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Abstract
Purpose: This study evaluated the microhardness and surface roughness of four artificial teeth type against various beverages.
Materials & Methods: Conventional acrylic resin, reinforced acrylic resin, microfiller composite resin, and nanofiller compositeresin teeth were used. From each group, 10 maxillary first and second molars were immersed in 5 beverages (tea, filtered coffee,cola, cherry juice, and distilled water. The test period of 24 hours appears comparable to approximately 1 month of normalbeverage consumption. The test periods used in this study were arranged according to this protocol and 1 week, 1 month, 3 monthsand 6 months of normal beverage consumptions were simulated. Vickers microhardness and surface roughness of denture teethwere measured for each test period.
Results: The microhardness values significantly decreased in all beverages especially in 6th month. The surface roughness valuessignificantly increased in all beverages especially in 3th month. There were no statistically significant differences between thebeverages. Microfiller composite resin denture teeth had the highest microhardness values and the lowest surface roughnessvalues.
Conclusion: Different types of beverages consumed daily negatively affect the microhardness and surface roughness of artificialteeth. Microfiller composite resin teeth could have the ideal surface properties.
Key words: beverages; denture teeth; microhardness; nano-composite; surface roughness

Introduction

Rapid progress and new technologies in the dental materials in-dustry offer dentists many different artificial tooth options. Thesedevelopments allow the creation of a wide range from acrylic teethto reinforced acrylic and composite resin teeth with different fillersizes. 1,2 Nanotechnology is literally translated as ’the science ofthe little’. 3 Nanotechnology in dentistry was first used in 1997 toimprove the physical properties of restorative materials. 4 The mostrecent development is the application of nanoparticle technologyto composite resins. 5 It has been possible to produce nano-sizedfiller particles and so a larger amount of filler could be added to thecomposite resin matrix. 6,7
Artificial teeth are important components of removable partialand complete dentures in terms of aesthetics, function and phona-tion. 1,8,9 Preservation of occlusion, continuity of chewing activityand aesthetic requirements are the most sought features of artificialteeth. Materials used in artificial teeth production are expected to

have good mechanical and physical properties such as color sta-bility, smooth surface and wear resistance. 10,11 Acrylic resin andporcelain are the most commonly used materials. However, noneof them fully meet the characteristics required for an ideal artificialtooth. Porcelain teeth were preferred due to the rapid erosion ofacrylic resin teeth. 9 However, with the tendency of porcelain tobreak, acrylic teeth have gained popularity. Reinforced acrylic resinand new composite resin teeth have higher wear resistance andhave replaced porcelain in the last years. 1,7,10 Recently, compos-ite materials have attracted attention as artificial teeth materialsand have been introduced as modified, abrasion resistant dentalmaterials. 12 There is not enough information about the clinicalperformance of these new artificial teeth. Therefore, there is a needfor studies evaluating the properties of artificial teeth. 13 Compositeresin artificial teeth available on the market differ in many prop-erties. These features are filler shape, filler amount, polymer typeand degree of crosslinking. 1,14,15 With the effect of nanotechnol-ogy on dental materials, artificial teeth were also produced from
How to cite: Deniz ST, Ozkan P. Evaluation of Different Beverages’ Effect on Microhardness and Surface Roughness of Different
Artificial Teeth EADS. 2021;48(3):88-94

https://doi.org/10.52037/eads.2021.0031
https://orcid.org/0000-0003-1373-6925
https://orcid.org/0000-0002-1146-4279


