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A b s t r A c t 

Introduction: Low marginal adaptation and therefore micro-leakage, is one of the weaknesses of bulk fill resin 
composites. Pre-heating of composite resins reduces their viscosity, thus, increasing the marginal adaptation and 
decreasing their micro-leakage. 
Objectives: The aim of this study was to examine the effect of pre-heating on micro-leakage of bulk fill compos-
ite resins in dentin margins of class II restorations. 
Material and methods: This in-vitro study was conducted on 39 extracted human molars. Class II cavities 
were prepared on teeth’s proximal surfaces. Teeth were divided randomly into three groups, which were restored 
using three different composites: Group 1 – X-tra fil composite; Group 2 – Opus Bulk Fill composite; and Group 3 
– Gradia Posterior composite. Each group included 2 sub-groups: at room temperature and after one pre-heating 
cycle at 50°C. The teeth were placed in fuchsin solution for 24 hours and were examined for micro-leakage under 
a stereoscopic microscope. Mann-Whitney U and Kruskal-Wallis tests were applied with SPSS 16 software. P-value 
of less than 0.05 was considered significant. 
Results: Pre-heating reduced micro-leakage significantly (p  <  0.001). There was no significant difference in 
micro-leakage of different composites (p < 0.05). 
Conclusions: Pre-heating to 50°C decreases micro-leakage in the dentin margin of class II restorations in bulk 
fill composites (X-tra fil and Opus Bulk Fill) and conventional composite (Gradia Posterior). Investigating the ef-
fect of  various pre-heating procedures, such as different temperatures, duration, and repeated pre-heating on 
physical and mechanical features of bulk fill materials, is suggested for future studies. 
Key words: composite resins, dental leakage, dentin, heating, X-tra fil composite resin. 

J Stoma 2024; 77, 2: 71-76
DOI: https://doi.org/10.5114/jos.2024.139874

IntroductIon 

Bulk fill composite resins are relatively new restorative 
concepts [1]. Bulk fill composite resins are used in up to 
4 mm thickness layers without damaging the conversion 
degree or mechanical properties  [2]. These composites 

have lower filler concentrations, which help in deeper 
light penetration  [3]. Also, their photo-activation sys-
tems are more efficient [4], owing to their increased light 
transmittance  [5]. Although these changes in structure 
result in greater polymerization at increasing depths, 
they might change the volumetric shrinkage and clinical 
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performance of  materials, such as marginal seal  [6]. 
However, a systematic review has reported a lower poly-
merization stress for bulk fill restorations  [7]. The  im-
portant success factors of composite restorations are good 
adaptation of restorative materials to the teeth’s surfaces 
and interfacial seal of the cavity walls [8]. Lack of proper 
adaptation and the resultant gap lead to micro-leakage of 
oral fluids and accumulation of bacteria, which result in 
sensitivity after restoration, marginal color change, and 
secondary caries [9]. Composite polymerization shrink-
age is one of  the  reasons for the  formation of gaps and 
micro-leakage [10]. There are several methods to resolve 
poor adaptation and micro-leakage, including using 
flowable composite liners with low viscosity before plac-
ing conventional composite, pre-heating of  composites, 
and using soft start mode during curing  [11]. Another 
technique to decrease adverse effects of  polymerization 
shrinkage is the  incremental placement of  conventional 
composite resins. However, this method is time-consum-
ing, and increases chances of void formation and cavity 
contamination [12]. 

Pre-heating of uncured resin composites is a method 
to enhance handling of  the  characteristics of  compo-
sites during placement  [13] that reduce their viscosity, 
leading to increased marginal adaptation and decreased 
micro-leakage [14]. Additionally, an increased tempera-
ture before polymerization causing a better conversion 
degree in resin composites [15], and an  improved sur-
face hardness and flexural and tensile strength have been 
reported [16]. A recent study using micro-CT analysis 
showed that pre-heated bulk fill composite resin can be 
effectively used at 68°C at both 2 mm and 4 mm thick-
nesses [17]. A study investigating the effect of pre-heat-
ing on bulk fill resin composites in class V cavities 
showed that the pre-heated composite had better mar-
ginal seal and less micro-leakage  [18]. Another study 
showed that pre-heating significantly reduced shrinkage 
force in bulk fill resin composites, while not damaging 
the degree of monomer conversion [19]. 

objectIves 

Since pre-heating has shown promising results in  
other types of  resin composites, and the  effect of  pre- 

heating on the properties of bulk fill composites, includ-
ing micro-leakage, has not yet been fully investigated, 
the objective of the current study was to assess the effect 
of pre-heating on micro-leakage of bulk fill composite 
resins in dentin margins of class II restorations. 

