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Abstract 
Background: Nanohybrid resin composites are widely used in esthetic dentistry, and the choice of an appropriate 
polishing technique can influence their surface properties. The aim of this study was to compare, in vitro, the surfa-
ce roughness of three nanohybrid resin composites before and after dry and wet polishing.
Material and Methods: This in vitro longitudinal experimental study included 60 composite resin discs, evenly 
distributed into three groups (n = 20): Filtek Z250XT, Opallis, and Tetric N-Ceram. Each group was further divided 
into two equal subgroups (n = 10) for the application of dry and wet polishing techniques. Surface roughness was 
measured using a digital profilometer before and after polishing. Independent and paired Student’s t-tests were used 
for statistical analysis, with a significance level set at p < 0.05.
Results: Prior to polishing, no significant differences in average surface roughness (Ra) were found among the resin 
groups, indicating adequate standardization: Filtek Z250XT (p = 0.899), Opallis (p = 0.585), and Tetric N-Ceram 
(p = 0.721). Following dry or wet polishing, no significant intragroup differences were observed: Filtek Z250XT 
(p = 0.066), Opallis (p = 0.124), and Tetric N-Ceram (p = 0.584). When comparing pre- and post-treatment values, 
Filtek Z250XT showed a significant reduction only with wet polishing (p = 0.003). In contrast, both Opallis and 
Tetric N-Ceram exhibited a significant decrease in roughness with both polishing methods: dry (p = 0.044 and p = 
0.001, respectively) and wet (p < 0.001 for both).
Conclusions: Both dry and wet polishing were effective in reducing the surface roughness of Opallis and Tetric 
N-Ceram resin composites, whereas in Filtek Z250XT, a significant reduction was observed only with wet poli-
shing. These findings suggest that the effectiveness of the polishing procedure may vary depending on the type of 
resin composite, which should be considered when selecting clinical finishing and polishing protocols to optimize 
the surface properties of restorative materials.
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Introduction
Resin composites are the restorative material of choice 
because they effectively mimic the tooth structure and 
can be used for direct restorations in both anterior and 
posterior teeth, offering optimal aesthetic results [1,2]. 
Over time, its formulation has evolved—particularly in 
terms of filler particle size and distribution—to enhan-
ce its physical, mechanical, and optical properties. Such 
improvements aim to optimize the aesthetic, biological, 
and functional performance of the material. In this con-
text, nanohybrid resin composites have become the most 
widely used in the anterior region due to their superior 
characteristics [3,4]. Their composition comprises a re-
sin matrix and both glass fillers and nanoparticles, which 
confer high resistance to discoloration, excellent aesthe-
tics, and outstanding polishability. Particle sizes range 
from 0.02 to 1 µm, fulfilling the aesthetic requirements 
necessary to achieve a high level of gloss and surface 
finish [5-7].
The management of the oxygen-inhibition layer has 
been proposed to optimize the surface properties of resin 
composites [8,9]. Consequently, many clinicians apply 
glycerin as an oxygen barrier during light curing to pre-
vent atmospheric oxygen from interacting with free ra-
dicals at the material surface. This practice promotes a 
higher degree of conversion and improves the surface 
characteristics of the resin composite [9,10]. Neverthe-
less, various factors may affect the clinical longevity of 
restorations, and thus surface quality remains a concern. 
Final polishing is crucial for clinical success, yielding a 
smooth, glossy, and aesthetically pleasing surface [11].
Surface smoothness of a restoration not only influences 
aesthetics but also has functional implications, since a 
rough surface can promote bacterial plaque accumula-
tion, staining, and recurrent caries [2,12,13]. This pro-
perty is closely related to intrinsic material characte-
ristics, such as the type of organic matrix and the size, 
composition, and distribution of filler particles [6,7,14].
Several studies have evaluated the impact of finishing 
and polishing procedures on the surface roughness of re-
sin composites. However, debate persists in the literatu-
re regarding differences between dry and wet polishing 
methods [2,15]. Dry polishing has been associated with 
elevated temperatures generated during the procedure, 
which could compromise the structural integrity of the 
resin composite and alter its surface characteristics. In 
contrast, some studies report no significant differences in 
surface roughness between the two techniques [2,15,16]. 
Dry polishing offers improved visibility of the working 
area [17], while wet polishing may help dissipate heat 
generated by friction, potentially leading to a more uni-
form and stable surface finish over time [2,18].
In this setting, it is pertinent to determine which poli-
shing approach yields superior results for each resin 
composite type, aiming to optimize surface smooth-

ness, durability, and aesthetics of restorations and the-
reby extend their service life [18,19]. Given the lack of 
consensus in existing findings [2,15], further research 
is warranted to compare these methods’ effects on resin 
composite surface properties. Therefore, the purpose of 
this in vitro study was to compare the surface roughness 
of three nanohybrid resin composites before and after 
dry and wet polishing. The null hypothesis was that no 
significant differences in surface roughness would be 
observed among the evaluated nanohybrid resin compo-
sites, before and after polishing, regardless of the me-
thod applied.

