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ABSTRACT 

Objective: This study investigated the effect of ozone pre-

treatment on the microleakage of class V composite restorations 

after using two different bleaching agents with laser activation.  

Methods: Forty non-carious maxillary central incisor teeth 

extracted for periodontal disease were included and randomly 

divided into two main groups (n=20). Group 1: Bleaching agent 

including 40% H2O2 was activated with laser (Diode 980 nm, 

Gigaa Dental Laser Cheese, China). Group 2: Bleaching agent 

including 35% H2O2 was activated with the same laser. Then, the 

teeth were randomly divided into two subgroups (n=10). Ten 

specimens in each subgroup were subjected to ozone treatment 

(Ozonytron XP-OZ, MIO International, Germany) for 30 s, while 

the remaining untreated specimens were left as control group. 

Class V cavities were prepared on the buccal surfaces and restored 

with composite resin (Filtek Z550, 3M ESPE, USA). Following 

thermal cycling (5–55°C, 5000×), the specimens were kept in 0.5 

% basic fuchsine for dye penetration within a period of 24h. Then, 

the teeth were sectioned longitudinally. The depth of staining 

along with the tooth-restoration interface was examine under a 

stereomicroscope and recorded. 

Results: There were no significant differences between the two 

bleaching agents in terms of microleakage of restorations (p > 

0.05). The ozone pre-treatment didn’t decrease the microleakage 

values (p > 0.05). Significantly higher microleakage scores were 

determined at gingival margins compared to occlusal margins (p < 

0.05). 

Conclusion: Ozone pre-treatment did not affect microleakage 

scores of class V composite restorations following dental 

bleaching. 

Keywords: Dental bleaching, diode laser, ozone, microleakage. 

ÖZ 

Amaç: Bu çalışmada, iki farkı beyazlatma ajanı kullanılarak 

yapılan lazer aktivasyonlu beyazlatma sonrası ozon 

uygulamasının, sınıf V kompozit restorasyonların mikrosızıntısı 

üzerindeki etkisi araştırılmıştır. 

Metot: Çalışmada periodontal hastalık nedeniyle çekilen 40 tane 

çürüksüz maksiller santral diş kullanıldı ve rastgele iki ana gruba 

ayrıldı (n=20). Grup 1: %40 H202 içeren beyazlatma ajanı lazerle 

aktive edildi (Diode 980 nm, Gigaa Dental Laser Cheese, China) 

Grup 2: %35 H202 içeren beyazlatma ajanı aynı lazerle aktive 

edildi. Daha sonra dişler rastgele iki alt gruba ayrıldı (n=10). Her 

ana grubun, bir alt grubundaki 10 örnek kontrol grubu olarak 

ayrılırken, geri kalan 10 örneğe 30 saniye süreyle ozon 

(Ozonytron XP-OZ, MIO International, Germany) uygulandı. 

Bukkal yüzeylerde sınıf V kaviteler hazırlandı ve kompozit rezin 

(Filtek Z550, 3M ESPE, ABD) ile restore edildi. Termal siklustan 

(5-55 °C, 5000 ×) sonra örnekler, boyanın nüfuz etmesi için 24 

saat boyunca %0,5 bazik fuksin içinde bekletildi. Ardından, 

değerlendirme için dişler vertikal olarak separe edildi. Diş ve 

restorasyonun arayüzü boyunca oluşan boyanma derinliği 

stereomikroskop altında incelendi ve kaydedildi.  

Bulgular: Restorasyonların mikrosızıntısı açısından iki 

beyazlatma ajanı arasında anlamlı bir fark bulunamadı (p> 0,05). 

Ozon tedavisi mikrosızıntı değerlerini azaltmadı (p> 0,05). 

Okluzal marjinlerde, gingival marjinlere oranla anlamlı düzeyde 

daha fazla mikrosızıntı tespit edildi (p <0,05).  

Sonuç: Beyazlatma sonrası ozon tedavisi sınıf V kompozit 

restorasyonların mikrosızıntı değerlerini etkilemedi. 

