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ABSTRACT

Introduction: The aim of this study was to evaluate the experimental nanocomposite (Kelfil) against microleakage 
when bonded with two different types of bonding systems. Methods: Sixty sound extracted human permanent in-
cisors were divided into six groups randomly.  Each tooth was prepared with standardised Class III cavity on each 
proximal surface. The teeth were immersed in Rhodamin B dye for ten hours and sectioned to analyse the depth of 
dye penetration. The depth of the dye penetration was measured in micrometres by using confocal laser scanning 
microscope (CLSM). Results: The depth of the dye penetration in the groups was compared by ANOVA test. The 
results showed comparable microleakage between different types of composites.  Conclusion: The experimental 
nanocomposite (Kelfil) in comparison to the commercially available nanocomposite and micro-hybrid composite 
has comparable microleakage when bonded using self-etching and total-etched adhesive systems.
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INTRODUCTION

Aesthetic dental fillings have become a routine dental 
procedure as the demand for tooth coloured dental 
fillings is on the rise (1). The patient awareness of the 
availability of aesthetic tooth coloured dental fillings 
has led to the development of various tooth coloured 
materials such as composite restorative materials and 
glass ionomer cement (2). The growing patient demand 
for cosmetic dental care and procedures has provided 
the dental community with an impetus to innovate and 
develop new materials with properties of improved 
aesthetics and better physical properties. To satisfy the 
growing aesthetic concerns of the patients, research 
and development of aesthetically sound and pleasing 
restorative materials is a solution which is being explored. 
The science of nanotechnology has led to a significant 
improvement in the evolution of dental composites (3). 
Composite restorations have become the most widely 
used dental materials for aesthetic dental restorations. 
The advantages of better aesthetics, smoother surface 

finishes and higher translucency and polishability in 
comparison to other restorative materials have made 
composites the material of choice. However, dental 
composites exhibit certain limitations in their physical 
properties such as wear resistance and microleakage as 
seen in Ceram X Mono (Dentsply Caulk, Milford, DE, 
USA) methacrylate-based nanohybrid composite and 
Filtek P6O (3M ESPE, St Paul, Min, USA) methacrylate-
based microhybrid composite (4). In order to overcome 
the limitations of current dental composites, an 
experimental nanocomposite has been developed 
by the School of Dental Sciences, Universiti Sains 
Malaysia. The nanosilica fillers were synthesised using 
a sol-gel process. The filler particle size ranged from 
10-20 nm. The newly developed nanocomposite Kelfil 
aims to reduce the polymerisation shrinkage thereby 
enhancing the physical properties of the material. In this 
study, the experimental nanocomposite Kelfil will be 
used as a direct composite filling material on 40 Class 
III cavities prepared on 20 extracted teeth in comparison 
to two other commercially available composites (Filtek 
Z350 and Spectrum TPH3). The restored teeth will be 
assessed for microleakage by measuring the depth of 
dye penetration in micrometres (µm) on the incisal and 
cervical walls of sectioned teeth. The results highlight 
our newly developed Kelfil’s property of microleakage 
resistance to be in par with the commercially available 
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nanocomposites.

MATERIALS AND METHODS

The in-vitro study was approved by the Research Ethics 
Committee (Human) of Universiti Sains Malaysia, 
USMKK/PPP/JEPeM [235.3. (01)]. The samples for the 
study were collected from the dental clinic, Advanced 
Medical and Dental Institute, Universiti Sains Malaysia.  
The sample size was determined using the PS software 
which compared two means (5). A total of 60 extracted 
sound human permanent incisor teeth were selected for 
this study. Anticipating a five per cent tooth breakage 
during sectioning, the sample size was decided as 20 
cavities per group summing up to 120 cavities for all six 
groups (Table I). 

crown, permanent incisors with caries, permanent 
incisors with existing restorations and permanent 
incisors subjected to bleaching were excluded from the 
study. 

