recommendation applies only to the baseline 

measurements. 

New item: An acclimation period in the examination room was completed for at least 15 minutes. 

 

Note: This item is only applicable for initial baseline measurements or basal analysis.  

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 9 (Original) 

The camera turned on 10 minutes prior the test for sensor stabilization. 

Round 1 Results (n; %): 

St. agree (15; 60%); Mod. agree (6; 24%); Neutral (1; 4%); Mod.disagree (2; 8%); St.disagree (1; 4%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

Most panel members who commented this item argued that the time of 10 minutes is not sufficient to 

achieve sensor stabilization. Modern uncooled cameras exhibit an erroneous thermal drift when turned 

on or moved (Ring et al., 2007a) and therefore, along with infrared thermometers, require at least 30 to 

60min to stabilize to the surrounding ambient conditions for accurate measurement (Grgić and Pušnik, 

2011). Also if environmental conditions are unstable then the camera will need to re-stabilize once 

conditions are static. On another hand, one panel member had experienced 5 as minimum time to sensor 

stabilization of a Flir E60 camera.  
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One panel member highlight that standard procedure of quality assurance must be performed. A logbook 

that documents the time of last calibration of the thermal imager at the national standard laboratory must 

be available on site of the examination room. A schedule of minor standard tests for assessing the 

performance of the equipment must be part of the logbook. Scheduled test must be conducted on time 

and the test results must be recorded accordingly. We judge this information very useful and decided to 

include it as suggestion of a good practice in thermography labs.  

In conclusion, the time required for sensor stabilization depends on the system being used. The most 

important topic here is warn about the necessity of respect a time for sensor stabilization which will vary 

depending on which camera technology (cooled, uncooled, etc) you are using. Thus, we decided to 

rephrase the item and suggest that the minimum time required for sensor stabilization must be stated 

based on camera technology and manufacturer's manual.  

New item: The camera was turned on prior the test until ensuring sensor stabilization following 

the manufacturer’s guidelines. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 10 (Original) 

The distance between the camera and the region of interest was reported. 

Round 1 Results (n; %): 

St. agree (13; 52%); Mod. agree (8; 32%); Neutral (2; 8%); Mod. disagree (2; 8%); St.disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

Most of the comments received in this item are related to the criteria for selecting the optimal distance to 

achieve a good measure with thermography, among the comments received are: 1) A constant distance 

does not control for different body dimensions of individuals. Constancy of the field of view with field 

borders defined by anatomical landmarks is proposed instead; 2) When the examinee's space is invaded, 

the examinee may feel uncomfortable. Infrared camera located close to the examinee may cause his 

anxiety. A compromise settlement should be found; 3) Camera resolution needs to match body area 

covered and give enough pixels to answer research question; 4) An important qualification to make here 

is ensure focus is not compromised and be aware of manufactures guidelines for mimimum distance 

from object of interest; 5) the distance should be enough of the patient in each image to make sense of 

the anatomy and draw appropriate ROIs related to anatomical landmarks. 

It is important to note that the camera focus and size of the region of interest investigated are the factors 

which will determine the distance between camera and ROI. So we decided to not modify the item and 

add all these comments explaining how to interpret it.  

New item: The distance between the camera and the region of interest was reported. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 11 (Original) 

The camera was positioned perpendicular to the region of interest. 

Round 1 Results (n; %): 
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St. agree (22; 88%); Mod. agree (2; 8%); Neutral (1; 4%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

This item had a majority approval and the comments required just to explain better the position stand. 

One panel member have explained that a perpendicular angle is the most desirable option for obtaining a 

more accurate reading, and an angle of more than 60º can result in a critical loss of information, which 

Tkacova et al. (2010) have demonstrated. Also, the camera should be positioned centrally to region of 

interest.  

Based on comments received, we decided to maintain the item and add these comments explaining how 

to interpret it. 

New item: The camera was positioned perpendicular to the region of interest. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 12 (Original) 

The emissivity was set at 0.98. 

Author’s position stand: All the guidelines agree with the emissivity set at 0.98 for skin temperature, so 

we suggest it. 

Round 1 Results (n; %): 

St. agree (17; 68%); Mod. agree (2; 20%); Neutral (2; 8%); Mod. disagree (1; 4%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

Most members of the panel agreed to establish the emissivity of 0.98 for human studies, however it was 

noted that this relates only to clean skin, since substances on the skin surface produce changes in 

emissivity (Bernard et al., 2013). To our knowledge, although there are slight differences between races 

(0.97-0.98), it is not possible to quantify the magnitude of this difference in temperature values (Jones, 

1998). It is undeniable fact that the vast majority of studies to date considered as standard 0.98 

emissivity. Based on this comments, we decided to include in the item description an explanation 

specifying that the value of 0.98 refers just to clean skin. 