Anahtar Kelimeler: Dental beyazlatma, diyot lazer, ozon, 

mikrosızıntı
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INTRODUCTION 

Office bleaching is a conservative, effective 

and relatively safe esthetic treatment. In 

contemporary dental practice, agents 

containing 30-40 % hydrogen peroxide (H2O2) 

have been widely used for bleaching.1 

Although this chemical can be used for both 

home and office bleaching, the latter one has 

many advantages including professional 

control, avoiding the contact of agents with 

soft tissues, immediate results and bleaching of 

all surfaces of teeth.2 H2O2 is a very unstable 

molecule and can be easily decomposed which 

results in the release of different oxygen 

species (e.g. perhydroxyl anion, hydroxyl 

radical). The amount of released  oxygen 

radical depends on environmental conditions 

including pH, light, and temperature.3 For this 

reason, this agent can be used either alone or 

can be activated by heat or light in order to 

increase its efficiency.4  

 H2O2 may also alter the structure of both 

methacrylate-based composite resins and tooth 

including color, roughness and surface 

hardness. These changes may lead to decreased 

bond strength and increased microleakage 

throughout restorative material and dental hard 

tissue interface5 because these agents reduce 

polymerization  if restoration carried out 

immediately after tooth bleaching.6 It is 

suggested that a period of time should be 

allowed between the end of bleaching 

treatment and placement of adhesive 

restorations. At least a period of 7 days is 

required for accomplishment of composite 

restoration immediately after bleaching.7  

 Today, the use of ozone in restorative 

dentistry has been used for pit and fissure 

caries and white spot lesion. Antibacterial 

property of ozone is due to high oxidation 

activity inducing the rupture of the cell 

membranes and destroying of intracellular 

components.8 The improving of equipment to 

utilize gaseous ozone in the dental practice has 

allowed new therapeutic facilities in dental 

surface pre-treatment.9 

 Microleakage is one of the important 

factors that lead to the failure of resin 

restorations. It is defined as the penetration of 

bacteria, fluids, molecules or ions into the 

spaces between the cavity walls and the 

restorative materials.10 Clinically, 

microleakage can lead to postoperative 

sensitivity, staining around the margins of 

restorations, secondary caries, restoration 

failure, pulpal pathology or pulpal necrosis, 

partial or total loss of restoration.11 It is known 

that there was a negative influence of 

bleaching on the marginal integrity of existing 

or new restorations.12 On the current literature 

there have been many studies which related to 

the microleakage of composite resin 

restorations after tooth bleaching.13, 14 But, 

there is no available study about ozone 

treatment after bleaching in the literature. In 

the light of these informations, the aim of this 

study was to investigate effect of ozone 

application after office bleaching treatment on 

microleakage of class V composite resin 

restorations. 

 The null hypotheses to be investigated in 

this study are: 

 There are no differences between the 

microleakage values of different bleaching 

materials. 

 Ozone application doesn’t affect the 

microleakage results of class V composite 

resin restorations. 

MATERIALS AND METHODS  

This study was approved by the ethical 

committee of Gaziantep University 

(2017/381). Forty non-carious maxillary 

central incisor teeth extracted for periodontal 

disease were included. External root surfaces 

of the teeth were cleaned with scalers to 

remove residual organic tissue. Then, the teeth 
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were randomly divided into two main groups 

(n=20). 

Group 1: Bleaching agent including 40% H2O2 

(Opalescence Boost, Ultradent Products) was 

activated with laser (980 nm Diode, Gigaa 

Dental Laser Cheese, China) for 3 cycles of 20 

s with an output power of 4 w localized per 

teeth. The total bleaching procedure lasted 30 

minutes totally.  

Group 2: Bleaching agent including 35% H2O2 

(Whiteness HP Blue, FGM Dental Products, 

Brazil) activated with laser (980 nm Diode, 

Gigaa Dental Laser Cheese, China) with the 

same procedure.  

 The teeth were further randomly divided 

into two subgroups (n=10);  

Group 1a: Ozone pre-treatment following laser 

activated bleaching (40 % H2O2). 

Group 1b: No ozone pre-treatment following 

laser activated bleaching (40 % H2O2). 

Group 2a: Ozone pre-treatment following laser 

activated bleaching (35 % H2O2). 

Group 2b: No ozone pre-treatment following 

laser activated bleaching (35 % H2O2). 

