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Abstract 
Aim of the study: The aim of this study was to evaluate the effect of solvent / disinfectant ethanol on the surface of denture base base polymers. Changes in surface roughness, topography and some nanomechanical properties were assessed by SEM and nanoindentation plotted against different concentrations of ethanol on heat cured and autopolymerised polymetyl methacrylate based acrylic denture base polymers.
Materials and methods: Test specimens (10x10x3 mm3) of heat-curing  (HC) and auto polymerizing (AP) acrylic resin were prepared and polished to obtain uniform smoothness which were further grouped into 3 sub-groups HC1, HC2, HC3 and AP1, AP2, AP3 respectively 10 specimens (n) in each group. HC1 and AP1, HC2 and AP2, HC3 and AP3 were treated with 99.9%, 70% and 40% respectively for 30, 60 and 120 seconds followed by analysis of surface roughness (Sa), topographical changes and some nanomechanical properties.
Results: Both HC and AP resins showed changes in their Sa and nanomechanically measured modulus of elasticity and surface hardness after being treated at different concentrations of ethanol and at different lengths of time. Surface changes were most clearly seen in autopolymerizing denture base polymer, especially at the interface region between the PMMA polymer bead and polymer matrix. There was a correlation (R2=0.83, r= 0.91, p<0.001) between the time of treatment by ethanol and thickness of the affected area of denture base polymer. Conclusion: The present study demonstrated that denture base polymers, especially autopolymerized denture base polymer is prone for surface crazing and dissolving by solvent / disinfectant ethanol. The interphase region between the PMMA polymer bead and the polymer matrix was most affected by the ethanol. 
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1.Introduction. 
Acrylic resins were introduced as denture base materials since 1937 and polymethyl  methacrylate  (PMMA) is still the most commonly used material in dental prosthesis, denture liners, various orthodontic appliances, temporary crowns ( Craig, 1993).  PMMA is used in the form of powder-liquid system, mixed at different ratio for controlling the polymerization shrinkage and obtaining resin mixture or dough which is easy to handle (Vallitu, 1994). Monomer liquid system is predominantly methyl methacrylate but there are typically minor quantities of cross linking dimethacrylates (Ruyter and Svendsen, 1980 and Ruyter and Oysaed, 1982). Once PMMA beads and monomer system have been mixed, beads begin to be dissolved. Increasing the time before the monomers are cured, better the beads are dissolved and more homogeneous the polymers will be (Vallittu and Ruyter, 1997). When looking at the structure of PMMA based powder-liquid resin in detail, an interphase layer between the core of the polymer bead and matrix can be found (Kawakuchi et al., 2011). Polymer structure of the interphase is semi-interpenetrating polymer network (semi-IPN) where slightly cross-linked polymer matrix has been integrated in the polymer structure of the dissolved PMMA beads. The behavior of mechanical and biological properties of acrylic resin is determined by the amount of unconverted or unreacted residual monomer present in the polymerized resin (Melilli et al., 2009). Ideally the amount of free monomer, so-called residual monomer in heat cured acrylic resin material should not exceed more than 2.2% and for auto polymerized acrylic resin material 4.5% was the maximum allowable limit according to international standards (Miettinen and Vallittu, 1997, Vallittu et al., 1998 and Yilmaz et al., 2003). The residual monomer quantity when treated or immersed in ethanol showed changes in the physical properties particularly on the flexural strength and hardness and cytotoxicity caused by the leaching of the monomer in the oral cavity was reduced (Neves et al., 2013).
Chemical disinfectants have been used in order to combat bacterial contamination of the dental prosthesis (Cunegatti et al., 2008) and these disinfectants have an influence on the physicomechanical properties of the denture base resins (Shen et al., 1989). It was found that alcohol containing chemical disinfectant agents affected the flexural strength predominantly of the non cross linked denture base resins (Asad et al., 1992). Surface roughness is another important factor which governs the adherence of the bacterial colonization (Bollen et al., 1997) and use of disinfectants for cleansing of the denture base resins affects the surface roughness significantly (Pinto et al.,2010). It is also found that an increase in the threshold of surface roughness by 0.2 µm would substantially increase the accumulation of plaque (Bollen et al., 1997) and oral organisms (Waltimo et al., 1999). Certain chemical disinfectants may cause some change in the surface roughness of the denture base polymers by crazing (Schwindling et al., 2014).
