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 The aim of our study was to correlate between two types of office 

bleaching materials with two different concentrations on surface 

roughness of composite. We made a forty five cylindrical specimens 

which were divided into three groups: Group A (Voco): Subdivided into: 

A1 (no bleaching): Specimens were placed for two weeks in artificial 

saliva. A2: In which office bleaching agent containing 35% HP was 

applied on composite specimens. A3: In which office bleaching agent 

containing 32% HP was applied on composite specimens. Group B 

(Z350): Subdivided into: B1 (no bleaching): Specimens were placed for 

two weeks in artificial saliva. B2: In which office bleaching agent 

containing 35% HP was applied on samples. B3: In which office 

bleaching agent containing 32% HP was applied on samples. Group C 

(P60): Subdivided into: C1 (no bleaching): Specimens were placed for 

two weeks in artificial saliva. C2: In which office bleaching agent 

containing 35% HP was applied on composite specimens. C3: In which 

office bleaching agent containing 32% HP was applied on composite 

specimens. Scanning electron microscope and Atomic force microscope 

were used to evaluate roughness. ANOVA and LSD tests were applied 

to evaluate the significance between groups. A highly significant 

increase in roughness was observed when compared to control groups (P 

< 0.01). The highest value for roughness was observed in A2 group 

(36.26 nm), whereas B1 showed the lowest value (16.17 nm). The office 

bleaching material used has led to surface roughness alteration for all 

groups. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

One of the most conservative and efficient treatment of discoloured anterior teeth nowadays is Bleaching. 

But sometimes this procedure might have some drawbacks in the properties of dental restorations such as 

increase roughness or creating minor [1]. Tooth whitening material containing peroxides are classified into 

three categories: Bleaching products used by patients at home, In-office agents and over-the counter (OTC) 

bleaching products supervised by dentist [2]. Bleaching systems share the form of the peroxide (hydrogen 

peroxide, carbamide peroxide, sodium percarbonate). Hydrogyn peroxide act as a strong oxidizing agent 
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through the formation of free radicals, reactive oxygen molecules, and HP anions [3]. Sometimes composite 

resins might undergo erosive or degradation effect by bleaching products. SO restorations may be removed 

due to possible negative physical-mechanical consequences [4]. Clinical studies have reported adverse 

effects of bleaching material on composite surface including softening, roughness, cracks and unsightly 

color changes. There are many variables that effect the type and extent of surface alterations like exposure 

time, concentration and method of application and the composition anterior filling [5- 7]. In order to 

decrease the chance for composite replacement after bleaching, we must know the physical and mechanical 

properties of each aesthetic material [8]. Engineers have developed nanofilled composites in order to offer 

mechanical strength combined with well-polished surfaces. Also manufacturers incorporated a new bulk fill 

material with a pure-ormocer-based resin matrix which is named (ORMOCER). This material is composed 

of organic groups linked to the inorganic backbone which is incorporated into inorganic silanated filler 

particles [9]. Surface texture of dental materials has a major influence on plaque accumulation, 

discoloration, wear and esthetic appearance of direct and indirect restoration. The roughness of tooth 

structure and restorative materials affects the retention of microorganisms, thus inducing gingivitis and 

increasing risk of dental caries [10]. The evaluation of surface roughness must include qualitative and 

quantitive analysis, so the micro morphological evaluation of the restoratives surfaces is made by Scanning 

Electron Microscopic (SEM). Atomic force microscope gives a quantative method. The combination of the 

two methods of analysis might provide more accurate description [11]. The aim of our study was to 

correlate between two types of office bleaching materials with two different concentrations on surface 

roughness of composites which are a nanohybrid composites (Filtek™ Z350 XT), a microhybrid (Filtek 

P60) and an ormocer material (Admira, Voco) using scanning electron microscope and atomic force 

microscope. The hypotheses were tested in this study: the bleaching agent use would not alter the surface 

roughness of the composites. 

 

2. Materials and Method 

Ethical clearance: The ethical committee in college of Dentistry / University of Uruk (no. 556 in 21/2/2021) 

has approved this research following the ethical guidelines of the Helsinki Declaration June/1964. 

