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Aim: Bulk Fill composite resins were released on the market in 
order to reduce the time in clinical sessions by using increments 
of up to 5.0 mm thickness. The aim of this study was to evaluate 
the effect of the rinsing solutions on the surface roughness of the 
conventional composite and Bulk fill composite resins. Methods: 
40 specimens were prepared from a 4.0mm x 10.0mm teflon 
matrix and photoactivated for 20 seconds, with 20 specimens 
made of Filtek Bulk-Fill composite resin (3M ESPE) and 
20 specimens made with Filtek™ Z350 XT composite resin (3M 
ESPE). Each group was subdivided into 2 subgroups: G1 (Filtek™ 
Z350 XT-3M ESPE-immersed in Colgate PlaxWhitening®); 
G2 (Filtek™ Z350 XT-3M ESPE-immersed in PlaxFreshMint®); G3 
(Filtek™ Bulk-Fill-3M ESPE-immersed in Colgate PlaxWhitening®) 
and G4 (Filtek™ Bulk-Fill-3M ESPE-immersed in Colgate 
PlaxFreshMint®). The surface roughness test was performed 
initially and after immersion in rinses by the Time Group Inc.-
TR200® rugosimeter apparatus and the data were submitted 
to statistical analysis (two-way repeated measures ANOVA).  
Results: Surface roughness values of the Filtek™ Bulk-Fill 
composite resin (3M ESPE) were significantly higher than 
the Filtek™ Z350 XT composite resin (3M ESPE) (P <0.0001). 
However, no differences were identified before and after 
immersion in rinses with or without alcohol. Conclusion: The use 
of mouthwashes does not interfere with the surface roughness 
of the tested resins, but the composite resin Filtek Z350 XT (3M 
ESPE) presents a surface with less roughness.
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Introduction

Composite resins are restorative materials extensively used in Dentistry due to their 
excellent aesthetic1 physical and mechanical properties, which allows the reproduc-
tion of characteristics similar to dental structures2 as well as minimal removal of 
healthy dental structure. The popularity of the composite resins arises from their out-
standing adhesiveness and the ability to mimic oral tissues. However, the insertion 
of composite resins into the cavity requires more clinical time, since the incremental 
technique is the most appropriate3. Typically, this technique consists of adding com-
posite resin increments up to 2.0 mm thick, followed by exposure to the photoactivator 
until the cavity is entirely filled4. Driven by consumer demand for faster, more straight-
forward procedures and reduced clinical time, the market has recently launched a 
new category of fillers for posterior teeth know as bulk-fill composite resin. Said resin 
allows the insertion of up to 4.0 mm thick increments without too much polymer-
ization shrinkage5. Said decreased polymerization shrinkage derives from properties 
capable of reducing the contraction stress and increasing the pre-gel phase, which 
is characterized by more flexible polymer chains, allowing the material to flow freely 
through the cavity surface6. Moreover, these materials provide higher transmission of 
light, thus allowing the reach of greater polymerization depth6.

Notwithstanding the recommended optimization of the clinical time, some deficien-
cies of composite resins concerning aesthetic properties, such as color change and 
translucency, must be considered. These aesthetic properties can be influenced by the 
surface roughness of the restorations as well as by the oral conditions in which they 
are inserted7. As a result of this interaction, mainly by contact with substances con-
taining dyes, extrinsic staining occurs through the absorption of pigments from exog-
enous factors associated with individuals’ habits, food, and use of mouthwashes8. 
Thus, the properties of the composite resins can be changed by environmental con-
ditions, considering that the exposure to acid solutions contained in the buccal cavity 
can influence the surface gloss and hardness, which causes degradation of the mate-
rials and reduces their clinical longevity. This process allows plaque retention, wear 
and staining of the restorations9. 

Mouthwashes help to control the biofilm and serve as a complement for the patient’s 
toothbrushing. The mouthwashes have been widely used, even without professional 
prescription10,11. Such products have varied compositions and ingredients that can 
also cause degradation, softening, and wear of composite resins7, making the surface 
irregular and exposed to bacterial plaque retention. The composition of these prod-
ucts consists of water, antimicrobial agents, salts, and, in some cases, alcohol. The 
antiseptics pH may be affected as a result of the different concentrations of these 
substances. Despite the frequent use of these products, the effects of such compo-
nents on the composite resin polymer matrix have not been widely discussed9. 

