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ABSTRACT
Aim: This study looked at the effects of in-office bleaching on surface microhardness and roughness of three composite resin
materials: Nano filled, Nano hybrid, and Supra-nano spherical resin composite.
Methods: A total eighty-four discs-like of nano filled, nano hybrid, Supra-nano spherical resin composite restorations were
divided into two main groups for microhardness and surface roughness tests. Then, according to the type of composite, each
main group was separated into three subgroups. Before and after bleaching with 32 percent hydrogen peroxide, the surface
roughness and microhardness of all samples were assessed. The microhardness was measured by using Vickers tester, and
a mechanical 2D profilometer surface roughness tester was used to measure the surface roughness. Repeated measures
ANOVA and post hoc Tukey's test (alpha=0.05) were used to evaluate the data.
Results: After bleaching for surface roughness, the data demonstrates a statistically significant difference between the
three tested groups, as well as a statistically significant difference between the three tested groups after bleaching for
microhardness.
Conclusion: The application of bleaching substance increased the surface roughness and lowered the surface hardness of the
three tested groups.
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INTRODUCTION

The appearance of teeth determines individual
appearance. There are many factors that
contributed the teeth appearance such teeth
color, shape, position, and quality of the dental
restorations [1,2]. Teeth color is one of many
factors that determine individual satisfaction
with their teeth appearance. Dental bleaching
(teeth whitening) can be done by using many
chemicals and natural materials. Generally,
chemicals materials that used in dentistry for
teeth whitening (dental bleaching) products
are hydrogen peroxide and carbamide peroxide
[3,4]. These materials bleach the teeth by
releasing peroxide free radicals. Internal and

external pigments of the teeth combine with
these radicals and remove the pigments through
an oxidative reaction [5,6]. But the use of these
materials in teeth whitening procedure is
currently still debatable because it might also
affect the oral hard and soft tissues [7,8]. The
use of these agents in high concentrations and
for long periods might cause excessive teeth
sensitivity and may harm the oral mucosa and
gingiva [3,9]. Many Factors can affect the teeth
whitening procedure like the type, concentration,
and application duration of teeth whitening
material, also, the light source and temperature
factors [9]. Also, there are other factors that have
the potential to inhibit the bleaching procedure
like plaque and calculus.
There are many types of materials that use
for tooth restorations, one of these materials
is a composite resin. The composite resin is
divided according to filler particles size into the
traditional, small-sized filler, micro- sized filler,
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hybrid, and nano filled. Nano filled composite was
introduced to the public for aesthetic demands
with benefit on a glossy and smooth surface, so it
is almost used for anterior teeth [10-12,2].
According to the polymerization process, the
composite resin divided into chemical activated,
light-activated and chemical-light activated
(dual cure). Light Emitting Diode (LED)
activated composite resin is a new technology
to polymerize restoration materials in dentistry
and has a positive effect compared to halogen
light [2,10,11].

The chemical processes of bleaching agents may
alter the clinical durability of dental composite
restorations when they are used. Changes in
the surface morphology, chemical, and physical
properties of dental restorative materials were
one of the side effects of bleaching agents.
Surface microhardness is a physical property of a
restorative material that indicates its resistance
to indentation or penetration [13].

Much research has found mixed results when
it comes to the impact of bleaching chemicals
on the surface microhardness and surface
roughness of dental composite resin, with some
seeing a reduction in surface microhardness after
applying bleaching agents [6,14,15]. Also, no
changes in the surface microhardness after the
application of bleaching agents were reported in
some other studies.

The goal of the study was to see how dental
bleaching affected the surface roughness and
microhardness of three different types of
composite fillers (Nano filled resin, Nano hybrid
resin and Supra-nano spherical resin composite).
The hypothesis tested was that there would be
no effect of 32% hydrogen peroxide bleaching
agent on surface roughness and microhardness
of three different filler types resin composites.
MATERIALS AND METHODS

The study protocol was approved by the Ethics
Committee of College of Dentistry, University of
Baghdad (290521).
Preparation of resin samples

The research samples were 84 composite disks,
these samples were divided into two main
groups according to type of test; for each test
42 composite disks were used and these sample
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were divided into 3 subgroups according to type
of composite, each group was 14 samples as
follow:
9 Group A: Nano hybrid resin composite
Tetric N-Ceram from Ivoclar:
9 Group B: Supra-nano spherical resin
composite OMNICHROMA from Tokuyama.
9 Group C: Nano filled resin composite type
Z350XT from 3M:

Then the groups were tested as the following:

9 Group A1R, B1R and C1R For Surface
Roughness test before Hydrogen peroxide
application.
9 Group A2R, B2R and C2R For Surface
Roughness test after Hydrogen peroxide
application.