MAterIAl And Methods 

This in-vitro study was conducted on 39 sound hu-
man incisors without any caries, cracks, fractures, or 
anomalies, with mesiodistal dimensions of 8 to 12 mm 
and buccolingual dimensions of  8 to 12 mm. The  Re-
gional Ethics Committee has approved the  study pro-
tocol (approval No.: IR.TBZMED.VCR.REC.1400.070). 

SaMPle SIze 

According to a study by Eman et al. [20], the mean 
and standard deviation of micro-leakage in two groups 
(i.e., Grandio Voco and Z250 3M ESPE) were equal to 
1.1 ± 0.9 and 1.2 ± 1.9, respectively. Considering the first 
type error equal to 5% and power of  the study of 80%, 
the number of 22 samples were obtained in each group. 
20% was added to the  sample size to increase validity 
of the study. Finally, 26 samples (cavities) in each com-
posite group were considered. Since two cavities were 
prepared on each tooth, 13 teeth were used in each group. 

SaMPle PRePaRaTIOn 

To disinfect the teeth, 0.1% thymol solution (Sigma- 
Aldrich, Ontario, Canada) was used for 48 hours [21]. 
The remains of tissues around the teeth and any calcu-
lus were removed with a  standard curette, and kept in 
physio logical serum for three months before the experi-
ment. Using a turbine with air and water spray as a coolant 
and a 256-carbide bur, conventional class II cavities with  
a 2 mm pulpal depth, 3 mm wide, and 1.5 mm deep pro-
ximal box were prepared on both proximal surfaces of all 
teeth. The extension on occlusal surface was about 3 mm. 
Mesial and distal cavities were prepared, as the gingival 
floor of cavities was 1 mm beneath the cemento-enamel 
junction [21]. Then, the teeth were allocated randomly  
into three groups of  13 samples (26 cavities in each 

table 1. Description of composite resins used in the study 

composite resin type composition Filler % volume 

X-tra fil 
(VOCO, Cuxhaven, Germany) 

Micro-hybrid Matrix: Bis-GMa, UDMa, TeGDMa 
Filler: Barium-boron-alumino-silicate glass 

70.0 

Opus Bulk Fill 
(FGM, Joinville, Brazil) 

nano-hybrid Matrix: UDMa filler: Silanized silicon dioxide (silica),  
barium glass aluminosilicate 

58.4

Gradia Posterior 
(GC, Tokyo, Japan) 

Micro-hybrid Matrix: UDMa, dimethacrylate co-monomers 
Filler: Silica, pre-polymerized fillers, fluoro-alumino-silicate glass 

65.0

Bis-GMA – bisphenol A-glycidyal dimethacrylate, UDMA – urethane dimethacrylate, TEGDMA – triethyleneglycol-dimethacrylate
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group). Three composites were used to restore the teeth, 
two of which were bulk fill X-tra fil (VOCO, Cuxhaven, 
Germany) and Opus Bulk Fill (FGM, Joinville, Brazil), 
and one was a conventional composite Gradia Posterior 
(GC, Tokyo, Japan). Each group of composites was addi-
tionally divided into two sub-groups: at room tempera-
ture (24°C), i.e., non-preheated group, and pre-heated 
group, which received one pre-heating cycle up to 50°C. 
The composition of the resin-based composites used in 
the  study are presented in Table 1. Based on the  type 
of composite and pre-heating or not, 6 sub-groups were 
created. In sub-groups 1, 3, and 5, X-tra fil, Opus Bulk 
Fill, and Gradia Posterior composites, respectively, were 
cured at room temperature for 40 seconds with Demet-
ron A2 LED Light Cure (Kerr, Scapatti, Italy) at a light 
intensity of 1,000 mW/cm2. In sub-groups 2, 4, and 6, 
X-tra fil Opus Bulk Fill and Gradia Posterior compos-
ites, respectively, were heated for 15 minutes in a ther-
mostatically-controlled hot water bath at a temperature 
of 50°C, and were applied to the cavities within 20 sec-
onds. Syringes remained immersed in water for 15 min-
utes, so that the temperature of 50°C would be reached. 
A waterproof plastic bag protected the syringes during 
heating. There is an approximate 25°F decrease in tem-
perature within 2 minutes after removing the composite 
resin from the heating unit. Therefore, it is important 
to place the composite as quickly as possible  [22]. To 
ensure that the composite reached 50°C, the  tempera-
ture of composite resins after pre-heating was checked 
once in each group. Then, the composites were cured for  
40 seconds by a LED light cure device. 

