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ABSTRACT  

Aim:  The aim of this in vitro study was to evaluate the microleakage of two different generation bonding agents 

in the presence of various surface contaminants. 

Materials and methods: Class V cavities were prepared on 150 extracted human permanent molars. The 

samples were randomly divided into two main groups of 75 teeth each. Group I: Fifth generation bonding system 

(XP Bond). Group II: Seventh generation bonding system (Xeno V). Subgroups were formed according to 

exposure to different surface contaminants (saliva, blood, & haemostatic agent). Cavities were restored with 

nanocomposite(Ceram-X) and evaluated for microleakage. The scores were subjected to ‘t’ test and ANOVA test. 

Results: Both the bonding agents did not provide complete resistance to microleakage when there was no 

contamination. Microleakage was minimum in the no contamination subgroup and maximum with the 

haemostatic agent subgroup for both the groups. Xeno V was superior to XP Bond in bonding contaminated 

surfaces. 

Conclusions:  7th generation bonding agent(Xeno V) showed less microleakage than 5th generation bonding 

agent(XP Bond) in presence of various surface contaminants used. 
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INTRODUCTION 

There have been numerous advances in the 

generations of bonding agents, various techniques 

and its applications, since the last decad. According 

to Baren - “The way by which a composite resin 

adapts to the tooth substance depends more on the 

nature of the tooth surface than on the properties of 

the composite resin”. [1] In order to have successful 

adhesion between resin and tooth structure, it is 

necessary that the adhesive substrate should not be 

contaminated. Contamination at any step of the 

bonding procedure can adversely impact the 

longevity of the restoration and decrease its clinical 

success.[2]Contamination can lead to microleakage, 

which in turn leads to sensitivity, pulpal irritation, 

tooth discoloration, secondary caries and eventual 

loss of restoration and clinical failure. 

MATERIALS AND METHODS 

Sample selection 

150 intact maxillary or mandibular extracted 

human permanent molar teeth were selected for the 
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study. The teeth were stored in a solution of 0.1% 

(wt. /vol) thymol to prevent dehydration and 

bacterial growth. 

Sample preparation 

Class V cavities were made on the buccal and lingual 

surface of each tooth using a high speed hand piece 

with air/water spray and # 245 carbide bur. The 

size of the cavity was 2 mm wide, 1.5 mm deep and 

6 mm long, paralleling the cemento-enamel junction 

(CEJ). The gingival half of the preparation was 

extended 0.5 mm below the CEJ.The enamel 

margins were beveled using a flame shaped carbide 

bur. 

Division of samples into groups 

The samples were randomly divided into two main 

groups of 75 teeth each: 

• Group I: Cavities were treated with a fifth 

generation bonding system (XP Bond) 

• Group II: Cavities were treated with a seventh 

generation bonding system (Xeno V). 

The main groups were further divided into five 

subgroups according to exposure to different 

surface contaminants. 

Subgroup A (control) 

• Subgroup IA: Application of XP Bond according to 

the manufacturer’s instructions. 

• Subgroup IIA: Application of Xeno V according to 

the manufacturer’s instructions. 

Subgroup B (Saliva contamination) 

Whole fresh unstimulated human saliva was 

collected from volunteers who had not eaten food 

or consumed any liquid for 30 minutes prior to the 

collection. The saliva was collected in a sterilized 

glass beaker for immediate use. 

• Subgroup IB: After etching, fresh whole 

unstimulated human saliva was pooled over the 

bonding area with a microbrush and left 

undisturbed for 10 seconds. Rinsing was done for 

10 seconds with air/ water spray.Excess was blot 

dried with tissue paper pellets. Priming and 

bonding was carried out, followed by curing. 

• Subgroup IIB: After priming and bonding, fresh 

whole unstimulated human saliva was pooled over 

the bonding area with a microbrush and left 

undisturbed for 10 seconds. Rinsing was done for 

10 seconds with air/water spray. Excess was blot 

dried with tissue paper pellets. Repriming and 

bonding was carried out,which was followed by 

curing. 

Subgroup C (Blood contamination) 

At the time of the experiment, fresh whole blood 

was obtained from volunteers by pricking the spirit 

wiped forefinger with a lancet. 

• Subgroup IC and IIC: Similar procedure as in the 

subgroup IB and IIB was done with blood as a 

surface contaminant. 

Subgroup D (haemostatic agent) 

• Subgroup IE and IIE: Haemostatic agent 

(Viscostat) was used as the surface contaminant in a 

similar manner as with saliva and blood. 

