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RESUMO 

 

Introdução: A termografia oferece uma metodologia não invasiva e livre de radiação para 

diagnóstico por imagem e medição de temperatura, mas a extensão da aplicação atual não é 

clara, assim como o nível de evidência para cada caso de uso. Além disso, os valores de 

referência termográfica baseados na população para fins de diagnóstico são quase 

desconhecidos. A presente revisão de escopo visa avaliar a extensão da literatura e as evidências 

disponíveis sobre a aplicação da termografia infravermelha na odontologia para estabelecer 

indicações e maior alcance de sua utilidade. 

Material e Métodos: PubMed, Cochrane Database of Systematic Reviews e buscas CENTRAL 

e Web of Science foram feitas em julho de 2022 com palavras-chave específicas. Critérios de 

elegibilidade amplos foram usados para capturar todos os estudos relevantes, publicados em 

inglês e abordando imagens térmicas em odontologia. A literatura encontrada foi selecionada 

quanto aos critérios de elegibilidade. Os dados relevantes foram extraídos das referências 

incluídas em um quadro de coleta em formato de narrativa sintetizada e classificados nos Níveis 

de Evidência e Graus de Recomendação (Oxford Center for Evidence-based Medicine – março 

de 2009). 

Resultados: foram selecionados 13 estudos, 6 in vitro, 5 ensaios clínicos e 1 estudo de caso e 

1 revisão sistemática. 

Quatro estudos relacionados à variação de temperatura de peças dentárias com diagnóstico 

pulpar. Três avaliaram a eficácia da termografia no diagnóstico das disfunções 

temporomandibulares. Cinco foram usados em cirurgia para medir respostas inflamatórias 

resultantes de procedimentos cirúrgicos e temperaturas alcançadas ao cortar tecidos duros. Um 

estudo avaliou, do ponto de vista ergonômico, o impacto das más posições de trabalho dos 

profissionais de saúde bucal. 

Conclusão: Dentro das limitações desta revisão, estudos sugerem que a termografia tem 

potencial para se tornar uma ferramenta importante na medicina odontológica, seja como meio 

auxiliar de diagnóstico em endodontia e disfunção temporomandibular ou como elemento 

complementar em procedimentos de corte capazes de produzir calor com implicações para a 
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viabilidade das estruturas subjacentes. Além disso, esta scoping review pode suscitar novas 

pesquisas focadas em termografia. 

Palavras-chave: Odontologia; Termografia 
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ABSTRACT 

 

Introduction: Thermography offers a non-invasive radiation-free methodology for diagnostic 

imaging and temperature measurement, but the extent of the current application is unclear, as 

is the level of evidence for each use case. Moreover, population-based thermographic reference 

values for diagnostic purposes are nearly unknown. The present scoping review aims to assess 

the extent of literature and available evidence regarding the application of infrared 

thermography in dentistry to establish indications and further scope of its utility. 

Material and Methods: PubMed, Cochrane Database of Systematic Reviews and CENTRAL 

and Web of Science searches were done in July 2022 with specific keywords. Wide eligibility 

criteria were used to capture all relevant studies, published in English, and addressing thermal 

imaging in dentistry. The literature found was selected regarding the eligibility criteria. 

Relevant data was extracted from the included references into a collection chart in a synthesized 

narrative format and classified under the Levels of Evidence and Grades of Recommendation 

(Oxford Centre for Evidence-based Medicine, March 2009). 

Results: 13 studies were selected, 6 in vitro, 5 clinical trial and 1 case study and 1 systematic 

review.  

Four studies related the temperature variation of dental pieces with pulpal diagnosis. Three 

evaluated the effectiveness of thermography in the diagnosis of temporomandibular disorders. 

Five were used in surgery to measure inflammatory responses resulting from surgical 

procedures and temperatures reached when cutting hard tissues. One study evaluated, from an 

ergonomic point of view, the impact of bad working positions of oral health professionals. 

. 

Conclusion: Within the limitations of this review, studies suggest that thermography has the 

potential to become an important tool in dental medicine, either as an auxiliary means of 

diagnosis in endodontics and temporomandibular disorders or as a complementary element in 

cutting procedures capable of producing heat with implications for the viability of the 

underlying structures. In addition, this scoping review can rouse new research foci regarding 

thermography. 