For restoration, matrix band was mounted around 
the teeth, and they were etched for 15 seconds with 35% 
N-Etch phosphoric acid gel (Ivoclar Vivadent, Schaan, 
Liechtenstein). The acid was rinsed off the surfaces for 
15 seconds. After that, they were dried for about 3 sec-
onds, and care was taken not to dry the teeth too much. 
Tetric N Bond (Ivoclar Vivadent, Schaan, Liechten-
stein) bonding agent was applied on the  dentine sur-
faces with a micro-brush according to the manufactur-
er’s guidelines. The solvent slowly evaporated using air 
spray from a distance of 1 cm for 10 seconds. The sur-
face of the bonded area became slightly shiny, and then 
cured for 10 seconds (all these procedures were done at 
room temperature). Bulk fill composites were placed in 
the cavities in a single layer, while the conventional com-
posite was layered in 2 mm increments [17]. 

MICRO-leakaGe TeSTInG 

After restoration, the  teeth were incubated in dis-
tilled water at 37°C for 24 hours in the dark to ensure 
complete polymerization. Apexes of the teeth were filled 
with glass ionomer cement (Riva SDI, Sidney, Austra-
lia) to prevent secondary penetration of  the  material. 
Then, two layers of varnish were applied on the teeth at 

a distance of one mm from the cavity margin to prevent 
fuchsin penetration. The  samples were placed in 0.5% 
fuchsin solution for twenty-four hours  [23]. After im-
mersing time, the samples were removed from the solu-
tion and washed under running water for 10 minutes 
to remove excess paint. Subsequently, the  teeth were 
cut buccolingually with a diamond disc, and examined 
for micro-leakage by a  stereoscopic microscope (SMZ 
1,500; Nikon, Tokyo, Japan) with x40 magnification. 
The results were graded according to the following pat-
tern: 0 – no micro-leakage; 1 – micro-leakage up to half 
of the gingival wall; 2 – micro-leakage of more than half 
the distance from the gingival wall to the axial wall; and 
3 – micro-leakage up to the axial wall [11]. 

STaTISTICal analySIS 

Mann-Whitney U test was applied for comparison 
of  micro-leakage in pre-heating and non-pre-heating 
groups for each composite. Kruskal-Wallis test was uti-
lized for inter-group comparisons. Statistical analysis 
was performed with SPSS 16.0. P-value < 0.05 was con-
sidered significant. 

results 

The distribution of  each micro-leakage score in 
the study groups is presented in Table 2. The mean mi-
cro-leakage score was significantly lower in pre-heating 
sub-groups than at room temperature sub-groups in all 
three composite resins (p = 0.001). Comparing the three 
types of composites without pre-heating indicated that 
there was no significant difference between micro-leak-
age scores (p  =  0.52). Figure 1 shows micro-leakage 
of  three composites at room temperature. In pre-heat-
ed composites, X-tra fill composite presented the  low-
est micro-leakage score, and there was not significant 
difference amongst three composites (p = 0.41). Figure 
2 illustrates micro-leakage of the three pre-heated com-
posites. Figure 3 shows a  representative image of  each 
score of micro-leakage in the study. 

dIscussIon 

The aim of the present study was to investigate the ef-
fect of pre-heating on micro-leakage of bulk fill compos-
ite resins in the margins of class II restorations. Based 
on the results, the average amount of micro-leakage in 
pre-heated composites after heating to 50°C was signifi-
cantly lower than at room temperature composites. There 
was no significant difference in micro-leakage scores 
between the three composite resins used at room tem-
perature. In pre-heated composites, X-tra fill composite 
had the  lowest micro-leakage score, but there was not 
significant difference among the three composites. Since 
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polymerization shrinkage is one of  the  leading causes 
of  micro-leakage, many studies have concentrated on 
finding methods to decrease polymerization shrinkage 
in different types of composite resins. Tauböck et al. [19] 
indicated that pre-heating of bulk fill and conventional 
resin composites decreased the polymerization shrink-
age, but the degree of conversion was unaffected. Sim-
ilarly, Darabi et al. [24] reported that marginal gaps on 
dentin walls were significantly lower in both bulk fill and 

conventional composites after pre-heating up to 68°C 
compared with room temperature. 