Following extraction, the extracted teeth were placed 
and stored in a disposable plastic container containing 
normal saline. Once the entire sample was collected, 
the teeth were cleaned to remove calculus and any 
tissue remnants using a scaler (Cavitron). A Class III 
restoration cavity was prepared on all the teeth. The 
Class III restoration cavity preparation included both the 
mesial and distal proximal surfaces of the teeth prepared 
using a No. 2 sized round bur on the water-cooled high-
speed handpiece. The prepared shape of the cavity was 
rectangular with a mesiodistal width of 1.5-2.5mm, 
incisogingival height of 2.5-3mm with a depth of 1.5mm 
in enamel (6). 

The next step was to randomise the teeth into three main 
groups. The three main groups were divided according 
to the different nanocomposite they received as a filling 
material. The groups were randomised using randomiser 
software (7). Each of the three main groups contained 20 
extracted teeth with 40 prepared cavities in total. All the 
teeth were restored according to the assigned protocol 
as described in Table 1. The composite was light-cured 
using Elipar (Free light 2 LED, 3M ESPE) unit for the 
duration of 40 seconds through the celluloid matrix. 
The tip of the curing light unit was maintained at 1 – 2 
mm distance from the composite surface. The restored 
teeth were then immersed in artificial saliva (Biotene 
mouthwash, Laclede, USA) for a period of two weeks 
at room temperature to simulate oral conditions. The 
teeth were placed in separate bottles containing 100 
ml of artificial saliva per bottle. Each bottle consisted of 
10 teeth. After two weeks of immersion, the teeth were 
removed from the artificial saliva and rinsed with water 
and air dried.  To prevent ingression of dye material into 
the root canals, sticky wax (Kemdent, UK) was placed 
at the root apices of the prepared teeth. Further dye 
penetration into the dentinal tubules and the lateral 
canals was prevented with the application of two layers 
of nail varnish over the teeth excluding an area of 
roughly 1mm around the gingival and incisal margins 
of the restorations.  The teeth were then left to air dry 
for a period of 12 hours.  After 12 hours of air drying, 
the teeth were placed in 0.5 per cent of Rhodamin dye 
solution. The dye was buffered to pH 7 for 10 hours. 
Following dye immersion, the teeth were rinsed under 
water and air dried. Once dry, acetone solution was 
used to remove any remnants of the nail varnish. The 
teeth were once again rinsed thoroughly under tap 
water before sectioning. The next step was sectioning 
of the teeth. To analyse the extent of the leakage in 
both the prepared restoration walls, all the teeth were 
sectioned longitudinally in a mesiodistal direction to 
achieve two sections. A water-cooled diamond disc 
on a microtome (Exakt hard material cutter, Germany) 

Table I:  Summary of Experimental Groups, Adhesive Systems and 
Nanocomposite used

Group
Number 
of teeth

Num-
ber of 
cavities

Adhesive system Nanocomposite

A1 10 20
G-Bond (GC, 
Japan)

Kelfil

A2 10 20

One step 
self-etching

Adper Single 
Bond 2
(3M ESPE, USA)
Two step etch 
and prime

Kelfil

B1 10 20

G-Bond (GC, 
Japan)
One step 
self-etching

Filtek Z350 (3M 
ESPE, USA)

B2 10 20

Adper Single 
Bond 2
(3M ESPE, USA)
Two step etch 
and prime

Filtek Z350 (3M 
ESPE, USA)

C1 10 20

G-Bond (GC, 
Japan)
One step 
self-etching

Spectrum TPH3 
(DENTSPLY, De-
trey, Germany)

C2 10 20

Adper Single 
Bond 2
(3M ESPE, USA)
Two step etch 
and prime

Spectrum TPH3 
(DENTSPLY, De-
trey, Germany)

Prior to sample collection, suitable written consent 
was taken from all the patients. The sample selection 
followed an inclusion and exclusion criteria. 