Keywords: Dentistry; Thermography.  
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I. INTRODUCTION 

 

Thermography is a non-invasive technique that allows the measurement of the temperature 

distribution of any object that is superior to the absolute temperature of -273ºC, adequate to 

body surface. Above this value the body emits infrared rays proportionally, due to the vibrations 

and rotations of the atoms and molecules that constitute the object, being possible to measure 

its temperature by measuring the infrared output. (Berz and Sauer, 2007; Sikdar et al., 2010; 

Lahiri et al., 2012). 

This technique is important within the scope of evaluating thermographic alterations that 

indicate pathological situations at a general level and its main advantage is not being harmful 

for the human body, as it does not use gamma or X -rays. It is easy to use and highly 

configurable, affordable comparing to other auxiliary means of diagnosis, allows visual 

perception by the difference of color that change in real-time, as well as the rapid acquisition 

in stationary targets and the capture of thermal patterns.  (Berz and Sauer, 2007; Sikdar et al., 

2010; Lahiri et al., 2012). 

There are two methods usually used to register thermic images. The semi-quantitative method, 

which is cheaper and uses liquid crystals, Liquid Crystal Thermography, and a quantitative 

method of infrared detection characterized as Infrared Thermography.  (Anbar, 1985, 1987). 

Infrared thermography is a method of non-contact, for measuring temperature, where the 

detector is placed remotely on a site. This method consists of an infrared detector, amplifier-

digitizer, a microcomputer, and a video display. The infrared detector can either have a single 

element with a linear array or a bi-dimensional array.(Sikdar et al., 2010; Harshavardhan et al., 

2017). 

The thermal images that are obtain are characterized by spatial resolution, that is, by the 

capacity of differentiation between two points next to each other, and by their thermal resolution 

or the difference by which the minimum temperature that may be measured between two 

distinct points in an image. Another related parameter is the temporal resolution, being the delay 

time between the temperature change and the location/area where it was monitored in the 

thermal image. (Anbar, 1985). 
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Regarding facial thermographic image, heat emissions from the human face have been 

demonstrated to be physiological indicators delineating health versus disease. The heat 

emission is directly related to the vascular cutaneous activity, exacerbating the heat on 

vasodilation, and reducing heat on vasoconstriction. In the facial area, infrared tele 

thermography may be useful, as a non-invasive diagnostic technique, which may help 

differentiate specific clinical problems. The radioactivity dissipation pattern on human heat is, 

usually, symmetrical. Small differences are displayed through a hemi-facial control, choosing 

10 points side by side (circa 0.28ºC).(Lin et al., 2010; Harshavardhan et al., 2017). 

However, it is necessary to know the existing differences within the human body to identify 

health from disease. A significant difference between the absolute facial temperature of men 

and women have also been observed. Men have higher temperatures in about 25 anatomical 

zones on the face (orbits, upper lip, lower lip, chin, cheek, among others) than women. That is 

understandable due to men's higher metabolic rate, so they dissipate more heat by corporal 

surface area unit. Age and ethnicity may also have a variation in facial temperature. (Lin et al., 

2010; Harshavardhan et al., 2017). 

Structurally, teeth have a very poor heat transference. As its thermal conductivity is extremely 

low (0,6 Wm-1K-1). It is necessary to study the dynamic of the heat transfer through the 

amelodentinal tissue, to identify and understand possible pathological 

behaviors.  (Linsuwanont, Palamara and Messer, 2007; Oskui et al., 2013). 

This kind of behavior generates challenges in its measurement, due to a complex functional and 

biological environment and geometry. It is important also to investigate the behavior of transfer 

and dissipation of the enamel and dentin portions of the human tooth, as these two materials 

have different thermophysical properties.(Lin et al., 2010; Harshavardhan et al., 2017). 

According to literature, the thermal diffusion through hard-dental tissues, namely dentin, and 

enamel, is inferred through the temperature change depending on the origin of the stimulus, 

time and respective layers involved. The temperature gradient is continuously distributed across 

the enamel and dentin layers and its junction below a temperature of 42ºC, however, if the 

temperature is higher than this value, a negative thermal resistance is observed. (Lin et al., 

2010; Harshavardhan et al., 2017). These results suggest that the microstructure of the enamel 

dentin junction plays a predominant role in the heat transfer and protects the pulp from damage 
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caused by heat transfer across the dentin-enamel junction in human teeth. (Lin et al., 2010; 

Harshavardhan et al., 2017).  

