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Abstract

Aims: This study aimed to evaluate the microleakage of Class Il restoration susing three different
techniques. Materials and methods: The study was carried out in the laboratory with paired comparision
between groups. Thirty Class II cavities were prepared on extracted non-carious human permanent
molars, randomly divided into 3 groups, which were then restored with 3 different methods. Group 1:
indirect composite inlay (Tetric N-Ceram) cemented with resin-modified glass ionomer cement (Fuji
Plus); Group 2: indirect composite inlay (Tetric N-Ceram) cemented flowable composite (Tetric N-flow);
Group 3: direct composite restoration using Tetric N-Ceram. Before immersed to 2% methylene blue
solution for 12 hours, all restorations were subjected to thermal cycling (100 cycles 5°C — 55°C). The
extent of dye penetration along the gingival wall was assessed using a grade scale from 0 to 3 under
40 times magnification using digital camera Nikon D7000. Results: All types of restorations showed
some rate of microleakage. In comparing the three techniques, group 1 demonstrated the significantly
higher rate of leakage compared to the others (p<0.05), where as group 2 and 3 showed no significant
difference. Conclusion: None of these three techniques is perfect to impede microleakage. Among the
above-mentioned restorative methods, a considerably higher rate of microleakage exists when applying
composite inlay cemented with Fuji Plus in comparison with the others. Composite inlay cemented with
flowable composite (Tetric N — Flow) and direct composite restoration make no significant difference in
their ability to prevent microleakage.
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1. BACKGROUND
The
restoration faces various difficulties, such as

treatment of class II composite
cracking, restoration dislogment, open contact,
marginal gap formation because of polymerization
shrinkage, microleakage and differences of
thermal expansion coefficent between composites
and dental hard tissue [9]. Therefore, various
techniques were introduced to improve the
quality of Class II restoration, including indirect
composite inlay. This technique was introduced
in the early 1980’s with the goal of decreasing
weaknesses of direct composite restoration
[8]. It is said that the technique can overcome
challenges faced with direct composite technique
such as isolation, post — treatment sensivity. The

technique can produce acceptable or excellent

clinical outcomes and are easier to fabricated as
well as less expensive than ceramics [14]. Many
studies evaluating the microleakeage around
the margin of dental restorations were carried
out worldwide to provide the best option for
clinical treatment. In Vietnam, to the best of
our knownledge, there are only in vitro studies
evaluating the microleakage of direct composite
restoration [3], [4] or of ceramic inlays [1], [2],
[5]. Therefore the aim of this study were to:

- Evaluate the microleakage of Class Il
restorations using direct composite restoration,
indirect composite inlay cementedwith Fuji Plus
and indirect composite inlay cemented with
flowable composite Tetric N-flow.

- Compare the microleakage of the three
techniques.
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2. MATERIALS AND METHODS

2.1. Sample preparation

In this study, 30 extracted human premolars
(15 teeth) and molars (15teeth) which are non
— carious and mature were used. They were

randomly assigned into 3 groups: 5 molars and
5 premolars per group.Teeth were fixed in the
cast and the mesial — occlusal inlay cavity was
prepared with following criteria:

Table 1. Dimensions of preparations

Dimensions Molars (mm) Premolars (mm)

Width of isthmus 2.5 1.5
Mesio — distal width of occlusal cavity. 6 4
Pupal depth 2 2
Depth of prpximal cavity (from the floor of 5 )
occlusal cavity)
Proximal cavity buccolingual 2 2

mesiodistal 2 2

Cavity divergence: 5 degree
Gingival margin was placed in enamel.

For specimens of group 1 and 2, after cavity
preparation, a single impression was made
with vinyl polysiloxane materials and poured
with stone, followed by the application of
separating medium. The inlays were built up
and polymerized with composite layers (Tetric
N-Ceram) on stone dye. The inlays were then
trimmed until and appropriate seating was
archived. Polishing was carried out with flexible
disks.