9 Group A1M, B1M and C1M For Microhardness
test before Hydrogen peroxide application.
9 Group A2M, B2M and C2M For Microhardness
test before Hydrogen peroxide application.

The research samples were prepared using a
specially designed acrylic mold with dimensions
8mm in diameter and 2mm in thickness. A Mylar
transparent matrix band was pressed on the
mold after layering the composite resin material
within the mold to obtain a smooth surface on
the composite resin and prevent the creation
of an oxygen-inhibited layer. The composite
resin samples were then light-cured for 20
seconds at a right angle to the surface using
an LED light cure unit (eighteeth, Changzhou
Sifary Medical Technology Co., Ltd) with a light
intensity of 1000 mW/cm2 that was measured
by radiometer. Following the manufacturer's
instructions, the group samples were polished
using medium to superfine polishing disks (SofLex TM, 3M ESPE, St. Paul, USA), To remove all
debris, rinse with distilled water and clean with
an ultrasonic instrument for two minutes. The
prepared samples were maintained in distilled
water at 37°C for 24 hours to ensure complete
polymerization [6,16].
Bleaching procedure

For each group, 32% Hydrogen Peroxide
bleaching agent (Flash, Germany) was applied

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 3 | March 2022

189

Mohammed Jabbar Atyiah, et al.

J Res Med Dent Sci, 2022, 10 (3):188-194

on the surface of the three types of composites
for 15 minutes, three times in one session during
the study with a thickness of 1mm (measured
with a scaled periodontal probe) according to
manufactural instructions to completely cover
the sample surface. Distilled water will be
used to rinse the samples after each bleaching
procedure.

DIN 4768 specification for surface roughness
measurement. The average reading was taken
after three measurements were taken in the
middle of each sample at crossing directions
with the use of a ruler [19].
Statistical analysis

Both Kolmogorov–Smirnov and Shapiro–Wilk
tests were used to determine if the data from
VHN and Ra before and after bleaching were
normally distributed. The parametric analysis
method was utilized since the data (N) were
normally distributed. IBM Statistical Package for
Social Sciences (SPSS) 26 Software for Windows
was used to examine the data. At a significance
level of 0.05, the data were subjected to a oneway analysis of variance (ANOVA) and Tukey's
honest significant difference (HSD) tests.

Evaluation of surface microhardness and surface
roughness

The surface roughness and microhardness of
all samples were determined 24 hours after
polymerization, and after the bleaching process,
the microhardness was measured using a
Vickers indenter with a 100-gram force and
a dwell duration of 15 seconds using Vicker's
microhardness test (LARYEE, China). The indenter
was placed on the upper surface of the composite
disks, and three indentations were made in each
sample, one mm apart from the disk edges and
other indentations. The diameter of the indented
rhombus was determined using the formula
VH=F/d2 to determine the microhardness values
at the three spots [17]. Finally, the mean of the
three points was calculated and reported as the
surface microhardness of each composite resin
sample. A calibrated mechanical 2D profilometer
surface roughness tester was used to assess the
roughness of the surface (leeb 432A, Testcoat,
USA) [18]. A diamond stylus with a diameter of
5m and a stylus angle of 90 was traversed in a
length of 1.25mm and a cut-off length of 0.25 mm
was employed on the profilometer to measure
the (Ra) for each specimen according to ISO-

RESULTS

Tables 1 and 2 show the calculated means of
VHNs and standard deviations (SD) before and
after the bleaching procedure for all groups,
whereas Tables 3 and 4 show the means and
SD of Ra values before and after the bleaching
process for all groups.
Surface microhardness

The collected hardness data revealed significant
differences between all test groups before
bleaching (p<0.000) and after bleaching
(p<0.000) using a one-way ANOVA analysis. For
all groups before bleaching, the HSD test revealed
a highly significant difference between A1M

Table 1: Minimum, maximum, means and (SD) of surface microhardness for all three groups before bleaching.
Mean