Microhardness and Surface Roughness of Artificial Teeth | 89

Table 1. Artificial teeth used in the study
Denture tooth Manufacturer Structure Filler type Matrix
Major Dent Major Prodotti Dentari S.p.A.,Moncalieri, Italy Conventional acrylic resin - Polymethyl methacrylate
Integral Merz Dental GmbH,Lütjenburg, Germany Reinforced acrylic resin - Cross-linked polymer network(IPN)SR Orthosit PE Ivoclar Vivadent, Schaan,Lichtenstein Microfiller composite resin Inorganic microfiller Urethane dimethacrylate
Veracia Shofu Inc., Kyoto, Japan Nanofiller composite resin Nano composite filler Urethane dimethacrylate

nano-filled composite. 16 In these artificial teeth, nano-sized inor-ganic fillers are homogeneously distributed in the matrix withoutagglomeration. 9 In this way, the smoothness of the surface waspreserved even when the teeth were worn. As a result of the tests,it has been observed that nanocomposite artificial teeth are moredurable and wear resistance than acrylic teeth and microfiller resincomposite teeth. 13,17,18
Hardness is one of the most studied mechanical properties forartificial tooth materials 13 and is important in terms of protectingthe formed occlusion and the continuity of the function. In addi-tion to provide an aesthetic appearance, a smooth surface preventsthe formation of a colored layer and plaque retention. 4,19 Plaqueaccumulation occurs on rough surfaces following the attachmentof microorganisms. For the oral usability of dental restorative ma-terials, the average surface roughness should be below 0.2 µm. 20
Chemical structure of the material, oral hygiene, denture clean-ing habit, prosthesis usage time and nutrition habits effect theartificial teeth. Some beverages such as coffee, tea, red wine andeven water can affect the mechanical and physical properties ofcomposite materials. Chemicals in the formulations of beveragescan cause erosion and surface degradation. 21 These effects mayvary depending on the amount and frequency of intake. 22,23 Theamount of liquid remaining in the mouth after swallowing is lessthan 1 ml. This limits the amount of beverage that comes into con-tact with teeth and restorations. 24
In our study, it was aimed to compare surface hardness andsurface roughness properties of four different artificial teeth whenthey exposed to frequently consumed beverages at different timeperiods. The null hypothesis was the chemical structure of artificialtooth doesn’t affect the hardness and surface roughness.

Materials and Methods

The artificial teeth used in the study are shown in Table 1. Theywere grouped according to their chemical structures as conven-tional acrylic resin, reinforced acrylic resin, micro-filled compositeresin and nano-filled composite resin teeth. Beverages used inthe study are tea, filtered coffee, coke, cherry juice and distilledwater as a control. 10 samples from each tooth group were ran-domly selected for each fluid medium. In total 200 upper 1st and2nd molar artificial teeth were used for microhardness and surfaceroughness measurements from each tooth group. Each artificialtooth was embedded in 1 cm high and 1 cm diameter cylinder moldsof acrylic resin with the buccal surfaces above and parallel to thefloor. All specimens were kept in an oven (Köttermann GmbH &Co.) in distilled water at 37°C for 24 hours before the test. Initialmeasurements were made before the specimens were immersed insolutions.
Beverages were prepared according to manufacturers’ instruc-tions (tea and filtered coffee). Solutions were prepared freshly everyday during the test period. While the control group was kept in dis-tilled water during the experiment, the other specimens were keptin four different solutions (tea, filtered coffee, cola, cherry juice).Each specimen was stored individually in 5 ml plastic capped tubes.During the experiment, all specimens were kept in a dark environ-

Table 2. Immersion times in beverages and simulated time of dentureusage equivalent to these times
Test period (Immersion time inbeverages) Simulated time of dentureusage
336 minutes (5,6 hours) 1 week24 hours 1 month72 hours (3 days) 3 months144 hours (6 days) 6 months