Besides, changes along the inorganic phase may decrease the physical properties of 
the material, such as microhardness and roughness11.  In contrast, the effect of rinses 
on wear and hardness also depends on the material that is analyzed. Differences in 
chemical composition, type, and filler content are accountable for this variation. More-
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over, the chemical alteration of the restoration surface cannot be attributed to a single 
chemical component, but it is otherwise the result of complex reactions between the 
different chemical composites12.

The literature on the surface roughness of bulk-fill composite resins is still scarce. 
The literature does not indicate whether changes in the composition of materials tend 
to affect the surface roughness and whether chemical compounds, such as mouth-
washes, can adversely affect the integrity of their surface. Further researches should 
be carried out about changes in the surface of these composite resins. These com-
posite resins must have a smooth surface to increase durability, improve aesthetic 
appearance, and avoid color changes in the restoration13-18.

Therefore, this study aims to evaluate the effect of the rinsing solutions on the surface 
roughness of the conventional composite and bulk-fill composite resins. 

Materials and Methods
This experiment consists of the surface roughness comparison test between Filtek™ 
Bulk-fill composite resins (3M ESPE) and Filtek™ Z350 XT composite resins (3M ESPE), 
both with the same nanoparticle technology, after immersion in mouthwashes, either 
with or without alcohol. Table 1 provides the characteristics of the composite resins 
used. The analyses were carried out in the Material Engineering Laboratory of the 
Centro Universitário Newton Paiva, in the State of Belo Horizonte, Brazil.

The specimens were prepared using a polished Teflon™ matrix of 4.0 mm depth 
and 10.0 mm internal diameter15,19-22 in which the composite resin was added. Thus, 
20 specimens were prepared using Filtek™ Bulk-Fill composite resin (3M ESPE), and 
the other 20 specimens used Filtek™ Z350 XT composite resin (3M ESPE). These 
specimens were divided into four groups: (i) G1- Filtek™ Bulk-Fill composite resins 

Table 1. Characteristics of the composite resins used.

Material Type/Color Organic
Composition

Inorganic 
Load

Average 
Size Manufacturer

Filtek Z350 XT A2 ENAMEL

BIS-GMA*, 
UDMA**,

TEGDMA***, 
BIS-EMA****

78.5% by weight 
or 63.3% by 

volume

10 to 20 
nanometers 3M ESPE

Filtek Bulk-fill A2

AUDMA ¶,
AFM ¶¶,
UDMA

DDMA¶¶¶

76.5% by weight 
or 58.4% by 

volume

10 to 20 
nanometers 3M ESPE

* Bisphenolglycidyl methacrylate
** Urethane dimethacrylate
*** Triethylene glycol dimethacrylate
**** Bisphenol A polyethylene glycol di-di-methacrylate
¶ Aromatic dimethacrylate urethane
¶¶ Additional fragmentation monomer
¶¶¶ Dodecanedimetacrylate
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(3M ESPE) immersed in the Colgate PlaxWhitening™ mouthwash; (ii) G2- Filtek™ 
Bulk-Fill composite resins (3M ESPE) immersed in Colgate PlaxFreshMint™ mouth-
wash; (iii) G3- Filtek™ Z350 XT composite resin (3M ESPE) immersed in the Col-
gatePlaxWhitening™ mouthwash; and (iv) G4- Filtek™ Z350 XT composite resins 
(3M ESPE) immersed in the Colgate PlaxFreshMint™ mouthwash. Table 2 provides 
the characteristics of the mouthwashes used in tests.

The composite resin was added into the Teflon matrix with a particular instrument 
and condensed against the sidewalls and the bottom of the matrix. Subsequently, the 
composite resin was settled with a glass microscope slide approximately 1.0 mm 
thick. Then, the increment was immediately photoactivated for 20 seconds23 using 
the LED photoactivator device (Led 3M ESPE Elipar™ Deep cure-L) with an irradiance 
of 1470mW/cm2 and wavelength from 430 to 480nm at distance zero from the 
specimen. The light intensity of the photoactivation device was gauged by the Ecel 
radiometer - Model RD, and read the light with predetermined intensity.