Also, it is important to report every configuration that was set in the infrared camera in order to ensure 

study reproducibility.  

New item: Emissivity settings of the camera were reported. 

Note: 0.98 of emissivity is suggested for a clean skin surface. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 13 (Original) 

The tests were taken at same time of the day and by the same evaluator for all participants. 



 
Appendix 

________________________________________________________________________________________________________________________________________ 

- 121 - 

 

Round 1 Results (n; %): 

St. agree (12; 48%); Mod. agree (8; 32%); Neutral (1; 4%); Mod. disagree (3; 12%); St. disagree (1; 4%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The majority of panel members comments have disagreed with this item mainly for 3 reasons: 1) If the 

procedure is standardized there is a high inter-examiner reproducibility of the IRT measurements 

(Zaproudina et al., 2008), which makes this item unnecessary; 2) This item can be often impractical and 

inconsequential, since there are several internal and external factors that affect circadian rhythm; 3) For 

most research question the time of day is important but not for all. 

Due the reasons exposed, we decided to remove this item from the questionnaire.   

New item: item removed.  

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 14 (Original) 

The regions of interest were delimited by anatomical locations and described with visual example 

of it. 

Round 1 Results (n; %): 

St. agree (15; 60%); Mod. agree (6; 24%); Neutral (2; 8%); Mod. disagree (1; 4%); St. disagree (1; 4%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

The most of panel members have argued that defining a ROI is acceptable so long as it is justified by the 

objective of the study. Therefore, although Glamorgan protocol is a great attempt at a standard, it cannot 

be used as a model in all cases, since there are many infrared thermography issues which are been 

studying today that required a delimitation of a specific ROI in order to answer the study goals.    

The main idea proposed is, if a research protocol requires the adoption of a new ROI, as long as it is 

described accurately with description of anatomical points that were used to delimitate it, it can 

reproducible by others then this would be equally acceptable. Thus, the most important objectives of this 

delimitation, is to obtain, as far as possible, the maximum reproducibility of the measurement. 

Indeed, it was commented that the field of view is defined by anatomical landmarks and ROI of interest 

should always been applied to the same view.   

Based on the comments we decided to rephrase the item. 

New item: The regions of interest were in line with the objectives of the study, well described and a 

visual example was provided. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 15 (Original) 

The skin was dry before the tests. 

Round 1 Results (n; %): 

St. agree (16; 64%); Mod. agree (5; 20%); Neutral (2; 8%); Mod. disagree (1; 4%); St. disagree (1; 4%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

This item has had a lack of consensus among panel members. The main comments have involved: 1) 

Cleaning just before the examination is not a good recommendation because of the friction of the towel 

and the skin which increases skin temperature. It is necessary to wait for complete evaporation of any 

water excess; 2) Drying the skin itself can stimulate changes in skin blood flow that could affect skin 

temperature.  The way skin is dried is important here; 3) There is no sense in doing so. Perspiration may 

be emerged in a minute after investigation beginning. Moreover, perspiration may serve as a significant 

diagnostic sign. 

It appear to have a consensus that moisture on the skin will affect the skin reading, however it was 

suggested that sweat on the skin does not modify absolute Tsk reading but diffraction may modify the 

sharpness of local hot and cold spots, especially over perforator vessels (Merla et al., 2010, Hunold et al., 

1992, Bach et al., 2015a, Bach et al., 2015b).    

It was presented a common practice within extremity cooling studies to use a thin plastic bag to prevent 

the extremity from becoming wet. Following extremity cooling, the bag is removed and extremity 

inspected for perspiration and patted dry if needed (Maley et al., 2014, Eglin et al., 2013) , however this 

is not always the case [for a review see Costello et al. (2012)].  

Considering that arguments exposed, we decided to remove the item, and present this issue as practical 

suggestion outside the checklist. 

New item: item removed. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 16 (Original) 

The evaluation of thermograms and collection of temperature from the software clearly described.  

