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            Abstract

            
               
Composite restorative material is one of the most accomplished contemporary biomaterials because of its high aesthetic potential
                  with satisfactory clinical durability. Although composites are favourable restorative material their polymerization shrinkage
                  still remains a challenge. Recently, Science of Nanotechnology has invaded into the field of Dentistry in an attempt to offset
                  the existing shortcomings of traditional dental composites and substantially improving its properties by adding nano sized
                  filler particles like Silver, Titanium Dioxide, Zirconia and Silicone. Graphene Nanoparticles (GNP) are novel fillers that
                  possess a high fracture strength, mechanical strength, chemical stability, flexibility, they are also biocompatible and non-cytotoxic.
                  The objective of this study is to evaluate the Surface roughness, Microhardness and Flexural strength of Nano hybrid composite
                  resin modified with Graphene nanoparticles after subjecting the specimens to Thermo Mechanical cyclic loading. 
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               Introduction

            Composite resins are considered the material of choice in restorative dentistry because of the increasing demand for high-quality
               aesthetic results.1 These materials have been the focus of a great deal of research in recent years to ensure the long-term clinical success
               of the restoration. Despite the continuous evolution of these resins high polymerization shrinkage and lack of fracture toughness
               render their clinical success relatively shorter.2 In an attempt to offset the existing shortcomings of traditional dental composites, the resins have undergone progressive
               evolution, from the conventional composites reinforced with strong filler particles to the relatively newer micro-filled and
               hybrid composites.3 

            Recently the application of the Science of Nanotechnology has invaded the field of dentistry in an attempt to substantially
               improve the mechanical, aesthetic, and optical properties of the restorations. 4 This technology allows the addition of a greater amount of Nanosized filler particles like Silver, Zinc, Titanium Dioxide,
               Zirconia, Silica, and Graphene that are compatible with the composite to be added into the Composite resin matrix.5, 6, 7, 8 Graphene Nano Particles (GNP) are novel fillers that possess a high fracture strength, mechanical strength, chemical stability,
               a large surface area, flexibility and are also biocompatible and non-cytotoxic. Graphene is also capable of transferring stress
               across the interface.9, 10 The increase in filler load is capable of reducing the polymerization shrinkage and increasing the Physico- mechanical properties
               like Microhardness, Surface roughness, Flexural strength of resin composites which determines its clinical longevity.11

            The restoration should possess high wear resistance values so that wearing will not cause faulty tooth relationships which
               will affect aesthetics and masticatory efficiency.12 Masticatory and other parafunctional forces can cause flexing, bending, and twisting forces that can cause permanent deformation
               of the restoration, so the restorative material must have high flexural strength.13 For better clinical performance the restoration must not undergo surface degradation which may render the restorations surface
               rough, leading to discoloration, plague accumulation, and risk of secondary caries.14, 15 
            

            Most of the studies involving the addition of Nanoparticles to dental composites resins have mainly focused on their antibacterial
               effects.  This study evaluated the Surface roughness, Microhardness, and the Flexural strength, of Nanohybrid composite resin
               modified with Graphene Nanoparticles (GNP). The study hypothesis was that there was no significant difference in evaluated
               physicomechanical properties of unmodified and Graphene nanoparticles modified Tetric N Ceram Nanohybrid composite resin.
            

         

         
               Materials and Methods

            
                  Preparation of experimental composite

               The present study evaluated the effect of Graphene nanoparticles (GNP) on the physico-mechanical properties of a Nano Hybrid
                  composite resin. Nano Hybrid composite resin (Tetric N Ceram – Ivoclar Vivadent AG ) and Graphene nano powder (Adnano Technologies
                  Pvt. Ltd) with 99% purity and particle size 10 µm was used in the study. 
               

               Graphene nano powder was weighed at 0.01% and 0.02% w/w to the Tetric N Ceram composite resin on electronic Micro Balance
                  (Wensar HPB 201) with an accuracy of 0.0001g. The weighed Graphene oxide nanoparticles were added to the Tetric N Ceram composite
                  resin and blended using a Sonicator. The mixed resin was transferred into black containers, labelled as CG1 (0.01%) and CG2
                  (0.02%), and stored in a dark container to prevent any undue polymerization before the start of the study. The unmodified
                  composite resin was the control group C.
               