In the  present study, the  average amount of  mi-
cro-leakage in pre-heated composites was significantly 
lower than that at room temperature composites. Simi-
larly, a  study by Dilian and Kadhim  [21] showed that 
the  pre-heated bulk fill restoration showed lower mi-
cro-leakage compared with unheated bulk fill compos-
ites. This might be explained that raising the composite 
temperature reduces material viscosity and increases 
molecular mobility due to the  increased thermal ener-
gy, resulting in more polymerization. However, a study 
by Elbahrawy and Attia  [25] showed that pre-heating 
of bulk fill composites has no effect on micro-leakage. 
This discrepancy could be caused by different brands 
of materials used. In Elbahrawy and Attia’s study, Tetric 
Evoceram bulk fill and Tetric Evoceram (Ivoclar Viva-
dent) composite resins were utilized. 

In the current study, no difference was observed in 
micro-leakage of  bulk fill composites compared with 
conventional ones. In contrast, a study by Arora et al. [26] 
showed that the pre-heated bulk fill composites had low-
er micro-leakage compared with nano-hybrid compo-
sites. It should be mentioned that restorations in Arora  
et al. [26] study were done on endodontically-treated 
teeth, and the present study used class II cavities. The vol-
ume of the composites used in these two studies might be 
the reason for this difference. 

In the  current study, no significant difference was 
observed in micro-leakage scores between different 
brands of composites. Although, Kincses et al. [27] con-
cluded that the  effect of  pre-heating on characteristics 
of  composites depends on the  brand and composition 
of resin-based composites. 

Due to different thermal expansion coefficients be-
tween enamel, dentin, and composite resins, thermo- 
cycling might have affected the scores of micro-leakage; 
therefore, the main limitation of this study is not using 
thermo-cycling. Another limitation of this study is that 
it did not investigate the long-term effects of pre-heating 
on micro-leakage of the bulk fill composites used. Also, 
limited number of the investigated bulk fill composites 

table 2. Distribution of each micro-leakage score in the study groups 

composite resin sub-group Micro-leakage score, n (%) 

0 1 2 3 

X-tra fil 
(VOCO, Cuxhaven, Germany) 

Pre-heating 11 (42.4) 14 (53.8) 1 (3.8) 0 (0.0) 

non-pre-heating 2 (7.7) 12 (46.2) 10 (38.4) 2 (7.7) 

Opus Bulk Fill 
(FGM, Joinville, Brazil) 

Pre-heating 8 (30.8) 16 (61.5) 2 (7.7) 0 (0.0) 

non-pre-heating 2 (7.7) 8 (30.8) 12 (46.1) 4 (15.4) 

Gradia Posterior 
(GC, Tokyo, Japan) 

Pre-heating 10 (38.5) 14 (53.8) 2 (7.7) 0 (0.0) 

non-pre-heating 1 (3.8) 7 (27.0) 17 (65.4) 1 (3.8) 
0 – no micro-leakage, 1 – micro-leakage up to half of the gingival wall, 2 – micro-leakage of more than half the distance from the gingival wall to the axial wall, 3 – micro-leakage 
up to the axial wall

figure 1. Box plot of mean micro-leakage score of three 
composites at room temperature 
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is a drawback, because the  results are highly material- 
dependent. Long-term clinical studies are recommend-
ed to evaluate the  clinical performance of  pre-heated 
bulk fill resin composites. 

conclusIons 

Based on the results, the pre-heating of the bulk fill 
composites (X-tra fil and Opus Bulk Fill) and conven-
tional composite (Gradia Posterior) up to 50°C decreas-
es the  micro-leakage of  the  dentine margin in class II 
ca vities. Furthermore, there is no difference in the micro- 
leakage of  bulk fill composites and Gradia Posterior 
composite both at room temperature and after pre- 
heating. Future studies evaluating the  effect of  various 
pre-heating procedures, including different tempera-
tures and pre-heating times, and repeated pre-heating on 
physical and mechanical features of bulk fill mate rials, 
are suggested. Furthermore, long-term research with 
thermo-cycling is recommended to evaluate the micro- 
leakage of pre-heated bulk fill restorative materials. 

dIsclosures

1. Institutional review board statement: The study was 
approved by the Regional Ethics Committee of the Tabriz 

University of Medical Sciences, with approval number: 
IR.TBZMED.VCR.REC.1400.070.
2. Assistance with the article: The authors would like to 
thank the Vice Chancellor of Research and Technology 
of Tabriz University of Medical Sciences for his support 
of the study..
3. Financial support and sponsorship: None.
4. Conflicts of interest: The authors declare no potential 
conflicts of interest concerning the research, authorship, 
and/or publication of this article.