ment at 37°C to mimic the mouth environment.
We used the solutions without adding artificial saliva. In orderto be able to carry out our in vitro study in accordance with in vivoconditions, we considered some criteria while determining the stor-age times in liquids; average daily drink consumption (average 3glasses / 300ml), average drinking time of a drink (15 minutes for 1glass / 200ml), the amount of beverage left in the mouth after theswallowing process (less than 1ml), the amount of contact of drinkswith tissue and restorations in the mouth before saliva reaches (20seconds). We aimed to evaluate the changes in 6 months usage ofprostheses, we determined a soaking period in a beverage that wecan simulate this 6-month period, considering the material we use.Although there is no definite protocol on this subject in previousstudies, Fraunhofer & Rogers, 25 in their study investigating thedissolution rate of enamel, accepted the 14-day soaking time asequivalent to the tooth-beverage contact that will occur as a resultof 13 years of beverage intake. In the study of Güler et al 26 for com-posite resin materials used in temporary restorations, it was statedthat the 24-hour beverage storage period simulated 1-month bev-erage intake. Considering the acrylic and composite resin materialsused in our study, the immersion times of the samples in beveragesand the simulated time processes are as shown in the Table 2. Mea-surements were made after each test period. Specimens taken fromthe solutions at the end of their immersiom time in beverages werewashed under tap water and dried with a towel napkin before eachmeasurement.
In the evaluation of surface roughness, a profilometer(Perthometer M2, Mahr GmbH, Göttingen, Germany) was used.The measurement length was set as 1.75 mm, the cut-off value wastaken as 0.25 and n was taken as 5. Measurements were made fromthe flattest surface in the middle triple region of the buccal surfacesof the artificial tooth specimens. Three repeated measurementswere recorded for each specimen and average roughness (Ra) valueswere calculated. For microhardness values, a Vickers microhard-ness device (HVS 1000 Microhardness Tester Bulut Makine, Istan-bul, Turkey) was used. 300 g load for 15 seconds was applied andthree measurements were performed from each sample surfaceandthe averages were calculated. The analysis of all data obtained fromthe measurements and the calculated values were made using IBMSPSS Statistics 19 statistical analysis program (SPSS for Windows,Version 19.0; IBM Corporation, New York).
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Table 3. Microhardness values (kg/mm2) and standart deviations of specimens stored in different beverages over time
Baseline 1. Week 1. Month 3. Month 6. Month p

Distilled water 31.02 ±6.70a 26.69 ±3.72b 25.63 ±4.52bc 25.71 ±4.36bc 23.33 ±2.51c 0.000*Tea 30.76 ±5.91a 25.39 ±4.34b 25.79 ±4.63bc 25.34 ±5.64bc 22.64 ±3.35c 0.000*Filtered Coffee 28.48 ±4.37a 26.38 ±4.20a 25.81 ±5.31a 25.82 ±4.71a 22.65 ±3.53b 0.000*Cola 28.92 ±4.43a 26.17 ±4.02ab 25.79 ±5.34b 24.75 ±5.36b 24.05 ±5.98b 0.000*Cherry Juice 29.64 ±3.95a 25.08 ±3.82b 25.08 ±4.87b 24.27 ±4.83b 23.92 ±5.13b 0.000*
* p <0.01 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

Table 4. Microhardness values (kg/mm2) and standart deviations of different artificial teeth over time
Baseline 1. Week 1. Month 3. Month 6. Month p

Integral 25.54 ±2.43a 23.22 ±1.51b 21.76 ±1.00c 21.18 ±1.62c 20.18 ±1.71d 0.000*Major 25.55 ±1.95a 22.37 ±1.76b 22.31 ±1.20b 21.97 ±1.36b 20.19 ±2.00c 0.000*Veracia 32.56 ±3.80a 26.45 ±1.69b 24.93 ±1.43c 24.64 ±1.40c 23.96 ±1.79c 0.000*Orthosit 35.41 ±3.14a 31.73 ±1.66b 33.49 ±1.77c 32.93 ±2.45bc 28.93 ±3.47d 0.000*
* p <0.01 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

Table 5. Microhardness values (kg/mm2) and standart deviations of different artificial teeth according to beverages
Distilled Water Tea Filtered Coffee Cola Cherry Juice p