Preparation of samples for dye penetration 

All the prepared cavities were contaminated with 

respective contaminants and then restored with 

nano composite(Ceram-X,Dentsply) with each 

increment cured for 30 seconds with visible light 

curing unit. All the teeth were stored at 37 degree 

celcius for 24 hours in distilled water and then 

subjected to 3000 thermal cycles between water 

baths of 5°C ± 2°C and 55°C ± 2° with dwell time of 

30 seconds. Specimens were then stored in distilled 

water for 72 hours at room temperature.All the 

teeth to be subjected to dye-leakage tests were 

covered with two coats of nail varnish to within 

1mm of the tooth-restoration margin, after the root 

apices were sealed with modelling wax. The 

specimens were immersed in methylene blue 

solution for 24 hours at 37 degree Celcius. After 

staining, teeth were rinsed to remove residual stain; 

and the radicular parts of the teeth were cut 4.5mm 

below the CEJ. Coronal parts were sectioned 

mesiodistally and then buccolingually in the 

approximate center of the restoration with a low 

speed diamond saw.  

Microleakage was assessed for both occlusal 

(enamel) and gingival (dentin/cementum) margins 

using a stereomicroscope at original magnification 

X16. 
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The depth of the stain (dye leakage) was judged 

according to the following scale.  

0 – No dye penetration 

1 – Dye penetration upto one third of cavity wall. 

2 – Dye penetration upto two third of cavity wall. 

3 – Dye penetration onto the axial wall. 

The graduations in microscope were converted into 

mm as follows : 

No. of units = Reading in mm / magnification * zoom 

of eyepiece 

To compare the linear dye penetration 

(microleakage), the specimens were subjected to “t-

test” and ANOVA for inter group and intra group 

comparison. 

RESULTS 

Table 1: Intergroup comparsion of linear dye 

penetration(microleakage)  between 5th and 7th 

generation bonding agents on enamel margins with 

various surface contaminants. 

Subgroup 

 

 

 

Control 

group 

 

 

IA/IIA (mm) 

Saliva 

contamination 

 

IB/IIB (mm) 

Blood 

contamination 

 

IC/IIC (mm) 

Heamostatic 

contamination 

 

ID/IID (mm) 

Mean (mm) 

 

 

    

XP Bond 0.200 0.453 0.560 0.666 

     

Xeno V 0.126 0.213 0.213 0.253 

     

 

Table 2: Intergroup comparsion of linear dye 

penetration(microleakage)  between 5th and 7th 

generation bonding agents on gingival margins with 

various surface contaminants. 

Subgroup 

 

 

 

Control 

group 

 

 

IA/IIA (mm) 

Saliva 

contamination 

 

IB/IIB (mm) 

Blood 

contamination 

 

IC/IIC (mm) 

Heamostatic 

contamination 

 

ID/IID (mm) 

Mean (mm) 

 

 

    

XP Bond 0.126 0.293 0.420 0.513 

     

Xeno V 0.153 0.306 0.413 0.560 

 

Table 1 shows intergroup comparision of linear Dye 

penetration (microleakage) between 5th & 7th 

generation bonding agents on enamel margin with 

various surface contaminants. Results showed that 

there was statistically more significant 

microleakage with 5th generation bonding agents 

(XP Bond) in all the groups at enamel margin 

compared to 7th generation bonding agents (Xeno 

V),with haemostatic agent showing maximum 

microleakage, while there was no statistical 

significant difference for blood and saliva group 

between XP Bond and Xeno V at enamel margin. 

Table 2 shows intergroup comparision of linear Dye 

penetration (microleakage) between 5th & 7th  

generation bonding agents on gingival margin with 

various surface contaminants. Results showed that 

XP Bond showed more microleakage at gingival 

margin compared to Xeno V with haemostatic agent 

group showing maximum microleakage, followed 

blood, saliva, control group. 

 

Graph 1: Comparision of mean microleakage score 

of 5th genearation (XP Bond) & 7th generation 

(Xeno V) bonding agent at enamel margin. 
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Graph 2: Comparision of mean microleakage scores 

of 5th generation (XP Bond) and 7th 

generation(Xeno V) bonding agent at gingival 

margin. 