Studies with thermographic images in human teeth, to evaluate the pulp vitality, are yet few 

and are an ongoing investigation (Kells et al., 2000). A comparison between vital and non-vital, 

pulp tissue was made, and it was observed that the dental surface from de vital tissue was 

warmer, in comparison with a tooth without blood irrigation (Howell, Duell and Mullaney, 

1970; Gopikrishna, Pradeep and Venkateshbabu, 2009). After a reduction in temperature, non-

vital teeth take longer to reheat than vital ones (Pogrel, Yen and Taylor, 1989). This procedure 

implies the teeth to be isolated with a rubber dam as a standard procedure, after an 

acclimatization period before register the image. It is a complex procedure, demanding one hour 

of relaxation before the patients can be submitted to the test (Kells et al., 2000; Linsuwanont, 

Palamara and Messer, 2007; Harshavardhan et al., 2017). 

 

Figure 1 - Thermographic image of an inflamed pulp. Adapted from(Harshavardhan et al., 

2017). 

 

Under these considerations, this innovative technique presents many challenges, especially in 

the measurement of the thermal conductivity of enamel and dentin.  

The aim of this scoping review is to go through the available literature and assess the indications 

and the evidence regarding the applicability of infrared thermography in dentistry and further 

scope of its utility. 

  



Applicability of Thermography in Dentistry – Scoping Review 

4 

II. METHODOLOGY 

Based on the methodology outlined by Arksey and O’Malley (2005) and Levac, Colquhoun and 

O’Brien (2010), this scoping review consisted of six stages (Arksey and O’Malley, 2005; 

Levac, Colquhoun and O’Brien, 2010). 

Stage 1. Formulating the research question 

Following a preliminary exploration of published literature, the following research questions 

were identified: 

 In which way could Thermography be a useful asset to Dentistry? 

 Which challenges and advantages will arise with the use of this technique in Dentistry? 

Stage 2.  Identifying relevant studies 

Information sources and search strategy: Following several preliminary scoping searches which 

were intended to gain familiarity with the literature and aid with the identification of keywords, 

three health bibliographic databases: PubMed, Cochrane Database of Systematic Reviews and 

CENTRAL and Web of Science, were searched for relevant literature to date. The search 

strategy was developed to identify studies which have a direct correlation between “Dentistry” 

and “Thermography”. Electronic search results were exported into a word spreadsheet and 

duplicated deleted. 

i. Eligibility criteria:  

Dentistry and thermography are distinct concepts, both related and they are the focus of this 

review. Therefore, papers were included if they satisfied all the following eligibility criteria: 

 Population: all the patients that need dentistry treatments. 

 Language: Articles publish in English. 

 Timeline: No restrictions. 
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 Type of Study; Case Reports; Classical Article; Clinical Conference; Clinical Study; 

Clinical Trial (all phases and types); Meta- Analysis; Randomized Controlled Trial, systematic 

review. 

 Outcome: articles that used thermography as a means of auxiliary diagnosis or studied 

objectively and compared thermography in dentistry with other auxiliary means of diagnosis 

 Exclusion criteria: review and works that did not comply with this search purpose, as 

well as dissertations, thesis, and course conclusion work.  

Stage 3. Study selection 

Two levels of screening were performed: (1) title and abstract review, and (2) full-text review.  

For level one, a reviewer, checked titles and abstracts for full-text review based on the inclusion 

criteria. In level two, were included if perspectives on thermography use in dentistry were 

described. The PRISMA flow diagram tracking progress is shown in Figure 2 (Tricco et al., 

2018). 

 

Figure 2 –PRISMA chart with the selection process of the articles included 
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Stage 4. Charting the data 

Eligible papers were independently reviewed, and the following data were extracted: author 

information (title, author, and year of publication), objectives, study type, number of primary 

studies included in the review, and the results.  

