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ABSTRACT
Introduction: Early diagnosis combined with conservative 
adhesive treatment of occlusal caries may preserve the integrity 
of the remaining tooth and increase its longevity.

Aim: To compare microleakage and Shear Bond Strength (SBS) 
of Dyad flow and Tetric flow in primary molars.

Materials and Methods: microleakage test: Eighteen samples 
were utilised separately for SBS and Microleakage. Standard 
Class I tooth cavity were prepared on occlusal surface of all 
teeth. The samples of Group 1 group were restored with Dyad 
flow restorative material; Samples of Group 2 were restored 
with Tetric flow and subjected to thermocycling in customized 
thermocycling device. Further, the samples were soaked in 
freshly prepared 2% Rhodamine B dye solution for 24 hours. 
The samples were then sectioned in bucco-lingual direction 
with hard tissue microtome under constant water flow and were 
observed under confocal microscope at 4× magnification and 
evaluated for die penetration. Eight out of nine samples were 
graded III, where as the other sample was graded as II based 
on ISO microleakage scoring system.

Shear Bond Strength Test: A 2 mm high cylindrical polyethylene 
tube with an internal diameter of approximately 2 mm was placed 
on the dentin surface of each specimen. No etching or bonding 

was done for samples of Group 1 (Dyad flow), Optibond bonding 
agent was applied to the prepared buccal surface of the specimens 
in group 2 (Tetric Flow) and cured for 20 seconds.  Flowable 
resin composite was injected into the tube and polymerized 
for 40 seconds using an LED curing unit. All specimens were 
subjected to thermocycling from 5°C and 55°C for 500 cycles. 
SBS testing was done following thermocycling. Specimens were 
secured in the holder of a universal testing machine and sheared 
with a knife-edge blade at a crosshead speed of 1.0 mm/minute. 
Independent t-test was performed for statistical significance.

Results: Microleakage Test: There was no significant difference 
in microleakage between Dyad Flow and Tetric flow (p<0.05). 
Inter-examiner reliability was done between the accessors and 
the probability was 0.65 and 0.73.

Shear bond strength test: No statistical significance was 
observed between the groups (p=0.51). The highest mean SBS 
value was recorded for group 2 in Tetric flow (29.83±21.4 MPa), 
whereas the lowest value was recorded for group 1 in Dyad flow 
(24.15±3.5 MPa).

Conclusion: Dyad flow and Tetric flow had similar microleakage. 
Whereas, Mean SBS of Dyad flow was lower than Tetric flow. 
With the results of this study, Dyad flow can be used for class I 
cavities of primary molars.

INTRODUCTION
Proper diagnosis of occlusal caries, when treated with conservative 
adhesive treatment preserves the integrity of the existing tooth thus 
increasing its longevity.  Two major advances in aesthetic restorative 
dentistry are composites and acid-etch technique. When used 
as a posterior restorative material they had several limitations in 
strength, dimensional stability and wear resistance which lead to 
the restoration failure, subsequently causing secondary caries and 
loss of anatomic form [1,2].

Even though there is an improvement over the years in the wear 
resistance and strength of posterior restorative materials, the 
problem of polymerisation shrinkage still remained, with the use 
of composites [3,4]. Contraction of resin during curing results in 
polyerisation shrinkage, inducing internal and interfacial stresses 
at the tooth restoration interface, leading to marginal leakage [4,5]. 
Because of the belief that Flowable composites are minimally 
invasive, and requires less sound tooth removal than amalgam 
restorations, they are used widely for Class I restorations [6,7]. The 
commonly used dental restoratives in paediatric dentistry today are 
glass ionomer cements, compomers, and resin composites [8-10]. 
These materials are suitable for conservative cavity preparations of 

tooth cavities. Since child compliance is often a limiting factor, a 
desirable property of a dental restorative should have good handling 
characteristics in the sense of a smooth application technique, 
which is more valid for resin-modified glass ionomer cement which, 
together with compomer, is the most commonly used restorative 
material in primary teeth [1,11]. An ideal posterior filling material 
should possess properties like aesthetics, high resistance to clinical 
wear, permanent marginal integrity, minimum cavity preparation, 
radiopacity, easy manipulation and nontoxicity. Posterior composite 
resins can fulfil most of these properties. One of the most 
significant problems associated with use of posterior composite as 
restorative material is the predisposition for marginal leakage, due to 
polymerization shrinkage and thermal expansion [2,7,8,10].

