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Abstract 
Background 

Much of the longevity of composite restorations is 

based on the integrity of the bond between the tooth 

and the restoration. Although microleakage is not a 

major problem with the material, it can cause 

clinical complications such as postoperative 

sensitivity, marginal staining, recurrent caries, 

pulpal irritation and eventual failure. The use of new 

imaging technologies, such as cone beam computed 

tomography (CBCT), has enabled the non-

destructive evaluation of the three-dimensional 

assessment of restorative margins and microleakage. 

Thus, the aim of this in vitro pilot study was to 

assess microleakage in class III composite 

restorations made with various combinations of 

liners and composite and to compare the diagnostic 

accuracy of CBCT and Digital Radiography(RVG). 

Aim 

To compare and analyse the degree of microleakage 

in Class III composite restorations that were filled 

with various liner–composite combinations and to 

assess the ability of digital radiography and cone 

beam computed tomography (CBCT) to detect 

radiopaque silver nitrate penetration. 

Materials and Methods 

Twenty extracted human anterior permanent teeth 

were selected, and a standardised Class III cavity 

was prepared. For the specimens, a random design 

was used for the four material combinations (Groups 

I–IV): Group I—calcium hydroxide liner light cured 

with microhybrid composite; Group II—RMGIC 

liner light cured with microhybrid composite; Group 

III—calcium hydroxide liner light cured with 

nanohybrid composite; Group IV—RMGIC liner 

light cured with nanohybrid composite. After 

restoration, all specimens underwent thermocycling 

with 100 cycles under the following conditions: 5 to 

55°C, 30-second dwell time. These samples were 

then placed in 50% silver nitrate solution, and then 

the samples were assessed by RVG and CBCT. A 

three-point ordinal scoring system was used for 

assessing microleakage. The Wilcoxon signed-

ranked test was used for statistical analysis, and p < 

0.05 was used as the level of significance. 

Results 

Restorations lined with calcium hydroxide and 

restored with microhybrid composite resin 

demonstrated the greatest occurrence of definite 

microleakage. On the other hand, the nanohybrid 

composite groups showed better adaptation at the 

margins, with most samples having no detectable 

leakage space. No statistically significant 

differences were found between RVG and CBCT for 

detecting silver nitrate penetration (p > 0.05). 

Conclusion 

In this in vitro pilot study, nanohybrid composite 

restorations showed better marginal integrity than 

the microhybrid composite restorations, within the 

scope of this study. In addition, the performance of 

CBCT and Digital Radiography was similar in 

detecting radiopaque silver nitrate penetration, and 
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conventional Digital Radiography could be used as 

an effective and economical alternative method for 

the laboratory- based microleakage assessment. 

Keywords: Microleakage, Cone Beam Computed 

Tomography, Digital Radiography, Nanohybrid 

Composite, Microhybrid Composite, Silver Nitrate, 

Class III Restoration. 
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I. Introduction 
Effective sealing of the restoration to the 

surrounding tooth structure is key to the clinical 

success and longevity of adhesive restorations. Seal 

failure can result in microleakage, which is defined 

as the ability of bacteria, oral fluids, ions and other 

substances to penetrate the tooth–restoration 

interface through microscopic fissures. 