Integral 23.01 ±1.33 22.22 ±2.72 22.59 ±2.26 22.04 ±2.42 22.01 ±3.40 0.225Major 23.01 ±2.39 22.13 ±2.27 22.25 ±2.43 21.98 ±2.58 23.00 ±2.24 0.074Veracia 27.97 ±5.34a 26.95 ±4.01a 26.38 ±2.83ab 26.37 ±2.90ab 24.87 ±2.90b 0.002*Orthosit 31.91 ±4.05 32.64 ±4.24 32.08 ±3.25 33.35 ±2.26 32.50 ±2.43 0.226
* p <0.01 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

Results

For microhardness and surface roughness measurement results,one-way analysis of variance (ANOVA) was used to determine thedifferences between artificial teeth and beverages. The nonpara-metric Friedman Test was used to determine the differences be-tween repeated measurements. When the difference between thegroups was found to be significant in one-way analysis of varianceand Friedman Test, a comparison was made with Tukey HSD, oneof the multiple comparison tests, in pairs. According to the ini-tial values, all groups created with artificial tooth specimens arehomogeneous. Beverage and time, artificial tooth and time, arti-ficial tooth and beverage interactions were evaluated for each testmethod.
There was a significant decrease from the baseline to the 6thmonth in all beverages for the microhardness values of all artificialtooth groups (Tukey HSD test, p<0.01). However, at the end of the6th month, no significant difference was observed between the bev-erages in terms of microhardness in the overall specimens (Fried-man test, p>0.01) (Table 3). When the baseline microhardnessvalues of different artificial teeth were compared, Veracia (32.55kg/mm2) and Orthosit (35.41 kg/mm2) teeth were significantlyhigher than Integral (25.76 kg/mm2) and Major (25.54 kg/mm2)teeth (Tukey HSD test, p<0.01) (Table 4). The highest microhard-ness values for each artificial tooth group were for the specimenswaiting in distilled water (control group) while the difference wasn’tstatistically significant (Tukey HSD test, p>0.01). However, Veraciateeth waiting in distilled water had higher microhardness valuescompared to other beverage (Table 5).
It has been stated that the amount of surface roughness of dentalmaterials should be less than 0.2 µm. Considering this situation, theaverage surface roughness values revealed in our study increased

above 0.2 µm from the 1st month in all beverages for all artificialtooth groups. While the surface roughness values increased overtime during the test period, the most significant increase was ob-served in the 3rd and 6th month measurements (Tukey HSD test,p<0.01). Although the highest roughness values were found in thespecimens stored in cola and cherry juice in the 3rd month and 6thmonth measurements, this difference was not significant (Fried-man test, p>0.01) (Table 6).
When the initial surface roughness values of different artificialtooth specimens are compared, Orthosit (0.16 µm) teeth have lowervalues than Integral (0.19 µm), Major (0.18 µm) and Veracia (0.18

µm) teeth, but this difference is statistically was not significant(Tukey HSD test, p> 0.05). At the end of the 6th month, the lowestsurface roughness values belonged to Orthosit teeth (Tukey HSDtest, p<0.01) (Table 7). Specimens in distilled water had the lowestroughness values at all times, but this result was also not significant(Tukey HSD test, p> 0.05) (Table 8).

Discussion

In our study, which we planned considering that it will assist thedentist’s choice of artificial teeth, we chose four different types ofartificial tooth materials to see how the chemical composition ofartificial teeth affects the mechanical and physical properties. Thenull hypothesis as ‘Chemical structure of artificial tooth doesn’taffect the hardness and surface roughness.’ is rejected.
The most important feature of nanocomposite artificial teethis that they have a homogeneous structure because this materialis not very cross-linked but contains nano-sized inorganic fillersthat are evenly distributed without agglomeration in the matrixresin. These properties can provide smooth surfaces against wear
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Table 6. Surface roughness values (µm) and standart deviations of specimens stored in different beverages over time
Baseline 1. Week 1. Month 3. Month 6. Month p