 

Stage 5. Collection, summary, and consultation 

The PRISMA-ScR guided the collection, interpretation, and communication of results (Tricco 

et al., 2018). Following the recommendations by Levac et al. (2010), thematic analysis 

consisted of (1) analyzing the data, (2) reporting results, and (3) applying meaning to the results 

(Levac, Colquhoun and O’Brien, 2010).   
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III. RESULTS 

 

1. Literature Search 

Electronic searches identify 55 articles, resulting in 41 to be screen after excluding the 

duplicates. (Figure 2). The titles and abstracts were assessed to review following the inclusion 

criteria, resulting in 17 studies being retained. After full text reading and applying the inclusion 

criteria 3 were excluded as they did not provide relevant data to relate thermography with 

dentistry.  

 

2. Characteristics of reviewed studies 

According to the 13 selected studies, in surgery, studies relating this area to thermography have 

been carried out over the years since 2014. Subsequently, in endodontics, there were more 

frequent publications of literature in the year 2017, 2020 and 2021. As in temporomandibular 

disorders studies, thermography studies started in 2018. One ergonomic study was published in 

2019.  This information is represented in a chart mode in Figure 3. 

 

 

Figure 3 –Number of review articles relating dentistry and thermography 
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3. Type of reviews 

The largest number of studies were in vitro, as observed in Figure 4, followed by clinical trials 

and fewer systematic reviews and case study. 

 

 

Figure 4 – Type of reviews of the selected studies 

 

4. Quality Assessment 

To assess the evidence of the selected studies the Level of Evidence of Oxford metric was carried 

out (Howick et al., 2011). 
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Table 1. Level of evidence of Oxford (Howick et al., 2011) 

Study Level of Evidence Design 
Level of 

Recommendation 

(Aboushady et al., 
2021) 

3B Clinical Trial B 

(Barbosa et al., 
2020) 

3B Clinical Trial B 

(Lima et al., 2022) 3B Clinical Trial B 

(Melo et al., 2019) 3A 
Sistematic 

Review 
B 

(Harder et al., 2018) 4 In Vitro C 

(Endo et al., 2019) 4 Case study C 

(Cosoroaba et al., 
2019) 

3B Clinical Trial B 

(Kurt et al., 2017) 4 In vitro C 

(Diegritz et al., 
2020) 

4 In vitro C 

(Raj et al., 2021) 4 In vitro C 

(Lipski et al., 2020) 4 In vitro C 

(Möhlhenrich et al., 
2016) 

4 In vitro C 

(Christensen et al., 
2014) 

3B Clinical Trial B 
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Table 2. Areas, publication year, author, type of study, number of patients and results of the analyzed studies. n=13. 

Areas of 
Dentistry 

Author 
Year 

Type of 
study 

Number 
of 

Patients 
Objetives Results 

Endodontics 
(Aboushady 
et al., 2021) 

Clinical 
Trial 

n= 80 

To evaluate the effectiveness of 
thermography for the study of periapical 
inflammatory lesions and compare them 

with standard reference radiographs. 

Thermography was indicated as effective to be 
used in the diagnosis of acute pulpitis and 

apical periodontitis, acute periapical abscess 
(having a higher temperature than the others), 
and chronic apical abscess. Thus, it can detect 
inflammatory reactions during the preclinical 

phase, leading to early diagnosis. 

TMD 
(Barbosa et 
al., 2020) 

Clinical 
Trial 

n=86 

Evaluate patients with and without 
temporomandibular disorders according to 

differences in thermal radiance in sensitivity 
and specificity tests and evaluate the thermal 

asymmetry and the thermal intensity 
correlating with the intensity of pain on 

palpation. 

The low accuracy of infrared thermography 
made it difficult to differentiate TMD through 
thermographic analysis. According to thermal 
patterns, the intensity of pain on palpation in 
patients with TMD may be accompanied by a 

decrease in temperature. 

TMD 
(Lima et al., 

2022) 
Clinical 

Trial 
n=78 

Review the scientific effectiveness of 
infrared thermography in the diagnosis of 

TMDs. 

The literature still needs an increase in the 
number of studies on the reliability of Infrared 

Thermography for the diagnosis of TMDs. 

TMD 
(Melo et al., 

2019) 

Sistemat
ic 

Review 
n=9 

Systematically review the scientific 
effectiveness of infrared thermography in the 

diagnosis of TMDs. 

The literature still needs an increase in the 
number of studies on the reliability of Infrared 

Thermography for the diagnosis of TMDs. 