References

1. Al Sunbul H, Silikas N, Watts DC. Polymerization shrinkage kine-
tics and shrinkage-stress in dental resin-composites. Dent Mater 
2016; 32: 998-1006. 

2. Lempel E, Őri Z, Szalma J, Lovász BV, Kiss A, Tóth Á, Kunsági- 
Máté S. Effect of  exposure time and pre-heating on the conver-
sion degree of conventional, bulk-fill, fiber reinforced and poly-
acid-modified resin composites. Dent Mater 2019; 35: 217-228. 

3. Engelhardt F, Hahnel S, Preis V, Rosentritt M. Comparison 
of  flowable bulk-fill and flowable resin-based composites: an  in 
vitro analysis. Clin Oral Investig 2016; 20: 2123-2130.

4. Rocha MG, Roulet JF, Sinhoreti MAC, Correr AB, Oliveira D. 
Light transmittance and depth of  cure of  a  bulk fill composite 
based on the exposure reciprocity law. Braz Dent J 2021; 32: 78-84.

5. Alperen D, Dilber BC. Pre-heating effect on the microhardness and 
depth of cure of bulk-fill composite resins. Odovtos 2022; 24: 99-112.

6. Fronza BM, Rueggeberg FA, Braga RR, Mogilevych B, Silva Soares LE, 
Martin AA, et al. Monomer conversion, microhardness, internal 

figure 3. Different micro-leakage scores. a) Score 0, b) score 1, c) score 2, d) score 3

A B

C D



Journal of Stomatology * http://www.jstoma.com76

Mahmoud Bahari, Amir Ahmad Ajami, Mohammad Esmaeel Ebrahimi Chaharom, Mehdi Abed Kahnamouei, Katayoun Katebi, Aynaz Aghazadeh

marginal adaptation, and shrinkage stress of bulk-fill resin com-
posites. Dent Mater 2015; 31: 1542-1551.

7. Cidreira Boaro LC, Pereira Lopes D, de Souza ASC, Nakano EL, 
Perez MDA, Pfeifer CS, et al. Clinical performance and chemi-
cal-physical properties of bulk fill composites resin -a systematic 
review and meta-analysis. Dent Mater 2019; 35: e249-e264. DOI: 
10.1016/j.dental.2019.07.007.

8. Hardan L, Sidawi L, Akhundov M, Bourgi R, Ghaleb M, Dab-
bagh S. One-year clinical performance of the fast-modelling bulk 
technique and composite-up layering technique in class i cavities. 
Polymers (Basel) 2021; 13: 1873. DOI: 10.3390/polym13111873. 

9. Balkaya H, Arslan S. A two-year clinical comparison of three dif-
ferent restorative materials in class II cavities. Oper Dent 2020; 45: 
E32-E42. DOI: 10.2341/19-078-C. 

10. Correia AMO, Tribst JPM, Matos FS, Platt JA, Caneppele TMF, 
Borges ALS. Polymerization shrinkage stresses in different restor-
ative techniques for non-carious cervical lesions. J Dent 2018; 76: 
68-74.

11. Rathi S, Nikhade P, Chandak M, Motwani N, Rathi C, Chandak M. 
Microleakage in composite resin restoration  –  a  review article.  
J Evolution Med Dent Sci 2020; 9: 1006-1011.

12. Alavi FN, Darabi F, Salari A, Dehghan A. Effect of  light-curing 
unit type and bulk-fill composite resins with different photoiniti-
ators on marginal gaps of class II restorations. Pesqui Bras Odon-
topediatria Clín Integr 2022; 22: e210110. DOI: https://doi.org/ 
10.1590/pboci.2022.041.

13. Elkaffass AA, Eltoukhy RI, Elnegoly SA, Mahmoud SH. Influence of 
preheating on mechanical and surface properties of nanofilled resin 
composites. J Clin Exp Dent 2020; 12: e494-e500. DOI: 10.4317/
jced.56469.