The specimens were wrapped in aluminum foil for 24h to allow late polymerization 
and, afterwards, they were immersed in different antiseptic solutions with the aid of 
a universal holder (Metalic). The sample was immersed in a glass beaker contain-
ing 100.0mL of mouthwash on a magnetic stirrer (Fisatom). The specimens were 
maintained using an orthodontic strand attached to the support that embraced its 
entire diameter.

The specimens were immersed in the respective mouthwashes for 12 hours, which is 
equivalent to one year of daily use of the solution for two minutes24,25.

Before and after their immersion in the mouthwash, the specimens were submitted 
to the surface roughness test. The Time Group Inc.-TR200™ Portable Roughness test 
was used in all specimens of each group, totalizing ten analyses of each group in this 
step. A utility wax was used to fix the specimen in each roughness test performed. 

The surface roughness values   were obtained before and after immersion in mouth-
washes with alcohol (Colgate PlaxWhitening™) and without alcohol (Colgate Plax-
FreshMint™) for the analysis. 

Initially, a descriptive analysis of the sample was carried out, and the findings are 
provided in Table 3.

Table 2. Characteristics of the used mouthwashes.

Brand Type Composition Manufacturer

Colgate Plax
Whitening

Solution
Antiseptic

Hydrogen peroxide 1,5%, water, sorbitol, ethyl 
alcohol 8%, poloxamer 338, polysorbate 20, methyl 

salicylate, menthol, sodium saccharin

Colgate-Palmolive
Industrial LTDA

Colgate Plax
FreshMint

Solution
Antiseptic

Sodium fluoride 0,05%, cetylpyridinium chloride 
0,075, water, glycerin, propylene glycol, sorbitol, 

poloxamer 407, potassium sorbate, sodium 
saccharin, citric acid, contains 225 ppm of fluorine

Colgate-Palmolive
Industrial LTDA
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In order to evaluate possible differences between groups, a two-way repeated mea-
sures ANOVA (linear mixed model) was fitted (data provided in Table 4). Both the main 
effects and the interactions of the predictor variables were evaluated. Pairwise testing 
was performed using Tukey’s procedure. Normality and homoscedasticity assump-
tions were checked graphically. All tests considered a 5%-significance level.

A priori, the size of the sample to achieve a minimum power of 80% was established 
based on a 95%-confidence level to detect an effect size of 0.1 mm considering a con-
servative standard deviation of 0.1mm. The formula resulted in at least 16 samples 
per group. This number was rounded to 20 samples per group to increase precision. 
After the experiment, the post hoc statistical power of the observed effect size for 
each predictor variable was estimated through simulation with 2000 replications26. All 
statistical analyzes were performed using software R version 3.6.127.

Results
A significant difference was found only between composite resins (p <0.001). The 
effect of the type of mouthwash and time (before and after) were only marginally 

Table 4. P-values of the main effects and interactions of the predictor variables

VARIÁVEIS VALOR p

Resin <0,001

Alcohol 0,065

Time 0,075

Resin : Alcohol 0,715

Resin : Time 0,148

Alcohol : Time 0,843

Resin : Alcohol : Time 0,743
: interações entre as variáveis

Table 3. Descriptive statistics of the measurements for each type of resin.

Z350 XT* BF**

Numberofvalues 38 40

Minimum 0,106 0,104

25% Percentile 0,174 0,393

Median 0,234 0,443

75% Percentile 0,322 0,551

Maximum 0,614 0,813

Mean 0,246 0,474

Std. Deviation 0,101 0,142

Std. Error 0,016 0,022

Lower 95% CI ofmean 0,214 0,430

Upper 95% CI ofmean 0,278 0,518
* Filtek™ Z350 XT (3M ESPE)
** Filtek ™ Bulk Fill (3M ESPE)
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significant. None of the interactions between the predictor variables were significant, 
as shown in Table 4.

It was noted that all Filtek™ Bulk-Fill composite resins (3M ESPE) groups have signifi-
cantly higher averages than the Filtek™ Z350 XT composite resin (3M ESPE) groups. 
However, for the same composite resin, the groups do not differ from each other 
(Figure 1). The average difference in roughness between the two resins was 0.208μm, 
with a 95% confidence interval between 0.103μm and 0.314μm.  