Distilled water 0.19 ±0.07a 0.20 ±0.05ab 0.20 ±0.05a 0.23 ±0.06bc 0.26 ±0.07c 0.000*Tea 0.18 ±0.05a 0.21 ±0.06ab 0.21 ±0.06ab 0.24 ±0.07bc 0.26 ±0.07c 0.000*Filtered Coffee 0.19 ±0.05a 0.20 ±0.04a 0.20 ±0.04a 0.25 ±0.05b 0.26 ±0.05b 0.000*Cola 0.19 ±0.04a 0.20 ±0.05a 0.21 ±0.05a 0.26 ±0.06b 0.26 ±0.06b 0.000*Cherry Juice 0.19 ±0.06a 0.21 ±0.06a 0.21 ±0.06a 0.25 ±0.07b 0.28 ±0.08b 0.000*
* p <0.01 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

Table 7. . Surface roughness values (µm) and standart deviations of different artificial teeth over time
Baseline 1. Week 1. Month 3. Month 6. Month p

Integral 0.19 ±0.05a 0.21 ±0.04ab 0.22 ±0.04b 0.26 ±0.06c 0.28 ±0.06c 0.000*Major 0.19 ±0.07a 0.20 ±0.06a 0.20 ±0.06a 0.25 ±0.07b 0.25 ±0.08b 0.000*Veracia 0.19 ±0.06a 0.20 ±0.05a 0.20 ±0.06a 0.24 ±0.06b 0.28 ±0.07c 0.000*Orthosit 0.17 ±0.05a 0.20 ±0.05a 0.20 ±0.05a 0.24 ±0.06b 0.25 ±0.06b 0.000*
* p <0.01 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

Table 8. Surface roughness values of (µm) and standart deviations of different artificial teeth according to beverages
Distilled Water Tea Filtered Coffee Cola Cherry Juice p

Integral 0.22 ±0.06 0.24 ±0,08 0.23 ±0,05 0.22 ±0,05 0.25 ±0,06 0,138Major 0.22 ±0.08a 0.20 ±0,07a 0.25 ±0,07b 0.21 ±0,05a 0.22 ±0,09a 0,015**Veracia 0.22 ±0.07ab 0.21 ±0,05c 0.20 ±0,05b 0.24 ±0,08a 0.23 ±0,08ab 0,034**Orthosit 0.20 ±0.05a 0.23 ±0,07b 0.20 ±0,05a 0.23 ±0,06a 0.21 ±0,06a 0,008*
* p <0.01 **p <0.05 (Statistically different.)
For each analysis of variance, Tukey HSD results are indicated by the lettering method next to the mean ± standard deviation results. For each line; same letters show that
there is no difference between groups, and different letters show that the difference between groups is important.

in nanocomposite teeth. However, it can be thought that it will havea limited abrasion resistance due to its polymethylmethacrylatecontent. 1,18 Studies have shown that this material has wear andmicrohardness properties similar to micro-filled and cross-linkedacrylic resin teeth. 18,27 The initial microhardness values of the ar-tificial teeth were 36.18 kg/mm2 for Orthosit, 32.55 kg/mm2 forVeracia, 25.76 kg/mm2 for Integral, 25.54 kg/mm2 for Major. Thedifferences in the microhardness values of the specimens that havenot been processed yet are due to the differences in the chemicalstructure. It is seen that the material used for Veracia and Orthositteeth is composite, giving them an initial advantage comparedto other teeth with an acrylic structure. When the initial surfaceroughness values of different artificial tooth specimens were com-pared, Orthosit (0.16 µm) teeth had lower values than Integral (0.19
µm), Major (0.18 µm) and Veracia (0.18 µm) teeth.