            

            
                  Specimen preparation

               A total of 72 specimens were prepared for the two interventional and control groups for the present study. The specimen’s
                  distribution is presented as a flowchart in Figure  1.
               

               
                     
                     Figure 1

                     The specimen distribution
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                     Preparation of specimens for Surface Roughness (SR and Microhardness (MR

                  A Total of 36 Six round specimens (12.0 mm diameter×2.0 mm thickness) were fabricated, ie12 specimens were fabricated per
                     each resin group (C, CG1 & CG2) using silicone mould (Figure  2A). The silicone mould was packed with the composite resin and light-cured according to the manufacturer’s recommendation
                     on either end of the specimen using a visible light-cure unit (Ivoclar Blue phase NM). Once the packing was completed the
                     last increment of material is covered by a mylar strip and compressed firmly so that there was a uniform distribution of the
                     material and the excess material was expelled. The specimens were light-cured on either end of the specimen. The cured specimens
                     were carefully removed from the mould and finished using Shofu Super Snap Mini kit CA. The dimensions of the finished specimens
                     were checked using a Digital micro-meter electronic caliper set and polished using a soft prophy cup with a contact time of
                     15 seconds per specimen and were stored in de-ionized water at 37±10 C for 24 hours before the measurement. Figure  2 Fabricated Specimens 
                  

                  
                        
                        Figure 2

                        A: Round Specimens for testing Surface Roughness & Microhardness; B: Rectangular Specimens for testing Flexural strength 
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                     Preparation of Specimen for Flexural Strength (FS)

                  A Total of 36 rectangular specimens (25 mm in length×2 mm in width×2 mm in height) were fabricated, ie 12 specimens per each
                     resin group (C, C1 & C2) were fabricated using silicone mould (Figure  2B). The procedure of specimen preparation was similar to that of surface roughness and microhardness specimens and was stored
                     in de-ionized water at 37±10 C for 24 hours before the measurement.
                  

               

            

            
                  Thermal & mechanical loading cycling

               To simulate aging in the oral cavity, the specimens of the C, CG1 and CG2 groups were subjected to Thermo-Mechanical cyclic
                  loading. They were subjected to 2,00,000 mechanical cycles with an 86-N load at a 2 Hz frequency in a mechanical cycling machine
                  (Instron Ltd, England). The specimens were then subjected to 550 cycles in a Custom- made Thermo cycling apparatus. It contains
                  three water baths 50 ± 10 C; 370 ± 10 C; 550 ± 10 C, the specimens were subjected to 30 seconds per bath with an interval of 15 seconds.
               

            

            
                  Specimen testing

               Figure  3 Instruments 
               

               
                     
                     Figure 3

                     A: 3 D Optical Profilometer; B: Microhardness Indenter; C: Universal Testing Machine 
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                     Surface roughness measurement

                  The surface roughness measurement was performed using a 3D Optical profilometer (MicroXAM-800) (Fig 3A). The Representative
                     specimens were submitted to surface roughness testing at five different locations 1 mm away from each other to prevent overlapping
                     of the testing. The average of the five readings was calculated and the surface roughness value was assigned to that particular
                     specimen.
                  

               

               
                     Microhardness measurement

                  The Microhardness test was performed using a microhardness tester Shimadzu (Asia Pacific Pvt Ltd, Model HMV -2T) (Fig 3B)
                     with the magnification of 400 X equipped with Vickers diamond indenter. For each specimen, a 50 grams load was applied for
                     30 seconds to make a diamond-shaped indentation on the specimen. The indentations were performed on five different areas but
                     not closer than 1 mm to the adjacent indentation or on the margins. The average of the five readings was calculated and microhardness
                     values were assigned to that particular specimen.
                  

               

               
                     Flexural strength measurement

                  The flexural strength test was performed using a universal testing machine (UNITEK -94100) (Fig 3C) in a three-point bending
                     mode. The specimens were placed on two parallel supports positioned 20 mm apart. A weight of 2 kN was applied at a crosshead
                     speed of 0.5 mm/min, and the maximum resistance to fracture was recorded in MPa. Flexural strength is calculated using the
                     formula 
                  

                  Flexural Strength  
                        
                           σ
                           =
                           
                              
                                 3
                                 F
                                 L
                              
                              
                                 2
                                 B
                                 
                                    H
                                    2
                                 
                              
                           
                         

                   F - is the maximum load (in newtons)

                   L - is the distance between the supports (in mm)

                   B - is the width of the specimen (in mm) 

                   H - the height (also in mm).