DISCUSSION 

It is widely believed that microleakage associated 

with resin composite restoration can be directly 

linked to marginal integrity.[7]Microleakage can be 

defined as the passage of bacteria, fluid, molecules 

or ions between a cavity wall and the restorative 

material applied to it.[4]The most significant factor 

in determining the resistance to postoperative 

sensitivity, recurrent caries, marginal staining and 

pulpal damage is the ability of the restorative 

material/adhesive to seal the restoration interface 

with the adjacent tooth substrate.[6] 

The physical properties of these resin restorative 

materials have improved over the years, especially 

in regard to their wear and fracture resistance and 

their use in stress -bearing posterior restorations. 

Despite their improvements, microleakage at the 

interface of the resin composite and tooth is still 

considered to be a major problem. Thus, creating an 

effective seal between the resin composite and 

tooth structure remains critical factor in the 

longevity of resin composite restorations.[8]Another 

characteristic of resin composite, which can affect 

their clinical success, is decreased bond strengths to 

dentin when compared to their bond strengths to 

enamel. Earlier microleakage studies have indicated 

that a resin adhesive bond to enamel margins 

exhibits less microleakage than those in non-enamel 

margins. There is evidence that the absence of 

enamel tooth structure in cavity margins located 

apical to the CEJ make them more difficult to seal . 

Hence the present study was done to determine the 

microleakage in the 5th and 7th generation bonding 

agents in presence of various contaminants in Class 

V cavity preparations that were prepared on the 

facial and lingual surfaces of each tooth the gingival 

half of the preparation was extended 1mm below 

the CEJ. 

The probable explanations for these results of 

Group IV (XENO V) include:  

1. In Xeno V, tert-butanol is used as the solvent. 

The alcohol group in tert-butanol is shielded by 

the surrounding methyl groups of the tertiary 

group. Therefore tert-butanol is not able to 

chemically react by addition at the acrylate 

resins in the same way ethanol and isopropanol 

do. For this reason formulations containing 

tert-butanol are chemically more stable than 

those containing ethanol or iso-propanol. 

2. Xeno V comprises newly developed and 

patented monomers. The novelty is due to the 

introduction of amide groups and “inverse” 

methacrylic ester functions instead of ester 

functions, resulting in more stability. 

3. In addition to amide monomers, “inverse” 

functionalized monomers are used in Xeno V. 

These monomers are characterized by the 

attachment of the polymerizable methacrylate 

function to the acidic phosphoric acid ester 

function by a more hydrolysis-stable ether bond 

instead of an ester bond.. 

4. The type of solvent used in the adhesive 

systems: Instead of acetone, XENO V utilizes 

alcohol as the primer component solvent. It has 
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been proposed that acetone based adhesives 

require the use of wet bonding technique with a 

relatively small window of opportunity to 

achieve optimal hybridization. It also resulted 

in technique sensitivity which rendered it 

difficult to apply these adhesives properly in 

the complex cavity configurations. It was also 

difficult for the adhesives to infiltrate the 

demineralized collagen mesh fully and to 

remove all residual solvents, especially water, 

because of its low vapor pressure. 

XP Bond showed more microleakage at the enamel 

margin than the gingival margin. The probable 

reason may be the pH of XP Bond. XP Bond has a pH 

of 2.5 which produces a shallow depth etch, and less 

abundant resin tag complex. On the contrary, Xeno 

V has pH <2, which produces better resin tag 

complex compaered to XP Bond. Saliva 

contamination did not have significant effect on 

Xeno V; however, a very significant effect was seen 

on XP Bond at both the margins. This might be due 

to more technique sensitivity of XP Bond, and a 

difference in the chemical composition of two 

bonding agents. In the presence of salivary 

contamination, XP Bond showed a significantly 

greater microleakage at the enamel margin as 

compared to Xeno V. On the other hand, no 

significant difference was found between the two at 

the gingival margin. It has been shown that acid 

conditioned enamel surface readily absorbs salivary 

constituent, reducing the surface energy and 

rendering the surface less favourable for bonding.[5] 

At enamel margin, the dried film of salivary protein 

inhibits penetration of the bonding agent into the 

hydroxyapatite. At the gingival margin, 

microleakage was due to protein absorbing 

properties of dentin.[1] In this study, cavities were 

rinsed for 10 seconds with air/water spray after the 

exposure to surface contaminants. In contrast, 

various studies have concluded that re-etching after 

contamination is required to establish the shear 

bond that is comparable to the control group. 

When the cavities were exposed to blood, Xeno V 

showed no significant microleakage at enamel 

margin; however, a significant microleakage was 

seen at the gingival margin when compared to 

control. XP Bond showed highly significant 

microleakage at both the margins when compared 

to control. The probable reason might be difference 

in chemical composition of the two bonding agents. 

