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Abstract. Filling is a dental procedure in which filling material is placed on cleaned and prepared dental caries. Composite resin is one of the commonly used dental filling materials due to its high aesthetic qualities, and good physical and mechanical prope rties. However,composite resin has limitations, notably polymerization shrinkage, and lacks antibacterial properties due to its inor ganic glass silica filler, which does not bond optimally with the resin matrix. This led to the innovation of sisal nanoc omposite resin, which uses natural fiber fillers derived from Agave sisalana, possessing antibacterial properties and an optimal bond with the resi n matrix as both are organic materials. This study aims to determine the differences in volume shrinkage between flowable nanofiller composite resin, sisal nanocomposite resin with an added coupling agent. This experimental laboratory study involved 27 samples calculated using Federer’s formula. The samples were divided into three groups, created using cylindrica l silicone molds measuring 3 mm in height and 3 mm in diameter. Group A consisted of flowable nanofiller composite resin Filtek Supreme (3M ESPE), Group B used sisal nanocomposite resin, and Group C used sisal nanocomposite resin with a coupling agent. The initial volume of each sample was measured, followed by light curing and final volume measurement, calculated by subtracting the final volume fr om the initial volume using vernier caliper and cylinder volume formula. One Way ANOVA was used to process the data. The average volume shrinkage values obtained were 1,29 mm3 for flowable nanofiller composite resin, 1,15 mm3 for sisal nanocomposite resin, and 1,11 mm3 for sisal nanocomposite resin with a coupling agent. Statistical analysis indicated no significant difference and result of analysis have shown 0,846 (sig: p > 0,05) between the three tested group. The study concluded that sisal nanocomposite resin with a coupling agent exhibited the lowest average volume shrinkage compared to flowable nanofiller composite resin and sisal nanocomposite resin 
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INTRODUCTION
Dental and oral diseases in Indonesia are still a problem that needs attention. Various efforts have been made previously to overcome dental and oral health problems in the community. These efforts have not yielded real results when measured by indicators of the community's dental and oral health, also known as the prevalence of dental caries [1]. Dental caries is an infectious disease that has multifactorial causes. The main cause of dental caries is the bacteria Streptococcus mutans. This bacterium has a positive relationship with the occurrence of caries on the tooth surface [2]. Restorative treatment in the form of fillings must be carried out immediately on carious teeth to restore chewing, aesthetic, and phonetic functions [3]. The filling material often used by dentists is composite resin [4].
Composite resin is a tooth-colored restorative material composed of main components such as matrix resin, filler particles, and coupling agents as binders through polymerization. The matrix resin is composed of monomer resin, initiator, accelerator, and inhibitor, while the filler is composed of particles that can produce mechanical properties and radiopaque colors of the composite resin [5]. The contraction force that occurs between the restoration and the preparation wall is caused by polymerization shrinkage, which disrupts the bond on the cavity wall, causing microleakage [6]. Polymerization shrinkage is the difference that occurs when the volume of the bound polymer is less than the monomer. In the early stages of polymerization compensate for shrinkage, the resin will flow from the unbound surface [7].
Fillers in composite resins have various sizes, including microfillers, nanofillers, macrofillers, and micro hybrid. The size of Macrofiller is 10-50 µm and has strong mechanical properties. Microfiller has a size of 10-50 nm so that it produces composite resin with superior polishing quality compared to macrofiller, but is prone to fracture [8]. Nanofiller has a particle size of 10-100 nm, which has the advantage of reducing polymerization shrinkage due to the increase in the number of nano-sized filler particles [5]. The materials contained in nanofiller composites are zirconia/silica and nanosilica particles, which are used as fillers. Silanization is carried out so that the agglomerate particles and resin can bond. The filler load on the composite resin increases to 79.5% due to the combination of nanoparticles with agglomerate nanoparticles. There is an increase in filler load due to the smaller dimensions and wide distribution of filler particles. With the increase in filler load, polymerization shrinkage is reduced [9].
Currently, there has been a modification of the composite resin filler by changing the composition of the filler with one of the plant species in the Agavaceae family to have antibacterial properties. Currently, there is a new composite restoration material made from nanosilica fibers from the sisal plant (Agave sisalana), which is a member of the Agavaceae family, as a filler. The bond that occurs between the nanofibers, resin matrix, and tooth structure can be considered as a chemical bond of the OH group. Thus, nanosilicate composite resin can bond tightly to the tooth structure [10]. To improve the clinical performance of optimal composite resin, an adequate bond is needed between the fiber and the resin matrix. This optimal bond can be achieved by adding a coupling agent [11]. One example of a coupling agent that has benefits to help the adhesion between the filler and the resin matrix is diglycidylether bisphenol A(DGEBA). The amine group (-NH) in Bis-GMA will bond with the O group in DGEBA, and the hydroxyl group (-OH) will open the ring bond of DGEBA. So that a cross-linked bond is formed from the three molecules, which have high and optimal stability [12]. Filler modification using sisal nanofiber as a filler in composite resin by combining the resin matrix for making composite resin produces the ability to reduce shrinkage [13].