As bonding to dentin is more difficult than to enamel, dentin 
bonding agents are used to improve the marginal seal of resin 
composite restoration at the composites and tooth interface [12]. 
They have proven to be effective at reducing but not eliminating the 
microleakage [13]. Flowable composites have recently been used 
as a initial thin liner under composites resulting as a stress breaker 
[1,12]. Microleakage leads to marginal permeability to bacterial, 
chemical or molecular invasion at the interface between the tooth 
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and the restoration. Marginal leakage of such restoration may lead to 
hypersensitivity, staining and discolouration, secondary caries and 
eventually pulpal irritation. Checking the depth of dye penetration 
under stereo microscope is the most common method used for 
estimating the microleakage of the materials [9].

Multiple studies which compared the bond strengths of adhesive 
systems to permanent and primary dentin, showed contradictory 
results [13,14]. Results of some studies showed lower bond 
strength in primary dentin [14], others resulted with either similar 
or even superior performance of the adhesive systems in primary 
dentin [14]. In this era with evolution of Self-adhesive flowable 
composites, restoration of permant teeth have become easier 
and time saving. To utilise the advantages of the same, this study 
aimed at  evaluating the shear bond strength using universal testing 
machine and microleakage under confocal microscope of single 
step self-adhesive flowable composite with a gold standard three-
step etch-rinse-cure flowable composite.

MATERIALS AND METHODS
The study was carried out after Scientific Review Board protocol 
approval from University Scientific Review Board committee (SRB/
SDMDS13PED3). It was conducted as a collaborative effort involving 
Department of Pedodontics and CIPET (Central institute of plastic 
engineering technology, Chennai) from period of February 2015 to 
May 2015.

Extraction was performed in children who attended the out-patient 
clinic, Department of Paediatric and Preventive Dentistry, Saveetha 
Dental college, Chennai.

Independent t-test was done to calculate the sample size keeping 
the power 90% attaining 8 samples for each group. To attain more 
accuracy and reduce damage of sample during the process, each 
group contained 9 samples in the current study, keeping 18 separate 
samples for microleakage and 18 separate samples for shear bond 
strength. 

tooth Selection Criteria:

•	 Caries	free	sound	maxillary	and	mandibular	1st primary molars 
obtained following serial extraction done during orthodontic 
treatment 

•	 Caries	 free	 sound	 teeth	 extracted	 due	 to	 pre-shedding	
mobility:

 Maxillary 1st primary molars 

 Maxillary 2nd primary molars 

 Mandibular 1st primary molars 

 Mandibular 2nd primary molars 

Following extraction, teeth were cleaned with scalers and stored 
in formalin for one week, following which they were transferred to 
saline solution at room temperature for three months prior to the 
experiment to maintain hydration of tooth structure [15-18]. 

MATERIALS AND METHODS
Two commercially available flowable composites: Dyad Flow 
(Kerr Dental, Orange, CA, USA Lot No: 5123563; and Tetric flow; 
Ivoclar Vivadent India Lot No: U10940), 37% phosphoric acid gel 
(Scotchbond Multipurpose, 3M/ESPE, USA Lot No: EG 00415) and 
one adhesive (Opti Bond All-In-One; Kerr Dental, Orange, CA, USA 
Lot No: 0197) were used in this study. All materials were applied 
according to the manufacturer’s instructions.

Shear bond Strength test: Specimens were embedded in plaster 
of Paris in cylindrical rubber molds, with the buccal bonding site 
facing the bottom of the mold. To obtain uniform smear layers, 
dentin surfaces were ground with 600-grit silicon carbide paper. 
To maintain hydration, dentin specimens were placed in a box 
containing water and stored in an incubator at 37°C for 24 hours 
before application of bonding agent. Primary tooth specimens were 

randomly divided into 2 groups with 9 specimens each, as follows: 
Group 1: Dyad Flow (single step technique); Group 2:  Tetric flow 
(three step technique). A 2-mm-high cylindrical polyethylene tube 
with an internal diameter of approximately 2 mm was placed on 
the dentin surface of each specimen. Optibond bonding agent was 
applied to prepared buccal surface of specimens in group 2 and 
cured for 20 seconds. Flowable resin composite was injected into 
the tube and polymerized for 40 seconds using an LED curing unit 
(Elipar Free Light II; 3M/ ESPE, St. Paul, MN, USA; light intensity: 
1,000 mW/cm2) [Table/Fig-1].

