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ABSTRACT

Nanohybrid composite resin is a dental restorative material comprising micro and nano-sized fillers. When 
accompanied by smoking habits, it can alter the surface roughness of composite resin. Objective: This study 
aimed to determine the effect of several electric cigarette (e-cigarette) puffs on the surface roughness of nanohybrid 
composite resin. Methods: This study was conducted in the experimental laboratory with a pretest-posttest 
control group design using 48 nanohybrid composite resin specimens divided into six groups. Subsequently, the 
experimental groups were exposed to 75, 150, 225, 300, and 450 puffs of e-cigarette, and the control group was given 
artificial saliva immersion without exposure for 21 days. The surface roughness of specimens was measured with 
a surface roughness tester and evaluated through statistical analysis, including One-Way ANOVA and Post-Hoc 
LSD. Results: The average pre-test and post-test differences between groups I, II, III, IV, V, and VI were 0.013, 
0.022, 0.033, 0.044, 0.065, and 0.005 μm. These results showed a significant difference in the surface roughness 
of nanohybrid composite resin (p < 0.05), with variations between all groups. Conclusion: This study showed 
that the number of e-cigarette puffs had a significant effect on the surface roughness of nanohybrid composite 
resin. Specifically, an increase in the number of e-cigarette puffs led to a rise in the surface roughness value of 
nanohybrid composite resin.
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INTRODUCTION

Smoking habit is a significant public health problem, 
with the prevalence of smokers in Indonesia reported 
at 28.8% according to Riskesdas (Baseline Health 
Research) data. Among the most popular types, electric 
cigarette (e-cigarette) is ranked third in Indonesia,1 
offering several advantages such as less coughing,  
reduced bad breath, and enhanced smoking cessation.2 
However, the Food and Drug Administration (FDA) in 
2009, gave a warning about the dangers of various toxic 
substances and carcinogens contained in e-cigarette,3 
including propylene glycol, nicotine, perisadiacetyl, 
and carcinogenic substances.4 The nicotine content in 
liquid e-cigarette causes dependence,4 which can be 
measured by determining the frequency of smoking per 
day.5 Excessive use of cigarette can cause lung cancer, 
cardiovascular disease, and the risk of neoplasms of 
the larynx and esophagus, leading to various dental 
and oral abnormalities6

Penn State Electronic Cigarette Dependent Index 
(PSDI) assesses dependence on electric smoking by 
measuring the number of e-cigarettes smoked per day. 
The scoring system includes 0–60 times given a score 
of 0, while 75–135, 150-210, 225-235, 300-435, and 
450 times received a score of 1, 2, 3, 300–435 4, and 
5, respectively.5

Composite resin is currently being developed to obtain 
the availability of various types. A significant variant 
is nanohybrid composite resin, comprising micro and 
nano-sized fillers,7 characterized by good aesthetics, 
wear resistance, and strength.8 A previous study has 
established that a smaller particle size of composite 
filler reduces the risk of microfissure, polymerization 
shrinkage, and discoloration.9 Moreover, the use of 
composite resin accompanied by smoking habits 
can affect the surface roughness of composite resin, 
causing discoloration, water absorption, and solubility 
capable of shortening the life of the restoration. 
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Increased surface roughness can also elevate the risk 
of plaque and biofilm formation, thereby triggering 
secondary caries, periodontal disease, and gingival 
inflammation.10

The increase in surface roughness of nanohybrid 
composite resin due to exposure to cigarette smoke is 
attributed to the presence of acidic pH and heat from 
cigarette smoke.11 The acidity of liquid e-cigarette 
originates from nicotine salts with numerous H+ ions.12 
These ions contribute to the instability of the chemical 
bonds in the matrix polymer double chain, leading 
to brokerage, degradation, and increased surface 
roughness.13 Moreover, heat from cigarette smoke 
increases surface roughness by enhancing water 
absorption into the composite resin. This absorption 
can break the siloxane (Si-O- Si) bond as a matrix link 
and filler into silanol (Si-OH) and Silicon monoxide 
(Si-O), disrupting the relationship between matrix and 
filler. The size of the filler also has a significant effect, 
as larger ones result in a rougher composite surface, 
while smaller size enhances polishing ability.14 Similarly, 
Chandra et al., Roman et al., and Mahross et al. stated 
that acidic pH, heat from cigarette smoke, and the size 
of composite resin filler affected the increase in surface 
roughness of composite resin.15-17

Based on the background above, this study aimed to 
determine the effect of several e-cigarette puffs on 
the surface roughness of nanohybrid composite resin. 
The results are expected to provide knowledge about 
the effect of e-cigarette smoke on changes in the level 
of surface roughness of composite resin as dental 
restorative materials.