This study focuses on observing the   difference in volume shrinkage that occurs between flowable nanofiller composite resin with common brands with filler modification innovations using natural materials, namely nanosilica composite resin. The volume shrinkage of a compositeresin restoration can beidentified usinga vernier caliper anda tube volume formula. Knowingthe difference in volumeshrinkage between flowable nanofiller composite resin, nanosisalcompositeresin and nanosisal composite resin plus a coupling agent. 
MATERIAL AND METHODS
This study is a pure laboratory experimentalstudyand was conducted in the Skills Labroom of the UMY Dentistry Study Program. The types of samples used in this study were flowable nanofiller compositeresin Filtek Supreme (3M ESPE), nanosisalcomposite resin, andnanosisalcompositeresin plus couplingagent (DGEBA). Acylindricalsilicon mold with a height of 3 mm and a diameter of 3 mm was used for the placementof composite resin restorations as volume shrinkage test samples.
The manufacture of nanosisal is done by cutting the sisalfiber with scissors to a length of 5 cm and weighing 3 grams. After that, the first step is cutting. 15 grams of Na OH solution is soaked in 250 milliliters of water for two hours at a temperature of 80 degrees Celsius while stirring with a magnetic stirrer. This treatment is carried outthree times to remove dirt or other contentother thancellulose in the sisalfiber. After that, the fiber is filtered and washed with distilled water untilthe pH is neutral. After that, thesisalfiber is dried with a hair dryer untildry andthenstored.
[image: ]FIGURE 1. Sisal Fiber
The next step is that the fiber is heated to createspace betweenthe cellulose, which facilitates the separation of microfibrils. 2.5 grams of NaOH is dissolved in 50 milliliters of distilled water and 25 milliliters of 50% H2O2 solution is added. After that, the mixture is shaken and distilled water is added until the totalsolution mixture reaches 250 milliliters. The washingprocess is carried out for two hours at a temperature of 80 degrees Celsius, andstirred with a magnetic stirrer four times. Eachbleachingstage is completedwith a filter and washingthe fiber with distilled water. After that, the fiber is dried with a hair dryer.
The dried fibers were then ground usinga grinder. The acid hydrolysis process on the refined fibers was carried
out at a temperature of50ºC for50 minutes using65wt% sulfuric acid,while continuingtostirwith a magnetic stirrer. During this chemicalprocess, the fiber content producedwas around 5-6 wt%. The reaction was stopped by adding ice blocks to coolthe suspension. Furthermore, thesuspensionwas washed usinga centrifuge ata temperatureof 10ºC at a speedof 5000rpm for30 minutes. Thedialysis process with deionized waterwascarried out to remove freeacids from the dispersion.The optimalnano-whiskerdispersionwas obtainedthrough sonication.The suspensionwas then filtered using a fritted glass filter number 1 to remove remainingaggregates, andthe last step was the freeze-drying process. In the freeze-dryingstage, usinga Freezedryer, nanosisalwas produced in the form of a semi-solid powder. 
[image: ]After that step is prepa ration of the nanosisalsample. The semi-solid nanosisal is weighed using a digitalscale with a weight of 0.0696 grams (60%) and mixed with 0.09186 grams of Bis-GMA, 0.04017 grams of TEGDMA, 0.00094 gramsofUDMA, and 0.00094 grams ofcamphorquinone. The next stepis sample preparation, whichinvolves settingup the tools andmaterials. The samples in this study are made usingcylindrical-shapedsilicone molds. A total of 27 samples were used in this study. These 27 samples were divided into three test groups: flowable nanofiller composite resin (A), nanosisalcompositeresin (B), and nanosisalcomposite resin with a couplingagent (C). Eachtest group consists of 9 samples. Three silicone molds were prepared, eachwith ten cylindricalholes with a height of 3 mm anda diameter of 3 mm, but only nine holes from each mold were used. This wasdonebecause only nine samples were needed per mold.
FIGURE 2.  Silicon Mold
Filtek Supreme nanofiller composite resin from 3M ESPE was used to create the flowable nanofiller composite resin by extracting it from thetube with a plastic instrumentandplacing it into a cylindricalmold thathadbeen coated with Vaseline and marked as group (A). Next, the preparation of the nanosisalcomposite resin sample was done by weighing the semi-solid nanosisalto obtain 0.0696 grams of nanosisal, which was thenmixed with 0.09186 gramsof Bis-GMA, 0.09017 grams of TEGDMA, 0.00094 gramsof UDMA, and 0.00094 gramsof camphorquinone ona glass plate, andplacedintothecylindricalmoldthat hadbeen coatedwith Vaseline, markedas group (B). The third sample prepa rationwasfor the nanosisalcompositeresin with a couplingagent. Thesemi-solid nanosisalwas weighed using a digitalscale to obtain 0.0696 grams of nanosisal. Then, the weighed semi-solid nanosisalwas mixedwith 0.09186 grams of Bis-GMA, 0.09017 grams of TEGDMA, 0.00094 grams of UDMA, 0.00094 grams of camphorquinone, and the coupling agent bisphenol A diglycidyl ether (DGEBA) on a glass plate. The mixture was then placed into [image: ]the silicone mold that had been coated with Vaseline and marked a s group (C).
FIGURE 3. Sample Making
After the samples are prepared, the next step is to measure the initial volume shrinkage by measuringthe initial height and diameter of the samples usinga vernier caliper. The obtained measurements are then inserted into the formula for thevolume of a cylinder in mm³. Next, the samples are subjected to light curingfor 20 seconds. The final volume shrinkage measurement is performed after light curingthe samples, assumingpolymerization shrinkage has occurred. The diameter and heightof thesamples are measured again with a vernier caliper, andthe obtainedvalues are used to calculate thevolume usingthe cylindricalvolume formula in mm³. Cylindricalformula that used in this study: 			π×r2×t					(1)

