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This study was a laboratory experiment. The sample was 27 extracted one or two canal mandibular premolar 
teeth consist of: a smart dentin replacement, glass ionomer cement, and a flowable resin composite. Teeth were 
prepared using a crown-down method and obturated using gutta percha and AH Plus. After placement of the 
orifice barrier with a thickness of 4 mm, the teeth were immersed in a 2% methylene blue solution at 37ºC for 
24 hours. Teeth sectioned in the buccolingual direction and observation of microleakage using a 
stereomicroscope (M=10×). The results showed that microleakage differences between a smart dentin 
replacement, glass ionomer cement, and a flowable resin composite. The smart dentin replacement has the 
smallest microleakage value of 1.70 but does not differ significantly with the flowable composite resin. 
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Introduction 

Root canal treatment is aimed at controlling bacterial 
infections in root canal teeth.1 It requires adequate 
restoration to prevent coronal leakage that can lead to 
recurrent bacterial infection.2 After root canal treatment, 
the teeth structure is changed as a result of the 
preparation procedure, and changes that occur in dentin 
make it difficult for clinicians to perform restoration.3 

Microleakage of restoration material can be caused by 
several factors, such as changes in material dimensions 
due to polymerization shrinkage, thermal contraction, and 
water absorption.4 Inadequate adhesion to the tooth 
structure due to the formation of smear layers can also be 
the cause of microleakage.5 Coronal leakage due to 
inadequate restoration can expose the root canal to be 
filled by oral material fluid.6 Root canal filling materials 
such as gutta-percha and sealers are unable to block the 
penetration of saliva and bacteria into the root canals, 
which can lead to recontamination and treatment failure.7 
The use of an orifice barrier is an efficient method of 
reducing coronal leakage in post-root canal teeth.8 

 The presence of an intra-orifice barrier will strengthen 
the teeth after root canal treatment because the post-root 
canal treatment teeth lose vitality and moisture. The intra-
orifice barrier is very useful to protecting post-root canal 
treatment and preventing coronal leakage.2 Coronal 

leakage can lead to ingress of oral fluid and invasion of 
bacteria into root canals that will affect the prognosis of 
treatment.13 According to research by Alikhani et al.9 a glass 
ionomer cement (GIC, 3 mm thickness) as an orifice barrier 
has a lower leakage rate compared to a thickness of 1 mm. 
According to Valadares et al.10, the use of a cervical barrier 
or orifice with a thickness of 2–3 mm can prevent leakage 
and Enterococcus faecalis bacterial infection. 

The dental material used as an orifice barrier is placed 
on the orifice as a second layer of protection against 
bacterial contamination when the restoration is 
disrupted. The dental materials have to be easily placed of 
the material by the operator, bond with the tooth 
structure, do not interfere with the attachment of 
permanent restorations, can be distinguished from tooth 
structure, and can close the orifice well or have low 
microleakage. Some dental materials that can be used as 
an orifice barrier are cavit, amalgam, intermediate 
restorative material (IRM), Super-EBA, composite resin, 
GIC, mineral trioxide aggregate (MTA) and calcium-
enriched mixture (CEM) cement.11  

Low microleakage is one of the criteria for a material 
that can be used as an orifice barrier.12 There are ongoing 
studies on microleakage in the dental material used as an 
orifice barrier aimed at finding dental materials that have 
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the lowest microleakage rate, to prevent saliva and 
bacterial contamination from entering the root canals. 
Composite resin-based materials can also be used as an 
orifice barrier; the most commonly used material is 
flowable composite resin, which has low viscosity so that 
it can penetrate difficult areas such as orifices. The 
composite resin has a weakness in that its large shrinkage 
can cause microleakage. Smart dentin replacement is a 
bulk fill flowable composite resin that has low shrinkage, 
good cavity adaptation, low modulus of elasticity, and 
polymerization modulators that can reduce shrinkage so 
that the marginal gap between the fill and restoration 
material is minimal.13  

There are several studies regarding the microleakage 
rate of bulkfill flow composite resin materials as an orifice 
barrier material (3 mm thickness).14 So far, Smart Dentin 
Replacement (SDR) materials have been used more for 
tooth restoration to replace dentin structures. Based on 
this problem, this study aimed to examine differences in 
microleakage between a SDR, GIC, and a flowable 
composite resin as an orifice barrier in diganti root canal 
treated tooth. 

 
Material and Methods 

 
Research design and samples 
The study was an experimental laboratory experience. 