METHODS

Specimen recruitment
This study is a laboratory experiment with a pretest-
posttest control group design method. The experiment 
was conducted from July to December 2022 at the 
Basic Dentistry Laboratory and the Dental Materials 
Technology Research Laboratory at Jenderal Soedirman 
University.

The four types of variables included in this study were 
independent, dependent, controlled, and uncontrolled. 
The dependent variable was the surface roughness of 
nanohybrid composite resin. The independent variable 
was exposure to e-cigarette smoke for 21 days with 
varied numbers of puffs, namely 75, 150, 225, 300, and 
450, including without exposure to e-cigarette acid. 
The controlled variables were composite resin diameter, 
thickness, polymerization duration, light cure tip 
distance during polymerization, incubator temperature 
for specimens storage, duration of inhaled and exhaled 
e-cigarette smoke, length of specimens immersion in 
distilled water, and acetone. The uncontrolled variables 
included the temperature and pH of e-cigarette smoke.

The specimen used was a cylindrical nanohybrid 
composite resin with a diameter of 5 mm and a 
thickness of 2 mm, characterized by a flat, smooth, 
solid, non-porous surface. Based on calculations using 
steel and torrie, a total of 48 specimens were obtained. 
These included eight groups exposed to different 
numbers of e-cigarette smoke, namely 75, 150, 225, 300, 
and 450. Additionally, there were eight specimens in the 
control group without exposure to e-cigarette smoke.

Specific methods used
The tools used included specimen containers, tubes, 
e-cigarette (Aflo Pod by Movi), cylinder molds, light-
cured (LED Rainbow Light-Cured), surface roughness 
testers (Elcometer 7062 MarSurf PS10), incubators 
modif ied with saliva (IMWS), celluloid str ips 
(AUX-F10 Celluloid Strips by Svenska Dentorama 
AB), vacuum pumps, and plastic filling instruments. 
The materials were E-Liquid (Movi Kuy Salt Nic 30 mg 
with strawberry tobacco flavor), nanohybridcomposite 
resin (3M Filtek Z250XT), artificial saliva (Ph 7), 
glycerin, distilled water, acetone, and red wax (Medium 
Teeth Modelling Wax by Anchor Brand).

Specimens were made by printing in a stainless-steel 
cylinder mold with a diameter of 5 mm and a thickness 
of 2 mm, as shown in Figure 1. The selected thickness 
of 2 mm corresponded with the optimum penetration 
ability of LED light in the light-cure unit at a thickness 
of 2-2.5 mm.9 The diameter of 5 mm was taken from 
the smallest value measurable by surface roughness 
tester.15

Composite resin was filled in the mold, covered with 
celluloid strips, and given a load for 30 seconds to 
achieve a flat surface. Furthermore, composite resin 
was polymerized with a distance between the tip unit 
and composite 0.5-1 mm for 40 seconds.9 Subsequently, 

2mm

5mm

Figure 1. Specimen size

Figure 2. Distribution of composite surface roughness 
measurement areas.15
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properly polymerized specimens received a glycerin 
application to block contact with oxygen capable of 
forming an irregular oxygen inhibition layer (OIL) to 
prevent an increase in surface roughness.18 Composite 
resin was removed from the mold after polymerized.

Each specimen was put into the container according to 
the characterization of the individual group.  Moreover, 
all groups were put in the Incubator Modification 
with Saliva (IMWS) for 24 hours, adjusting to the 
conditions of the oral cavity. The thermostat was set 
at 37oC, and the flow of saliva was regulated to flow 
1-3 ml per minute by adjusting the infusion knob. 
After 24 hours, all specimens were stabilized at room 
temperature for 24 hours and measured using a surface 
roughness tester with a properly calibrated standard 
stylus (ρ = 0.94). The measurement used a 5 m radius 
diamond tip from a portable surface roughness tester 
with a length of 1 mm, at a speed of 1 mm/s, and an 
accuracy of 0.01 m.15

Surface roughness measurements were made in three 
areas, which were made to guide the position of the 
stylus tip, as shown in Figure 2. Measurements at 
all three guide points yielded three values for the 
final meanRa calculated for each specimen. The 

measurement results of these three areas were 
averaged to determine the surface roughness value 
of nanohybrid composite resin before exposure to 
cigarette smoke.15 Calculation results were recorded 
in micrometer units (µm).19

All specimens that had been measured for roughness 
were placed in their respective group containers in the 
IMWS and fixed using red wax, ensuring stability, as 
shown in Figure 3. Subsequently, preparations were 
conducted before exposure to cigarette smoke. The tip 
of e-cigarette cartridge that was smoked was inserted 
into the hole in the specimen container lid, ensuring the 
cartridge was filled with liquid. The vacuum pump was 
activated and set at a suction pressure of 20mmHg.17

The suction process was carried out for 4 seconds and 
5 seconds, respectively, to avoid remnants of smoke in 
the specimen container. Subsequently, a 60-second time 
lag without exposure to smoke was implemented.20 A 
total of one exposure cycle was carried out for 1 minute 
9 seconds and repeated according to the treatment of 
each group.