Material and Methods 
- Study Design
This experimental in vitro longitudinal study was con-
ducted at the School of Stomatology of the Universidad 
Privada San Juan Bautista and at High Technology La-
boratory Certificate (ISO/IEC Standard: 17025), Lima, 
Peru, between August and September 2024. Ethical 
approval was obtained from the Institutional Research 
Ethics Committee (No. 1338-2024-CIEI-UPSJB). The 
study followed the CRIS Guidelines (Checklist for Re-
porting In-vitro Studies) [20].
- Sample Size Calculation and Selection
The total sample size (n = 60) was determined based on 
data obtained from a prior pilot study in which five spe-
cimens were evaluated for each of the six experimental 
groups using a paired-measures design. The calculation 
was performed using the analysis of variance formula in 
G*Power statistical software (version 3.1.9.7), conside-
ring a significance level (α) of 0.05, a statistical power 
(1–β) of 0.80, and an estimated effect size of 0.97. Based 
on this, standardized discs were prepared for each resin 
composite (Tetric N-Ceram, Filtek Z250XT, and Opa-
llis), yielding a total of 20 specimens per group (n = 20). 
These specimens were then randomly allocated into two 
subgroups (n = 10) according to the polishing technique 
used: wet or dry (Fig. 1).
- Sample Characteristics and Preparation
The resin composite discs were fabricated using a meta-
llic mold measuring 6 mm in diameter × 4 mm in height 
[1,10,18]. The composites were placed in two 2-mm in-
crements. On the final increment, glycerin (Alkofarma, 
Lima, Peru) was applied to the surface, followed by a 
celluloid strip and a 1-mm glass microscope slide, to 
ensure that the disc surfaces remained parallel [1,10]. 
The samples were then light-cured from the top using 
an Elipar DeepCure L LED curing unit (3M ESPE, Saint 
Paul, MN, USA) for 20 seconds at an intensity of 1470 
mW/cm² [10]. The resin composites used were: Tetric 
N-Ceram (Ivoclar Vivadent, Schaan, Liechtenstein), 
Filtek Z250 XT (3M ESPE, St. Paul, MN, USA), and 
Opallis (FGM, Santa Catarina, Brazil) (Table 1). After 
fabrication, all specimens were stored in distilled water 
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Fig. 1: Random allocation of groups according to resin composite type and polishing technique.

Product Composition Filler %
(wt-vol)

Manufacturer Lot

Filtek 250 XT Matrix: BIS-GMA, TEGDMA, UDMA

Filler: Silane treated ceramic, Bisphenol a 
polyethylene glycol diether dimethacrylate

82 wt
68 vol

3M, ESPE, St. Paul, 
MN, USA.

10238336
10238336

Tetric N-Ceram Matrix: Bis-GMA, Bis-EMA, UDMA
Filler: Dimethacrylates, additives, catalys-
ts, stabilizer sand pigments, barium glass, 

ytterbium trifluoride, mixed oxide and 
prepolymerized filler

81 wt
57 vol

Ivoclar Vivadent, 
Schaan, Liechtens-

tein.

Z06LMY
Z06FOR

Opallis Matrix: Bis-GMA, Bis-EMA, UDMA, 
TEGDMA.

Filler: The loads are a combination of 
silanized barium-aluminum silicate glass 
and nanoparticles of silicon dioxide, cam-

phorquinone as photoinitiator, accelerators, 
stabilizers and pigments

79.8 wt
58 vol

FGM, Santa Catari-
na, Brazil.

060122
060122

Sof-Lex System Aluminum oxide abrasive discs ----------- 3M, ESPE, St. Paul, 
MN, USA.

NE04288
NC93140
NC80025
NE04500

Table 1: Technical profile of the materials used.

at 37°C for 24 hours to allow for complete polymeriza-
tion and post-curing shrinkage of the material [1,10-12]. 
Subsequently, baseline surface roughness was measured 
for all samples. 