Specimens were then stored in 100% relative humidity at 37°C for 24 
hours. Tubes were removed with a sharp blade. Specimens were then 
thermocycled (ENVIROTRONICS C 1500) between 5°C and 55°C 
for 500 cycles using a dwell time of 10 seconds and a transfer time 
of 30 seconds between each bath [Table/Fig-2] [19-21]. SBS testing 
following thermocycling, specimens were secured in the holder of a 
universal testing machine (Lloyd LRX; Lloyd Instruments, Fareham, 
Hants, UK) and sheared with a knife-edge blade at a crosshead speed 
of 1.0 mm/min [Table/Fig-3a,b]. Shear Bond Strength was calculated 
in Megapascals (MPa) by dividing the peak load at failure of restoration 
with the specimen surface area [Table/Fig-4a,b]. The Normality test 
and the Kolmogorov-Smirnov results show that the variable follows 
Normal distribution. Therefore, to analyse the data parametric tests 
were used. To compare mean values between groups independent 
t-test was applied, version 12.0.1 (SPSS Inc, Chicago, IL, USA).

[Table/Fig-1]: Samples of shear bond strength test. 

[Table/Fig-3]: a) Universal testing machine; b) Shear stress application on sample.

[Table/Fig-2]: Samples in thermocycling process. 
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microleakage test: Standard Class I cavity was prepared on occlusal 
surfaces of all the teeth. The dimensions of occlusal box preparation 
with pulpal depth of 3 mm, bucco-lingual width of 3 mm, and mesio-
distal width of 4 mm and mounted on round acrylic blocks. 

After the cavity preparation etching was done by application of 37% 
phosphoric acid gel (Scotchbond Multipurpose, 3M/ESPE, USA) for 

15 seconds. It was rinsed with water for 10 seconds. After removal 
of excess water with moist cotton pellet, bonding agent  (OptiBond 
All-In-One, Kerr Dental, Orange, CA, USA) was applied as per 
manufacturer’s directions and light cured for 10 seconds with light 
curing unit (Unicorn Denmart, India). Placement of composite was 
done in incremental manner along the walls to avoid air bubbles 
and for complete curing. Tefflon coated instruments (GDC plastic 
filling instrument #1) were used to standardise the technique for 
incremental build-up. It was placed in contact with the wall to 
standardize the space for incremental build-up. The increment was 
then adapted and light cured for 40 seconds. Horizontal increments 
were placed to fill the remaining preparation and light cured for 40 
seconds. Further, finishing and polishing of occlusal surfaces were 

[Table/Fig-5d]: Sample of tetric flow group under confocal microscope with grade 
III microleakage.

[Table/Fig-9]: Microleakage score of each group.

[Table/Fig-4a]:Compressive load applied on Group 1 (Dyad flow) sample till failure.

[Table/Fig-4b]: Compressive load applied on group 2 (Tetric Group) sample till 
failure.

[Table/Fig-5a]: Sample of dyad flow group under confocal microscope with grade 
III microleakage.

[Table/Fig-5b]: Sample of dyad flow group under confocal microscope with grade 
II microleakage.

[Table/Fig-5c]: Sample of tetric flow group under confocal microscope with grade 
II Microleakage.

Group n
mean Shear bond 

strength
Std. Dev t-value p-value

Dyad flow 9 24.15 13.59
0.671 0.512

Tetric flow 9 29.83 21.45

[Table/Fig-6]: Descriptive sample size distribution with mean SBS.

[Table/Fig-7]: Mean SBS of Dyad flow and tetric flow.

Dyad flow tetric flow

GRADE 2 1 1

GRADE 3 8 8

[Table/Fig-8]: Microleakage score of Dyad flow and tetric flow.
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done with sof-lex discs and strips (3M/ESPE, USA) in sequential 
manner as per manufacturer's instructions. 