Microleakage continues to be a significant problem 

in restorative dentistry, which has been linked to 

postoperative sensitivity, pulpal irritation, marginal 

discolouration, secondary caries and eventual failure 

of the treatment.1-4 

The esthetic properties, the ability to bond 

to the tooth and the conservative cavity preparation 

requirements make resin-based composite materials 

the material of choice in the restoration of anterior 

teeth. However, polymerisation shrinkage is always 

present in composites, even in the face of ongoing 

developments in composite technology. Contraction 

stresses created during polymerisation can be 

greater than the strength of bonds at the adhesive 

interface, leading to marginal gap formation and 

microleakage. 5-7 

In order to overcome these limitations, 

there have been major advances in filler technology 

and the introduction of composite resins containing 

nanofillers (nanohybrid composite). The materials 

are formulated with nanosized filler particles in a 

conventional filler matrix that offers enhanced 

mechanical strength, wear resistance, polish 

retention and esthetic results. They also incorporate 

an optimised filler distribution, which can be 

expected to result in less polymerisation shrinkage 

and better marginal adaptation than that of 

conventional microhybrid composites.8,9 

Liners are also recommended for 

placement under composite restorations to provide 

pulpal protection and reduce the effects of 

polymerisation stress. The effect of various liner 

materials on marginal sealing is still under 

investigation; however, calcium hydroxide liners are 

known to possess antibacterial properties and the 

ability to stimulate reparative dentin, which makes 

them desirable materials for deep cavity 

preparations.14 Resin-modified glass ionomer 

cement (RMGIC) liners, on the other hand, are 

known to possess chemical adhesion to dentin, 

sustained fluoride release and stress-absorbing 

properties that can improve the performance of 

composite restorations.15  However, the influence of 

different liner materials on marginal sealing ability 

remains a subject of ongoing investigation.10,11 

Various techniques have been used to 

assess microleakage, such as dye penetration, 

bacterial penetration, fluid filtration, 

electrochemical analysis and radioisotope 

techniques. Of all these techniques, silver nitrate 

penetration is the most popular because of its small 

particle size, high penetrative power and radiopaque 

properties. Silver nitrate is a dye that can be 

visualised radiographically, which allows for non-

destructive assessment of leakage patterns; this is in 

contrast to conventional dyes, which cannot be 

visualised.12,13  

Traditional dye penetration methods 

usually involve splitting samples and only allow for 

2D observations of the sample, as well as artefacts 

in the procedure. In recent years, the use of imaging 

technology has made it possible to assess restorative 

interfaces without destroying them. Digital 

radiography (RVG) is nonetheless an economical 

imaging method that is widely available and 

commonly used for laboratory investigations, and 

may be more useful in establishing the diagnosis for 

locating marginal defects.7,8,17 Comparisons between 

the imaging techniques might yield important 

findings about their diagnostic ability to detect 

restorative microleakage 14-18. 

The present in vitro pilot study aimed to 

assess the microleakage of Class III composite 

restorations restored with various liner–composite 

combinations and to compare the diagnostic 

accuracy of digital radiography and cone beam 

computed tomography for detecting radiopaque 

silver nitrate penetration. 

 

II. Materials and Methods 
Study Design 

This in vitro pilot study aimed to assess 

microleakage in different combinations of 

restorative materials in extracted human permanent 

anterior teeth. 

 

Sample Selection 
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Twenty extracted human anterior permanent teeth 

were selected for the study. All teeth with caries, 

restorations, fractures, cracks, developmental 

anomalies and structural defects were excluded. 

After debridement and elimination of soft tissue 

remains, the samples were carefully cleaned and 

kept in distilled water at room temperature until the 

start of the experimental procedures.19 

 

Materials Used 

Material Manufacturer 

Econom Plus Microhybrid Composite IvoclarVivadent 

NT Premium Nanohybrid Composite Coltene 

Fusion Bond 7 Universal Adhesive PrevestDenPro 

Pulp Pro Light Cure Calcium Hydroxide Dentakris 

LC Light Cure Glass Ionomer Cement Dentakris 

Silver Nitrate AR (99%) Molychem 

CBCT Unit Carestream9600 

RVG System Gomax 

 

Cavity Preparation 

A standardised Class III cavity was prepared on all 

specimens with ahigh-speed handpiece under water 

cooling. 

 

Dimensions 

• Depth: 2 mm 

• Incisocervical height: 3 mm 

• Gingival width: 3 mm tapering incisally 

All cavity preparations were performed by a single 

operator to minimise variability. 

 

Group Allocation 

The specimens were randomly divided into four 

groups (n=5). 

Group I 

Selective enamel etching + Fusion Bond 7 adhesive 

+ Pulp Pro calcium hydroxide liner + Econom Plus 

microhybrid composite. 