- Surface Roughness Measurement
Surface roughness was measured on all resin composite 
discs using a digital profilometer (Huatec SRT-6200®, 
China) with a resolution of 0.001 µm [1,10]. Three diffe-
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rent areas on the surface of each specimen were evalua-
ted, and the mean of these measurements was calculated 
to determine the absolute surface roughness (Ra) for 
each disc. Following the initial measurement, polishing 
was performed seven days later, and Ra was recorded 
again.
- Polishing techniques application
All finishing and polishing procedures were performed 
by the same operator [1,19]. These procedures were con-
ducted using Sof-Lex discs (3M, ESPE, St. Paul, MN, 
USA), operated with an electric motor (EM-E6, W&H, 
Bürmoos, Austria) and a contra-angle handpiece (NSK, 
Tokyo, Japan) for 20 seconds per step, as per the manu-
facturer’s instructions, at a speed of 15,000 rpm using 
identical, unidirectional movements [1,17]. 
For the dry polishing groups, each specimen was poli-
shed for 20 seconds per disc, using a rotary motion and 
light, constant pressure. The discs were applied in de-
creasing order of grit size (from coarse to superfine) and 
replaced after each use. Between each disc change, the 
specimen was gently cleaned with soft tissue paper to 
remove debris [1,10]. 
In the wet polishing groups, the same protocol was fo-
llowed, but with continuous water cooling during the 
procedure. Specimens were also rinsed with water for 5 
seconds between each disc change [17]. After polishing, 
all specimens were stored in distilled water at 37 °C for 
24 hours [10], after which the final absolute surface rou-
ghness was measured.
- Statistical Analysis
All data were imported into SPSS software (Statistical 
Package for the Social Sciences, version 24.0; IBM 
Corp., Armonk, NY, USA). Descriptive statistics were 
calculated using measures of central tendency and dis-
persion, including the mean and standard deviation. For 
inferential analysis, data normality was assessed using 
the Shapiro–Wilk test, and homoscedasticity was eva-
luated using Levene’s test. Based on these assumptions, 
the parametric Student’s t-test was used: the indepen-

Resin composite Polishing n Before polishing After polishing

Mean SD 95% CI p* Mean SD 95% CI p*

LL UL LL UL

Filtek Z250XT Dry 10 0.40 0.17 0.28 0.53 0.899 0.38 0.17 0.25 0.50 0.066

Wet 10 0.39 0.20 0.25 0.53 0.25 0.12 0.16 0.33

Opallis Dry 10 0.31 0.12 0.22 0.40 0.585 0.25 0.06 0.20 0.29 0.124

Wet 10 0.28 0.15 0.17 0.39 0.17 0.13 0.08 0.26

Tetric N-Ceram Dry 10 0.32 0.14 0.22 0.42 0.721 0.28 0.12 0.19 0.37 0.584

Wet 10 0.34 0.12 0.26 0.43 0.25 0.12 0.16 0.33

Table 2: Descriptive values and comparison of the absolute surface roughness (Ra) of three resin composites before and after dry or wet polishing.

n: sample size; SD: standard deviation; 95% CI: 95% confidence interval; LL: lower limit; UL: upper limit. *Based on Student’s t-test for indepen-
dent samples (p < 0.05).

dent t-test to compare two groups and the paired t-test 
to compare two related measures. Statistical significance 
was set at p < 0.05.

Results
When comparing the absolute surface roughness prior 
to dry or wet polishing, no significant differences were 
observed between the groups for each resin composite, 
indicating that the resin discs were properly standardi-
zed for Filtek Z250XT (p = 0.899), Opallis (p = 0.585), 
and Tetric N-Ceram (p = 0.721). Furthermore, no statis-
tically significant differences were observed after dry or 
wet polishing for Filtek Z250XT (p = 0.066), Opallis (p 
= 0.124), or Tetric N-Ceram (p = 0.584) (Table 2).
When comparing the three resin composites before and 
after the application of dry or wet polishing, it was obser-
ved that Filtek Z250XT exhibited a significant decrease 
in Ra following wet polishing (p = 0.003), whereas no 
significant difference was found after dry polishing (p = 
0.057). Moreover, Opallis showed a significant reduc-
tion in Ra after both dry (p = 0.044) and wet polishing 
(p < 0.001). Finally, Tetric N-Ceram also demonstrated a 
significant decrease in Ra after both dry (p = 0.001) and 
wet polishing (p < 0.001) (Table 3, Fig. 2).