	
Explanation:
π: constant (22/7 or 3.14). 
r: radius of the circle
t: height of the cylinder

The finalstep is to calculate the volume shrinkage that occurred by determining the difference between the initial and finalvolumes of the sample. The calculation is performed by subtracting the volumeof the sample after light curingfrom the volumebefore light curing. This calculation willyield the volume shrinkage of thesample in mm³. After obtaining the volumeshrinkage values, data analysis is thenconductedusing One-Way ANOVA and LSD (Least Significant Differences) test.
results and discussion
The following are the results of the volume shrinkage test of each sample. Table 1 shows the average va lue and results of volume shrinkage measurements in mm3 units. From each test sample. The results show that the smallest average value of volume shrinkage is nanosisalcomposite resin plus couplingagent is 1.11 mm3, followedby nanosisal composite resin with an averagevalueof 1.15 mm3, and the largest average value is flowable nanofiller compositeresin worth 1.29 mm3. Furthermore, the data from the volume shrinkage value was tested for normality usingthe Shapiro- Wilk test (samples <50).


	
	Nanofiller Filtek Supreme
(A)
	Nanosisal (B)
	Nanosisal additionally
Coupling Agent (C)

	1.
	0,68
	1,37
	0,70

	2.
	1,39
	0,70
	0,70

	3.
	2,07
	1,39
	1,39

	4.
	0,67
	0,70
	0,00

	5.
	0,70
	1,39
	2,73

	6.
	2,07
	2,07
	1,37

	7.
	1,39
	1,39
	0,70

	8.
	1,39
	1,39
	0,70

	9.
	1,39
	0,00
	1,39

	Mean
	1,29
	1,15
	1,11

	SD
	0,57927
	0,59605
	0,73276


TABLE 1. Mean and standard deviation results of the Difference in Volume Shrinkage of Flowable nanofiller composite Resin, Nanosisal Composite Resin, and Nanosisal Composite Resin, Additionally with Coupling Agent.