Inclusion criteria: Sound human permanent incisors 
which were periodontally compromised and otherwise 
healthy were chosen for the study.
Exclusion criteria: Permanent incisors with fractured 
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was used for sectioning teeth. The specimens were then 
placed on the glass slide and fixed by moulding plastic, 
ready for inspection. The specimen was inspected on a 
CLSM (Leica Microsystem, Heidel Gmbh, Germany) at 
low magnification (10 x objective) The CLSM image of 
the dye penetration into the tooth structure is shown in 
Figure 2. The above procedures were followed for all 60 
teeth with each sample assessed for microleakage.  The 
assessment involved a measurement of the depth of dye 
penetration on the images from the CLSM in micrometre 
(µm) on both the incisal and cervical walls using screen 
calipers. The images with measurements were later 
saved on a compact disc for future retrieval and analysis. 

RESULTS 

A total of 60 teeth (120 cavities) were prepared in this 
study with 10 teeth (20 cavities) randomly assigned to 
each group. Each tooth was prepared with a Class III 
cavity on both proximal surfaces and restored.  However, 
a total of 5 per cent of the teeth were damaged during 
sectioning. Due to the limitation of time, no new samples 
were chosen. Out of 120 cavities, only 82 cavities were 
evaluated with 12 cavities in group A1 and C2, 13 
cavities in group A2, 14 cavities in group B1 and C1, and 
17 cavities in group B2. The SEM images of the sectioned 
teeth reveal the extent of dye penetration providing 
an understanding of microleakage and the resistance 
offered by the newly developed nanocomposite (Figure 
1). A corresponding CLSM image showing the dye 
penetration has been shown in Figure 2. 

The different groups were examined and statistically 
analysed. The statistical analysis using One-way 
ANOVA test indicated no difference in the depth of 
microleakage between the three composites (Kelfil, 
Filtek Z350 and Spectrum TPH3) when bonded with 
self-etching adhesive system G Bond (GC, Japan) and 
with etch and prime adhesive system Adper Single Bond 
2 (3M, ESPE USA) on both incisal (Table II and Table III) 
and cervical walls (Table IV and Table V). The results 
highlighted no significant microleakage amongst the 
tested composites (P= 0.792 and P=0.521 for the incisal 
and cervical area). However, there was an inadvertent 
big standard deviation (SD) which has occurred due to 
the variability of sample size. The sample size was 120 
but we could only manage to evaluate 82 samples, so 
this has affected the SD value as the decrease in sample 
size increases the variability. This fluctuation of the data 
resulted in a higher SD.

DISCUSSION

This study was conducted to analyse the effect of 
microleakage on different composites bonded with 
two types of adhesive systems. The comparison of the 
three different composites bonded with G-Bond one-
step self-etching adhesive system (GC, Japan) revealed 
that there was no significant difference in the depth of 
microleakage on both incisal and cervical walls with 
a similar result found in another study (8). The study 
design only compared the incisal and cervical areas 
separately and not against each other. 

Figure 1: Sectioned tooth showing the composite (1), 
bonding agent space (2) and the tooth structure (3) as 
seen under a scanning electron microscope (SEM)

Figure 2: Microleakage evaluation of the sectioned 
tooth showing the depth of dye penetration as seen 
under a confocal laser scanning microscope (CLSM)
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A strong adhesion has to exist between the restorative 
material and the cavity walls for a proper marginal seal 
to be effected resulting in less microleakage and a longer 
life of the restoration. The type of the adhesive system is 
an important factor that affects microleakage in addition 
to the restorative material factor (9). 

Self-etching adhesive can simplify the procedure of 
bonding and prove to be time-saving for the clinicians. 
In contrast, self-etching adhesive system exhibits a 
lower bond strength with increased microleakage than 
etch and prime adhesive system. The micromechanical 
bonding is improved by the process of acid etching 
which creates a microporosity on the etched surface 
enabling a deeper penetration of the composite material 
into the tooth structure. 