Discussion
Since finishing and polishing are friction-based proce-
dures, they generate heat that can potentially alter the 
physicochemical properties of resin composites. In this 
context, lubrication, such as water during wet polishing, 
has been proposed to dissipate heat and help preserve 
material integrity [2,12,13,17]. However, dry polishing 
offers practical advantages, including improved visibili-
ty of the working field, which supports its use in various 
situations. Therefore, the objective of this in vitro study 
was to compare the surface roughness of three nanohy-
brid resin composites before and after the application of 
dry and wet polishing techniques. Based on the results 
obtained, the null hypothesis was rejected.
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Resin composite Polishing f -   i SD 95% CI t p*
UL LS

Filtek Z250XT Dry -0.02 0.04 -0.05 0.00 -2.18 0.057
Wet -0.14 0.11 -0.22 -0.06 -3.97 0.003*

Opallis Dry -0.07 0.09 -0.13 0.00 -2.34 0.044*
Wet -0.10 0.05 -0.14 -0.07 -6.19 <0.001*

Tetric N-Ceram Dry -0.04 0.03 -0.06 -0.02 -5.08 0.001*
Wet -0.09 0.02 -0.10 -0.08 -17.85 <0.001*

ႿႿ	 ႿႿ	
Table 3: Comparison of absolute surface roughness (Ra) of three resin composites before and after the application of dry or wet polishing.

*Based on the paired Student’s t-test (p<0.05, statistically significant differences);(  f –    i): Mean difference; (  f): After polishing; (  i): 
Before polishing; SD: Standard deviation; 95% CI: 95% confidence interval; LL: Lower limit; UL: Upper limit; t: Student’s t-test.

ႿႿ	ႿႿ	 ႿႿ	ႿႿ	

Fig. 2: Mean absolute surface roughness (Ra) of three resin composites before and after dry or wet polishing.

The present study found that the resin composites Te-
tric-N Ceram and Opallis exhibited a reduction in abso-
lute surface roughness with both polishing techniques, 
whereas Filtek Z250XT resin composite only showed 
improvement after wet polishing. These findings are 
consistent with those reported by Aydin et al. [15], who 
found no statistically significant differences between 
dry and wet polishing systems for their resin composite 
groups. However, they contrast with the results reported 
by Afifi et al. [18], De Freitas et al. [22], and Nasoohi 
et al. [23], who observed that dry polishing increased 
surface roughness in all evaluated groups, while wet po-
lishing yielded significantly lower values. These discre-
pancies may be attributed to differences in the composi-
tion, type, and filler particle size of the resin composites 
used, which influence the material’s behavior during fi-
nishing and polishing [15]. In addition, the heat genera-