                  Statistical analysis was done by Kruskal Wallis ANOVA and Pairwise Post hoc/ Multiple pairwise comparisons using Dunn's procedure, for intergroup comparison. In all the tests, ‘the p-value ≤0.05 was
                     considered statistically significant.
                  

               

            

         

         
               Results

            The Surface roughness, Microhardness & Flexural strength showed a statistically significant difference (p <0.001) between
               the control group C and interventional groups CG1 & CG2. The surface roughness measurements showed the highest mean value
               in the CG2 Group (0.185 ± 0.003) and the lowest mean value in the C Group (0.154 ± 0.001) Likewise, for the Microhardness
               measurement the highest mean value was observed in the CG1 group (94 ± 2.5) and the lowest value was observed in C Group (60.3
               ± 1.0). The highest mean value for the flexural strength was observed in the CG1 Group (117.57 ± 6.46) and the lowest value
               was in the CG2 Group (77.55 ± 4.85). (Table  1)
            

            
                  
                  Table 1

                  Mean and Standard deviation for Surface roughness, Microhardness, Flexural strength, Marginal Adaptation among groups
                  

               

               
                     
                        
                           	
                              
                           
                            Groups

                           
                        
                        	
                              
                           
                             Mean±SD

                           
                        
                     

                     
                           	
                              
                           
                            Surface Roughness

                           
                        
                        	
                              
                           
                            Micro-Hardness

                           
                        
                        	
                              
                           
                            Flexural Strength

                           
                        
                     

                     
                           	
                              
                           
                            C

                           
                        
                        	
                              
                           
                            0.154 ± 0.001

                           
                        
                        	
                              
                           
                            60.3 ± 1.0

                           
                        
                        	
                              
                           
                            96.01 ± 4.73

                           
                        
                     

                     
                           	
                              
                           
                            CG1

                           
                        
                        	
                              
                           
                            0.165 ± 0.003

                           
                        
                        	
                              
                           
                            94.0 ± 2.5

                           
                        
                        	
                              
                           
                            117.57 ± 6.46

                           
                        
                     

                     
                           	
                              
                           
                            CG2

                           
                        
                        	
                              
                           
                            0.185 ± 0.003

                           
                        
                        	
                              
                           
                            85.5 ± 1.3

                           
                        
                        	
                              
                           
                            77.55 ± 4.85

                           
                        
                     

                     
                           	
                              
                           
                            K- Value

                           
                        
                        	
                              
                           
                            31.26

                           
                        
                        	
                              
                           
                            31.19

                           
                        
                        	
                              
                           
                            31.37

                           
                        
                     

                     
                           	
                              
                           
                            p Value

                           
                        
                        	
                              
                           
                            < 0.0001

                           
                        
                        	
                              
                           
                            < 0.0001

                           
                        
                        	
                              
                           
                            < 0.0001

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Pairwise Post hoc comparison of Surface roughness, Microhardness, and flexural strength between the Control group and the
                     Interventional groups
                  

               

               
                     
                        
                           	
                              
                           
                            Parameters tested 

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            CG1

                           
                        
                        	
                              
                           
                            CG2

                           
                        
                     

                     
                           	
                              
                           
                            Surface Roughness

                           
                        
                        	
                              
                           
                            “p” value of Control Group C versus Interventional group CG1& CG2 

                           
                        
                        	
                              
                           
                            0.05*

                           
                        
                        	
                              
                           
                            <0.01 *

                           
                        
                     

                     
                           	
                              
                           
                           Microhardness 

                           
                        
                        	
                              
                           
                            <0.01*

                           
                        
                        	
                              
                           
                            0.04*

                           
                        
                     

                     
                           	
                              
                           
                           Flexural strength

                           
                        
                        	
                              
                           
                            0.05*

                           
                        
                        	
                              
                           
                            0.01*

                           
                        
                     

                  
               