Samples of mandibular premolar teeth were extracted. 
Twenty-seven post-extraction teeth were divided into 
three groups to have different treatments: SDR, GIC, and 
flowable resin composite groups. 

 
Preparation of dental samples 
Root canals were prepared using ProTaper Universal 

(Dentsply Maillefer, Ballaigues, Switzerland) rotary files up 
to F2 using the crowndown technique. Based on the pre-
operative radiographs, file sizes 10 and 15 are measured 
and pre-curved to match the anticipated full length and 
curvature of the root canal. The 10 and 15 hand files are 
utilized within any portion of the canal until they are loose 
and smooth. The loose depth of the 15 file is measured, and 
this length is transferred to the ProTaper S1 and S2 files. 
Then, the coronal two-thirds pre-enlarged was shaped by 
first utilizing S1 and then S2 prior to initing shaping 
procedure. The pulp chamber is filled with a full-strength 
solution of sodium hypochlorit (NaOCl) 2.5%, followed with 
a shaped file, irrigated and recapitulated with a 10 file to 
break up debris and move it into the solution. The next step 
can focus on apical one-third procedures when the coronal 
two-thirds of the canal is shaped. The apical one-third of the 
canal is fully negotiated and enlarged to at least a size 15 
hand file, and the working length is confirmed and patency 
established. At this stage of treatment, the preparation can 
be finished using one or more of the ProTaper Finishing files 
in a “non-brushing” manner. The F2 is selected and 
passively allowed to move deeper into the canal in one or 
more passes until the terminus is reached. When the F2 
achieves length, the instrument is removed, its apical flutes 
are inspected, and if they are loaded with dentin, then 

visual evidence supports the shape is cut. Then, the root 
canal is irrigated, recapitulated, confirmed patency, and re-
irrigated to liberate debris from the canal. Then, the gutta 
percha were cut under the free gingival crest to a depth of 
4 mm, and a SDR, a GIC, and a flowable resin composite 
were placed with a thickness of 4 mm (Figure 1). To see the 
density of the root canal filling material and the orifice 
barrier, a periapical radiograph was performed (Figure 2). 

 
Microleakage Analysis 
Teeth were incubated in artificial saliva at 37ºC for 24 

hours and then dried. After drying, the teeth were coated 
in two layers of nail varnish and wax from apical to CEJ. 
Then, the teeth were immersed in a 2% methylene blue 
solution at 37ºC for 24 hours and cleaved from the bucco-
lingual direction. Observation of microleaks was carried 
out under a stereomicroscope (M = 10×). Measurement of 
the amount of penetration of the dye solution from the 
coronal to the apical direction on a millimeter scale using 
the image raster 3.0 program (Figure 3). 

 
Statistical Analysis 
The data obtained in this study were quantitative data 

with a ratio scale. The Shapiro–Wilk test was performed 
to determine the normality of the data. If the significance 
value is p>0.05, then the data distribution are normal, and 
vice versa. 

The Levene Analysis was performed to determine the 
data homogeneity. If the significance value is >0.05, then 
the data obtained are homogeneous, and vice versa. After 
the data were determined to be normal and homogeneous, 
they were processed using the parametric statistical test 
with one-way ANOVA test with a significance value < 0.05. 
The one-way ANOVA test was conducted to determine the 
difference in the mean (average) of μ-leakage data from 
each treatment group. The statistical test was continued by 
carrying out the post hoc test to find out which groups were 
different and not significantly different. 

 
Results 

 
The results indicated that the average penetration 

measurement of dye solutions in the SDR, flowable resin 
composite and GIC groups were 0.1709 mm, 0.1907 mm, 
and 0.3770 mm, respectively (Table 2). 

Based on Table 3, these results indicate that there are 
differences in microleakage between the three treatment 
groups (α<0.05). The statistical test was continued by 
carrying out the post hoc test to find out which group was 
different and not significantly different from the other 
two groups (Table 4). 