Dye penetration test: The samples were subjected to thermocycling 
in customized thermocycling device (ENVIROTRONICS C 1500) 
which worked at 500 cycles at 5°C, 37°C, and 55°C, with a dwell 
time of 30 seconds and transfer time of 15 seconds [Table/Fig-2] [19-
21]. The apices were then sealed with modelling wax and two coats 
of nail varnish were applied over the entire sample surface except 
for the restoration and 1 mm area beyond the margins. Further, 
the samples were soaked in freshly prepared 2% Rhodamine B 
dye solution for 24 hours after which they were thoroughly rinsed 
under tap water. The samples were then sectioned in bucco-lingual 
direction from center of the restorations with hard tissue microtome 
under constant water flow. The sectioned teeth were observed under 
confocal microscope (KEISS LSM S10 META) at 4X magnification 
and evaluated using the ISO microleakage scoring system (ISO/TS 
11405:2003) [Table/Fig-5a-d] [22-25]. The ISO scoring criteria for 
occlusal microleakage scores was as follows:

0 = No dye penetration

1 = Dye penetration into enamel

2 = Dye penetration into the dentin, not including the pulpal wall/
gingival floor

3 = Dye penetration into the dentin including the pulpal wall

The degree of dye penetration was independently scored [15]. In 
case of disagreement or doubt of evaluations, the least score was 
considered. 

Kappa statistics performed to assess inter-examiner reliability.

RESULTS
Shear bond Strength: The mean Shear Bond Strength (SBS) values 
for the experimental and control groups were tabulated in [Table/
Fig-6] and shown in [Table/Fig-7]. The mean SBS of specimens 
restored with Dyad Flow (single step technique) and Tetric flow 
(Three step techniques) was 24.15 and 29.83 respectively. There 
was no statistically significant difference in the SBS between the 
two groups (p>0.05). 

micro Leakage: Statistical results of the Mann-Whitney test for 
microleakage score of the groups are shown in [Table/Fig-8,9]. 
Among nine samples of each group, one sample was graded II and 
the remaining were graded III. There was no significant difference in 
microleakage between Dyad flow (single step technique) and Tetric 
flow (three step technique) (p>0.05). Inter-examiner reliability was 
done between the assessors and the probability was 0.65 and 0.73. 
Substantial agreement was achieved through Kappa statistics.

DISCUSSION
The major drawback in an adhesive restoration is the lack of suitable 
adhesion to the tooth structure and microleakage between the tooth 
and the filling material. This study was designed to compare the 
shear bond strength and microleakage of a self-adhesive flowable 
composite with traditional three step flowable composite in class 
I cavities of primary molars when used as a filling material done in 
in-vitro conditions. 

This study was directed towards comparing the gold standard 
technique (three step technique) with the self-etch adhesives 
technique, which showed lower shear bond strength of Dyad flow 
than Tetric flow but with similar microleakage between the two 
groups. Thus, the null hypothesis has to be accepted.

The Shear Bond Strength of a self-etch adhesive flowable composite 
to enamel and dentin of permanent teeth concluded that self-etch 
adhesive had lower bond strength than the conventional technique 
[26]. Additional etching of the tooth substance with phosphoric acid 
didn’t improve the bond strength of the self-etch adhesive. Studies 
comparing single step to three step composite leads to lower bond 
strength for single step technique with varied bond strengths in 

permanent molars [20,27,28]. Self-etch adhesives have lower bond 
strength than conventional composite in permanent teeth [29,30]. 
A study conducted using self-etch adhering composite to three 
step composite concluded stronger bonding of self-etch adhesives 
with tight marginal seal when compared to three step technique on 
permanent dentin. Few voids in specimens restored with flowable 
composites appeared as tiny microscopic bubbles [31].

Thick hybrid layer in primary teeth which subsequently lacks 
complete penetration of adhesive resins into already demineralized 
dentin results in reduction of bond strength in primary dentin. To 
reproduce the higher bond strengths like permanent teeth, the 
dentin etching time should be shorter (50% less) or use of weaker 
concentrations should be considered for primary teeth. The 
decreased dentin permeability of primary teeth is caused by smaller 
tubule concentration and diameter. However, when the number of 
DBA coats is increased (without in between curing of layers), it leads 
to improving resin infiltration, subsequently producing greater shear 
bond strength to primary dentin [27,28,32-34].

CONCLUSION
Within the limitations of the study, it may be concluded that Dyad flow 
has lower bond strength with similar microleakage when compared 
with Tetric flow in class I cavities of primary molars. Dyad flow can 
be used as sealant, repairing enamel defects, liner of restorations 
and incisal abrasions. Further, clinical studies and developments in 
material technology are required to evaluate the clinical success of 
this new material which can change the time consuming restorative 
treatment in paediatric dentistry.
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