 Ozone was applied to external coronal 

surfaces of the teeth by using an ozone device 

(Ozonytron XP-OZ, MIO International, 

Germany) which has a plasma probe for caries 

treatment or prevention. The device was used 

with a concentration of 100 ppm for 30 

seconds according to the manufacturer’s 

instructions. Then, all specimens were 

immersed in distilled water and kept for 24 

hours. Standardized class V cavities (2 mm 

depth, 4 mm mesiodistal, 2 mm 

occlusogingival) were prepared with 

cylindrical burs attached to aerator on the 

buccal surfaces in enamel over cement-enamel 

junction (CEJ) 24 hours later. Each cavity was 

etched for 30 s on enamel surface with 37% 

phosphoric acid (K-ETCHANT, Kuraray 

Noritake Dental Inc), then 40 s water rinsed, 

and excess water was blotted using an 

absorbent paper. This was followed by the 

application of an adhesive system (3M ESPE 

Adper Single bond 2, USA) and polymerized 

with light for 10 s. All cavities were restored 

with composite resin (Filtek Z550 A2 3M 

ESPE, USA) in increments of 2 mm and each 

layer was polymerized for 20 s with a LED 

(Valo, Cordless, Ultradent, Germany). Apices 

of teeth were covered by flowable composite 

(Competence Flow Willmman & Pein Gmbh, 

Germany) to prevent the leakage of dye 

throughout the foramen. All external surfaces 

of crowns and roots were covered with two 

coats of nail varnish up to a distance of 1 mm 

beyond the margins of the restorations.  

 All specimens were subjected to 

thermocycling (SD Mechatronik 

Thermocycler, SD Mechatronik GMBH, 

Westerham, Germany) for 5,000 thermal 

cycles between 5 and 55 °C with a dwelling 

time of 30 s in each bath and a transferring 

time of 5 s. Following thermal cycling, teeth 

were immersed in 0.5% basic fuchsine dye 

solution for 24h. After this procedure, the teeth 

were washed and dried. Each tooth was 

sectioned bucco-lingually along the center of 

the restorations using with a slow-speed 

diamond saw (Isomet 1000, Buehler Ltd., Lake 

Bluff, IL, USA) machine. Microleakage of the 

restorations was measured under 

stereomicroscope (Leica M125, Leica, 

Heerbrugg, Switzerland) with a magnification 

of x40.  

 Dye penetrations at the occlusal and 

gingival margins were assessed by one 

examiner to determine the extent of 

microleakage according to a five-point scale as 

follows.15 
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0 = no leakage (figure 1) 

 
Figure 1: Image of section with score 0 staining. 

 

1 = Leakage up to 1/3 of gingival/occlusal 

walls (figure 2) 

 
Figure 2: Image of section with score 1 staining  

 

2 = Leakage up to 2/3 of gingival/occlusal 

walls (figure 3) 

 
Figure 3: Image of section with score 2 staining 

 

3 = Leakage up to base of the cavity (figure 4) 

 
Figure 4: Image of section with score 3 staining  
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4 = Extensive dye penetration into axial wall 

(figure 5) 

 
Figure 5: Image of section with score 4 staining  

Statistical Analysis 

Data was shown as median, interquartile range 

or frequency and percent. Prior to statistical 

analysis, the normality of the data was 

analyzed with Shaphiro Wilk test. Due to non-

normal distribution of the data, statistical 

analysis was performed utilizing the Kruskal 

Wallis, One-way ANOVA followed by a Mann 

Whitney U test. Kruskal Wallis or Mann 

Whitney U test were used to compare the 

variables between/among groups. A p-value 

<0.05 was considered as significant. Analyses 

were performed using SPSS 19 (IBM SPSS 

Statistics 19, SPSS inc., an IBM Co., and 

Somers, NY). 

RESULTS 

The distribution of microleakage scores for 

groups and subgroups were represented on 

tables 1 and 2. At both on occlusal and 

gingival margins, microleakage could not be 

totally eliminated for all the groups.  

Table 1. Distribution of microleakage scores according to the 

type of bleaching material and the inclusion of ozone on the 

occlusal and gingival margins of restorations. 