Based on Table 3, the ratio of microleakage between 
the SDR group and the Flowable Resin Composite group 
did not differ significantly (p>0.05). The comparison of the 
microleakage of the GIC group with those of the SDR 
group and the flowable resin composite group indicated a 
significance value of 0.000 (p<0.05), so it can be concluded 
that the group has a significant difference. 
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Table 1. Manufacturers and chemical compositions of material used in this study 

Material name Manufacturer Composition 

Smart Dentin Replacement (SDR) 

 

Dentsply Sirona, 
Germany 

SDR patented urethane dimethacrylate resin, 
Dimethacrylate resin, Difunctional diluent, Barium 
and Strontium alumino fluoro-silicate glasses, 
Photoinitiating System, Colorant 

Esthet X Flowable Composite 

 

Dentsply Sirona, 
Germany 

Resin: BisGMA, a urethane modified BisGMA-adduct, 
Ethoxylate BisPhenol A dimethacrylate, TEGDMA. 
Filler System : Barium fluoro alumino-boro silicate 
glass with an average particle size of 1 µm and 
Nanofiller silica with a particle size less than 0.02 µm  

Dentine Conditioner 

  

GC Corporation, Japan 
Distilled water 90% 
Polyacrylic acid 10% 

Fuji IX GP capsule 

 
 

GC Corporation, Japan 
Packable glass ionomer restorative with higher 
fluoride release and extra translucency. It contains a 
glass filler (Smart Glass). 

 
Table 2. Average measurement results of dye solutions for each group 

Treatment groups N Average (mm) Deviation standard Minimum Maximum 

Smart Dentin Replacement 9 0.1709 0.04320 0.12 0.25 
Flowable Composite Resin  9 0.1907 0.05044 0.12 0.26 
Ionomer Cement Glass 9 0.3770 0.13410 0.13 0.63 

 
Table 3. The result of one-way ANOVA data of orifice barrier microleakage. 

Treatment groups Sig. 

Smart Dentin Replacement 
0.000 Flowable composite Resin 

Ionomer cement glass 
 
Table 4. The post hoc test results of microleakage of orifice barrier material. 

(I) Treatments (J) Treatments Sig. 

Smart Dentin Replacement 
Flowable composite resin .836 
Ionomer cement glass .000 

Flowable Composite Resin 
Smart Dentin Replacement .836 
Ionomer cement glass .000 

Ionomer Cement Glass 
Smart Dentin Replacement .000 
Flowable composite resin .000 

 
Discussion 

In this study, the thickness of the material used was 4 
mm, assuming that the thicker the material, the lower the 
microleakage. According to the research by Olmez et al.  
the coronal leakage of MTA as an orifice barrier with a 
thickness of 1 mm, 2 mm, 3 mm, and 4 mm. The results of 
this study explain that MTA with a thickness of 4 mm has 
the lowest leakage.15 However, Ghulman and Gomaa 
reported a different result, that the thickness of the orifice 
barrier, 4 mm, is too thick, and this causes difficulties in 

the material retrieval process if the retreatment 
procedure is required, so that the recommended material 
thickness is 2–3 mm.16 Özyürek et al. evaluated the 
microleakage of MTA Angelus, Filtek Ultimate light-cured 
flowable composite resin, Filtek Z250 light-cured 
composite resin, and SDR with an orifice barrier thickness 
of 3 mm. The result is that MTA Angelus and SDR materials 
show better leakage resistance compared to flowable 
composite resins and composite resins.14 
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Figure 1. Illustration of orifice barrier placement. 

 

 

Figure 2. The post-orifice barrier application 
radiograph. 

 

 

Figure 3. The result of staining dye penetration 
measurement of the three treatments. 

 
Dental materials that can be used as an orifice barrier 

are cavit, amalgam, IRM, Super-EBA, composite resin, GIC, 
MTA, and CEM cement.11 Wolcott et al.12 reported that the 
criteria for dental materials that can be used as an orifice 
barrier are that the placement of the material is easy for the 
operator to do, binds to the tooth structure, does not 
interfere with the attachment of permanent restorations, is 
easily distinguished from the tooth structure, and has a 
good density to prevent microleakage.  

The GIC group had the largest average microleakage 
value, 3.92 (Table 1), compared to those of the SDR and 
Flowable Resin Composite groups. The results of the post 
hoc test also indicated that the GIC was significantly 
different from the SDR and the Flowable Composite Resin. 
H. Yavari et al.8 reported that GIC had the greatest 
microleakage compared to a MTA and a composite resin. 