Hardness appears to be associated with wear resistance andharder materials are expected to wear less. 13 There are variousopinions about the correlation between the hardness and wear re-sistance of composite resin-based restorative materials. A group ofresearchers stated that it is difficult to obtain healthy results by onlymeasuring surface hardness in determining wear resistance andemphasized that surface hardness value is only one of the importantparameters in determining the amount of wear. 28
The different behavior of composite materials depends on thedifferences in composition and filler distribution of the matrix. Fac-tors affecting the properties of composites are monomers, fillersand binding agents. 1,29 Filler content is also related to color sta-bility, hardness and compression strength. Increased filler ratioreduces water absorption, which results in less degradation on thesurface. 1,30,31 However, changes may occur as a result of the con-tinuous and natural decomposition of the material surface in theliquid medium. 32 Filler and matrix connection breaks with water

absorption. This linkage can also be weakened by chemical solvents.The increase in the surface roughness of the Veracia teeth in the6th month may have occurred as a result of the weakening of thebond between the filler and the matrix.
The main differences between restorative composite resins andcomposite resins used for artificial teeth are the filler amount andsize. The amount of filler is higher in restorative composite resins.In this way, the coefficients of thermal expansion become similarto the natural tooth structure and polymerization shrinkage is alsoreduced. However, composite resin artificial teeth consist of at leasttwo layers, and after the enamel layer comes a layer without fillers.This multi-layer structure enhances the aesthetic appearance. Ifthe filler amounts of these two layers are very different, the ther-mal stress between them increases and this prevents them frombeing tightly bonded to each other. Also, there is no problem ofpolymerization shrinkage for composite resin teeth. 13
Acrylic resin teeth contain a negligible amount of filler. There isa positive linear relationship between hardness and filler amount. 13

Larger fillers provide greater stiffness and bending strength. How-ever, smaller fillers also allow smoother surfaces to be obtained.Loyaga-Rendon et al13 attributed the different hardness values oftwo different composite resin teeth containing the same amountof filler to the filler sizes. The macro-filled composite resin toothgave greater microhardness values than the micro-filled one. Inour study, Orthosit teeth, which are composite resin teeth withmicro-fillers, had higher microhardness values than Veracia teeth,which are composite resin teeth with nano-fillers. Orthosit andVeracia composite resin teeth we used in our study contain 42.9%and 5.9% inorganic filler content, respectively. 13 In the study byLoyaga-Rendon et al 13 investigating the structural properties ofartificial teeth, it was observed that the filling distribution of Or-thosit teeth was more homogeneous. Less filler amount of Veracia
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teeth may cause an increase in roughness values.In general, the enamel layer of artificial teeth should have prop-erties such as cracking, deterioration in solvents and resistance toabrasion. In our study, we did not apply any abrasion and polishingprocess to artificial teeth. We have used as flat surfaces as possibleby measuring from the buccal middle triple regions of the speci-mens. Kawano et al 11 did not perform any abrasion and polishingprocess while measuring the microhardness of artificial teeth. Weensured that the enamel layers preserve their properties withoutabrasion of the artificial tooth specimens we use.The effect of beverages can be strong depending on the struc-tural properties of artificial teeth such as chemical composition orexternal properties such as finishing and polishing. 27 Moreover,the effect of drinks on the characteristics of artificial teeth may bedirectly related to the frequency and amount of intake. 22 Previ-ous studies 23,33 demonstrated that storage in water, the pH of thestored medium and the ionic composition of organic acids, foodsand beverages affect the mechanical properties of dental materi-als. However, it has been observed that the temperature and pHvalues of the beverages are mostly effective in studies evaluatingthe erosive effects on enamel. 34 In our study, in parallel with theresearches, liquid environments containing artificial tooth spec-imens were kept in the oven at 37°C. Sarı et al 35 concluded thatfoods and beverages with low pH cause lower microhardness valueand more surface roughness on enamel and composite samples.Aliping-Mckenzie et al 36 suggested that the surface hardness ofglass ionomer and compomer samples is affected not only by lowpH values but also by the chemical composition of acidic beverages.Badra et al 22 attributed the increase in surface roughness of com-posite resins with different fillers kept in coffee at 60 ° C to the hightemperature of the solution. In our study, there was a significantdecrease from the beginning to the 6th month in all beverages forthe microhardness values of all artificial tooth groups. However,at the end of the 6th month, there was no significant differencebetween the solutions in terms of microhardness in general. Therewas no significant difference between beverages for all the time ofmeasurement of surface roughness. The fact that cola and cherryjuice has a lower pH compared to other beverages increases the sur-face roughness, while it is not thought to have a significant effecton microhardness.Microhardness and roughness varied depending on the storagetime of the specimens in beverages. Therefore, it is important todetermine test times and measurement times in a way that reflectsdenture use. It is thought that the 6-day test period we determinedcan reflect the clinical conditions by simulating 6-month dentureuse. 22,25,26 Teeth and denture surfaces come into contact with foodor drink taken for a very short time before being washed by saliva.In studies where specimens were kept in solutions for a long time,this role of saliva was not taken into account. 31,36 Therefore, whileplanning our study, we determined our test period by consideringthe possible contact time of intraoral tissues and restorations beforebeing washed by saliva. The effects of saliva such as the bufferingcapacity, formation of a pellet layer and contribution to remineral-ization are difficult to imitate in vitro. These properties are moreimportant for studies on enamel.In studies, the differences in the surface hardness of artificialteeth have been attributed to the presence of cross-links for acrylicresin teeth, and to the difference in filling particles and composi-tion for composite resin teeth. 11,13,37–39 In the Vickers hardnessmeasurement technique, it is possible to calculate the average andobtain information about the hardness of the entire structure, sincethe tip coincides with inorganic and organic structure. In compositeresins, one of the heterogeneous measuring materials, the tip cancorrespond to the soft or hard area. For this reason, 3 measurementswere made from each surface in our study.Although hardness is a surface property, it is affected by waterabsorption decrease in the amount of filler leads to increased waterabsorption. 30 In order for the surface hardness of the composite