Main Groups Subgroups 
Margin of 

Restoration 

Scores Median 

[25 - 75] 0 1 2 3   4 

Opalescence Boost 

(40 % H2O2) 

Ozone 

Occlusal 7 2 1 0   0 0[0-1] a 

Gingival 1 6 2 0   1 1[1-1] b 

Ozone-free 

Occlusal 9 1 0 0   0 0[0-0] a 

Gingival 0 1 5 4   0 2[2-3] b 

Whitness HP Blue 

(35 % H2O2) 

Ozone 

Occlusal 8 2 0 0   0 0[0-0] a 

Gingival 1 6 1 1   1 1[1-1] b 

Ozone-free 

Occlusal 7 1 1 1   0 0[0-1] a 

Gingival 1 2 3 3   1 2[1-3] b 

 
 

Different superscript letters indicate significant difference 

among the groups. 
 

Table 2. Distribution of microleakage scores according to the 

inclusion of ozone on the occlusal and gingival margins of 
restorations. 

Subgroups 
Margin of 

Restoration 

Scores Median 

[25-75] 0 1 2 3   4 

Ozone 

Occlusal 15 4 1 0   0 0[0-0.5] a 

Gingival 4 12 3 1   1 1[1-1] b 

Total 18 16 4 1   1 1[0-1] x 

Ozone-free 

Occlusal 16 2 1 1   0 0[0-0] a 

Gingival 1 3 8 7   1 2[1.5-3] b 

Total 18 5 9 8   1 1[0-2] x 

Total 

Occlusal 31 6 2 1   0 0[0-0] a 

Gingival 5 15 11 8   1 1[1-2] b 

 
 

Different superscript letters indicate significant difference 

among the groups. 

 Statistical analysis (Kruskal Wallis and 

Mann Whitney U test) indicated that there 

were no significant differences between the 

two bleaching agents in terms of microleakage 

(p=0.675). Although there were no significant 

differences, the microleakage values of ozone-

treated group were lower than values of ozone-

free groups. In other words, the ozone 

treatment didn’t significantly decrease the 

microleakage values (p=0.142). There were 

significant differences between the scores of 

microleakage at the occlusal and gingival 

margins regardless of the type of agent and 

ozone pre-treatment (p<0.001). Occlusal 

margins represented significantly lower 
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microleakage compared to gingival margins 

(p<0.001). 

DISCUSSION  

With the increase of people's aesthetic 

expectations, the popularity of bleaching has 

been increasing in recent years. Vital office 

bleaching agents can be used successfully for 

discolored vital teeth.16 But, the effects of 

bleaching agents on tooth structure should be 

well known. Because, tooth whitening agents 

are able to penetrate into the tooth structure 

through the unsealed dentin margin at the 

tooth-restoration interface and thus, are 

capable of causing complications like tooth 

hypersensitivity and microleakage.17 This 

study investigated the effect of ozone 

application after office bleaching treatment on 

microleakage of composite resin restorations. 

The results of the present study stated that 

microleakage values of composite restorations 

following the use of different bleaching agents 

with or without ozone application were not 

statistically different. Neither the type of 

bleaching agent nor surface pre-treatment with 

ozone influenced microleakage values. 

 Bleaching agents can lead to the 

separation of polymer chains and break the 

double bonds because of these are highly 

unstable materials producing free radicals.18 

The changes of the dental structure by 

oxidation of organic or inorganic elements is 

one of the probable side-effects of bleaching 

agents.19 Oxygen and oxidants can influence 

bonding to dental materials. Interactions 

between residual (per) oxide-related substances 

and restorative materials interfere with 

adhesion.20 There have been reports regarding 

the interaction between bleaching agents and 

the bond strength of composite materials to 

enamel have shown that there is a significant 

decrease in the bond strength or increase in the 

microleakage when the composite resin is 

bonded to bleached enamel compared with 

unbleached enamel.21 The aim of laser 

bleaching treatment is to apply the most 

effective energy source as prevention any 

adverse effect for achieving the latest power 

bleaching.22 It has been reported that bleaching 

treatment with laser irritation improves both 

the whitening effect and preserve the change of 

enamel structure compared with bleaching 

treatment without laser-assisted.23 Therefore, 

we aimed to evaluate the effects of laser-

supported bleaching in the current study.  