Round 1 Results (n; %): 

St. agree (22; 88%); Mod. agree (1; 4%); Neutral (2; 8%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Your Round 1 comments: **the author’s comments will be pasted here** 

 

Summary of comments received: 

It was suggested more important than the process of data extraction, is the description what statistical 

features have been extracted including the type of data distribution based on a histogram, mean, median, 

mode, standard deviation, minimum, maximum and interquartile range. As skin temperature does not 

follow a Gaussian distribution (mainly because it reflects, although not exclusively, the temperature 

gradient from core to shell temperature in dependence to the environment), it is essential to know the 

type of skin temperature distribution for performing correct statistical analysis. We decided to include 

this observation to explain the item. 

The main point of this item is to provide much information about the process itself to allow that others 

can replicate the findings if needed.  

So we decided to rephrase the item in order to improve its comprehension. 
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New item: The methods used for data extraction and assessment of the thermogram were clearly 

described. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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9.4. APPENDIX IV: DELPHI ROUND 3 

DELPHI ROUND 3 

 

This third round contains the results of 24 expert panel members who have 

participated in the second round. The names of the panel members will be communicated at 

the end of the process. We will present first round results which include quantitative analysis 

(percentage of answers) and qualitative analysis (a summary of all comments received). We 

expect to make consensus and finalize the process in this Round.  

The majority of items have increased consensus. In this third Round, we focus on 

taking decisions in order to increase the agreement rate of each item. There are some items 

that were approved since majority panel members strongly agree with them (item 3, 4, 11, 12 

and 16). However, due the review of some panel members, we decided to present again the 

items 13 and 15 - which were suggested to remove from checklist - in a different way. 

Although all changes made considered the results of quantitative analysis, the key points 

highlighted by panel members were also considered and this is part of the process.  

Only one panel member has proposed a new item regarding the aspects that should be 

considered when presenting infrared thermography images in scientific articles. We consider 

this item related to item 14, therefore we add the information suggested in item 14. 

INSTRUCTIONS: In this second round, we kindly ask you to: 

 

1) Answer the questionnaire to characterize panel members. 

2) Rate new each item according to a five point Likert Scale (strongly agree, moderately 

agree, neutral, moderately disagree, strongly disagree). 

3) In the “comments place” you can comment any of the items included in the instrument, to 

suggest possible rephrasing of questions. 

4) We encourage you to support your answers with scientific arguments based on published 

articles. When it was not possible to obtain references to support decisions, we suggest 

explaining your positions considering your practical experience with thermography 

technique. 

Thank you again for collaborating with this project! 
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Questionnaire to characterize panel members 

 

NAME  

E-MAIL 
 

INSTITUTION/ORGANIZATION 
 

CREDENTIAL (medical doctor, physical 

education, physiotherapist, etc) 

 

HIGHEST LEVEL OF EDUCATION 
 

EXPERIENCE USING THERMOGRAPHY 

(YEARS) 

 

NUMBER OF PEER REVIEWED 

JOURNAL ARTICLES PUBLISHED 

USING INFRARED THERMOGRAPHY 

 

 

Previous questions: 

Question 1 

In order to improve the understanding and interpretation of the proposed items, which tense you 

deem to be the most correct for this checklist? Note: We present the tense example on the first 

item. 

Example:  

f) Present tense: The temperature is controlled 

g) Past tense: The temperature was controlled 

h) Future tense: The temperature will be controlled 

i) Should / has /must sentence: The temperature should / has /must  be controlled 

j) As a question : Was the temperature controlled? 

Present tense (1;4%) 

Past tense (4;17%)  

Future tense (0;0%) 

Should /has / must sentence (15;63%)  

As a question (4;17%) 

The verb tense used depends on what purpose this checklist will be applied. Considering that the 

objective of this work is to generate a specific checklist to properly collect skin temperature data with 

infrared thermography in exercise and sports medicine settings, all the items will be adapted as 

should/has/must sentences. 

 

Question 2 

Do you want to propose an item that is not included in these checklist items? 

(1;4%) Yes     (23;96%) No 

If yes, please, propose the item and the identify what number item you think it should be  

Proposed new item: 
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The new item is added in item 14. 

ITEM 1 (Original) 

The relevant demographic data of the participants must be provided.  

 

Note: These could include, but are not limited to, age, sex, body mass, height, BMI, ethnicity and 

whether they are smokers or not. 

Round 2 Results (n; %): 

St. agree (19; 79%); Mod. agree (4; 17%); Neutral (1; 4%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

Two panel members disagree about the term “demographic” and suggested to use “individual”. 