 

In this study we fabricated forty five cylindrical specimens, with 3 mm in height and 6 mm diameter. The 

composite materials used were (Filtek™ Z350 XT) nano-hybrid composite, a (Filtek P60, 3M ESPE, USA) 

microhybrid composite and (Admira Fusion, Voco) universal ORMOCER restorative material (A2 shade) 

(according to the manufacturer instructions). We used a cubic Teflon mold measuring 4 mm × 4 mm × 3 

mm. and we filled the mold with excess material and polyester strip was placed over composite and then 

covered with glass slab. In order to remove the excess material and the voids, we used 500 g load for 30 s to 

obtain compressed and parallel surface [12]. The samples were light cured for 20 s using light‑curing unit 

(Henry Schein, uk) after removal of the glass slab, the light intensity of curing unit is 900 mW/cm2 [13]. 

After removal from the mold, they were placed in distilled water with temperature 37°C for 24 h. Polishing 

of composite surface was done using coarse, medium, fine, and extrafine aluminum oxide Sof‑Lex discs 

respectively (3M ESPE, St. Paul, MN, USA) [14]. 

 

The composition of the material tested is illustrated in [Table 1] 

 

Sample Grouping: 

The samples were then randomly divided into three main groups (15 specimens) for each group according 

to the type of composite as follows: 

Group A (Admira, Voco) (n=15) which was further subdivided into three main subgroups according to type 

of bleaching agent used as: 
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Group A1 (control group): Specimens were placed for two weeks in artificial saliva only for two weeks 

period. No bleaching agent was applied. 

Group A2: In which office bleaching agent containing 35% HP (CLARIENT ANGELUS OFFICE) was 

applied on composite specimens for 45 min. A soft toothbrush was used to clean the surface using distilled 

water for 1 min to remove any remnant of bleaching material from the surface and then all specimens were 

placed for two weeks in artificial saliva. 

Group A3: In which office bleaching agent containing 32% HP (WHITEsmile) was applied on composite 

specimens for 20 min. and repeated three cycles in which the sample was washed with distilled water 

thoroughly between each cycle. Then all specimens were placed for two weeks in artificial saliva. 

Group B (Filtek™ Z350 XT) (n=15) which was further subdivided into three main subgroups according to 

type of bleaching agent used as: 

Group B1 (control group): Specimens were placed for two weeks in artificial saliva only for two weeks 

period. No bleaching agent was applied. 

Group B2: In which office bleaching agent containing 35% HP (CLARIENT ANGELUS OFFICE) was 

applied on composite specimens for 45 min. A soft toothbrush was used to clean the surface using distilled 

water for 1 min to remove any remnant of bleaching material from the surface and then all specimens were 

placed for two weeks in artificial saliva. 

Group B3: In which office bleaching agent containing 32% HP (WHITEsmile) was applied on composite 

specimens for 20 min. and repeated three cycles in which the sample was washed with distilled water 

thoroughly between each cycle. Then all specimens were placed for two weeks in artificial saliva. 

Group C (Filtek P60) (n=15) which was further subdivided into three main subgroups according to type of 

bleaching agent used as: 

Group C1 (control group): Specimens were placed for two weeks in artificial saliva only for two weeks 

period. No bleaching agent was applied. 

Group C2: In which office bleaching agent containing 35% HP (CLARIENT ANGELUS OFFICE) was 

applied on composite specimens for 45 min. A soft toothbrush was used to clean the surface using distilled 

water for 1 min to remove any remnant of bleaching material from the surface and then all specimens were 

placed for two weeks in artificial saliva. Group C3: In which office bleaching agent containing 32% HP 

(WHITEsmile) was applied on composite specimens for 20 min. and repeated three cycles in which the 

sample was washed with distilled water thoroughly between each cycle. Then all specimens were placed for 

two weeks in artificial saliva. 

 

2.1 Evaluation of Roughness by Atomic Force Microscopy 

Atomic Force Microscope (Veeco Co, USA) was used to measure the surface roughness of a representative 

samples (n=15). The mean 3D surface profile was assessed with a contact mode. Five different randomly 

selected areas were scanned to obtain surface roughness values (Ra). Three-dimensional (3D) images with 

10 × 10 𝜇m sizes were acquired for each group of materials and to obtain Ra value we used Scan Atomic 

SPM control software. Cleaning of composite surface was made to obtain accurate and consistent readings. 

The average of readings for each sample was taken in nanometers. Thus, a low value means we have a 

smooth surface and the opposite is correct [15]. 