When comparing Xeno V with  XP bond, XP bond 

showed a highly significant microleakage at the 

enamel margins, and not significant at the gingival 

margins. The probable reason could be some 

interaction between exposed collagen meshwork 

and blood protein components that could inhibit 

primer infiltration into dentin. 

In Class V cavities with gingival margins below CEJ, 

thorough isolation is not always possible. Blood and 

gingival crevicular fluid due to inflammation of 

adjacent gingiva contaminate the prepared surfaces. 

The most common procedure used to control 

bleeding and decrease the flow of gingival fluid 

involves the use of topical haemostatic agent.[4] Also, 

retraction cord impregnated with haemostatic 

agent can facilitate gingival tissue retraction.[17] In 

the present study, when cavities were exposed to 

the  contaminant haemostatic agent, (V-Feristat), 

Xeno V showed highly significant microleakage at 

gingival margin but no significant microleakage at 

enamel margin when compared to the control. XP 

Bond showed a highly significant microleakage at 

both the margins when compared to the control. 

When comparing Xeno V with XP Bond, highly 

significant microleakage was seen at enamel 

margin. The increased microleakage might be 

because it is a viscous gel composed of ferric 

sulphate. The viscous nature makes it harder to 

remove it from the dentin surface, and could 

potentially coagulate proteins present in the 

dentinal fluid. 

The coagulated proteins and residues of ferric 

sulfate could in turn inhibit the infiltration of the 

bonding agent into the etched enamel surfaces and 

dentinal tubules. In a study, reduced bond strength 

most significantly when dried on the dentin surface. 

However with water rinsing and using cleansing 

agent (Concepsis), bond strength approached the 

control values. In another study, authors found that 

for cleansing the haemostatic agent contaminated 

surfaces by phosphoric acid, etching decreased the 

bond strength of self adhesive resin cement upto 

18% to 21%. They recommended aluminium oxide 

particle abrasion for cleansing of surface 

contaminated by haemostatic agents.[16] 

Microleakage was not significant at enamel margin 

between all the surface contaminated subgroups of 
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Xeno V. This might be due to the cavosurface bevel 

at the enamel margin which exposes the rod ends. 

At the gingival margin for Xeno V, microleakage was 

significant when saliva group was compared with 

haemostatic agent subgroup. This might be due to 

the high viscosity of the haemostatic agent. 

Microleakage was not significant for all the 

subgroups of XP Bond at both the margins, except 

between saliva and haemostatic agent subgroup. 

This might be due to the composition of XP Bond 

and the viscous nature of the haemostatic agent. 

The most probable reasons for the less 

microleakage at the enamel margins compared to 

that of the microleakage at the dentin/cementum 

margins are: 

1. The hyper mineralization of the dentin surface 

and subsequent collapse of the collagen fibrillar 

network, Cavity configuration(C Factor), dentin 

tubule orientation to the cervical wall(CEJ), 

organic content of dentin substrate and 

movement of dentinal tubular fluids , 

incomplete alteration/removal of the smear 

layer by acidic primers for adequate 

demineralization and hybrid layer formation, 

inefficient infiltration/penetration of primer 

components into the demineralized collagen 

fibrillar network. Solvent carriers {water, 

alcohol, and acetone} in the adhesive agent 

reacting differently with varying degrees of 

surface moisture present in the tubules.[11] 

2. In class V cavities, located at approximately 1 

mm from the CEJ, dentinal tubules are oriented 

parallel to the cervical wall. A classic hybrid 

layer formation is absent in the dentinal 

margins and this absence is an important cause 

of leakage.[6] 

CONCLUSION 

1. Xeno V+ was superior to the XP Bond in 

bonding contaminated surfaces. In presence of 

various surface contaminants, Xeno V provided 

better marginal seal at enamel margin. XP Bond 

showed microleakage at both the margins 

2. Gingival margins showed more microleakage 

compared to enamel margins. 

3. Saliva contamination produced the minimum 

microleakage and haemostatic agent produced 

the maximum microleakage for both the 

bonding agents. 

Clinically, to achieve a successful bonding in Class V 

cavities, contamination should be avoided by 

thorough isolation and tissue retraction, prior to 

bonding. Adequate surface cleansing protocol 

should be taken into consideration if the 

contamination occurs before proceeding for the 

bonding procedure. However, additional in-vivo and 

in-vitro studies are desirable to further substantiate 

the findings of this study. 
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