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Abstract 

Objectives: Evaluate of the heated air jet temperature (T) in the pulp chamber on cavity 5 depths and photoactivation 

stages for a bulk fill resin restorative protocol is evaluated. Methods: Class I cavity preparations were conducted at 

different depths (n = 8) through two protocols for adhesive volatilization (23 °C and 40 °C) and cavities were restored 

with the Filtek Bulk Fill resin. The pulp chamber temperature variation was evaluated at four steps (times) during the 

restorative protocol: I (initial), V (after volatilization), A (after photoactivation of the adhesive), and C (after 

photoactivation of the composite resin). To verify the assumptions of the normality of the errors and homoscedasticity, 

the Shapiro Wilk and Levene tests were conducted. Subsequently, two-way and three-way analysis of variance was 

carried out, followed by Tukey's post-hoc analysis (α = 0.05). Results: The maximum T at the different restorative 

steps, regardless of the volatilization protocol and cavity depth, was as follows: I (36.8 °C) = V (36.9 ºC) < A (37.2 

°C) = R (37.8 ºC) (p <0.05). During V, a small greater variation was observed in pulp chamber temperature when 

dentin was volatilized at 40 °C (p <0.05) at very deep cavity depths (0.31 °C). The largest temperature variations (p 

<0.05) were observed during A (0.17–0.59 °C) and R (0.50–1.06 °C), reaching peak temperatures in the cavities.  

Keywords: Temperature; Dental restoration, permanent; Dental pulp cavity; Volatilization. 

 

Resumo: 

Objetivos: Avaliar a temperatura do jato de ar aquecido (T) na câmara pulpar na cavidade 5 profundidades e estágios 

de fotoativação para um protocolo de restauração de resina de bulk fill. Métodos: Os preparos cavitários Classe I 

foram conduzidos em diferentes profundidades (n = 8) por meio de dois protocolos de volatilização do adesivo (23 ° 

C e 40 ° C) e as cavidades foram restauradas com a resina Filtek Bulk Fill. A variação da temperatura da câmara 

pulpar foi avaliada em quatro etapas (tempos) durante o protocolo restaurador: I (inicial), V (após volatilização), A 

(após fotoativação do adesivo) e C (após fotoativação da resina composta). Para verificar os pressupostos de 

normalidade dos erros e homocedasticidade, foram realizados os testes de Shapiro Wilk e Levene. Posteriormente, foi 

realizada a análise de variância de dois e três fatores, seguida da análise post-hoc de Tukey (α = 0,05). Resultados: O 
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T máximo nas diferentes etapas da restauração, independentemente do protocolo de volatilização e da profundidade 

da cavidade, foi o seguinte: I (36,8 ° C) = V (36,9 ºC) <A (37,2 ° C) = R (37,8 ºC) (p <0,05). Durante V, uma pequena 

variação maior foi observada na temperatura da câmara pulpar quando a dentina foi volatilizada a 40 ° C (p <0,05) 

em profundidades cavitárias muito profundas (0,31 ° C). As maiores variações de temperatura (p <0,05) foram 

observadas durante A (0,17–0,59 ° C) e R (0,50–1,06 ° C), atingindo picos de temperatura nas cavidades. 

Palavras-chave: Temperatura; Cavidade pulpar; Restauração dentária permanente; Volatilização. 

 

Resumen 

Objetivos: Evaluar la temperatura del chorro de aire caliente (T) en la cámara pulpar en las profundidades de la cavidad 

5 y las etapas de fotoactivación para un protocolo de restauración de resina de relleno a granel. Métodos: Se realizaron 

preparaciones de cavidades de clase I a diferentes profundidades (n = 8) mediante dos protocolos de volatilización del 

adhesivo (23 ° C y 40 ° C) y se restauraron las cavidades con la resina Filtek Bulk Fill. La variación de la temperatura 

de la cámara pulpar se evaluó en cuatro pasos (tiempos) durante el protocolo de restauración: I (inicial), V (después 

de la volatilización), A (después de la fotoactivación del adhesivo) y C (después de la fotoactivación de la resina 

compuesta). Para verificar los supuestos de normalidad de los errores y homocedasticidad, se realizaron las pruebas 

de Shapiro Wilk y Levene. Posteriormente, se realizó un análisis de varianza de dos y tres vías, seguido del análisis 

post-hoc de Tukey (α = 0.05). Resultados: La T máxima en los diferentes pasos restauradores, independientemente 

del protocolo de volatilización y la profundidad de la cavidad, fue la siguiente: I (36,8 ° C) = V (36,9 ºC) <A (37,2 ° 