 

2.2 SEM examination 

The qualitative evaluation with scanning electron microscope (ZEISS Gemini 360, Germany) was done by 

selecting three samples from each group. The specimens were dried, gold sputter coated before evaluation 

with electron microscope [16]. 

 

2.3 Statistical analysis 
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The computer program SPSS (IBM. SPSS Inc. USA) version 18 was used to correlate and evaluate the data 

taken from the tested groups. One-way ANOVA and LSD tests were used to compare the mean and 

standard deviation values between groups. 

 

3. Results 

The mean, standard deviation and standard error of surface roughness in nm with minimum and maximum 

value of each group are illustrated in [Table 2] and [Figure 1] The overall comparison of surface roughness 

between filling materials has shown that roughness was maximum for (Admira, Voco) subgroup treated 

with 35% HP A2 (36.26±1.69), while the lowest mean of surface roughness was observed in Z350 control 

subgroup B1 (16.17±0.43). 

 

We analyzed the statistical significant difference between groups depending on the type of composite 

restoration used by application of ANOVA test. 

 

Type of filling material had a significant influence (P< 0.001) on surface roughness which has been shown 

through the ANOVA test. The statistical analysis of data revealed that surface roughness of control 

subgroups was highly significant (A1 Voco, B1 Z350 and C1 P60) P<0.001 [Table 3]. 

 

Also there was a highly significant difference when comparing subgroups treated with 35% HP (A2 Voco, 

B2 Z350 and C2 P60) P<0.001 [Table 4]. 

 

Further investigation regarding subgroups treated with 32% HP (A3Voco, B3 Z350 and C3 P60) also 

revealed a highly significant difference P<0.001 [Table 5]. 

 

The least significant difference (LSD) test was applied done to identify analyze the difference in roughness 

Ra after collection of data between subgroups depending on the type of bleaching material, [Table 6]. These 

examinations had revealed a statistically non significant difference (P>0.05) between Voco (A subgroups) 

according to the type of bleaching material except between control subgroup and subgroups treated with 

35% HP which was significant (P<0.05). Also there was a significant difference (P<0.05) between Z350 (B 

subgroups) according to the type of bleaching material. The examinations also revealed a statistical high 

difference (P< 0.001) between P60 (C groups) according to the type of bleaching material except between 

subgroups treated with 35% HP (C2 subgroups) and subgroups treated with 32% of HP(C3subgroups) 

which was non significant (P>0.05). 

 

The images taken by AFM [Figures 2] In this study, has shown major surface changes including plucking 

out of filler particles after completion of bleaching procedure. As for pictures taken by SEM [Figures 3], the 

results were more obvious compared to control in which there was shallow pits cracks and etched like 

surface. 

 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3643 
 

 
Fig (1) Mean value of surface roughness (Ra) in nm of the tested groups 

 

4. Discussion 

It is necessary to evaluate some characteristics of composite restorations after dental bleaching, such as 

color change, marginal integrity and surface roughness, in order to decide restoration maintenance or 

replacement [4]. The longevity and aesthetic appearance of the composite restorations are dependent on the 

quality of the polished surface, since rough surfaces may lead to discoloration and wear, as well as biologic 

consequences to the periodontal health, especially the occurrence of secondary caries and gingivitis [17]. 

Among the various types of roughness parameters, only the data from Ra would provide relevant 

information. The Ra shows the average between the peaks and depressions of the surface, and the higher its 

score the more remarked the roughness will be [5]. In this study a nanohybrid (Z350) composite, 

microhybrid (P60) and an ormocer based nanohybrid (Voco, Admira) were evaluated. All tested materials 

demonstrated significantly increased surface roughness when compared with control groups after bleaching 

procedures and storage in artificial saliva. This result was supported by SEM micrographs. The results 

shown in this study confirm the results obtained by [18] when they observed a statistically significant 

increase in the Ra of a hybrid composite resin after treatment with 10% carbamide peroxide and 35% 

hydrogen peroxide and oppose those found by [19]. It is known that bleaching agents may act mainly on the 

resinous matrix of CRs whereas the inorganic particles are inert, even in an acidic environment. This may 

be explained by the displacement causing matrix erosion. The peroxides present in the bleaching material 

may cause failure of the bond between the resin and fillers, this dissociation or oxidative cleavage polymer 

might lead to increase in the surface roughness [20], [21]. The organic composition of Z350 and P60 are 

based on Bis-GMA which is more hydrophilic than TEGDMA and UDMA, this increase in water 

adsorption may cause decomposition of organic matrix and interface between organic matrix and inorganic 

fillers which subsequently might decrease surface properties [18]. In our study, the better performance of 

the nanohybrid Filtek™ Z350 compared to other materials tested could be attributed to less filler plucking 

due to reduced filler particle size of this type of composite which resulted in less inter particle spacing, thus 

improving protection of resin matrix and causing less filler plucking [22], [23]. All of these features 

enhance the wear resistance of this resin-based material. Filtek P60 has a lot of space between fillers caused 

by grinding of large and irregular filler particles that could explain the higher surface roughness of Filtek 