One panel members agrees with the idea that there is no evidence about the effect of limb dominance on 

skin temperature. But also, there is no evidence about its no effect in some sports (especially sports with 

an important dominance) and for this reason, until no obtain evidence, this information could be 

important in some cases. On the other hand, there are an important number of studies showing the effect 

of physical fitness on skin temperature (Abate et al., 2013, Akimov and Son'kin, 2011, Chudecka and 

Lubkowska, 2010, Formenti et al., 2013, Quesada et al., 2015a). We decided to include dominance in the 

checklist as a suggestion and, if the participants are physically active or athletes, the level of physical 

fitness must be provided. 

Other panel member argues that the item has improved but still lack a reference to a measure of physical 

activity frequency (number of hours/number of days of training) and characterization (activity 

description) because the literature is rich in examples of how this parameter influences skin temperature 

(e.g. Formenti et al., 2013) and since this checklist is mainly for the use of infrared thermography in 

exercise and sports medicine/science settings. Thus, it should be included. We decided to add this 

suggestion in the item. 

One panel member disagree to include BMI since our panel is devoted on sport and exercise, so it means 

that sometimes our data is collected on professional athletes. BMI is not good indicator to describe 

athletes. Very often it’s suggest overweight (with BMI score >25) while it’s a result of mesomorfic 

(muscular) body build (Garrido-Chamorro et al., 2009). However, the use of BMI is not a must and, 

regardless the problem in characterize athletes; it could be used with general purposes. Thus, we decided 

to maintain BMI as a suggestion. 

Amendment: The relevant individual data of the participants must be provided.  

Note: These could include, but are not limited to, age, sex, body mass, height, BMI, dominance, 

ethnicity and whether they are smokers or not. If the participants are physically active or athletes, 

a measure of physical activity frequency (number of hours/number of days of training) and 

characterization (activity description) should be included. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 2 (Original) 

Participants were previously instructed to avoid alcohol beverages, smoking, caffeine, large meals, 

ointments, cosmetics, and showering for four hours before the assessment. 

Note: This should be confirmed verbally before the assessment and the use of any medicinal 

treatments or drugs should be recorded. 

Round 2 Results (n; %): 

St. agree (22; 92%); Mod. agree (2; 8%); Neutral (0; 0%); Mod. disagree (0;0%); St. disagree (0; 0%) 

Summary of comments received: 
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One panel member remembered us to add sunbathing in the item.  

Since there is no evidence for how much time is needed to retain the effects of alcohol beverages, 

smoking, caffeine, large meals, ointments, cosmetics, and showering in infrared skin temperature 

measured by infrared thermography, we judge as reasonable to avoid this for 4 hours. Sunbathing must 

be avoided for 5 days in accordance to IACT guidelines (IACT, 2002). 

Amendment: Participants should be instructed to avoid alcohol beverages, smoking, caffeine, large 

meals, ointments, cosmetics, showering for four hours, and sunbathing for 5 days before the 

assessment.  

Note: This should be confirmed verbally before the assessment and the use of any medicinal 

treatments or drugs should be recorded. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 3  (Original) 

Extrinsic factors affecting skin temperature (e.g. physical activity prior to the assessment, 

massage, electrotheraphy, ultrasound, heat exposure, cryotherapy) should be clearly described in 

the methodology. 

Round 2 Results (n; %): 

St. agree (22; 92%); Mod. agree (1; 4%); Neutral (1; 4%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

The item was approved. 

 

 

ITEM 4  (Original) 

Ambient temperature and relative humidity of the location where the assessment took place must 

be recorded and reported as mean ± standard deviation. 

Round 2 Results (n; %): 

St. agree (20; 83%); Mod. agree (3; 13%); Neutral (1; 4%); Mod.disagree (0; 0%); St.disagree (0; 0%) 

Summary of comments received: 

The item was approved.  

 

 

ITEM 5  (Original) 

The manufacturer and model of the camera or devise used were provided and the accuracy and 

calibration process detailed. 

Round 2 Results (n; %): 

St. agree (19; 79%); Mod. agree (5; 21%); Neutral (0; 0%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

This item almost achieves agreement; however we need to clarify what it proposes. Although there is a 

full agreement in providing the manufacturer and model of the camera used, the need of calibration 

process is still questionable. Considering the management of infrared cameras and periodic maintenance 

required by this kind of device, we think as reasonable suggest to detailed when and where was 

completed the last calibration in the equipment. In this sense, even though is not required to perform 
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calibration with a black point in all studies, it is desirable that the researcher keep a preventive 

maintenance routine on the equipment to ensure its reliability. Thus, the information of when and where 

it was completed the last calibration of the thermal imager is a desirable technical care. 