               

            

            

            The Post hoc analysis of Surface hardness, Microhardness, and flexural strength showed a statistically significant difference
               between the control Groups C and the two interventional groups CG1 and CG2. (Table  2) 
            

         

         
               Discussion

            Composite restorative materials represent the current state of the art in the field of restorative materials. It is one of
               the most accomplished contemporary biomaterials since they substitute biological tissue in both appearance and function. Recently
               the application of composite resin as direct restorations in anterior and posterior teeth has increased tremendously as they
               have high aesthetic potential with satisfactory durability and are less cost-effective.16 Although composites are favourable restorative materials their polymerization shrinkage still remains a challenge. Various
               modifications are done in composite materials such as matrix and filler ingredients, filler particles size, and adhesive systems
               to further enhance the physical and mechanical properties. Fillers are active constituents that are responsible for most of
               the mechanical properties of the resin restorations.17 Nanohybrid is a hybrid resin composite with improved distribution of fillers in the matrix by combining, Nanofiller in a
               pre-polymerized filler form together with submicron particles to achieve better mechanical, chemical, and optical properties.3, 18 
            

            The present study evaluated the effect of the addition of Graphene Nanoparticles on the Surface roughness, Microhardness,
               and Flexural strength of Nanohybrid composite resin (Tetric N Ceram) after subjecting the specimens to a thermomechanical
               loading cycle. The present study was strongly supported by previous studies in which improvements in mechanical properties
               were reported on the addition of various Nanoparticles.6, 7, 19, 20, 21, 22 The Control group C was the unmodified composite resin, the two interventional groups are CG1 and CG2 with 0.01% and 0.02% w/w ratio Graphene Nanoparticles added to composite resin. 
            

            Graphene was first demonstrated in 2004 by Andre Geim and Konstantin Novoselov, two physicists from the University of Manchester,
               for which they received a Noble prize in 2010. The name Graphene is derived from “graphite” and the suffixing implies that
               it is an allotrope of carbon arranged in a two-dimensional honeycomb lattice Nanostructure. Pure graphene is in the form of
               Few-layer graphene (FLG -1 to 6 layers) which are held together by van der Waals forces. The desirable property of Graphene
               is that it can be cross-linked to various chemicals to establish both interlayer load transfer and intralayer load transfer
               (graphene layers are bridged on the edges, in the same plane).9 They have unique, mechanical, and stress dissipation properties and are biocompatible and non-cytotoxic. Graphene has high
               mechanical strength and hence enhances the mechanical, physical, and chemical properties of biomaterials which makes Graphene
               Nanoparticles, an ideal material to incorporate into composite resin to increase their physicomechanical properties and durability
               for better clinical performance.10  Though studies have reported that modifications of the resin composite by incorporation of various Nanoparticles there was
               not much literature about modifications by composite resin with Graphene nanoparticles though it is biocompatible with good
               mechanical properties. 
            

            The Surface roughness of restorative materials is directly related to wear, and discoloration. Rough surface causes accumulation
               of biofilms, food residues, and stains which can cause gingival irritation, and risk of secondary caries, affecting the gloss
               of the restoration, resulting in discoloration and/or surface degradation. The present study proved that varying percentages
               of Graphene nanoparticles added had a significant effect on the surface roughness of the specimens. According to studies,
               the roughness of the restoration can be detected by the tongue when the roughness value is above 0.5µm. 23, 24 In the present study, the surface roughness values of both control and interventional groups are less than 0.2 µm which makes
               the intervention more acceptable. The Control group had the least surface roughness value (0.154 ± 0.001) when compared to
               the interventional groups. Among the interventional groups the highest surface roughness values were demonstrated in the CG2
               group (0.185 ± 0.003) and the lowest values in the CG1 group (0.165 ± 0.003). The reason for this could be that when a lower
               percentage of Nanoparticle (0.01% GNP) was added to the composite it could have dissolved completely in the monomer and there
               could be less filler loading in the outer surface of the restoration following finishing and polishing. CG2 demonstrated more
               surface roughness may be because of the presence of undissolved and agglomerated Nanoparticles. 25