The sealing ability of the tested composite could be due 
to the differences in the adhesive system formulations. 
The composition of the restorative material greatly 
influences the mechanical properties as a combination of 
different monomers results in different water absorption 
properties. A study highlighting the effect of particle 
filler load showed the lowest shrinkage strain values but 
exhibited the most stable shrinkage volume (10). 
There is a varying degree of dye penetration into the 
tooth-restorative interface. However, the results stated 
that there was no significant difference in the depth of 
microleakage between the three composites bonded 

Table II: Comparison of microleakage between Group A1, Group B1 
and Group C1 in the incisal wall

Group

Microleakage (µm)

N Mean (SD) f statistic a (df) P value b

A1

B1

CI

12

14

14

1037.40 (273.69)

871.79 (488.92)

687.67 (453.43)

2.154
(2; 36)

0.131

                      

a One-way ANOVA tests

Table III: Comparison of microleakage between Group A2, Group B2 
and Group C2 in the incisal wall

Group

Microleakage (µm)

N Mean (SD) f statistic a (df) P value b

A2

B2

C2

13

17

12

501.46 (585.35)

451.27 (553.17)

597.81 (576.28)

0.234
(2; 36)

0.792

               

a One-way ANOVA tests

Table IV: Comparison of microleakage between Group A1, Group B1 
and Group C1 in the cervical wall

Group

Microleakage (µm)

N Mean (SD) f statistic a (df) P value b

A1

B1

CI

12

14

14

951.80 (550.95)

809.84 (583.74)

858.17 (389.94)

0.249
(2; 36)

0.781

                     

 a One-way ANOVA tests

Table V: Comparison of microleakage between Group A2, Group B2 
and Group C2 in the cervical wall

Group

Microleakage (µm)

N Mean (SD) f statistic a (df) P value b

A2

B2

C2

13

17

12

750.45 (613.09)

518.37 (568.13)

717.64 (635.72)

0.663
(2; 36)

0.521

             
 a One-way ANOVA tests

with Adper Single Bond 2 two-step etch and prime 
adhesive system (3M ESPE, USA). Therefore, the research 
hypothesis that there is a significant difference in the 
depth of microleakage between the three composites 
bonded with Adper Single Bond 2 two-step etch and the 
prime adhesive system was rejected. 

Many previous studies have determined microleakage 
by scoring the degree of dye penetration along the 
occlusal and cervical walls. This analysis was performed 
using different criteria. A score of 0 represented no 
dye penetration, 1 represented dye penetration into 
half extension of the cervical wall, 2 represented dye 
penetration into a complete extension of the cervical 
wall and 3 represented dye penetration into cervical and 
axial wall towards the pulp.

The length of dye penetration measured in this study 
in both incisal and cervical walls from the restoration 
margin to some depth of the cavity wall by CLSM 
agrees with another previous study (11). The pattern 
of dye penetration into the dentinal tubules appeared 
inhomogeneous; therefore, it was not possible to 
measure the pattern.

The teeth were not subjected to any polishing or 
finishing procedures due to the possibility of heat 
generation interfering with the restoration’s ability 
to resist microleakage. The effect of the thermal and 
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exhibited a morphology typical to the penetration of the 
bonding agent into the submicrometer hiati (23). The 
phenomenon of nanoleakage was studied by another 
study (11). The depth of dye penetration was measured 
at the base of the hybrid layer by quantifying the amount 
of nanoleakage by using CLSM which is characterised 
by high-resolution microscopy with fluorescence 
technique producing three-dimensional images from 
thick samples. This study however could not quantify 
the nanoleakage pattern into dentinal tubules towards 
the pulp as the penetration was inhomogeneous.

CONCLUSION

The present study has developed an experimental 
composite (Kelfil) by utilising nanotechnology. The 
study found comparable results to the commercially 
available micro-hybrid and nanocomposite on the 
physical properties of enamel bonding. The enamel 
bonding analysed through microleakage was found 
to be within acceptable range in comparison to the 
commercially available Filtek Z350 and Spectrum 
TPH3. Due to the limitations of the study, not all the 
mechanical and physical properties of the newly 
developed nanocomposite were analysed. However, in 
a successive study, the physical and mechanical property 
of Kelfil will be examined and analysed to understand 
the usability and clinical application of Kelfil. 
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