Std. Deviation

Std. Error

Minimum

Maximum

A1M

N
14

40.06786

3.710387

0.991643

31.55

45.5

B1M

14

43.38857

3.974656

1.062271

36.82

48.9

C1M

14

59.42286

5.475583

1.463411

50.83

68.53

Total

42

47.62643

9.593658

1.480334

31.55

68.53

Table 2: Minimum, maximum, means and (SD) of surface microhardness for all three groups after bleaching.
Groups

N

Mean

Std. Deviation

Std. Error

Minimum

Maximum

A2M

14

23.7471

4.46912

1.19442

17.51

32.84

B2M

14

32.9879

4.82345

1.28912

25.01

39.56

C2M

14

45.3207

4.26561

1.14003

39.09

53.62

Total

42

34.0186

9.97422

1.53906

17.51

53.62

Table 3: Minimum, maximum, means and (SD) of surface roughness for all three groups before bleaching.
Mean

Std. Deviation

Std. Error

Minimum

Maximum

A1R

N
14

0.469

0.055416

0.014811

0.389

0.549

B1R

14

0.475

0.068463

0.018298

0.335

0.572

C1R

14

0.46579

0.050076

0.013383

0.384

0.573

Total

42

0.46993

0.057183

0.008824

0.335

0.573
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Table 4: Minimum, maximum, means and (SD) of surface roughness for all three groups after bleaching.
Mean

Std. Deviation

Std. Error

Minimum

Maximum

A2R

N
14

0.6745

0.039481

0.01055

0.613

0.755

B2R

14

0.7541

0.036744

0.00982

0.688

0.811

C2R

14

0.8151

0.052543

0.01404

0.703

0.899

Total

42

0.7479

0.072049

0.01111

0.613

0.899

and C1M groups (p=0.000) and B1M and C1M
groups (p=0.000). There was also a significant
difference between the A1M and B1M groups
(p=0.133). In addition, the HSD test revealed a
highly significant difference between A2M, C2M
(p=0.000) and B2M, C2M (p=0.000) groups. After
bleaching, there was also a significant difference
between the A2M and B2M groups (p=0.000).
Surface roughness

When the collected Ra values were analyzed
using One-way ANOVA, there were no significant
differences between the groups before bleaching
(p< 0.915) and highly significant differences
(p< 0.000) after the bleaching process. HSD test
showed highly significant difference between
A2R, B2R groups (p=0.000) and A2R and C2R
groups (p=0.000). Also, a significant difference
between B2R, C2R groups (p=0.002) after
bleaching.
DISCUSSION

In ordinary dental practice, restoring damaged
teeth with modern resin composites was a
common procedure. Contemporary resin
composites have made significant advances
not only in their chemical formula but also in
their application processes, which can closely
replicate both surface and optical tooth features
[20]. However, some in-office procedures,
such as bleaching, may have a negative impact
on these characteristics [15]. Normally, to
improving teeth esthetics a short-term approach
used like dental bleaching. There are a variety of
in-office and at-home bleaching products on the
market today; however, carbamide and hydrogen
peroxide-based gels are the most typically used
in in-office bleaching procedures. Even though
bleaching treatment appears to be simple for
patients, some authors have found adverse
effects on existing dental restorations as well
as oral and dental tissues. The bleach products'
potency and acidity could be the main causes
of the bleaching treatment's negative effects
[21]. Resin composites are the most used direct
cosmetic tooth replacement material when

compared to dental amalgam and glass-ionomer.
These materials offer a wide range of clinical
applications in addition to their acceptable
mechanical and esthetic endurance [20].

On the one hand, dental composites' surface
roughness increases the risk of dental caries
and periodontal disease through influencing the
adhesion and retention of dental plaque [22,23].
Surface roughness influenced the color, gloss,
and staining susceptibility of resin composite
restoratives [24].