The composite that had been exposed to e-cigarette 
smoke was immersed in distilled water for 1 minute 
to remove residue and returned into IMWS, as shown 
in Figure 4. After 21 days, all specimens were taken 
from IMWS and dried using absorbent paper. The 
composite of the treatment group was immersed in 
acetone and shaken for ± 1-15 minutes to dissolve the 
remaining layer of dirt from cigarette smoke attached 
to the specimen surface.15, 21

Specimens were measured for roughness values after 
21 days of treatment using a surface Roughness Tester. 
These measurements were carried out in the same 
three areas in the pre-test to guide the position of the 
stylus tip. Measurements at the three guide points 
yielded three final average Ra values calculated for 
each specimen. The results were averaged to determine 
the surface roughness value of nanohybrid composite 
resin after 21 days of treatment.15 The subsequent 
change in surface roughness of composite resin was 
calculated from the difference between the pre-test and 
post-test results, which were expressed in micrometer 
units(µm).19

Data analysis
Data on the difference in mean surface roughness 
of nanohybrid composite resin was expressed in the 
numerical form of a ratio. Analysis was performed 
using Statistical Product and Service Solutions (SPSS) 
software. The data obtained were tested for normality 
using the Shapiro-Wilk and homogeneity tests applied 
to the Levene test. Data that were normally distributed 
and homogeneous were followed by the One-Way 
Anova parametric test and continued with the LSD 
post hoc test.

Figure 3. Specimens fixation.

Figure 4. E-cigarette smoke exposure.
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RESULTS

The data were obtained by measuring the pre-test 
and post-test surface roughness tests of nanohybrid 
composite resin specimens using a Surface Roughness 
Tester. Measurements were carried out three times 
for each specimen, and the average Ra of surface 
roughness test results for each specimen was taken, as 
shown in Figure 5.

The mean results of the pre-test and post-test in each 
group showed an increase in surface roughness values 
after treatment in groups I, II, III, IV, and V, including 
group VI as the control. The lowest increase occurred 
in group VI, and the highest was achieved in V. This 
showed that surface roughness value increased as the 
number of e-cigarette exposure became higher.

The data analysis stage began with a normality test 
using Shapiro Wilk, as the number of samples was less 
than 50. The results of the normality test were p > 
0.05, showing normally distributed data, which were 
further analyzed through the homogeneity test using 
the Levene Test. The results of the homogeneity test 
showed a value of p = 0.225, indicating that the data 
were homogeneous, as p > 0.05. Subsequently, the mean  
results of the pre-test and post-test for each specimen 
were calculated to determine the differences. These 
differences served as data for analysis using SPSS 
software, with the One-Way ANOVA parametric test 
to determine a significant difference in each variable.

Table 1 shows the results of the One-Way ANOVA test, 
indicating that F count > F table (556.4 > 2.438) and 
the p-value < 0.05, namely < 0.001. This shows that H0 
is rejected and H1 is accepted, showing a significant 
difference in the mean surface roughness of nanohybrid 
composite resin. Further analysis of the data was 
carried out by the Post Hoc LSD test to determine the 
most different variables.

The results of the LSD Post Hoc test in Table 2. show all 
values of p > 0.05 which shows that there are significant 
differences between the six groups.

DISCUSSION

This study used specimens in the form of cylindrical 
nanohybrid composite resin, which was treated with 
exposure to e-cigarette smoke of 75, 150, 225, 300, and 
450 puffs and without exposure for 21 days. Specimens 
were tested using Surface Roughness Tester before 
and after treatment. The results showed an increase 
in the surface roughness value of the specimens given 
different treatments.