C) = R (37,8 ºC) ( p <0,05). Durante V, se observó una variación ligeramente mayor en la temperatura de la cámara 

pulpar cuando la dentina se volatilizó a 40 ° C (p <0,05) a profundidades de cavidad muy profundas (0,31 ° C). Las 

mayores variaciones de temperatura (p <0.05) se observaron durante A (0.17–0.59 ° C) y R (0.50–1.06 ° C), 

alcanzando temperaturas máximas en las cavidades. 

Palabras clave: Temperatura; Cavidad pulpar; Restauración dental permanente; Volatilización. 

 

1. Introduction 

Dentin adhesives have the following components: resinous monomers, polymerization initiators, inhibitors or 

stabilizers, solvents, and particles of inorganic charge. The bond between the composite resin and dentin is determined by the 

infiltration of monomers in the intertubular matrix (due to demineralization), formation of intratubular resin tags (due to 

hybridization), and chemical bonding to the dental surface. However, the effectiveness of adhesive systems can be compromised 

by microleakage and water absorption (Van Landuyt et al., 2007; Caiado et al., 2010; Osorio et al., 2010; Amaral et al., 2016; 

Borgo et al., 2019). 

The monomers are diluted in organic solvents that have the function of improving diffusion in the demineralized 

structure, thus promoting dentin dehydration so that resinous monomers can fill the surface maintained under the aqueous 

condition. Therefore, the monomer is the main factor that can change the effectiveness and manipulation of the adhesive system 

(Van Landuyt, et al., 2007; Giannini, et al., 2008; Chiba, et al., 2016) 

Thus, it is essential that appropriate volatilization of the material occurs at the restoration stage, prior to polymerization, 

in order to maintain high-quality hybridization, because high volume of organic solvents can inhibit polymerization and impede 

the development of a well-defined polymer (De Munck, et al., 2005; Amaral, et al., 2016; Chiba, et al., 2016; Matuda, et al., 

2016; Dreweck, et al., 2021). 

The use of a heated air jet for volatilization in adhesive systems has been evaluated in some studies. The use of this jet 

is promising because of the high bond strength values achieved for the resin/dentin interface (Alexandre, et al., 2008; Klein-

Júnior, et al., 2008; Reis, et al., 2009; Reis, et al., 2010; Ogura, et al., 2012), in addition to higher stability imparted to the dentin 

matrix and the best module of long-term elasticity achieved for macro hybrid layer models (Matuda, et al., 2016; Ferreira-

Barbosa, et al., 2020). 

However, the possibility of injuries to the complex pulp dentin has been a concern because heat is the most impactful 

factor that can cause pulp injury (Giannini, et al., 2008). Zach and Cohen achieved thermal controlled intrapulpal 2.2 °C, wherein 

induction of minor histological alteration occurred, and at 5.5 °C, pulp necrosis occurred in 15% of cases. They also observed 
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that in all cases, increases of 11 °C and 22 °C caused considerable cell destruction with pulp necrosis and abscesses. Thus, the 

limit must not reach or exceed 5.5 ºC above the intrapulpal temperature to ensure dental safety (Zach & Cohen, 1965). 

Moreover, further studies investigated the pulp chamber temperature as a parameter on the basis of the pioneering 

laboratory research of Hanning et al. (1999) on the consequences of using light sources to significantly increase the temperature 

intrapulpal. More recently, in vivo studies were conducted to evaluate the increase in pulp chamber temperature during dentin 

exposure by using a photoactivator and the effectiveness of direct air spraying for 30 s immediately after turning it off in reducing 

the increase in pulp chamber temperature during this exposure (Hanning & Bott, 1999; Zarpellon, et al., 2018; Zarpellon, et al., 

2019). 