Amendment:: The manufacturer, model and accuracy of the camera used should be provided. 

When available the maintenance information of the equipment (e.g. when and where it was 

completed the last calibration) should also be provided.  

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 6 (Original) 

The assessment was completed away from any obvious source of infrared radiation (e.g. electronic 

devices, lightning) or airflow (e.g. under an air conditioning unit). 

Round 2 Results (n; %): 

St. agree (19; 79%); Mod. agree (4; 17%); Neutral (0; 0%); Mod. disagree (1; 4%); St. disagree (0; 0%) 

Summary of comments received: 

Two panel members argue that “obvious” is still not a clear adjective for a checklist that must be crystal 

clear with no interpretation. We decided to change the term to keep the checklist clear. 

Amendment:: Where possible the assessment should be completed away from any source of 

infrared radiation (e.g. electronic devices, lightning) or airflow (e.g. under an air conditioning 

unit). 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 7 (Original) 

The room where the test took place was equipped with a background to avoid infrared 

interferences. 

Round 2 Results (n; %): 

St. agree (17; 71%); Mod. agree (2; 8%); Neutral (4; 17%); Mod.disagree (1; 4%); St.disagree (0; 0%) 

Summary of comments received: 

The need of a background to perform infrared thermography images still has disagreement. In fact, the 

most important thing in this item is not the background itself but the necessity of increase thermal image 

contrast, collecting data in a surface outside the palette range of what is being studied. As one panel 

member stated, when imaging in an environmental chamber (metal wall), good image contrast can be 

obtained without adding the requirement for non-reflecting or matted surfaces. 

Based on these arguments we decided to modify the item, following a suggestion of one panel member. 

New item: Objects that reflect infrared radiation should not be included within the thermal image. 

 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 8  (Original) 

An acclimation period in the examination room was completed for at least 15 minutes. 

Note: This item is only applicable for initial baseline measurements or basal analysis. 

Round 2 Results (n; %): 

St. agree (16; 67%); Mod. agree (5; 21%); Neutral (1; 4%); Mod.disagree (2; 8%); St.disagree (0; 0%) 

Summary of comments received: 

Most panel members agreed that the time required for acclimation will depend on 1) objective of the 

study; 2) external temperature. There is a evidence that 10 minutes is enough when the external 

temperature is not extreme (Marins et al., 2014b), so there is no reason to establish a minimum of 15 

minutes for all studies. However some panel member highlighted that 10 minutes will not be sufficient 

for extreme temperature or to study extremities body areas like hands and fingers.  

Based on these arguments, we decided to include as a suggestion outside the checklist the time of 10 

minutes as a minimum, but also highlight that  this time must be higher if there is extreme external 

temperature or if extremities body areas are been analyzed. 

New item: An acclimation period in the examination room, in accordance with the objective(s) of 

the study, should be completed with the region of interest uncovered. 

Note: This item is only applicable for initial baseline measurements or basal analysis.  

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 9 (Original) 

The camera was turned on prior the test until ensuring sensor stabilization following the 

manufacturer’s guidelines. 

Round 2 Results (n; %): 

St. agree (19; 79%); Mod. agree (3; 13%); Neutral (1; 4%); Mod.disagree (1; 4%); St.disagree (0; 0%) 

Summary of comments received: 

Three panel members have argued that for most cameras, information about time to stabilization is not 

readily available from the manufacturer. Hence, it will be necessary to find out the stabilization time 

based on quality assurance performed on each camera. Considering the different types of camera 

available and due the technical aspect of this issue, we suggest researchers to contact camera 

manufacturers to obtain this information.  

New item: If necessary the camera should be turned on prior to the test to allow sensor 

stabilization following the manufacturer's guidelines. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 10 (Original) 

The distance between the camera and the region of interest was reported. 

Round 2 Results (n; %): 
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St. agree (19; 79%); Mod. agree (3; 13%); Neutral (0; 0%); Mod. disagree (2; 8%); St.disagree (0; 0%) 

Summary of comments received: 

Two panel members has argued that the distance is not important to be reported. In dependence of the 

focal view, the distance between camera and object determines the field of view. A constant distance 

between camera and object, does not guarantee a field of view of similar sizes due to individual 

variations of anatomy.  Instead of providing a distance between camera and imaged subject, the applied 

standard view should be reported in analogy to standard views of the human bony skeleton in 

radiography. Indeed, other panel member suggested that the image of the region of interest should fill 

75% of the image.  