14. Metalwala Z, Khoshroo K, Rasoulianboroujeni M, Tahriri M, 
Johnson A, Baeten J, et al. Rheological properties of contempo-
rary nanohybrid dental resin composites: the influence of preheat-
ing. Polymer Testing 2018; 72: 157-163.

15. Hordones Ribeiro MT, Felipe de Bragança G, Sales Oliveira LR, 
Sueli Lourenço Braga S, Quirino de Oliveira HL, Bengt Price R, 
Soares CJ. Effect of pre-heating methods and devices on the me-
chanical properties, post-gel shrinkage, and shrinkage stress of 
bulk-fill materials. J Mech Behav Biomed Mater 2022; 138: 105605.
DOI: 10.1016/j.jmbbm.2022.105605. 

16. Baroudi K, Mahmoud S. Improving composite resin performance 
through decreasing its viscosity by different methods. Open Dent J 
2015; 9: 235-242.

17. Bilgili Can D, Özarslan M. 3D-2D microleakage assessment 
of preheated bulk-fill composite resin applied with different pa-
rameters: a micro-CT analysis. Odontology 2023; 111: 942-952.

18. Moustafa M, Abd El-Fattah W, Al-Abbassy F. Effect of  compo-
site preheating and placement techniques on marginal integrity 
of class V restorations. Alex Dent J 2020; 45: 93-99.

19. Tauböck TT, Tarle Z, Marovic D, Attin T. Pre-heating of  high- 
viscosity bulk-fill resin composites: effects on shrinkage force and 
monomer conversion. J Dent 2015; 43: 1358-1364.

20. Eman MS, Ibrahim LE, Adel AKA. Effect of preheating on micro-
leakage and microhardness of composite resin (an in vitro study). 
Alex Dent J 2016; 41: 4-11.

21. Dilian NS, Kadhim AJ. Comparative evaluation of  marginal 
micro leakage between bulk-fill, preheated bulk-fill, and bulk-fill 
flowable composite resins above and below cemento-enamel junc-
tion using micro-computed tomography: an in vitro study. Dent 
Hypotheses 2022; 13: 128-131.

22. Daronch M, Rueggeberg FA, Moss L, de Goes MF. Clinically rele-
vant issues related to preheating composites. J Esthet Restor Dent 
2006; 18: 340-350.

23. Daghrery A, Yaman P, Lynch M, Dennison J. Evaluation of micro- 
CT in the assessment of microleakage under bulk fill composite 
restorations. Am J Dent 2022; 35: 128-132.

24. Darabi F, Tayefeh-Davalloo R, Tavangar SM, Naser-Alavi F,  
Boorboo-Shirazi M. The effect of composite resin preheating on 

marginal adaptation of class II restorations. J Clin Exp Dent 2020; 
12: e682-e687. DOI: 10.4317/jced.56625.

25. Elbahrawy EM, Attia RM. Influence of  Pre-curing warming on 
micro-leakage, micro-hardness and degree of conversion of high 
viscosity bulk fill composite resins: an in vitro study. Egypt Dent  
J 2018; 64: 2717-2735.

26. Arora P, Arora V, Soliman M. Evaluation of coronal leakage of pre-
heated nanohybrid and bulk fill composites in endodontically 
treated teeth: an in vitro study. World J Dent 2018; 9: 201-207.

27. Kincses D, Böddi K, Őri Z, Lovász BV, Jeges S, Szalma J, et al. Pre- 
heating effect on monomer elution and degree of conversion of con-
temporary and thermoviscous bulk-fill resin-based dental compo-
sites. Polymers (Basel) 2021; 13: 3599. DOI: 10.3390/polym13203599.

https://doi.org/10.1016/j.dental.2019.07.007
https://doi.org/10.1590/pboci.2022.041
https://doi.org/10.1590/pboci.2022.041
https://doi.org/10.4317%2Fjced.56469
https://doi.org/10.4317%2Fjced.56469
https://pubmed.ncbi.nlm.nih.gov/?term=Louren�o+Braga+SS&cauthor_id=36516543
https://pubmed.ncbi.nlm.nih.gov/?term=Quirino+de+Oliveira+HL&cauthor_id=36516543
https://pubmed.ncbi.nlm.nih.gov/?term=Price+RB&cauthor_id=36516543
https://pubmed.ncbi.nlm.nih.gov/?term=Soares+CJ&cauthor_id=36516543