Group II 

Selective enamel etching + Fusion Bond 7 adhesive 

+ LC-RMGIC liner + Econom Plus microhybrid 

composite. 

Group III 

Selective enamel etching + Fusion Bond 7 adhesive 

+ Pulp Pro calcium hydroxide liner + NT Premium 

nanohybrid composite. 

Group IV 

Selective enamel etching + Fusion Bond 7 adhesive 

+ LC-RMGIC liner + NT Premium nanohybrid 

composite. 

 

Restorative Procedure 

The 37% phosphoric acid etchant was used for 15 

seconds, followed by rinsing and drying, using 

selective etching. The adhesive used was Fusion 

Bond 7 (per manufacturer’s instructions) and light-

cured. 

The liner was placed and light cured. Composite 

resin was placed incrementally and lightpolymerised 

following the manufacturer's guidelines. The 

finishing and polishing were done with polishing 

discs and finishing burs. 

 

Thermocycling 

All specimens were then subjected to 100 

thermocyclesbetween 5±2°C and 55±2°C for 30 

seconds dwell time.20 

 

Silver Nitrate Dye Penetration 

The outer surfaces of the teeth were varnished with 

nail polish, leaving about 1 mm around the margins 

of the restorations uncovered. The samples were 

then dipped in 50% silver nitrate solution for 24 

hours before being placed in a photographic 

developing solution for 8 hours.16 

 

Radiographic Evaluation 

The specimens were mounted on acrylic blocks and 

evaluated using: 

• Gomax RVG system 

• Carestream CBCT unit 

 

Microleakage Scoring Criteria(according to 

YufaS et al.’s study )18 

 

• Score 1 – Definite microleakage 

• Score 2 – Uncertain microleakage 

• Score 3 – No detectable microleakage 

 

Statistical Analysis 

Jamovi Version 2.6.26 was used for statistical 

analysis. Means, medians, standard deviations, 
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frequencies and percentages were calculated to 

determine descriptive statistics. The Shapiro–Wilk 

test was employed as a normality test. Because the 

data were not normally distributed, the Wilcoxon 

signed-rank test was utilised to compare the RVG 

and CBCT data. A p<0.05 was considered to be 

statistically significant. 

 

III. Results 
 

Table. Comparative Evaluation of Microleakage Scores Obtained Using RVG and CBCT 

Group RVG 

Score 3 

n (%) 

RVG 

Score 2 

n (%) 

RVG 

Score 1 

n (%) 

RVG 

Mean 

± SD 

CBCT 

Score 3 

n (%) 

CBCT 

Score 2 

n (%) 

CBCT 

Score 1 

n (%) 

CBCT 

Mean ± 

SD 

p-

value 

CH–

Microhybrid 

1 (20%) 1 (20%) 3 (60%) 1.60 ± 

0.89 

1 (20%) 3 (60%) 1 (20%) 2.00 ± 

0.71 

0.346 

CH–

Nanohybrid 

4 (80%) 0 1 (20%) 2.60 ± 

0.89 

4 (80%) 0 1 (20%) 2.60 ± 

0.89 

NS 

RMGIC–

Microhybrid 

4 (80%) 0 1 (20%) 2.60 ± 

0.89 

2 (40%) 2 (40%) 1 (20%) 2.20 ± 

0.84 

0.346 

RMGIC–

Nanohybrid 

4 (80%) 0 1 (20%) 2.60 ± 

0.89 

1 (20%) 3 (60%) 1 (20%) 2.00 ± 

0.71 

0.345 

The scoring criteria for the microleakage assessment were evaluated according to YufaS et al.’s study18 

Score 1: Definite microleakage 

Score 2: Uncertain microleakage 

Score 3: No detectable microleakage 

CH: Calcium Hydroxide liner; RMGIC: Resin-Modified Glass Ionomer 

Cement; RVG: Radiovisiography; CBCT: Cone Beam Computed Tomography. 