For further investigation of the damage to the pulp tissue, cytotoxicity analyzes were performed, it is known that dentin 

adhesives have a toxic capacity to human cells (Huang, et al., 2010), and that the greater the thickness of dentin, the lower the 

cytotoxicity in comparison with smaller thicknesses (Nasseri, et al., 2020), therefore, the protection of the dentin-pulp complex 

must be oriented according to the remaining thickness of the dentin. 

This study aimed to evaluate of the heated air jet temperature (T) in the pulp chamber on cavity 5 depths and 

photoactivation stages for a bulk fill resin restorative protocol is evaluated. The null hypothesis tested in this study was that the 

heated air jet used in the volatilization of the solvent of the universal adhesive system would negatively influence in the variation 

of the pulp chamber temperature, regardless of cavity depth, in bulk fiil composite restorations. 

 

2. Materials and Methods 

2.1 Teeth selection 

After approval by the Research Ethics Committee (CEP) (CAAE: 82161718.2.0000.5515), 80 extracted sound third 

molar teeth were selected. To select these extracted teeth, the inclusion criteria were: teeth of young patients within the age group 

of 18 to 30 years old who were recently extracted, and teeth with similar dimensions and pulp volume, for this, digital periapical 

radiographs were taken to assess the distance from the occlusal to the pulp. Third molars from patients outside this age group 

and with different pulp dimensions and volume were excluded from the study. After selection, the Unwest Human Teeth 

Biobanco protocol was followed, which includes disinfection prior to immersion in enzymatic detergent for 30 min; prewash 

with running water, detergent and sponge; teeth scraping (for removal of organic residues); distribution in specific recipients and 

numbering for identification (to ensure donor confidentiality); storage in distilled water (under refrigeration, the water being 

changed weekly). 

Digital periapical radiography was performed for all teeth to assess the distance between the occlusal surface and the 

pulp. Only teeth with similar dimensions and pulp volume were used in the study. The control (CT) group had a dentin thickness 

of 5 ± 1 mm, shallow cavity (SC) depth of 0.5–1.0 mm beyond the amelodentinary junction, middle cavity (MC) depth of 1.0–

2.0 mm beyond the amelodentinary junction, deep cavity (DC) depth exceeding 50% dentin thickness with at least 0.5 mm of 

remaining dentin; and the very deep cavity (VDC) depth of <0.5 mm of remaining dentin. 

 

2.2 Outline 

For the experimental design, the teeth were divided into 10 groups according to the cavity depth (5 levels) and the air 

jet temperature for the solvent volatilization adhesive system (2 levels) (n = 8). The pulp chamber temperature was evaluated for 

each group in five different stages of the restorative protocol (Figure 1). 
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Figure 1 - Schematic representation of the experimental design. 

 

Source: Authors. 

 

2.3 Procedure 

Class I cavity preparations were conducted on the occlusal surface of the third molars with different cavity depths 

(Cavalcanti, 2010) and distributed between groups: control group (CT), shallow cavity (SC), middle cavity (MC), deep cavity 

(DP), and very deep cavity (VDC). Cavities with isthmus width equal to intercuspal distance were prepared by using a diamond 

bur (1050; KG Sorensen, Barueri, SP, Brazil) mounted on a high-speed hand-piece with an air-water spray. After the end of each 

cavity preparation, new periapical radiographs were obtained to confirm the cavity depth and thickness between the dentin and 

pulp. Subsequently, the sectioning of the root portion was performed 2 mm below the enamel/cement joint with disk Diamond 

Flex - 7020 (KG Sorensen, Barueri, SP, Brazil). The root canals were enlarged, and the sections were cleaned by irrigation with 

a physiological solution. 

 

2.4 Volatilization protocol of the adhesive system at different temperatures 

The application of the Universal Single Bond adhesive system (3M, St. Paul, Minessota, USA) followed the 

manufacturer's protocol for selective enamel conditioning, which included prior acid conditioning of the cavity with Ultra Etch 

35% phosphoric acid gel (Ultradent, Barueri, SP, Brazil) only in the enamel at the cavo-superficial angle for 30 s and abundant 

washing with an air/water jet for 60 s. After the application of the adhesive system for 20 s, the air jet at 23 °C (conventional 

protocol - CP) or 40 °C (heating protocol - HP), depending on the group, was applied at a distance of 7 cm between the exit of 

the applicator cannula and the dental surface for 5 s. Then, the adhesive system was photoactivated through a Bluephase N light-

polymerizing unit (Ivoclar, Barueri, SP, Brazil) at a high power intensity of 1430 mW/cm2, following the manufacturer's 

recommendation, for 10 s.  