The results of the calculation of the data normality test in Table 2 show thatthe data distribution of each treatment group is normalbecause the significance value or p> 0.05. After that, thedata was tested for homogeneity to determine the varianceof thedata. The resultsof thehomogeneity test in Table 3 obtaineda significance valueor p> 0.05 indicating that the data obtained hadthe same variance. So that it meets the requirements for the One Way ANOVA parametric statistical test because this study seeks differences between the three test groups. 
TABEL 2. Shapiro-Wilk Normality Test
	Groups
	
	Shapiro-Wilk
	

	
	Statistic
	df
	Sig.

	Resin Composite
Nanofiller
	0,844
	8
	0,083

	Resin Composite
Nanosisal
	0,877
	9
	0,145

	Resin Composite
Nanosisal
additionally Coupling Agent
	

0,872
	

10
	

0,106


		Explanation: p>0.05 = data is normal
Table 3. Homogenity Test with Levene Test
	Levene Statistic
	df1
	df2
	Sig.

	0,168
	2
	24
	0,846


		Explanation: p > 0,05 = data had the same variance
Table 4 shows the data obtained from the One Way ANOVA parametric statistical test with a significance value or p = 0.826 (p > 0.05) which means thatthe data on the difference in volume shrinkage of groups A, B, and C have differences but are not significant.


TABLE 4. One-Way ANOVA parametric statistical test 
	F
	df1
	df2
	Sig.