Surgery 
(Harder et 
al., 2018) 

In Vitro  

To compare the use of thermography and 
thermocouples to detect changes in 

intraosseous temperature during implant 
placement preparation. 

These results suggest that thermography reflects 
greater acuity of intraosseous temperature 

change during preparation than thermocouples. 
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Surgery 
(Endo et al., 

2019) 
Case 
study 

n=10 

This study was conducted to assess the 
usefulness of thermography to quantify 

facial temperature before and after 
orthognathic surgery and intermaxillary 

fixation and the effects of these orthognathic 
procedures on facial temperature. 

Thermography was useful for the quantitative 
assessment of facial temperature in patients 

undergoing orthognathic surgery. Changes in 
facial temperature were predominantly due to 

inflammation after surgery. 

Ergonomics 
(Cosoroaba 
et al., 2019) 

Clinical 
Trial 

n=4 

Evaluate, through thermal imaging, the 
muscle strain experienced by oral health 
professionals during work, depending on 

their position. 

Stretching exercises can be seen as effective 
preventive measures to avoid muscle strains 

caused by wrong working postures, however, 
more studies with thermography and other 
methods are needed to reach a definitive 

conclusion. 

Endodontics 
(Kurt et al., 

2017) 
In vitro n=80 

Evaluate changes in pulp area temperature 
during different cleaning adhesive 

procedures  

Appropriate cooling procedures, according to 
the thermographic data, and fine tungsten 

carbide burs should be used during the removal 
of remaining adhesives after debonding the 
bracket to prevent adverse pulpal reactions. 

Endodontics 
(Diegritz et 
al., 2020) 

In vitro n=45 

Determine the increase in 
temperature at the root surface during 

vertical hot compaction using three different 
obturation systems. 

The increase in temperature at the root surface 
during the application of vertical compaction 

presents considerable variability depending on 
the filling system, according to the 

thermographic data. 

Surgery 
(Raj et al., 

2021) 
In vitro N=72 

Discover a relationship between drilling 
speed, hand pressure, and coolant 

temperature to obtain the ideal balance 
needed, using thermography 

The results indicate that none of the three 
parameters generated heat above the critical 

temperature for bone necrosis (47º) 

Endodontics 
(Lipski et al., 

2020) 
In vitro N=80 

Measure changes using infrared 
thermography surface temperature adjacent 

to the chamber ceiling of premolar teeth 
extracted from young and old patients. 

Dentin had a significant limiting effect on the 
temperature rise generated during the 

polymerization of temporary materials, 
indicating good thermal insulating properties of 

this tissue. 
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Surgery 
(Möhlhenrich 
et al., 2016) 

In Vitro N=16 
Determining how bone density affects 
temperature in artificial bone using a 

thermographic camera 

Temperature increases with increasing bone 
density. However, this effect is reduced with 

increasing drill diameter. This will be important 
in terms of which tool to use depends on the 

bone reaction. 

Surgery 
(Christensen 
et al., 2014) 

Clinical 
Trial 

N=124 

To assess differences in facial temperature 
after mandibular third molar removal when 
patients received methylprednisolone and 

placebo, and to assess the correlation 
between patient-reported swelling on a 
visual scale and facial skin temperature 

measured with thermography. 

Thermography does not appear sensitive 
enough to detect differences in inflammatory 

responses when patients received 
methylprednisolone or placebo. 
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IV. DISCUSSION 

The selected studies report that the thermographic examination allows the identification of 

temperature variations. Some are so subtly that cannot be evidenced by laboratory tests, 

radiographs among others, thus being a complementary diagnostic method, helping in the 

identification of several pathologies. It is important to understand that the level of confidence 

is low, that the literature still needs an increase in the number of studies on the reliability of this 

technique.  

In all cases, it was evidenced that for the performance of thermographic exams it is extremely 

important to have clinical requirements in thermography in order to obtain standardized images, 

and with the least interference (Christensen et al., 2014; Möhlhenrich et al., 2016; Kurt et al., 

2017; Harder et al., 2018; Melo et al., 2019; Cosoroaba et al., 2019; Endo et al., 2019; Barbosa 

et al., 2020; Diegritz et al., 2020; Lipski et al., 2020; Aboushady et al., 2021; Raj et al., 2021; 

Lima et al., 2022). During the examination, the patient must be positioned relatively equidistant 

and adequately away from the wall. Before the examination, patients with minor infections 

around the face should be recorded, such as pimples, among others, as it can interfere with the 

diagnosis. These structures are called hyperthermic artifacts. Thermography can also be useful 

to assess temperature changes, monitoring postoperative inflammatory response Endo et al. 