Hardness, on the other hand, refers to the ability
of restorative composite resin materials to
withstand mechanical degradation in service;
however, the size and amount of filler in the
material can affect this ability [25,26].
Bleaching agents can influence the microhardness
and surface roughness of restorative materials,
bleaching agents may produce a decrease in
surface hardness and an increase in surface
roughness [16,27]. So, the goal of this in vitro
investigation was to see how a bleaching agent
affected the surface hardness and roughness of
three different types of resin composites.
Microhardness evaluation

Effect of Bleaching materials

According to the findings of this study, the null
hypothesis was rejected, because the in-office
bleaching resulted in a highly significant decrease
in composite resin surface microhardness for all
groups, which is consistent with the findings
of Kamangar et al, who found a decrease in
composite resin surface microhardness after
bleaching with a higher concentration of
Hydrogen peroxide [28]. Also, the findings of
this study came in agree with the finding of
Mohammadi et al., 2019, and disagree with
findings of studies by Yap and Wattanapayungkul
which reported that no significant difference
was observed in microhardness levels of resin
materials after applying (CP at 35% and HP at
35%) in-office bleaching.

The free radicals created by hydrogen peroxide
may cause the separation of polymer chains and
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the breakage of double bonds in the composite
resin structure, resulting in a decrease in
surface microhardness. Free radicals also cause
microcracks at the resin-filler contact [29].

In this study, the higher concentration of HP in
the in-office bleaching procedure resulted in
a greater drop in the surface microhardness of
composite resins, which might be explained by
an increase in the disintegration of composite
resin material [6,30,31].

According to Alkahtani's research, having a higher
proportion of TEGDMA in a resin composite
can reduce surface microhardness. Due to the
integration of TEGDMA diluent monomers in the
resin matrix, the resin matrix may become less
resistant to bleaching agents, and the softening
of resin composite material may be increased
[32].
The influence of bleaching agents on the surface
properties of composite resins varies depending
on the type of bleaching agent, the time it is
applied, and the substrate [33]. Because bleaching
agents impact the resin matrix, composite resins
with a small matrix volume are less sensitive to
bleaching agent adverse effects [6,33].
Surface roughness evaluation

The average roughness (Ra), which represents
the arithmetical average value of all absolute
distances of the roughness profile from the
center line within the measuring length, was
used to characterize surface roughness [34].
Due to the increase in surface porosity and loss
of material mass the surface was noted to be
rough, in addition to water sorption, that cause
color change and resin morphology dimensional
alterations [35,36].

A study stated that the roughness will not
contribute to plaque accumulation if a surface
has a roughness value less than 200 nm (0.2μm)
but plaque accumulation will be unavoidable
if the value is higher [37]. Other studies stated
that if the surface roughness of the restorative
material was ≤ 1 μm this value considered to be
an acceptable value [38,39].
A resin matrix and filler particles are the biphasic
nature of resin composites. The type of resin
matrix has been shown to play an important
role in water sorption from different beverages
and staining solutions; increased water sorption
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can decrease the life of resin composites by
expanding and plasticizing the resin component,
hydrolyzing the silane, and causing microcracks
formation at the interface between the fillers and
the matrix, which may increase s [40].

In the current investigation, the null hypothesis
was rejected, because the using 32 percent HP
in-office bleaching resulted in a larger rise in the
surface roughness of composite resins, which
may be explained by the bleach compromising
the structural integrity of the composite surfaces,
and these findings came in agree with the
previous studies [1,16,41], and disagree with the
findings of other studies [42,43]. Some authors
have reported degradation of the resin matrix
and resin–filler bonds in the presence of bleach
[44,45], and Steinberg et al. [46] supported
it, stating that in the presence of acidic and
oxidizing bleaching chemicals, resin composite
surfaces are susceptible to chemical erosion.

Bleaching agents should not be used
indiscriminately in patients' mouths, according
to the findings of this study, and teeth with
extensive tooth-colored restorations should be
avoided or at least protected. Patients should be
advised that tooth-colored restorations may lose
their physical properties because of the bleaching
procedure. The composite restoration may need
to be replaced because of these consequences,
which could contribute to increased adherence
of cariogenic bacteria, surface wear rate, stain
absorption, and likely marginal/edge strengths
of these restorations.
CONCLUSIONS

Within the limits of the present in vitro study, it
can be concluded:

9 In-office bleaching material caused
significant decrease in microhardness of the
three types of composites.

9 Bleaching by 32% hydrogen peroxide caused
significant increase in surface roughness.
REFERENCES

1.
2.

Bailey SJ, Swift EJ. Effects of home bleaching
products on composite resins. Quintessence Int
1992; 23.

Mona D, Rismayansari I. Effect of 10% carbamide
peroxide bleaching gels on surface hardness of

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 3 | March 2022

192

Mohammed Jabbar Atyiah, et al.