 Ozone has the ability that lead to 

remineralization by gaining Ca and P ions 

through the tooth and remove proteins from 

carious lesions.24 Dehydration of enamel is a 

reversible condition caused by ozone.25 For 

this reason, removal of such residual moisture 

may notably improve adhesion of composite to 

the enamel structure. It has been reported that 

the dehydration resulting from ozone have no 

effect on the microhardness and surface-free 

energy of tooth surface, and have not influence 

on adhesion.25 Cehreli et al.26 reported that due 

to its strong oxidizing effect, ozone might have 

negative consequences on resin-tooth 

adhesion, since oxygen is a well-known 

polymerization inhibitor. Although the 

antibacterial efficacy of ozone treatment have 

been investigated in several studies27, 28, there 

are only a few studies that have specifically 

evaluated the effects of ozone treatment on the 

microleakage and bond strength of adhesive 

systems.25, 29 Cehreli et al.30 reported that 

fissure pretreatment with ozone led to a 

significant decrease in the microleakage values 

of both the bonded and conventional sealants, 

compared with their control (ozone-untreated) 

groups. In the current study, although there 

were no significant differences, the 

microleakage values of ozone-treated group 

were lower than values of ozone-less group. 

This effect may be due to the relatively high 

concentration of ozone in the present study.  

 The complex morphology of class V 

cavities with margins are partly in enamel as 

well as in root dentin presents difficulties for the 

restorative material.31 Mahrous et al.32 compared 
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the effect of the location of the gingival margin 

(enamel, dentin, or cementum) on the 

microleakage of posterior composite restoration 

and reported that the least microleakage was 

observed at the gingival margin located in the 

enamel while the most microleakage was 

detected at gingival margins located at 

cementum.  Their results are partially in 

accordance with our result because our results 

demonstrated that occlusal (coronal) borders of 

the restorations represented lower microleakage 

compared to gingival margins. We assume that 

this is related with the higher bonding capacity 

of enamel to adhesive systems compared to 

dentine and cementum. Manhart et al.33 also 

reported that marginal quality and sealing 

ability of adhesive systems to dentin was lower 

compared with occlusal margins.33 According to 

the results of the current study, statistically 

significant differences were observed in dye 

penetration when occlusal margin and gingival 

margin were compared. All gingival margins 

showed higher microleakage score results 

compared to occlusal margins. These variations 

may also be explained by enamel thickness and 

structural differences. Increased tubule 

frequency and diameter at gingival margins may 

have interfered with adhesion of the restorations 

to dental hard tissues. Furthermore our findings 

are in accordance with the studies of Bektas et 

al.34 and  Moosavi et al.35 who evaluated the 

effect of bleaching on the microleakage of Class 

V composite resin restorations. They reported 

that there was more microleakage in dentinal 

margins of composite restorations than in the 

occlusal margins in the test groups. 

 Microleakage should be evaluated to 

determine the clinical success of restorative 

materials  and it is related to several factors, 

such as dimensional changes of materials due to 

polymerization shrinkage, thermal contraction, 

water absorption, mechanical stress and 

dimensional changes in tooth structure.36 

Different methods have been employed to 

evaluate microleakage around restorations in 

vitro such as including dye leakage method, the 

use of color producing microorganisms, 

radioactive isotopes, the air pressure method, 

neutron activation analysis, electrochemical 

studies, scanning electron microscopy, thermal 

and mechanical cycling, and chemical tracers.37 

Thermocycling is an important procedure for 

testing the sealing ability of restorative material. 

Thermally induced stresses, which may lead to 

gap formation and microleakage, result from the 

mismatch between the coefficients of thermal 

expansion for the restorative material and the 

natural tooth structure.38 Based on the studies, 

we used dye penetration method to investigate 

effects of bleaching treatment on microleakage 

after 5,000 thermal cycles. 

CONCLUSION 

 Within the limitations of this study, the 

following conclusions were obtained: 

- Applying immediately ozone after laser 

assisted vital bleaching didn’t lead to decrease 

on microleakage of class V cavities. No 

significant differences were shown between 

the microleakage values of ozone-treated 

groups and ozone-free groups.  

- At both occlusal and gingival margins, 

marginal microleakage was not eliminated 

completely in all the groups. 
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