The volatilization of the adhesive system was carried out by using a portable sample heating device (ER 27110; Erios) 

developed by the Dentistry Laboratory of the Faculty of Dentistry of Piracicaba- UNICAMP (patented), at a standardized 
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distance of 7 cm between the tip of the applicator cannula and the tooth surface. The air jet was used at a constant temperature 

of 40 ± 1 °C or 23 ± 1 °C.  

 

2.5 Composite resin restoration 

The composite resin used was Filtek Bulk Fill resin Posterior Restorative (3M, St. Paul, MN, USA) and was restored 

using the single-increment restorative technique for up to 4 mm. Photoactivation was conducted using a Bluephase N device 

(Ivoclar, Barueri, SP, Brazil) with a high power intensity of 1430 mW/cm2, following the manufacturer's recommendation, for 

20 s. 

 

2.6 Temperature rating 

Through the opening in the sectioned root, a thermal paste was inserted (Implastec Electroquímica, Votorantim - SP, 

BR) and a thermometer sensor with a type K thermocouple (TES, Neihu Dist., Taipei, Taiwan) was introduced in the pulp 

chamber, maintaining contact with the center of the top surface of pulp chamber (Schneider, et al, 2005, Andreatta, et al., 2016). 

. Root surfaces and the lower portion of the crown were submerged in a thermal vat, where the water was maintained at 

a constant temperature of 37 ± 1 °C (Andreatta, et al., 2016). The pulp chamber temperature was measured at different times 

(stages of the restorative protocol): 10 min after the tooth is subjected to stable cavity preparation in water at 37 ± 1 °C (I), 

immediately after volatilization of the adhesive system (V), immediately after photoactivation of the adhesive system (A), and 

immediately after photoactivation of the composite resin (C). The temperature was measured for 5 min at each of the above-

mentioned times.  

 

3. Statistical Analysis 

To verify the assumptions of the normality of the errors and homoscedasticity, the Shapiro Wilk and Levene tests were 

conducted. Subsequently, two-way and three-way analysis of variance was carried out, followed by Tukey's post-hoc analysis 

(α = 0.05). The analysis was performed using software R (University of Auckland, Auckland, North Island, New Zealand). 

 

4. Results 

The solvent volatilization protocol with the heated air jet influenced the results of volatilization of the pulp chamber for 

middle cavity (p = 0.0017), very deep cavity (p = 0.0173), and control group (p = 0.0014). By determining the cavity depth for 

each group in the volatilization protocol, compared to the conventional protocol, a higher temperature measure was observed for 

very deep cavity (37.4 ºC), deep cavity (37.2 ºC), and shallow cavity (36.9 ºC) groups. Comparatively, for the heated air jet, the 

highest temperature variations were observed for very deep cavity (37.7 °C) and deep cavity (37.4 ºC) groups. 

As for the initial averages (36.8 °C) and those obtained after volatilization (36.9 °C) were lower and statistically similar; 

further, the photoactivation temperatures required for the adhesive system (37.2 ºC) and restoration (37.8 ºC) were observed to 

be greater (Figures 2 and 3). 
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Figure 2 - Graphical representation of average temperatures at different cavity depths and stages of restoration in the 

conventional protocol for solvent volatilization. 

 

Source: Authors. 

 

Figure 3 - Graphical representation of the average temperatures in the different cavities and stages of restorations in the heated 

air protocol for solvent volatilization. 

 

Source: Authors. 

 

The average values of the temperature variation between each restorative stage, at 23 and 40 ºC, are described in Table 

1 for the different cavity depths that were evaluated. When comparing the groups of teeth restored for the different solvent 
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volatilization protocols evaluated (CP-23ºC or HP- 40ºC), a statistically significant difference was not observed between the 

stages of the photoactivation of the adhesive system and the photoactivation of the composite resin regardless of the cavity depth 

studied (p> 0.05). 