3.
4.
5.
6.
7.
8.
9.

nano filled composite resin. Padjadjaran J Dent
2019; 31:220-225.

Heymann HO. Tooth whitening: Facts and
fallacies. Br Dent J 2005; 198:514.
Qusti NY, Brooks SJ, Brunton PA. In situ study:
Effect of a 10% Carbamide Peroxide whitening
gel on enamel mineral density using NanoCT. Med
Sci 2020; 24:4731-45.

Okte Z, Villalta P, García-Godoy F, et al. Surface
hardness of resin composites after staining and
bleaching. Oper Dent 2006; 31:623-628.

Mohammadi N, Alavi FN, Rikhtehgaran S, et al.
Effect of bleaching method and curing time on the
surface microhardness of microhybrid composite
resin. Mædica. 2020; 15:359.
Carey CM. Tooth whitening: What we now know.
J Evidence Based Dent Practice 2014; 14:70-76.

Epple M, Meyer F, Enax J. A critical review of
modern concepts for teeth whitening. Dent J
2019; 7:79.

Vaz MM, Lopes LG, Cardoso PC, et al. Inflammatory
response of human dental pulp to at-home and
in-office tooth bleaching. J Applied Oral Sci 2016;
24:509-517.

10. Anusavice KJ, Shen C, Rawls HR. Phillips' science
of dental materials. Elsevier Health Sciences
2012.
11. Zekonis R, Matis BA, Cochran MA, et al. Clinical
evaluation of in-office and at-home bleaching
treatments. Oper Dent 2003; 28:114-21.

12. Tjuatja L. Perbedaan kekerasan mikro permukaan
resin kompositmikrofil dan nanofil pada
penggunaan bahankarbamid peroksida 45% dan
hidrogenperoksida 38% secarain office bleaching
(Penelitian Eksperimental Laboratoris) (Doctoral
dissertation, Universitas Gadjah Mada).

13. Abdelaziz KM, Mir S, Khateeb SU, et al. Influences
of successive exposure to bleaching and
fluoride preparations on the surface hardness
and roughness of the aged resin composite
restoratives. Medicina 2020; 56:476.

14. Malkondu Ö, Yurdagüven H, Say EC, et al. Effect of
bleaching on microhardness of esthetic restorative
materials. Oper Denti 2011; 36:177-86.
15. Zuryati AG, Qian OQ, Dasmawati M. Effects of
home bleaching on surface hardness and surface
roughness of an experimental nanocomposite. J
Conservative Dent 2013; 16:356.

16. Türker SB, Biskin T. The effect of bleaching
agents on the microhardness of dental aesthetic
restorative materials. J Oral Rehab 2002; 29:657-61.

J Res Med Dent Sci, 2022, 10 (3):188-194
17. Kimyai S, Bahari M, Naser-Alavi F, et al. Effect
of two different tooth bleaching techniques on
microhardness of giomer. J Clin Exp Dent 2017;
9:e249.

18. Joshi CP, Patil AG, Karde PA, et al. Comparative
evaluation of cemental abrasion caused by soft
and medium bristle hardness toothbrushes at
three predetermined toothbrushing forces: An
in vitro study. J Indian Society Periodont 2017;
21:10.
19. Kakaboura A, Fragouli M, Rahiotis C, et al.
Evaluation of surface characteristics of dental
composites using profilometry, scanning electron,
atomic force microscopy and gloss-meter. J
Materials Sci 2007; 18:155-163.

20. Zhou X, Huang X, Li M, et al. Development and
status of resin composite as dental restorative
materials. J Applied Polymer Sci 2019; 136:48180.
21. Fiorillo L, Laino L, De Stefano R, et al. Dental
whitening gels: Strengths and weaknesses of an
increasingly used method. Gels 2019; 5:35.

22. Wilson F, Heath JR, Watts DC. Finishing composite
restorative materials. J Oral Rehab 1990; 17:79-87.
23. Kumari CM, Bhat KM, Bansal R. Evaluation
of surface roughness of different restorative
composites after polishing using atomic force
microscopy. J Conservative Dent 2016; 19:56.

24. Dadoun MP, Bartlett DW. Safety issues when
using carbamide peroxide to bleach vital teeth--a
review of the literature. Eur J Prosthodont Restor
Dent 2003; 11:9-13.