P60 compared to Z350. The larger filler would appear protrusive on the surface during curing [3]. The 

results of our study has revealed increased roughness values for Voco groups compared to the others. Voco 

is composed of a nano-ceramic resin which is a mixture of ceramic polysiloxane matrix and clusterss of 

precondensed filler particles [13]. There is a rigid bond between the silane organic part and the 

polymerizable organic group which leads to inadequate integration between the microfiller particles and the 
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siloxane ones because of increased stress between them causing deterioration of this bond and subsequent 

high level of surface roughness [2]. [24] found significant increase in roughness of an ormocer material 

after using whitening strip with 6.5% HP concentration. While [91] had contradictive results in which he 

claimed that the use of whitening strip with 6.5% HP concentration did not alter the roughness of this 

material. The contradiction between these results may be due to different exposure time and concentration 

of the bleaching material used. In this study two methods of surface topographic evaluations were used. The 

first method was the surface roughness analysis using atomic force microscopy, which represents both a 

quantitative and qualitative evaluation of surface roughness [19]. AFM studies were performed to obtain 

information about surface morphology and smoothness. Furthermore, this technique provides a true, three-

dimensional surface profile [25]. The second method was the Scanning Electron Microscopic (SEM) 

analysis which represents a qualitative micro morphological evaluation of the restoratives surfaces. 

Furthermore, the SEM photomicrographs may reveal some surface changes that cannot be easily detected 

by AFM [26]. The more accurate analysis of surface changes of the composite surface can be achieved by 

combining the two quantative and qualitative methods of surface analysis. In our study, the 3D images of 

AFM [Figures 2] showed plucking out of filler particles for all tested specimens after the bleaching 

treatment. In the evaluations made with SEM in the current study, images of each sample were taken at x 

5000 magnification and at x 10, 000 magnification [Figures 3]. This finding was consistent with the results 

of [27] in which they found substantial changes on the surface of Grandio nano hybrid, silorane based while 

obvious surface changes has been shown ormocer after bleaching when compared to control. These changes 

include etched like surface, cracks and shallow pits. The difference between the two types of bleaching 

systems on surface roughness may be due to the different application period, the diffusion ability of the 

materials [2]. With increasing use of bleaching agents due to aesthetic demand. So we conclude that 

different types of bleaching agents can increase surface roughness and we can either do filling replacement 

or repolishing. The null hypotheses was rejected because we found significant difference of surface 

roughness according to different types of restorations and bleaching agents. The limitations of our study is 

that it is applied on composite samples and not in patient mouth in which we have diet and other factors that 

have effect on surface properties so further clinical researches are required to assess the effect of using 

different bleaching systems and its possible impact on the different physical and chemical properties of 

aesthetic filling materials. 
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5. Conclusion 

Based on the results of this study, it can be concluded that: 

1. As a result of the measurements made with AFM, an increase in the roughness values was 

determined in all the restoration materials compared to control groups after the whitening application and 

the mean surface roughness was significantly higher in ormocer (Admira, Voco) than nanohybrid (Filtek™ 

Z350 XT) and microhybrid (P60) composites at 35% and 32% HP concentrations. 

2. Surface pitting and fissures were observed for all tested composite specimens using the Scanning 

electron microscope and AFM micrographs due to the effect of HP on the surface. 

Clinical significance: There is a possible change in surface properties of anterior aesthetic restorations and 

the patients should know the existence of such possibility and that he or she might need changing or 

repolishing the restoration at the end of bleaching procedure.  