The gradual increase in surface roughness of specimens 
in the treatment group exposed to e-cigarette smoke 
showed a significant effect on nanohybrid composite 
resin. This increase occurred due to the presence of 
heat and acid produced from e-cigarette smoke, which 
was exposed to different amounts of suction. The heat 
generated from e-cigarette depends on the capacity 
of electric power to heat the coil. Although this study 
did not examine the temperature of e-cigarette smoke 
in each group, the average coil temperature during 
e-liquid heating ranges from 145oC to 334oC.22 The 
results showed that higher electric power generated 
in e-cigarette led to a greater temperature of the 
coil, increasing the liquid evaporation into aerosols.23 
Based on previous studies, the average temperature of 
e-cigarette smoke is 54o C.24

The high temperature generated from e-cigarette 
smoke increased the kinetic energy of water diffusion, 

Figure 5. Graph of average surface roughness values among 
the experimental groups.

Table 1. The analysis of differences of surface roughness 
based on the numbers of puffs exposure.

Variable n
Difference (Ra)

Sig.
Average (SD) F count

75 puffs 8 0.013 (0.002)
150 puffs 8 0.022 (0.002)
225 puffs 8 0.033 (0.002)

556.4 <0.001*
300 puffs 8 0.044 (0.002)
450 puffs 8 0.065 (0.005)
Control 8 0.005 (0.002)

*ANOVA significant difference (p≤0.05)

Table 2. The Post-hoc LSD analysis of differences of surface 
roughness based on the numbers of puffs exposure.

Variable 75 
puffs

150 
puffs

225 
puffs

300 
puffs

450 
puffs Control

75 puffs 0.000* 0.000* 0.000* 0.000* 0.000*
150 puffs 0.000* 0.000* 0.000* 0.000*
225 puffs 0.000* 0.000* 0.000*
300 puffs 0.000* 0.000*
450 puffs 0.000*
Control

*Post-hoc LSD significant difference (p ≤ 0.05)
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causing an increase in water absorption into the 
composite resin.14 The absorption occurred due to the 
smaller diameter of the water molecule compared to 
the distance between the two polymer chains of the 
composite resin matrix, which facilitated diffusion.25 
Absorption of water can cause a hydrolysis reaction, 
where water decomposes into H+ and OH- due to the 
presence of O in resin matrix. The decomposition 
causes the absorption of OH- from water into the 
matrix and breaks the siloxane bonds (Si-O-Si), which 
are analyses of the bonds connecting the matrix 
and filler particles. This phenomenon leads to the 
breaking of siloxane bonds, as well as the formation 
of silanol compounds (Si-OH) and Silicon monoxide 
(Si-O). Moreover, silicon monoxide (Si-O) is capable of 
reacting when in contact with water, as it experiences 
electron disorientation. The reaction produces Si-OH 
and OH-, which breaks the siloxane bonds, and the 
cycle continues when composite resin remains in 
water immersion. Prolonged cycles increase the risk 
of damage to the saline coupling agent, leading to the 
release of filler particles and an elevation in the surface 
roughness of composite resin.14

The results of surface roughness measurements in 
groups I to V showed a gradual increase in composite 
resin. This showed that higher exposure to hot 
temperatures increased the water diffusion process in 
composite resin. Similarly, Sadeler et al.  examined the 
effect of temperature on water absorption and solubility 
of composite resin immersed in distilled water at 5oC, 
37oC, and 50oC. The results showed that higher water 
temperature led to increased absorption and solubility.26

The acidic pH of e-cigarette smoke originating from 
nicotine salts also plays a role in increasing the surface 
roughness of nanohybrid composite resin. Nicotine salt 
combines organic acids to become protonated and form 
salts. Based on standard recommendations, the average 
e-liquid pH is 4.9.12

The acidic nature of nicotine salt releases several H+ 
ions, which can detach from their hydroxyl groups. 
These released H+ ions break the chemical bonds of 
the double-chain polymer matrix composite resin. 
Furthermore, the bond contributes to the degradation 
of composite resin matrix capable of increasing surface 
roughness.13 The H+ ions can also break the siloxane 
bond connecting the matrix and filler particles, thereby 
releasing filler particles and composite resin matrix.15

The results showed a gradual increase in surface 
roughness measurements of composite resin in 
groups I to V. This showed that higher exposure of 
composite resin to acids led to greater degradation. 
Similarly, Yofarindra, et al. reported an increase in 
surface roughness of nanohybrid composite resin after 
immersion in an acidic mouthwash containing ethanol 
for 1.5 and 3 hours.27

In addition to acids and heat from e-cigarette smoke, 
the surface roughness of composite resin was also 
affected by the polymer matrix composition, filler 
content, and filler shape. The types of composite 
resin matrices used in this study were TEGDMA 
and BisGMA, which have hydrophilic properties 
due to their dense and heterogeneous polymer form. 
These characteristics facilitated the process of water 
diffusion, as there are microporous between polymer 
groups.25 Water diffusion that occurs can form micro 
voids in the polymer, thereby hydrolyzing the chemical 
bonds between the resin matrix and filler and causing 
microcracks. TEGDMA and Bis-GMA that pass-
through degradation causes the polymer chains to 
split into monomer chains in the form of carboxylic 
acids, capable of accelerating the degradation process 
of composite resin matrix polymer.28