Interpretation: Nanohybrid composite groups exhibited the best marginal adaptation, and more specimens 

exhibited no detectable microleakage.Interpretation: The nanohybrid composite groups had the best marginal 

adaptation, and more specimens had no detectable microleakage. The microleakage detection did not show any 

statistical difference between the experimental groups and RVG (p > 0.05). 
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“Figure 1: Marginal leakage on the gingival walldetected by the Carestream CS 9600 CBCT unit 

(Carestream Dental, Atlanta, GA, USA). (a) Score 1. (b) Score 2. (c) Score 3; 

RVG image(GOMAX )showing marginal leakage on the gingival wall. (d) Score 1. (e) Score 2. (f) Score 

3.” 

 

IV. Discussion 
Microleakage is still one of the most 

significant factors in the long-term survival and 

success of adhesive restorations. The present study 

assessed the microleakage of Class III restorations 

with various liner-composite combinations, as well 

as the ability of CBCT and RVG to detect 

radiopaque silver nitrate penetration.1-4, 14-18 

The results showed that nanohybrid 

composite restorations exhibited better marginal 

adaptation than did microhybrid composite 

restorations. Nanohybrid composites use nano-sized 

filler particles, which can enhance the dispersion of 

a
) 

b 

c 
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the filler, load more filler and prevent the 

polymerisation shrinkage stress. Such properties can 

help enhance adaptation and minimise the 

development of marginal gaps.5-9 

Leakage was the most common with the 

calcium hydroxide–microhybrid group. The reason 

for this finding could be due to the polymerisation 

properties of microhybrid composites that could 

cause higher contraction stress at the tooth-

restoration interface. These are the same results that 

have been reported by other researchers studying the 

marginal adaptation of modern resin composites.5-

7,23 

The impact of liner selection on 

microleakage didn't seem to be as significant. There 

were no clear differences between the results of 

RMGIC-lined restorations and calcium hydroxide-

lined restorations. This discovery suggests that the 

adhesive system and the restorative material are 

more important for the integrity of the margins than 

the liner.10,11 

One of the significant features of the 

present study was the application of the radiopaque 

dye of silver nitrate. Silver nitrate has a micro-small 

ionic size so that it could be deposited inside the 

microscopic defects, it is radiopaque, and can be 

seen in both the RVG and CBCT. Thus, destructive 

sectioning was not necessary.12,13,16 

CBCT had a higher number of 

indeterminate results than did RVG. The three-

dimensionalnature of CBCT could aid in the 

visualisation of subtle radiopaque discontinuities not 

apparent on the 2 dimensional radiograph. But the 

statistics showed that there were no significant 

differences between the results of CBCT and RVG. 

Based on these findings, it is concluded that 

conventional digital radiography is still a feasible 

and cost-effective method for use in the laboratory 

to assess microleakage.14-18 

The results are consistent with other 

studies, which showed that CBCT is not always 

more accurate due to image artefacts, beam 

hardening, scatter radiation effect and voxel size 

effect. These can cause some of the ambiguous 

results seen in a small number of specimens.15-18 

Some restrictions need to be noted. The 

study was a pilot study and hence limited in sample 

size. Thermocycling was carried out using just 100 

cycles and may not be sufficient to simulate in-

service ageing over extended periods of time. In 

addition, assessment of leakage was done on an 

ordinal scale rather than a quantitative volumetric 

scale.19,21 

Larger sample sizes, more thermocycling 

studies, quantitative three-dimensional study of 

leakage, examiner calibration studies and direct 

statistical comparison between restorative groups 

should be used in future investigations.21-23 

 

V. Conclusion 
Within the limitations of this in vitro pilot study: 

1. The nanohybrid composites showed better 

marginal adaptation than microhybrid 

composites. 

2. The type of liner did not seem to 

significantly affect the microleakage. 

3. No statistically significant differences 

between RVG and CBCT results were seen. 

4. An improvement was not found between 

the performance of CBCT and digital 

radiography for the detection of radiopaque 

penetration of silver nitrate. 

5. In conclusion, RVG could be a feasible and 

cost-effective method for laboratory 

evaluation of microleakage. 
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