Discussion
The bulk-fill composite resins have been launched to shorten the time in clinical ses-
sions, inserting increments of up to 5.0 mm in thickness. Thus, we intend to justify 
the clinical use of these new materials based on studies that assess their microhard-
ness, polymerization shrinkage, and the contraction stress generated in the cavity 
walls28. However, the clinical longevity of restorations is directly related to several fac-
tors, including their surface roughness, and few works analyze the surface layer of 
bulk-fill composites. 

According to the results of this study, the first null hypothesis that the use of mouth-
washes does not interfere with the surface roughness of Filtek™ Bulk-Fill Compounds 
(3M ESPE) and Filtek™ Z350 XT (3M ESPE) has been confirmed. The second null 
hypothesis, which provides that differences in the chemical composition of Filtek™ 
Bulk-Fill composite resin (3M ESPE) did not increase its surface roughness compared 
to conventional composite resins, was rejected.

The surface smoothness of the test specimens of this work was achieved with a 
glass slide, thus avoiding interference of any polishing techniques on results. The 
roughness tester measures high-frequency irregularities on the surface of a sample. 
The average roughness (RA) is the parameter used to analyze the surface13. Under 
the particular circumstances of this study, an outstanding difference was evidenced 

BF – Bulk-Fill
Figure 1. Roughness averages for each of the combinations of the three predictor variables. The error bars 
represent the 95% confidence interval for the population average. The letters above the groups specify 
multiple comparisons. Groups that share at least one letter are not significantly different from each other 
at 5% significance.
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in the initial surface roughness of Filtek™ Bulk-Fill composite resin (3M ESPE) 
compared to the Filtek™ composite resin Z350 XT (3M ESPE) before immersion 
in mouthwashes.

Bulk-fill composite resins have been developed for exclusive use on posterior teeth 
and have differentiated monomers so that they can be used in single increments with-
out causing damage to the bonding layer with the tooth structure. Studies show that 
non-fluid filled composite resins exhibit similar performance to conventional com-
posites, making them a promising alternative in terms of mechanical performance29. 
Bulk-fill flow composites have the advantage of filling hard-to-reach angles in deep 
and narrow cavities, while larger cavities can be restored easily and more quickly 
using high-viscosity bulk-fill composites28.

According to the manufacturer, the two composite resins we evaluated in this study 
are classified as nanoparticles. However, Filtek™ composite resin Z350 XT (3M ESPE) 
has medium size particles of 10 to 20nm, while Filtek™ Bulk-Fill composite resin 
(3M ESPE) has, among its particles, ytterbium trifluoride with an average size of 10 to 
100nm, which would justify the increased surface roughness by the increase of the 
particle size30. 

The findings in this study suggest that the composition of the organic matrix 
could influence surface roughness. In the case of Filtek™ Bulk-Fill composite resin 
(3M ESPE), this influence can be explained by the incorporation of two novel meth-
acrylate monomers: AUDMA (high molecular weight Urethane Dimethacrylate) and 
AFM (Additional Fragmentation Monomer), which promote relief of the polymeriza-
tion shrinkage stress30. Both methacrylate monomers seem to attribute high viscosity 
to the bulk-fill composite so that it is easily inserted into the cavity, which may have 
contributed to its increased surface roughness.

Filtek™ composite resin Z350 XT (3M ESPE) has the highest percentage weight 
and volume filler compared to Filtek™ Bulk-Fill (3M ESPE). According to Silva et al. 
(2013)23, the physical and mechanical properties of composite resins are deter-
mined, among other factors, by the size, volume, and distribution of the filler parti-
cles in the matrix. In its organic matrix, Filtek™ composite resin Z350 XT (3M ESPE) 
presents PEGDMA, which, together with TEGDMA, is used to adjust viscosity. The 
lower the viscosity of the organic matrix, the higher the amount of charge that can 
be incorporated, resulting in improved mechanical strength. This justifies the low 
roughness and excellent surface smoothness of Filtek™ composite resin Z350 XT 
(3M ESPE) before immersion in rinses23.