ted during dry polishing may degrade the bond between 
the matrix and filler, leading to particle separation and, 
consequently, an increase in surface roughness [23].
Regarding the resin composites evaluated, both Opa-
llis and Tetric N-Ceram showed a significant reduction 
in their absolute surface roughness (Ra) following the 
application of both polishing techniques. One possible 
explanation lies in the smaller size of their filler parti-
cles, as Tetric N-Ceram contains particles ranging from 
0.5 to 1.5 µm [10], while Opallis contains particles of 
approximately 0.5 µm [24]. This characteristic promotes 
a more homogeneous surface that is less prone to irre-
gularities after polishing. In contrast, the Filtek Z250XT 
resin composite contains a combination of silica (20 nm) 
and a zirconia/silica blend with particle sizes ranging 
from 0.1 to 10 µm [25]. These spherical and variably 
sized particles tend to protrude more on the surface as 
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the material wears, an effect that could be exacerbated 
by the heat generated during polishing [26].
Several studies have indicated that resin composites 
with smaller filler particles and reduced spacing between 
them allow for more efficient polishing, as they better 
protect the organic matrix from the effects of mechanical 
wear [10,26,27]. In this regard, the good performance of 
Opallis and Tetric N-Ceram, even under dry polishing 
conditions, could be attributed to their particle morpho-
logy, which facilitates a more uniform finish and, conse-
quently, lower surface roughness [26].
The Filtek Z250XT resin composite showed a signifi-
cant reduction in surface roughness when polished under 
wet conditions, whereas no improvement was observed 
with dry polishing. This difference may be attributed to 
its chemical composition, as it contains monomers such 
as Bis-GMA, TEGDMA, and UDMA, whose hydrophi-
lic functional groups promote water absorption within 
the polymer network [28]. This characteristic increases 
the matrix’s susceptibility to hydrolytic and thermal de-
gradation, potentially compromising the filler–matrix 
interface and deteriorating the surface when dry poli-
shing is applied. Moreover, the heat generated during 
this procedure may exacerbate such degradation, favo-
ring filler debonding and a subsequent increase in sur-
face roughness [17,23,29]. It has also been reported that 
abrasive particles from the Sof-Lex system may become 
embedded in the resin composite surface under these 
conditions [22]. In contrast, the use of polishing with 
irrigation could effectively dissipate the frictional heat 
generated, thereby protecting matrix integrity and exp-
laining the observed improvement in surface properties. 
Unlike Filtek Z250XT, resin composites such as Opallis 
and Tetric N-Ceram contain Bis-EMA, a more hydro-
phobic monomer associated with lower water sorption 
and solubility [28,30,31], which may confer greater sta-
bility against the effects of dry polishing.
It has been reported that bacterial accumulation increases 
significantly when the surface roughness of resin compo-
sites exceeds 0.2 µm, while patients do not perceive irre-
gularities when roughness remains below 0.3 µm [23]. In 
the present study, all evaluated resin composites exhibited 
acceptable surface roughness values after the polishing 
procedure, with the exception of Filtek Z250XT subjec-
ted to dry polishing, which reached an average value of 
0.38 µm, exceeding both clinically relevant thresholds.
Although this was an in vitro study, the findings provide 
useful insights that may help guide clinical decision-ma-
king. Surface finishing techniques should be selected 
with consideration of the resin composite’s chemical 
composition and physical properties to achieve optimal 
restorative outcomes. A smoother surface may enhan-
ce aesthetic results and reduce plaque accumulation. 
However, due to the limitations inherent in laboratory 

conditions, further in vivo or clinical studies are needed 
to confirm these observations. Additionally, the lack of 
transparency regarding the filler composition and mono-
mer content in commercial composites may contribute 
to variability in polishing performance [30,32].
Among the limitations of the present study, it should 
be noted that, as an in vitro investigation, the results 
cannot be directly extrapolated to the clinical setting, 
where factors such as the presence of saliva, enzymes, 
food intake, and functional wear may influence surface 
roughness [1,10]. In addition, the evaluation focused on 
flat, buccal surfaces; therefore, the findings may not ade-
quately represent clinical outcomes on occlusal surfaces, 
where anatomical irregularities hinder complete access 
during polishing procedures [1].
As a methodological strength, all specimens were stan-
dardized, ensuring homogeneous baseline conditions 
across the different resin composite groups. The Sof-Lex 
polishing system was also employed, which is well-do-
cumented for providing a smooth surface finish with 
high gloss, minimizing the formation of grooves and 
irregularities that may promote plaque accumulation and 
extrinsic staining [1,10,27]. Another relevant aspect was 
the seven-day waiting period prior to polishing. This 
decision was based on evidence indicating that hygros-
copic expansion of the material occurs during this time, 
thereby reducing the risk of microcracks associated with 
premature polishing [23]. Furthermore, the application 
of glycerin on the final resin layer during light curing 
to inhibit the oxygen-inhibition layer ensured optimal 
polymerization and surface quality of the resin compo-
sites [10]. It has also been reported that resin composite 
polymerization reaches only about 75% conversion wi-
thin the first 10 minutes, so immediate polishing may in-
duce plastic deformation of the restored surface [28,29].
It is recommended to evaluate color stability as an ad-
ditional variable, due to its close relationship with the 
polishing system, considering its impact on the durabi-
lity, esthetic appearance, and functional integrity of the 
restoration. Likewise, it is suggested to incorporate ther-
mocycling protocols to simulate intraoral thermal varia-
tions and to compare the performance of other finishing 
and polishing systems beyond the Sof-Lex discs [27].

Conclusions 
Both dry and wet polishing are effective in reducing the 
surface roughness of Opallis and Tetric N-Ceram resin 
composites, whereas in Filtek Z250XT resin composite, 
this reduction was significant only with wet polishing. 
These findings suggest that the effectiveness of the poli-
shing procedure may vary according to the type of resin 
composite, which should be considered when selecting 
clinical finishing and polishing protocols to optimize the 
surface properties of restorative materials.
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