 

Ethical Clearance:  

The ethical committee in college of Dentistry / University of Uruk (No. 556 in 21/2/2021) has approved this 

research following the ethical guidelines of the Helsinki Declaration June/1964. 
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Table (1) Materials and manufacturers, type/color, and composition of composite resins, bleaching Gels, 

and artificial saliva 

Material/Manufacturer Type/Color Composition 

Filtek Z350 XT (3M ESPE)  

Nano hybrid composite/A2E 

Matrix based on bis-GMA, 

bis-EMA, 

UDMA,TEGDMA; 63.3% 

silica/zirconia clusters; silica 

particles (20 nm); zirconia (4- 

11 nm) and silica/zirconia 

clusters (0.6-10 nm) 

Admira (ormocer) 

Voco, 

Cuxhaven, 

Germany 

Nano hybrid composite/A2 Organic ceramic 

polysiloxane; 80% filler 

particles which are inorganic 

glass particules 1 μm and 20- 
60 nm SiO2 particules 
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Filtek P60 

3M ESPE, USA 

Micro hybrid composite/A2 Zirconia/silica filler (0.01- 

3.5) µm, Bis-GMA, UDMA, 

Bis-EMA 
Amelogen 

(CLARIENT ANGELUS 

OFFICE) Brazil 

Bleaching agent Liquid: 35% hydrogen 

peroxide, distilled water, and 

stabilizers. Powder: 

thickener, catalyst, pigments, 
and potassium nitrate 

(WHITEsmile)@ Germany Bleaching agent Aqua, 32% hydrogen 

peroxide, Silica, Glycerol, 

Organic aminesm 

Polyglycols, yellow food 
color 

 

Table (2): Descriptive statistics of the surface roughness values Ra in nm for all tested groups 

Groups N Mean SD SE Minimum 

(Nm) 

Maximum 

(Nm) 

A1 5 33.67 1.37 0.61 32.17 35.83 

A2 5 36.26 1.69 0.75 34.77 38.95 

A3 5 35.13 1.49 0.67 33.35 36.95 

B1 5 16.17 0.43 0.19 15.55 16.74 

B2 5 18.64 0.97 0.43 17.58 19.72 

B3 5 17.53 0.60 0.26 16.53 17.98 

C1 5 22.11 0.99 0.44 21.18 23.66 

C2 5 24.83 1.07 0.48 23.57 25.74 

C3 5 24.95 0.52 0.23 24.34 25.58 

Total 45      

 

Table (3) Statistical difference using One-way ANOVA test to show difference of surface roughness Ra 

between control subgroups with different composite fillings 

 

ANOVA 
Sum of 

 

Squares 

 

df 
Mean 

 

Square 

 

F 

 

P-value 

 

Sig. 

Between 

Groups 

 
 

792.377 

 
 

2 

 
 

396.188 

 
 

386.682 

 

 

 

 

.000 

 

 

 

 

HS 

Within 

 

Groups 

 
12.295 

 
12 

 
 

1.025 

 

Total 804.672 14 

 

Table (4) Statistical difference using One-way ANOVA test to show difference of surface roughness Ra 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3649 
 

between treated with 35% HP with different composite fillings 

ANOVA 
Sum of 

Squares 
df 

Mean 

Square 
F P-value Sig. 

Between 

Groups 

 

798.938 

 

2 

 

399.469 
 

 
241.339 

 

 
.000 

 

 
HS 

Within 

Groups 
19.863 12 

 

1.655 

Total 818.800 14 

 

Table (5) Statistical difference using One-way ANOVA test to show difference of surface roughness Ra 

between treated with 32% HP with different composite fillings 

 
ANOVA 

 
N 

 
Sum of Squares 

 
df 

 

Mean 

Square 

 
F 

 
P-value 

 
Sig. 

 
Between 

Groups 

 
 

5 

 

 
 

780.915 

 
 

2 

 
 

390.457 

 

 

 

 
406.243 

 

 

 

 
.000 

 

 

 

 
HS 

Within 

Groups 

 

5 

 

11.534 

 

12 
 
 

0.961 

Total 5 792.449 14 

 

Table (6) the least significant difference (LSD) of multiple comparison test for subgroups with different 

bleaching materials 

 

 
 

Studied groups 

 
 

LSD (f-test) 

 

 
P-value 

 

 
Sig. 

 

A1 
A2 .020 S 

A3 .157 NS 

A2 A3 .266 NS 

 

B1 
B2 .000 HS 

B3 .010 S 
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B2 
 

B3 
 

.029 
 

S 

 

C1 

C2 .000 HS 

C3 .000 HS 

 

C2 
 

C3 
 

.842 
 

NS 
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