2.2. Restorative procedure

- Group 1: indirect composite inlay (Tetric
N-Ceram) cementedwith Fuji Plus:

Prepared cavity was cleaned and dried. Resin-
modified glass ionomer cement (RMGC) Fuji Plus
was placed into the cavity and on the inlay which
was then placed into the cavity. Excess luting
material was remove and the inlay was keep in
place for setting.

- Group 2: indirect composite inlay (Tetric
N-Ceram) cementedwith flowable composite
(Tetric N-Flow):

Prepared cavity was cleaned and dried,
followed by 37% Phosphoric acid placement into
the cavity for 15 seconds. The cavity was cleaned
again with water and then dried with gentle air
before priming and bonding procedure. Inlay was
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placed into the cavity which was filled with a
thin layer of flowable composite (Tetric N-Flow).
Excess composite was removed, followed by light
— curing polymerization for 40 seconds each wall
(buccal, lingual and occlusal).

- Group 3: direct composite restoration (Tetric
N-Ceram):

Prepared cavity was cleaned and dried,
followed by 37% phosphoric acid placement into
the cavity for 15 seconds. The cavity was cleaned
again with water and then dried with gentle air
before priming and bonding procedure. A thin
layer of flowable composite (Tetric N-Flow) was
filled into the cavity and then light — cure for 20
seconds. The restoration was carried out using
incremental layering techniques.

2.3. Assessment procedure

After the
removed from the cast and immersed into
sodium chloride 0.9% solution for 24 hours. All
of the restored teeth were then subjected to 100

cementation, specimens were

cycles of thermal stress in which the teeth were
alternatively immersed in water baths of 5°C and
55°C in a dwell time of 25 seconds and a transfer
time of 5 seconds. The root apexes were sealed by
wax. All of the restored teeth were entirely coated
with a thin layer of bonding agent, except for the
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restoration and I mm around the restoration margin.
Light — curing polymerization was carried out for
20 seconds after wards. The specimens were then
treated with 2 layers of nail varnish in a similar
way with bonding agent. The restorations were
soaked in 2% Methylene blue solution for 12h and
then were cleaned. Sectioning the restoration was
mesio-distally done by low-speed diamond blades
at the center of the restoration. Polishing was
achieved with flexible disks. Nikon D7000 with
40 times magnification was used to examine the
sections. The penetration degree of the methylene

blue solution was measured as follows [1], [5]:

0: no penetration.

1: penetration to less than half of gingival wall.

2: penetration to less than half of gingival wall
but not to axial wall.

3: penetration to axial wall.

The penetration was measured on both sectioned
halves of the restoration. The higher penetration
degree was chosen as the penetration degree of the
tooth. Data were statistically analyzed using the
Mann — Whitney U — test for pairwise comparison
at a significance level of p < 0.05 (SPSS 20.0).

3. RESULTS
Table 2. Analytic resultsof the degree of microleakage between group 1 and group 2
Group Number Mean + SD Mean rank | Sum of ranks
of teeth

Group 1

Composite inlay - Fuji Plus 10 2308 141 141.0
Group 2

+
Composite inlay - Tetric N-Flow 10 0.8+1.0 6.9 69.0
Total 20
p 0.005 < 0.05

The comparison results reveals that microleakage degee in Group 1 is significantly higher than that

of Group 2, with p-value = 0.005 < 0.05.

Table 3. Analytic results of the degree of microleakage between group 1 and group 3

Number Sum of

Group of teeth Mean + SD Mean rank ranks
Groupl
Composite inlay - Fuji Plus 10 2.3+08 134 134.0
Group3

+
Direct composite Tetric N-Ceram 10 2=10 7.6 76.0
Total 20
p 0.023 < 0.05

The comparison results reveals that microleakage degee in Group 1 is also significantly higher than

that of Group 3, with p-value = 0.023 < 0.05.