	0,193
	2
	24
	0,826


Explanation: p > 0,05 = there is a significant difference
Samples of nanosisalcomposite resin plus coupling agent have thesmallest shrinkage volume compared to the othertwo groups,namely Filtek Supreme nanofillercomposite resin andnanosisalcomposite resin canbe seenin Table 1. From the results of the shrinkage volume test, the average shrinkage volume of nanosisalcomposite resin plus coupling agent was 1.11 mm3 while the average shrinkage volume of Filtek Supreme nanofiller composite resin and nanosisalcomposite resin was 1.29 mm3 and 1.15 mm3. The average shrinkage volume of Filtek Supreme nanofiller composite resin was the highest compared to nanosisalcomposite resin and nanosisalcomposite resin plus coupling agent.Things that canaffecttheaverageshrinkage volume of a composite resindue to the polymerization reactionwhich has a naturalweakness, namely shrinkage which is commonly called polymerization shrinkage and also the type of coupling agent used.
Polymerization shrinkage occurs during polymerization as a result of the reduction in the distance between monomer molecules causedby the development of shorter covalent bonds. This reduction in distancecauses a decrease in the free volume available in the monomer structure, resulting in the formation of solid polymer molecules [14]. Polymerization begins in the initial or pre-gel phase, when the monomer is still a thick liquid and can flow across the surface. When polymerization occurs, the composite resin will harden andcause shrinkage stress. The decrease in shrinkage stressoccursin the initial plastic phase, before thegelpoint of polymerization [15]. DGEBA is an epoxyresin compoundthat is commonly usedfor couplingagents. The epoxyringownedby DGEBA can work as a couplinga gent by reacting with substances with various structures. The hydrophilic surface of the fiber can be changed into a hydrophobic surface with the presence of DGEBA. So that it will stop the penetration of water into thecompositeresin bond [16]. Thus, DGEBA plays a role in protecting sisal fibers from mechanical and chemical damage.
The Filtek Supreme flowable nanofiller composite resin has the largestaverage volume shrinkage amongnanosisal compositeresins andnanosisalcomposite resins plus couplingagents because of thefillerandpolymermatrix materials used. The nanofiller composite resin groupcontains filler materials consisting of a combination of non-aggregated silica and zirconia fillers. The porous structure of zirconia makes it easier for water to enter andcan reduce the weight of the composite resin [17]. Meanwhile, the nanosisalcomposite resin group and the nanosisalcomposite resin group plus coupling agents usenaturalfiber materials asfillers. Nanosisalcompositeresin has the ability to reducepolymerization shrinkage because it containsfillers derived from naturalfibers. The filler has the advantage of beingable to improve mechanical properties, increase heat resistance, reduce thermal expansion, and reduce creep [18].
The differences that occurred in this study canbe caused by the filler content in eachtest group. The test groupof nanosisalcomposite resin and nanosisalcompositeresin plus couplingagenthas a filler content in the form of organic materialderived from sisalfiber. The bond between the composite resin and sisalfiber becomes stronger due to the chemicalbond OH, the H atom owned bytheresin matrix bindstothe Oatom contained in the sisal fiber [19]. The filler used in the Filtek Supreme flowable nanofiller composite resin group is an inorganic material. The inorganic filler commonly used in Filtek Supreme flowable nanofiller composite resin is silicon dioxide. The filler content has a weakness, namely weak interfacial interaction with the resin matrix because [20].
The nanosisalcomposite resin group can bond chemically welleven without a coupling agent because the resin matrix and nanosisalfiberfillercontainedin this group are the sametype of material,namely organic material[21].The organic sisalfiber filler owned by thenanosisalcomposite resin is able to improve mechanicalproperties, increaseheat resistance, reduce thermal expansion, and reduce creep [18]. Meanwhile, the Filtek Supreme flowable nanofiller composite resin filler consists of a combination of non-aggregated silica andzirconia fillers. The structure of zirconia which has porous characteristics makes it easierforwaterto enterandcanreducetheweight ofthecompositeresin [17]. This study is in line with the study Nugroho et al, 2017 which states thatnanosisalcomposite resin adheres and bonds better to thetoothstructurecompared to nanofiller compositeresin andfrom observations using SEM(Scanning Electron Microscope) it was foundthat there was nogapbetweenthe tooth structure and the nanosisal composite resin [22]. The filler which is usually contained in the Filtek Supreme flowable nanofillercomposite resin is 78.5 wt% [23].
While the filler contained in thenanosisalcompositeresin is 60 wt%.The amountof shrinkage volume in the composite resin is inversely proportionalto the amountof filler containedin the compositeresin [24]. Basedon this, the resultsof this study are different from the study conducted Goncalvales et al., 2010, which showed that with increasing filler loading, the volume of the resin matrix willdecrease in line with the reduction in polymerization shrinkage [25].
The results of this study obtained differences in the average volume shrinkage of Filtek Supreme flowable nanofiller compositeresin, namely 1.29 mm3, nanosisalcompositeresin, namely 1.15 mm3, and nanosisalcomposite resin plus coupling agent, namely 1.11 mm3 dueto the content of DGEBA coupling agent contained in the nanosisal composite resinplus couplingagent. DGEBA is the basic materialof epoxy resin derivedfrom the reactionof bisphenol A and epichlorohydrin [26]. This epoxy resin is an adhesive that plays an important role because it can bind various types of materials, oneof which is composite[27]. Epoxyresin has severaladvantages, namely it has high bondstrength, has good dimensionalstability, good chemicalresistance, high mechanicalstrength, is a good electrical insulator, and has resistance to radiation [28].
The high average volume shrinkage in the Filtek Supremenanofiller flowable composite resin group is due to the coupling agentused. Thecouplingagentusedin the Filtek Supreme nanofiller flowable composite resin group is silane which is an adhesion enhancer that has two different reactive functions that can react with organic and inorganic materials [22]. If the amount of silane couplingagent in thenanofiller composite resin group is imbalancedbetweenthe number of hydroxyl groups and functionalgroups,it will affect the bondstructure of the composite resin [29]. Nanofi ler and silanecouplingagentaredifferentmaterials, namely inorganic and organic, so the bondswillnot be asstrong as the bonds of nanosisal and DGEBA which have the same type of both components which are organic materials.
CONCLUSION
Based on the study of the differences in volume shrinkage between nanofiller composite resin, nanocisal composite resin, andnanocisalcomposite resin with addedcouplingagent, it can be concluded thatthere is no significant difference in volume shrinkage between the nanofiller composite resin, nanocisalcomposite resin, and the nanocisal composite resin with addedcouplingagent. Additionally, the nanocisalcomposite resin with the coupling agent is more resistant to polymerization shrinkage compared to the nanocisalcomposite resin and the nanofiller composite resin.
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