resin to decrease, the liquid in the environment must penetrate theresin matrix and cause filler release by weakening the filler silanebond. Studies 11,13,18,28,38 have shown that microfilled compositeresin artificial teeth have higher microhardness values. These stud-ies support the result of our research. The addition of inorganic fillerparticles to the highly cross-linked polymer structures of micro-filled composite resin teeth provided them higher hardness values.
Surface roughness is the 2-dimensional parameter of the ma-terial surface. As the surface free energy decreases on rough sur-faces, the accumulation of food residues becomes easier. This re-sults in an accumulation of stains, plaque and calculus. 9,40 Thesoftening of the resin matrix causes the filler particles to sepa-rate from the surface, resulting in a rough surface. 22 Suzuki 18

compared the surface roughness properties of four different artifi-cial teeth (nano-composite, micro-filled composite, cross-linkedacrylic resin, conventional acrylic resin). According to the results,the surface roughness of all artificial teeth showed lower valuesthan conventional acrylic teeth. There was no significant differencebetween the roughness values of the nanocomposite artificial teethand the micro-filled teeth and cross-linked acrylic teeth. Theseresults are in line with our study. Bollen et al 20 argued that theamount of surface roughness of the oral hard tissues should be lessthan 0.2 µm in order to prevent the accumulation of plaque andthus to provide biocompatible restorations. Considering this situ-ation, the average surface roughness values revealed in our studyincreased above 0.2 µm from the 1st month in all solutions for all ar-tificial tooth groups. While the surface roughness values increasedwith time during the test period, the most significant increase wasobserved in the 3rd and 6th month measurements.

Conclusion

The daily consumption of regular beverages can alter the surfacecharacteristics and the microhardness of artificial teeth. To improvethese mechanical and physical properties, new artificial teeth havebeen developed by controlling the filler particles and the polymermatrix. Based on the results of this study, microfiller compositeresin teeth were recommended for their best mechanical properties.
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