The type of composite resin filler used in this study was 
zirconia and silica filler which has porous properties 
contributing to increased water absorption. In addition, 
non-grouped nano-silica can increase the surface area 
for liquid accumulation between the filler and the 
matrix. Although the form of composite resin filler also 
has a significant effect on increased water absorption 
and solubility, the type used in this study showed no 
correlation due to limited product information.25 This 
is evident from the surface roughness test in all groups, 
which experienced an increase but below the average 
parameter of 0.2 μm.29 Water absorption in composite 
resin was further increased due to the exposure to acids 
from nicotine salts and hot temperatures in e-cigarette 
smoke. This phenomenon caused an increase in surface 
roughness, thereby decreasing the defense of composite 
resin from exposure to smoke.25

In this study, group VI served as the control group 
which was soaked in artificial saliva pH 7 in an 
incubator at 37oC and was not exposed to e-cigarette 
smoke for 21 days. Saliva acts as a lubricant, buffer, 
self-cleanser, tooth erosion controller, acid exposure 
protector, enamel remineralizer, and antibacterial 
agent, which assists in mastication and digestion.30 
Consequently, artificial saliva was selected to simulate 
oral cavity conditions but not optimally described due 
to limitations in this study.

The artificial saliva in this study was adapted to 
the Fusayama Meyer formulation, comprising 
sodium chloride 0.4 g/L, potassium chloride 0.4 g/L, 
calcium chloride dihydrate 0.795 g/L, sodium sulfide 
nonahydrate 0.005 g/L, monosodium phosphate 
dihydrate 0.69 g/L, and 1 g/L urea.31 This composition 
is different from natural saliva due to the absence of 
immunoglobulins and proteins.32 The measurements 
of surface roughness of composite resin showed an 
increase of 0.005 μm. Similarly, Silva, et al reported 
an increase in the average surface roughness value 
of nanohybrid composite resin after immersion in 
artificial saliva pH 7. The increase was attributed to 
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elevated water diffusion into composite resin which 
has a hydrophilic matrix, facilitating degradation and 
increased surface roughness.33

The results of statistical analysis using One-Way 
ANOVA and Post Hoc LSD showed a significant 
increase in surface roughness of composite resin in all 
groups. Specifically, groups I to V that were exposed to 
e-cigarette smoke with different amounts of suction 
experienced an increase in surface roughness of 
composite resin. Group I, which was exposed to 75 
puffs, experienced the lowest compared to groups II, 
III, IV, and V. This increase occurred due to a slow 
matrix degradation process, which released filler 
particles on t he  surface of composite resin to form a 
porous surface. As the number of inhaled e-cigarettes 
increased, greater exposure to heat and acid from 
e-cigarette smoke led to elevated release of filler and 
matrix particles.

This study showed that the highest increase in surface 
roughness of composite resin occurred in group V, 
exposed to e-cigarette smoke of 450 puffs. Group VI had 
the lowest increase as the control was only subjected to 
water absorption. Furthermore, it was not affected by 
the presence of acid, as the artificial saliva used in the 
study had a pH of 7. These results are in line with the 
study conducted by Chandra et al., where e-cigarette 
smoke increased the surface roughness of nanohybrid 
composite resin, as shown by the significant difference 
between the control group and the treatment group.15

The results showed that the amount of e-cigarette 
puffs affected the surface roughness of nanohybrid 
composite resin. Specifically, a higher number of 
inhaled e-cigarettes resulted in a greater surface 
roughness value of composite resin. In addition, 
there were differences in surface roughness values 
of nanohybrid composite resin in the treatment group 
exposed to 75, 150, 225, 300, and 450 puffs, including 
the control group.

The limitations of this study included the temperature 
and pH of e-cigarette smoke, which were not measured 
due to constraints in the available tools. However, 
this study provided valuable insight into the effect of 
e-cigarette on dental fillings, showing the importance 
of reducing the use of composite resin fillings for 
individuals engaged in electric smoking habit. The 
results also served as a reference material to maintain 
the aesthetic and functional aspect of teeth for post-
operative instructions by dentists after filling treatment.

CONCLUSION

In conclusion, this study showed that the amount of 
e-cigarette puffs had a significant effect on the surface 
roughness of nanohybrid composite resin. Specifically, 

a higher number of inhaled e-cigarette resulted in a 
greater surface roughness value of composite resin.
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