 

Table 1 - Average variation of pulp temperature in °C from the average pulp temperature (36.2 to 37 °C) in the different cavity 

depths and stages of restoration according to the air jet temperature for volatilization. 

                Volatilization                    Adhesive                   Composite 

Deep     CP (23ºC)     HP (40ºC)     CP (23ºC)     HP (40ºC)    CP (23ºC)     HP (40ºC) 

VDC 0,04 (0,09) Bab 0,31 (0,16) Aa 0,40 (0,19) Aab 0,48 (0,29) Aab 0,94 (0,31) Aa 1,06 (0,27) Aa 

DC 0,07 (0,10) Bab 0,27 (0,09) Aa    0,58 (0,28) Aa      0,59 (0,22) Aa      1,00 (0,53) Aa 1,05 (0,31) Aa 

MC 0,15 (0,08) Aa 0,2 (0,11) Aab 0,54 (0,53) Aa 0,44 (0,21) Aa 0,62 (0,52) Aab 0,94 (0,35) Aab 

SC 0,00 (0,11) Bb 0,26 (0,11) Aa    0,21 (0,24) Abc 0,31 (0,12)Abc 1,00 (0,27) Aa      0,88 (0,30) Aa 

CT -0,01 (0,06) Bb 0,11 (0,06) Ab 0,17 (0,15) Ac 0,19 (0,10) Ac 0,50 (0,41) Ab 0,59 (0,27) Ab 

Source: Authors. 

 

However, during the volatilization stage of the adhesive system, a small increase in pulp temperature variation was 

observed when dentin was volatilized at 40 ºC (p = 0.0175) in cavities of varying depths, namely: shallow (0.26 ºC), deep (0.27 

ºC), and very deep (0.31 °C). 

The average temperature increase for the photoactivation stage of the adhesive system ranged from 0.17 to 0.59 °C, 

with a greater variation on an average in the cavities that were shallow cavity (CP- 0.54 °C; HP- 0.44 °C), deep cavity (CP- 0.58 

°C; HP- 0.59 ° C) , and very deep cavity (CP- 0.40 °C; HP- 0.48 °C) (p <0.05).  

During the photoactivation stage of the composite resin, the pulp temperature of all the teeth, regardless of the cavity 

depth, was observed to exhibit the highest increase in temperature with average increases ranging from  0.50 to 1.06 °C; this led 

to a variety of peaks in the shallow cavity (CP- 1.00 ºC; HP- 0.88 ° C), medium cavity (CP- 0.62 °C; HP- 0.94 °C), deep cavity 

(CP- 1.00 ºC; HP- 1.05 ° C) , and very deep cavity (CP- 0.94 °C; HP- 1.06 °C) (p <0.05). 

 

5. Discussion 

The scientific interest in protocols that improve the quality of the adhesive layer and the hybrid layer has resulted in the 

formation of composite resin restorations with enhanced resistances; this has been achieved via inspiring research based on the 

volatilization of solvents with rising temperatures (Alexandre, et al., 2008; Klein-Júnior, et al., 2008; Reis, et al., 2009; Reis, et 

al., 2010; Ogura, et al., 2012; Ferreira-Barbosa, et al., 2020). However, because heat can be a critical factor that can lead to pulp 

heating, there is a concern regarding the investigation of the effects of the rise in temperature of the air jet on safety with regard 

to changing restorative clinical protocols without causing structural changes in the dental pulp. The null hypothesis tested that 

the heated air jet would negatively influence the temperature of the pulp chamber regardless of cavity depth was rejected. 

It is well-known that if the critical pulp heating threshold is reached or exceeded, the resulting changes can lead to a 

variety of problems including irreversible pulpitis to pulp necrosis (Zach & Cohen, 1965; Baldi, et al., 2019; Karacan & Ozyurt, 

2019; Nilsen, et al., 2020). In this context, it has been established that the smaller the dentin thickness remaining in a cavity 

preparation, the greater the proximity to the dental pulp; consequently, this increases the chances of aggressive agents in the 
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dentin to reach the odontoblast extensions (Kwon, et al., 2013; Vinall, et al., 2017; Yasa, et al., 2017; Akarsu & Aktuğ Karademir, 

2019). 