Table 4. Analytic results of the degree of microleakage between group 2 and group 3

Group Number Mean £+ SD Mean rank | Sum of ranks
of teeth

Group2

Composite inlay - Tetric N-Flow 10 0.8+10 93 93.0
Group3

Direct composite Tetric N-Ceram 10 12+1.0 17 17.0
Total 20

p 0.34 > 0.05

The comparison results reveals that microleakage degee in Group 3 tends to higher than that of

Group 2, with p-value = 0.34> 0.05.
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4. DISCUSSION

All of the subjects in this study exhibited
some degree of microleakage. The result is in
agreement with the study of Browning et al.
(1997). The authors stated that microleakage can
be found between tooth substrate and marginal
restoration which is fabricated from polymer —
based materials [7]. This finding is similar to other
reported studies [11], [14], [16]. The reason could
be due to the broken adhesive bond that occurs
due to unavoidable polymerization contraction of
the material when set [14]. In addition, Gerdolle
D. A. (2005) stated shrinkage stress inherited in
composite resin could be strong enough to form
marginal gap and following leakage [12]. Resin
- modified glass ionomer cement (RMGIC) (Fuji
Plus) has a different setting mechanism which
reacts through an acid — base procedure [13]. In
this setting procedure, volumetric shrinkage can
occur through a polymerization process involving
the reaction between 2-hydroxyethyl methacrylate
(HEMA) and urethane dimethacrylate — based
monomers[13], [14].

According to leakage scores (table 2 and 3)
marginal sealing efficacy using RMGIC (Fuji
Plus) was significantly lower than those of the
two resin composites. This finding is in line
with other studies [1], [12], [14]. As mentioned
above, marginal gap formation in the initial
phase of setting process of luting agent can lead
to subsequent leakage. Therefore, the larger rate
of the cement setting shrinkage is the higher
degree of the leakage could be. Irie M. (2001)
demonstrated that the rate of setting shrinkage
of Fuji Plus is significantly higher than those of
the two other resin — based cements (Compolute
and Panavia 21) [14]. More over, marginal gap
formation also depends on the bond strength of
the luting material. If the bond strength of the
luting material is high enough to compensate
for the stress shrinkage itself, the marginal gap
formation will not occur [14]. RMGIC was
proved to have weaker bond strength to tooth
structures compared to resin composite [11],
[15] that could explain the high level of leakage.

The present study demonstrated that group
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2 (composite inlay — Tetric N-Flow) has an
insignificantly lower degree of microleakage
than group 3 (direct composite restoration) does.
This finding concurs with the study of Alavi,
Kianimanesh (2002) which reported that there
is no significant difference of microleakage
between direct and indirect composite
restorations in class V cavity [6].

Other studies illustrated the differences.
Travis S. va Martin F. E. (1993) examined 32 class
II restorations using direct and indirect composite
inlays and they reported the indirect restorations
have the significantly lower dye penetration
compared to direct restorations [18]. Some studies
had similar findings with those authors [14], [16].
Meanwhile, Yanikoglu F. (1990) conducted a
study comparing the microleakage between direct
composite technique and direct inlay technique
that showed the significantly less microleakage of
the direct composite placement [19].

Theoretically, indirect composite inlay
which has its volumetric shrinkage taken place
extraorally should reduce marginal gap formation.
Therefore, this technique should show more
benefits than direct composite restoration in terms
of decreasing initial gap formation and subsequent
microleakage [10]. However, this study showed no
significant difference between the two techniques.
One possible explanation could be the location
of the finishing line. Alavi, Kianimanesh (2002)
demonstrated shrinkage stress has the most
significant influence on marginal gap formation
when the gingival margin is placed in dentin or
cementum, especially in class II restoration [6].
Additionally, Soares C.J. et al. (2005) related
that there was no significant difference between
the direct and indirect restoration in relation to
microleakage when the gingival margin was
placed in the enamel [17]. In the present study,
the preparation gingival margin placed in enamel

was used and that could explain for the results.

5. CONCLUSION

None of the 3 techniques perfectly prevented
microleakage. For all of the mentioned restorative
techniques, composite inlay cemented with Fuji
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Plus showed the significantly higher rate of — Flow) and direct composite restoration were not

microleakage compared to the others. Composite  significantly different in the ability of preventing

inlay cemented with flowable composite (Tetric N microleakage.
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