The use of mouthwashes is an excellent tool for biofilm control. Often, the chemi-
cal resource used may be extended10. To simulate the clinical use of mouthwash for 
2 minutes daily for one year, we immersed the specimens in both types of mouthwash 
for 12h24,25. 

The changes that mouthwashes can cause in the surface roughness of a restorative 
material depend on their composition. The causes of the changes to chemical struc-
ture and molecules of the polymer chains are critical to determine the degree of alter-
ation by the aqueous environment on the restorative material12. 



8

Zica et al.

Although oral antiseptics are widely recommended for plaque control, their excessive 
use can damage restorative materials due to the low pH and alcohol present in the 
solutions9. The excessive use causes sorption and hygroscopic expansion phenom-
ena, derived from acid production methacrylate as a consequence of the degradation 
process of enzymatic hydrolysis9. Such factors can interfere in the polymeric matrix 
of the composite resins by the catalysis of the ester groups of the dimethacrylate 
monomers present in its composition11. However, the mouthwashes tested did not 
significantly interfere in the increase of the surface roughness of the tested compos-
ite resins, probably due to their high degree of conversion and consequent reduc-
tion in solubility31. In particular, the composite resin Filtek™ Bulk-Fill (3M ESPE) has a 
large part of its composition with low solubility monomers, such as AUDMA, AFM, and 
DDMA30, which may also have contributed to the smallest change in its surface after 
immersion in the mouthwashes tested.

The 0.1µm difference used to estimate the sample size is considered a relatively 
small effect size when compared to other studies that found effect sizes larger than 
1µm9. (In this study, the effect size for the difference between composite resins was 
0.208mm and, therefore, we had a statistical power of almost 100% to detect this 
difference. However, the difference between the periods and the types of mouthwash 
was less than 0.04mm, which results in the statistical power of less than 50%. For this 
insignificant difference, it is not possible to distinguish whether the lack of a signifi-
cant result is due to the sample size or if the difference does not exist. Regardless of 
the cause, this difference may not have clinical significance.

The results of this in-vitro work are consistent with other studies, such as that of 
Lucena et al. (2010)12, in which the Filtek™ composite resin Z350 XT (3M ESPE) did not 
present a significant difference in surface roughness between mouthwashes either 
with or without alcohol.

Similarly, in another study, the surface roughness of restorative materials was eval-
uated after immersion in mouthwashes, leading to the conclusion that the mouth-
washes do not promote a significant change in the surface roughness of Filtek™ com-
posite resin Z350 XT (3M ESPE)9.

The clinical effects of mouthwashes on composite resins may depend on some other 
reasons, such as plaque, beverages, eating habits, and mouthwash, which cannot be 
reproduced in vitro. This is a limitation of this study. These factors, whether acting 
together or separately, can influence the mechanical and physical characteristics and 
interfere in the longevity of the restorative treatment11. In this study, the samples were 
adequately polymerized in contact with the tip of the photoactivator, whereas in clini-
cal practice, especially in posterior teeth, this is not possible.

Furthermore, as a limitation of the present study, the flat surface of the speci-
mens cannot reproduce the clinical situation, such as the occlusal region, which 
has concave and convex areas. Besides, there was difficulty in carrying out the 
stabilization of the specimens and the agitation of the mouthwashes so that the 
clinical situation of daily rinsing was simulated correctly. The results of this in-vitro 
study indicated intermaterial relationships, but they cannot be fully extrapolated 
to clinical practice. Additional in-vitro studies using scanning electron microscopy, 
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mechanical cycling, and in-vivo longitudinal studies should be performed to pre-
dict the clinical longevity of bulk-fill composites.

Since there are no findings in literature similar to this study, the behavior of the high 
viscosity Filtek™ Bulk-Fill composite resin (3M ESPE) could not be clinically predicted. 
Further studies comparing Bulk-Fill composite resins are required to assess whether 
the surface roughness found is acceptable for clinical use.

In view of the limitations of the study, the use of mouthwashes does not interfere with 
the surface roughness of the tested composite resins, but the composite resin Filtek 
Z350 XT (3M ESPE) presents a surface with less roughness, being, therefore, more 
suitable for clinical use.
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