In the comparison between the cavity depths evaluated, it was found that the remaining dentin thickness was extremely 

important and it influenced the results obtained in this study. Thus, with the increase in the temperature of the pulp chamber, 

there was a significant effect on the restorations performed in very deep cavities (less than 0.5 mm dentin thickness). In this 

context (Kwon, et al., 2013; Niu, et al., 2016), researchers have associated this influence of temperature on procedures that 

generate heat in the proximity of the pulp tissue; further, they have also attributed this effect on the larger diameter of the dentinal 

tubules in this region that results in a greater thermal conductivity, rendering the pulp to respond faster. The results obtained in 

this study confirm that the greater the depth, the greater the variation of the pulp temperature. 

In view of the results presented in this study, there was an increase in the overall pulp temperature; the greatest variation 

occurred in the resin photoactivation stage, with a peak reaching a variation of 1.06 ºC under the temperature range varying from 

37.3ºC to 38.4 ºC. This was observed primarily in cavities that were closer to the pulp, reinforcing the fact that the dentin 

thickness is inversely proportional to the the pulp chamber temperature (Niu, et al., 2016; Silva, et al., 2018). From this point of 

view, studies have demonstrated that two factors are responsible for the increase in the temperature of the pulp chamber, 

namely: the exothermic reaction of the carbon–carbon conversion of double bonds and the absorption of light energy during 

photoactivation that also causes an exothermic reaction and can elucidate the results obtained (Hubbezoglu, et al., 2008; Chang, 

et al., 2013; Kim, et al., 2015). 

However, studies show that the variation capable of altering the pulp tissue is 5.5 ºC above the average temperature of 

the oral cavity that varies from 36.2 to 37ºC °C (Zach & Cohen, 1965; Baldi, et al., 2019; Karacan & Ozyurt, 2019; Nilsen, et 

al., 2020), with 42-42.5°C being the average critical pulp temperature to initiate irreversible damage (Pohto & Scheinin, 1958). 

Thus, in this study, although it was the restorative stage that presented the greatest temperature variation, the photoactivation of 

the Filtek Bulk Fill Posterior Restorative resin at different cavity depths that was evaluated for the different solvent volatilization 

protocols did not attain the critical pulp temperature average. 

With the recent advances in composites and the development of restorative materials called bulk fill, which can be 

inserted into the cavity in increments of up to 4 mm thickness (Fronza, et al., 2015; Kapoor, et al., 2016; Eweis, et al., 2018; 

Boaro, et al., 2019; Arbildo-Vega, et al., 2020), additional photoactivation is unnecessary as that required for conventional resins 

(AlShaafi, 2017; Zarpellon, et al., 2018); this reduces stress, polymerization contraction, and working time (Fronza, et al., 2015; 

Rosatto, et al., 2015; Reis, et al., 2017). 

In addition to the advantages mentioned, this composite was photoactivated for only 20 s, following the manufacturer's 

recommendation; this is because the photoactivator had an intensity exceeding 1000 mW / cm2 (Campodonico, et al., 2011; 

Yarmohammad, et al., 2019), which may also have contributed to the maintenance of the pulp temperature at the safe threshold 

of variation (Zach & Cohen, 1965; Baldi, et al., 2019; Karacan & Ozyurt, 2019; Nilsen, et al., 2020). 

In the comparison between the groups of teeth restored for the different volatilization protocols of the evaluated solvents, 

no difference was observed between the restorative stages of the photoactivation of the adhesive system and the composite resin; 

this was observed regardless of the cavity depth. This suggests that volatilization with a heated air jet did not result in an increase 

in the temperature of the pulp chamber during the application of the light source by somatization. 

In this study, an air jet was used to volatilize the solvents present in the Universal Single Bond adhesive system under 

two distinct temperatures, 23 or 40 °C, whose maximum temperature did not even reach 38 °C; this was observed regardless of 

the group in question, remaining in a safe variation zone (Pohto & Sheinin, 1958; Zach & Cohen, 1965; Baldi, et al., 2019; 

Karacan & Ozyurt, 2019). 

http://dx.doi.org/10.33448/rsd-v10i7.16742


Research, Society and Development, v. 10, n. 7, e54210716742, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i7.16742 
 

 

9 

Under the conventional protocol, the highest temperature peak was reached at the restorative procedure performed in a 

very deep cavity at 37.4 °C. The protocol that required a temperature of 40 °C also showed its highest peak in the very deep 

cavity at 37.7°C. These data corroborate the previous findings by Silva et al., 2018, wherein it was found that the pulp chamber 

temperature is influenced by the thickness of the remaining dentin (Kwon, et al., 2013; Vinall, et al., 2017; Yasa, et al., 2017; 

Akarsu & Aktuğ Karademir, 2019,) as well as by the evaporation temperature of the solvent in the adhesive system (Silva, et al., 

2018; Carvalho, et al., 2019). 