The microleakage of GIC in this study could be caused 
by the researcher not applying polyacrylic acid as a dentin 
conditioner properly. Polyacrylic acid is used prior to 
application of GIC to remove the smear layer. The smear 
layer formed as a result of the preparation procedure can 

interfere with the bonding of the ionomer cement to the 
tooth structure.17 Another factor that can cause μ leakage 
is the GIC used in this study, which has high viscosity 
characteristics due to the high ratio of powder to solution 
and a reduction in the size of glass particles. The high 
viscosity results in the material not being able to flow 
through the entire cavity wall properly, which causes 
microleakage.18 

In this study, the GIC used was GIC type II (Fuji IX GP 
capsule, GC Japan). GIC can bind to the tooth structure 
through chemical bonds between carboxylic groups in 
polyacrylic acid and calcium ions present in dentin. Fuji IX 
GP has high strontium content and can form strong bonds 
with tooth structures. The strontium ion in the GIC and the 
calcium ion in the teeth diffuse to form an ion exchange 
layer; this bond structure causes a strong bond between 
the GIC and the tooth structure.19  

The high ratio of powder to solution in type II GIC can 
also improve the physical properties of the GIC.20 The GIC 
for capsules can reduce the variability of the properties of 
GIC and avoid operator error.21 The advantages of using a 
capsule preparation are not only a homogeneous ratio of 
powder to liquid but also good manipulation of powder and 
liquid using a standardized mixing machine, consistency of 
the liquid and predictable results.22 In this study, the 
researchers experienced difficulties in the application 
process of GIC because the tip diameter of the capsule tip 
was too large to wall with the diameter of the orifice. 

The SDR group had the smallest microleakage value 
compared to those of the other groups (Table 1). The 
results of the post hoc test indicated that the SDR was not 
significantly different from the flowable composite resin. 
The microleakage of the SDR was lower than that of Tetric-
N-Flow. The SDR contains urethane dimethacrylate, which 
reduces polymerization shrinkage, so that this material 
experiences less microleakage than that of flowable 
composite resin.23 The amount of the filler material also 
affects the polymerization shrinkage of the composite 
resin.14 The composite flowable resin used in this study had 
a lower amount of filler than the SDR, so that the composite 
flowable resin experienced higher polymerization 
shrinkage and microleakage. SDR also has self-leveling, 
which allows this material to adapt well to the cavity walls. 

Flowable resin composites have low viscosity 
characteristics so that they can flow throughout the cavity 
walls and can adapt well to tooth structures.5 The micro 
flowable resin composite leakage is due to polymerization 
shrinkage due to its high matrix resin content.24 In this 
study, the materials used were flowable resin composites 
(Esthet X Flow, Dentsply Sirona) that contained nanofiller 
particles that could improve the mechanical properties of 
the material. Esthet-X Flow has 61% of filler by weight and 
53% by volume and is a type of low viscosity composites.25 
The same thing is also reinforced in the research by Poggio 
et al.26 who found that the flowable composite resin is a 
material with low viscosity and stress and can thus be 
applied to hard-to-reach areas so that it can penetrate well. 

SDR and flowable composite resin are recommended 
as orifice barrier materials. Those materials complete the 
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checklist of the criteria, which include it can be placed 
easily, can attach to the tooth structure, and has a high 
density to prevent microleakage. Kumar et al.13 reported 
that SDR has less microleakage than that of non-flowable 
bulk fill (Tetric Evo Ceram Bulk).  

SDR is a bulk fill composite that can be applied into 
cavities with a thickness of 4 mm, reduces porosity, and 
provides a restoration with better consistency.27 According 
to Leprince et al. SDR has better marginal adaptation28 and 
micro tensile than a conventional hybrid composite resin.2 

Micro orifice barrier leakage can cause gutta percha 
and a sealer to be exposed to saliva and bacteria, so it is 
necessary to choose a sealer that has good adhesion to 
the tooth structure to prevent bacterial and salivary 
contamination into the root canal. The use of AH Plus as a 
sealer provides several advantages such this material's 
ability to bind to the tooth structure, long working-time, 
ease of manipulation, and good density.13  

The use of AH Plus (Dentsply) sealer in this study also 
influenced the results of the study. Different results were 
reported by Sauáia et al.29 who conducted a study on μ 
leakage of a flowable composite resin, cavit, and vitremer 
as intra-orifice using eugenol content as a sealer. In that 
study, the flowable resin composite's microleakage was 
greater than those of cavit and vitremer. This was due to 
the use of sealers with eugenol content. Eugenol can 
penetrate into the dentin and reduce the bond strength 
between the tooth structure and the composite resin and 
interfere with the polymerization of the composite resin. 

 
Conclusions 

 
There are differences in microleakage of the three 

dental materials tested, including a SDR, a GIC, and a 
composite flowable resin as orifice barrier materials in 
post-root canal treatment teeth. The comparison of 
microleakage between the SDR group and the Flowable 
Resin Composite group indicated no significant difference. 
The GIC had the highest microleakage. SDR had the lowest 
microleakage. This requires further research on orifice 
barriers with various thicknesses. 
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