            Microhardness is a parameter used to evaluate the surface resistance of restorative material to plastic deformation. Wearing
               of the restoration cause faulty tooth relationship which would affect aesthetics and masticatory efficiency. In the current
               study, the Vickers hardness test was applied to measure the Microhardness values of the composite resin specimens. The Control
               group had the least Microhardness value (60.3 ± 1.0) when compared to the interventional groups. Among the interventional
               groups the highest Microhardness values were demonstrated in the CG1 group (94.0 ± 2.5) and the lowest values in the CG2 group
               (85.5 ± 1.3). This result can be explained by presuming that smaller size and lesser concentration of GNP promotes close cross-linking
               of the nanoparticle to the resin particles thereby preventing their degradation. It could also be due to the new homogeneous
               surface between composite resin and nanoparticles when the concentration of graphene nanoparticles is more, the nanoparticles
               could have agglomerated and have been left without crosslinking to the resin matrix and hence reducing the Microhardness value.25 The present study was in agreement with the previous study in which Mohammed Al Jafary, Jirun Sun, L. Lotfi reported an increase
               in surface Microhardness on adding TiO2 nanoparticles, Zirconia particles, and Acrylic acid-modified TiO2 nanoparticles into the resins composites. 7, 20, 22 Andreotti reported that the microhardness values of acrylic resins following incorporation of TiO2 nanoparticles gave similar results. 26 However, the study was in disagreement with the outcome of a reported study by Garcia where the microhardness of GICs was
               increased with a higher concentration (3%–5%) of TiO2 Nanoparticles. 26 
            

            The flexural strength of a material is its ability to bend before it breaks just before its proportional limit. Flexural forces
               are the result of forces generated in clinical situations on the restorative material that might cause its permanent deformation.
               Flexural strength is evaluated by the three-point bending (ISO 9917 – 212). In the current study, all the groups tested had
               a flexural strength higher than 80 MPa, according to literature the Flexural strength value above this value justifies the
               use of the interventional group as a restorative material for occlusal restorations. 27 Among the interventional groups, the highest flexural strength values were demonstrated in the CG1 group (117.57 ± 6.46)
               and the lowest values in the CG2 group (77.55± 4.85). The mean flexural strength value for the control group C was 96.01 ±
               4.73. The reason for the increased flexural strength of (0.01%) CG1 groups could be due to increased cross-linking between
               the nanoparticles and the composite. 28 Graphene is also capable of transferring stress across the interface thereby increasing the flexural strength of composite
               resin.9, 10 There was a decrease in Flexural Strength in the 0.02% concentrations CG2 group which may be because when the Nanoparticle
               content is increased there may be insufficient matrix to bond or presence of a specific amount of agglomeration of particles
               thus weaken the interfacial bond between the Nanoparticles and the resin matrix.20, 27 The present study was in agreement with the previously reported by Ming Tian, Moszner N, Mohammad Atai, Gracia  where incorporation of nanoparticles of TiO2, Zirconia, thermally sintered silica, Nano Fibrillar silicate to composite resin in lesser concentrations improved the FS
               of the resin and resins modified with higher concentrations of nanoparticles reduced the FS values.6, 18, 21, 26 However, the study was in disagreement with a study where the authors found a decreased flexural strength of acrylic resin
               with TiO2 groups, regardless of the concentration. 29

            However, the study has a few limitations, this is an in-vitro study in which all the factors which contribute to the success
               or failure of restorations in a clinical situation cannot be evaluated. Anti-cariogenic property, flow property, durability,
               and stability of the graphene nanoparticles are other important factors to predict their success in clinical practice, these
               properties of graphene nanoparticles are yet to be evaluated. The Colour of Graphene is a major disadvantage that affects
               aesthetics, restricting its use as core material and for the restoration of posteriors. 
            

         

         
               Conclusion

            Graphene nanoparticles were added to Tetric N Ceram Nano Hybrid Composite resin. The interventional group CG1 containing 0.01%
               Graphene nanoparticles demonstrated enhanced Microhardness value and flexural strength value. The study concludes that incorporation
               of the Graphene Nanoparticles at a lesser amount of 0.01% would positively improve the physical and mechanical properties
               of the composite so, that it could be used clinically as a novel biomaterial with excellent biocompatibility and good mechanical
               properties to be used as a core material and as a posterior restorative material 
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