25. Fortin D, Vargas MA. The spectrum of composites:
new techniques and materials. J Am Dent Assoc
2000; 131:26S-30S.
26. Schulze KA, Marshall SJ, Gansky SA, et al. Color
stability and hardness in dental composites after
accelerated aging. Dent Materials 2003; 19:612-9.

27. Rotstein I, Avron Y, Shemesh H, et al. Factors
affecting mercury release from dental amalgam
exposed to carbamide peroxide bleaching agent.
Am J Dent 2004; 17:347-50.
28. Kamangar SS, Kiakojoori K, Mirzaii M, et al. Effects
of 15% carbamide peroxide and 40% hydrogen
peroxide on the microhardness and color change
of composite resins. J Dent 2014; 11:196.

29. Polydorou O, Mönting JS, Hellwig E, et al. Effect of
in-office tooth bleaching on the microhardness
of six dental esthetic restorative materials. Dent
Materials 2007; 23:153-158.

30. Lee JH, Kim HI, Kim KH, et al. Effect of bleaching
agents on the fluoride release and microhardness

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 3 | March 2022

193

Mohammed Jabbar Atyiah, et al.
of dental materials. J Biomed Materials Res 2002;
63:535-541.

31. Campos I, Briso AL, Pimenta LA, et al. Effects
of bleaching with carbamide peroxide gels on
microhardness of restoration materials. J Esthetic
Restorative Dent 2003; 15:175-83.

32. AlQahtani MQ. The effect of a 10% carbamide
peroxide bleaching agent on the microhardness
of four types of direct resin-based restorative
materials. Oper Dent 2013; 38:316-23.
33. Polydorou O, Hellwig E, Auschill TM. The effect of
different bleaching agents on the surface texture of
restorative materials. Oper Dent 2006; 31:473-80.

34. Taher NM, Alkhamis HA, Dowaidi SM. The
influence of resin infiltration system on enamel
microhardness and surface roughness: An in
vitro study. The Saudi Dent J 2012; 24:79-84.
35. Wang L, Garcia FC, de Araújo PA, et al. Wear
resistance of packable resin composites
after simulated toothbrushing test. J Esthetic
Restorative Dent 2004; 16:303-14.

36. Zanin FR, da Fonseca Roberti Garcia L, Casemiro
LA, et al. Effect of artificial accelerated aging on
color stability and surface roughness of indirect
composites. Eur J Prosthodont Restorative Dent
2008; 16:10.
37. Ulrich I, Mueller J, Wolgin M, et al. Tridimensional
surface roughness analysis after resin infiltration
of (deproteinized) natural subsurface carious
lesions. Clin Oral Investigat 2015; 19:1473-83.

38. Chung KH. Effects of finishing and polishing
procedures on the surface texture of resin

J Res Med Dent Sci, 2022, 10 (3):188-194
composites. Dent Materials 1994; 10:325-30.

39. Nasoohi N, Hoorizad M, Tabatabaei SF. Effects of
wet and dry finishing and polishing on surface
roughness and microhardness of composite
resins. J Dent 2017; 14:69.

40. Hosoya Y, Shiraishi T, Odatsu T, et al. Effects of
polishing on surface roughness, gloss, and color
of resin composites. J Oral Sci 2011; 53:283-921.
41. Gurgan S, Yalcin F. The effect of 2 different
bleaching regimens on the surface roughness and
hardness of tooth-colored restorative materials.
Quintessence Int 2007; 38.

42. Nadhum NS, Al-Khafaji AH. The effect of in office
bleaching on surface roughness and microhardness of newly developed composite materials
(In vitro study). J Bagh Coll Dent 2014; 26:24-29.
43. Dogan A, Ozcelik S, Dogan OM, et al. Effect of
bleaching on roughness of dental composite
resins. J Adhesion 2008; 84:897-914.
44. Attin T, Hannig C, Wiegand A, et al. Effect
of bleaching on restorative materials and
restorations—A systematic review. Dent
Materials 2004; 20:852-861.

45. Francis G, Pradeep K, Ginjupalli K, et al. Effects
of bleaching agents on the microhardness and
surface roughness of bulk fill composites. World
J Dent 2017; 8:196-201.
46. Steinberg D, Mor C, Dogan H, et al. Effect of salivary
biofilm on the adherence of oral bacteria to
bleached and non-bleached restorative material.
Dent Materials 1999; 15:14-20.

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 3 | March 2022

194