The results of this study contradict the previous findings by Silva et al., 2018 wherein the average temperature 

variation was from 4.1. to 16.6°C, regardless of the cavity depth; however, this was obserevd with a jet of air heated to 60 ± 2°C 

and with volatilization time ranging from 10 to 40 s (Silva, et al., 2018). It is suggested that the difference in the volatilization 

times, equipment used, and the lower pressure as well as outflow of the air jet of the equipment used in this study were responsible 

for the small temperature variation observed even in very deep cavities. 

Fortunately, several studies have been insistent in seeking to improve the adhesion capacity and the mechanical 

properties of adhesive restorations (Ogura, et al., 2012; Fidalgo, et al., 2019; Zhou, et al., 2019). As previously mentioned, 

volatilization with heated air has led to an increase in mechanical and physical properties (Alexandre, et al., 2008; Klein-Júnior, 

et al., 2008; Reis, et al., 2009; Reis, et al., 2010; Ogura, et al., 2012; Ferreira-Barbosa, et al., 2020). However, there are still a 

few numbers of studies that have successfully determined the possibility of pulp aggression. Thus, in this investigation, the 

evaporation of solvents in a universal adhesive system using a heated air jet showed promising results, with regard to maintaining 

the pulp tissue temperature in the safe range (Pohto & Sheinin, 1958; Zach & Cohen, 1965; Baldi, et al., 2019; Karacan & Ozyurt, 

2019) even in the very deep cavity. 

It is known that the likelihood of injury to the pulp during restorative procedures depends on not only the peak of the 

temperature attained, but also on the time for which this temperature remains above a safe threshold (Baldissara, et al., 1997; 

Silva, et al., 2018; Runnacles, et al., 2019). In this context, the protocol stipulated for the time of volatilization and 

photoactivation of the restorative steps evaluated in this research were based on the indications of the manufacturers of each 

material. Remarkably, the times studied at the evaluated temperatures remained in accordance with their peaks and averages of 

the temperature variation, within the safe threshold of variation. 

It is important to clarify no covering materials were used that in this study, such as calcium hydroxide cement and glass 

ionomer cement, which are indicative for cavities that are in a greater proximity to the pulp environment and could prevent 

injuries to this tissue during clinical restorative practice (Corralo & Maltz, 2013; Arandi, 2017).  

Such materials were not used in this study purely for the purpose of standardizing the influence of the temperature on 

the different volatilization protocols evaluated. Thus, clinically, the protection of the pulp with protective materials of the pulp 

dentin complex, such as cements, is observed when dealing with deep and very deep cavities; this is in order to avoid its heating 

at various restorative stages, depending on the type of technique and the composite resin used. 

In this study, despite the conditions being favorable and mimicking clinical conditions, one must take into account the 

limitations that a laboratory study presents, but the results found are important for the scientific basis and encourage further 

studies. 

The use of the heated air jet for the volatilization of the adhesive system resulted in minimal changes in pulp heating; 

this was in contrast to the photoactivation of the adhesive system and the composite resin, wherein the heating was increased 

with the cavity depth even though critical thresholds were not achieved. 
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6. Conclusions 

• The use of the heated air jet for volatilization of the universal adhesive system solvent as one of the restorative steps 

in the Bulk Fill resin restoration resulted in a small temperature increase in the pulp chamber; however, the critical threshold of 

temperature variation was not achieved. The procedure can be considered safe with the evaluated equipment. 

• Pulp temperature variations observed did not reach critical levels despite being influenced by the photoactivation of 

the adhesive system and the composite resin. 

• The temperature in the pulp chamber was influenced by the dentin thickness. This implies that the dental surgeon had 

properly performed the restorative protocol.  
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