Despite this reasoning exposed, other panel members consider important report the distance, even 

approximate, to facilitate replication of data. There are several thermal cameras available and many of 

them have different focal views. Even though a constant distance cannot be used due individual 

anatomic variations, with the mean distance reported, other researcher can replicate the experiment more 

easily. Therefore, we present the item in a different way. 

New item: The preparation of the participant prior to taking the image (e.g. mean distance from 

camera, % of the region of interest within the image) should be detailed. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 11 (Original) 

The camera was positioned perpendicular to the region of interest. 

Round 2 Results (n; %): 

St. agree (23; 96%); Mod. agree (1; 4%); Neutral (0; 0%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

This item was approved. 

 

New item: The camera should be positioned perpendicular to the region of interest. 

 

ITEM 12 (Original) 

New item: Emissivity settings of the camera were reported. 

Note: 0.98 of emissivity is suggested for a clean skin surface. 

Round 2 Results (n; %): 

St. agree (23; 96%); Mod. agree (1; 4%); Neutral (0; 0%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

This item was approved. As suggested by one panel member, we just add the word “dry” to be specific. 

New item: Emissivity settings of the camera must be reported. 

Note: 0.98 of emissivity is suggested for a dry clean skin surface. 

 

ITEM 13 (Original) 

The tests were taken at same time of the day and by the same evaluator for all participants. (item 

removed) 

Round 2 Results (n; %): 
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St. agree (9; 38%); Mod. agree (5; 21%); Neutral (3;13%); Mod. disagree (4; 17%); St.disagree (3; 13%) 

Summary of comments received: 

Several panel members disagreed in removing this item. The main reason for that was summarized by 

one panel member: when such large variations of temperature occur in a healthy subject, it seems 

necessary to record thermograms at the same time at the day, particularly when temperature is used as 

outcome measure. The image recording at the same time of the day and by the same evaluator for all 

participants may be difficult. However, the conditions of image recording should be reported and if more 

than 1 operator is active in image recording, assessment of inter-rater reliability is desirable information, 

but at least the experience of the operator should be reported. 

Based on the arguments exposed we proposed to divide this item into two, one referring to the details of 

camera operators and other related to the time of day because we consider these two distinct themes. 

With this decision, we expect to keep the checklist clear and objective.   

New item: Operators recording details (number and experience of camera operators), should be 

reported.  

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 13-B  

The time of day at which the images were taken should be reported. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 14  

The regions of interest were in line with the objectives of the study, well described and a visual 

example was provided. 

Round 2 Results (n; %): 

St. agree (18; 75%); Mod. agree (5; 21%); Neutral (0; 0%); Mod. disagree (1; 4%); St. disagree (0; 0%) 

Summary of comments received: 

As suggested by some panel members, we modify the item to increase comprehension.  

We include information suggested by one panel member for presenting a thermogram in scientific 

articles. It is important to present the temperature scale and configure scale of colors properly in order to 

guarantee the correct interpretation of the thermal image presented. Also we recommend including these 

information for every thermogram presented. 

New item: The standard body position of the subject and the regions of interest must be well 

described and appropriately selected to fulfill the goals of the study. A visual example (with 

temperature scale presented and scale of colors properly configured) must be provided.   

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 
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ITEM 15 (Original) 

The skin was dry before the tests. (item removed) 

Round 2 Results (n; %): 

St. agree (13; 54%); Mod. agree (4; 17%); Neutral (5; 21%); Mod. disagree (1; 4%); St. disagree (1; 4%) 

Summary of comments received: 

Several panel members did not agree in removing this item, since there are some studies that have used 

procedures to dry the skin before the measure of infrared thermography (rapidly dry the skin with a 

microfiber towel, without friction to avoid heating) (Seixas et al., 2014, Zaidi et al., 2007). Thus, if the 

skin had to be dried, we should provide information about how this procedure was done, for example 

drying the skin after getting out the water. 

We decided to propose a new item to be evaluated.   

New item: If the skin is dried (e.g. to remove surface water), the drying method should be clearly 

described. 

Do you agree with the changes made? 

 Strongly agree    Moderately agree    Neutral    Moderately disagree    Strongly disagree 

Comments: 

 

 

ITEM 16 (Original) 

The evaluation of thermograms and collection of temperature from the software should be clearly 

described.  

Round 2 Results (n; %): 

St. agree (24; 100%); Mod. agree (0; 0%); Neutral (0; 0%); Mod. disagree (0; 0%); St. disagree (0; 0%) 

Summary of comments received: 

Item approved.  

 

 

 