(2019). It is recommended that, before the examination, the patient´s face should be cleaned to 

eliminate lotions, creams, powders, deodorants, or antiperspirants in the area to be examined, 

as they may have a reflexive effect (Barbosa et al., 2020). 

Thermography can be applied in different medical specialties. Surgery is one of these, explored 

since 2014. Thermography has been used as an auxiliary diagnostic aid in pre-surgery, during, 

and after surgery (Christensen et al., 2014; Möhlhenrich et al., 2016; Harder et al., 2018; Endo 

et al., 2019; Raj et al., 2021).In pre-surgery and post-surgery Endo et al. (2018), found out that 

is technique is very useful for evaluating temperature changes in the different stages of post-

surgical inflammation(Endo et al., 2019). According to Raj, et al. thermography can be used 

during surgery, to prevent temperature from reaching a value above 47°C, which is the critical 

temperature for bone necrosis. Also has good accuracy compared to other methods of 

temperature change, according to Harder, et al. (Harder et al., 2018; Raj et al., 2021).  
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Regarding endodontics, the interest in this area is more recent and had different approaches. 

Some studies aimed to confirm the effectiveness of thermography as a pulp diagnosis tool 

(Lipski et al., 2020; Aboushady et al., 2021). Other studies have used thermography to monitor 

temperature changes to maintain the vitality of pulp structures (Kurt et al., 2017; Diegritz et al., 

2020). In temporomandibular disorders, thermography studies started in 2018. For this 

specialty, this technique has a consensus in the selected studies, both Lima, et al. and Melo, et 

al. concluded that the literature needs an increase in the number of studies. This could elevate 

infrared thermography reliability in the diagnose of temporomandibular disorders to another 

level (Melo et al., 2019; Lima et al., 2022). Barbosa, et al. demonstrated the low accuracy of 

this technique, with a decrease in temperature in patients with pain on palpation (Barbosa et al., 

2020). 

One ergonomic study published in 2019 stated that this technique could also be important in 

the study of ergonomic control of health professionals. Cosoroaba, et al. report that this 

approach could become a complement to other study methods for muscle strains (Cosoroaba, 

et al. 2019). 

Thermography is a promising technique that, after being implemented robustly in the market, 

will become an asset on dentistry. Being an easy-to-use technique, without ionizing radiation, 

it could be used in more clinical studies as a complement to other diagnostic methods in 

different clinical areas. However, great care is needed in the handling of this technique, since 

any thermal alteration may cause errors in the reading and consequently in the diagnosis, so the 

professional must be trained to use this method and should only use it as a complementary 

means of diagnosis (Kells, B. E. et al. (2000). At this stage, as a novel technique, it needs more 

robustness, and more studies to prove its effectiveness, mostly in temporomandibular disorders. 

This technique will contribute to an earlier and more accurate diagnosis in some endodontic 

treatments. Since many of these studies are in vitro, it would be of great importance to carry 

out studies at a clinical level in the future, using this method to complement the clinical routine 

and register the added value in contribution and comparison with other diagnostic methods, 

such as radiographs and sensitivity tests. This method is also an asset in the diagnosis and 

prognosis of teeth fractures or vertical cracks, at an early level, so it would also be important to 

carry out clinical studies in patients with this indication. At a surgical level, this procedure has 

already demonstrated its effectiveness in controlling temperature to reduce the possibility of 
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bone necrosis and cell apoptosis, keeping temperature below 47ºC, which could be of help in 

increasing the rate of success on osteotomies and implants placement 
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V. CONCLUSION 

Studies suggest that it may have applicability in dentistry. It is expected that thermography will 

contribute to the expansion of knowledge as an asset in various pathologies in addition to other 

diagnostic tools, as in pulpitis diagnose, during hard tissue removal, controlling the temperature 

in dental procedures, osteotomies and implant placement, as well as in the post-surgical 

evaluation, apprising postsurgical edema. Being a very novel technique, it is important to 

increase the number of studies to enhance its reliability. 
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