Crazing which appears as an organized crack appears on the surface of materials preferably on the thermoplastic polymers, caused by the effect of weaker Van der Walls force and a strong covalent bond. It usually occurs in those areas of the polymer material, which have a high hydrostatic tension and localized yielding resulting in the formation of micro voids (McLeish et al., 1989). Crazing can be seen by the reflection of light from the fibrils that form the backbone of the polymeric chain. Initially crazing was considered to be as cracks until it was shown that they were made of polymer interfiling interconnecting the polymer that was not deformed by the solvent (Spurr and Niegisch, 1962) and thickness of the craze was determined by the width of the groove (Kambour and Kopp, 1969).  Crazing relates to the capability of solvents to dissolve the polymer and therefore factors, which influence solubility of the polymers may play a role crazing. Ethanol, which as a solubility parameter of 13 (cal/cm3)1/2 and denture base resins made up of polymethyl methacrylate which as a solubility parameter of 8.9 – 12.7 (cal/cm3)1/2 (Brandrup, 1975 and Jacques and Wyzgoski, 1979) indicating that ethanol could dissolve or craze denture base polymer as it is already established that organic solvents which have solubility parameters as that of the polymer act as good solvent or crazing agents (Kambour, 1972). The behavior of ethanol prompted us to study on the nanomechanical (NMP) properties and its solvent tendency by varying its concentration.
Although there is some knowledge that ethanol could cause damage to the denture base polymer, there is no information at what location of the surface microstructure of multiphase denture base polymer the damage begins. Therefore, the aim of this study was to investigate solvent crazing and dissolving effect of autopolymerized and heat-polymerized denture base polymers by solvent / disinfectant with ethanol of various concentrations.







2. Materials and methods
2.1.Specimen preparation
Test specimens of size of 10 x 10 x 3 mm3 of heat curing (Interacryl Hot, Interdent, Opekarniska, Slovenia) and auto polymerizing acrylic resin (Orthoresin, DeguDent, Hanau, Germany) was prepared and their surfaces wet ground and polished to obtain uniform smoothness. Gross nodules and surface irregularities was finished with lathe mounted acrylic bur and 360-grit sand paper and final polishing was done using 600 grit silicon carbide disc for 30s at 100rpm with a load of 13N pressure using an automatic polishing machine (Automet 250/300, Power Head, Buehler, 41 Waukegan Road, Lake Bluff, Il 60044 USA). Heat cured (HC) and auto polymerized resin (AP) specimens were further grouped into 3 sub-groups HC1, HC2, HC3 and AP1, AP2, AP3 respectively 10 specimens (n) in each group. The polymer to the monomer ratio for both the heat cured and autopolymerizing resin was in the ratio of 3:1. Heat cured resin was cured for 90 minutes at 74oC, 30 minutes boil at 100oC and autopolymerizing resin cured in a pressure flask containing water at 45o-50oC at 207 kPa for 9 minutes as recommended by the manufacturer. 
2.2.Experimental method.
Surface of test specimens were subjected to the following analysis: the specimens were first evaluated for surface roughness (Sa), surface topography by scanning electron microscopy (SEM) and NMP which served as control values for repeated measurements after solvent/disinfectant ethanol treatment for various lengths of periods of time. Surface of resin was treated with 99.9%, 70% and 40% ethanol for 30 s, 60 s and 120 s and washed by water for further analysis. 
2.2.1. Surface roughness (Sa) was determined using a non contact profilometer (Bruker, Contour GT, Tucson, AZ, USA) with 5 readings on each surface at different locations and the average Sa value was derived. Sa was measured for all the specimens at different concentrations of ethanol and various times of ethanol treatment. Along the surface roughness measurement, the surface topography changes were visually inspected from SEM images, (BOC EDWARDS, PV25MK, West Sussex, England, UK) which were taken before and after treatment with ethanol. Measurements by SEM were also taken to quantify the extent and location of dissolution of the polymer structure. Four measurements were made for each specimen and the average value was used in further calculations. Measurements were made only for autopolymerized resin specimens because no polymer structure changes were visible in the heat-cured resin specimens.  
2.2.2. The specimens were also studied in terms of the NMP properties after being treated with solvent / disinfectant ethanol. The modulus of elasticity and surface nano hardness were measured by nanoindenter (Bruker, Tucson, AZ, USA) equipped with Berkowich diamond indentor. Test was done in low noise conditions and at controlled temperature of 23o C. The loading and unloading rate of 0.6 mN/s was used and 10 s of resting period at maximum load, varying the maximum load between 1 to 10 mN. Two readings were obtained from each specimen before and after treatment of solvent / disinfectant ethanol. 
2.3. Statistical analysis
Data was statistically analyzed using one way ANOVA and Scheffe post hoc test at 5% significance level for comparison of mean Sa values, dissolution of the polymer on time interval and NMP properties among the specimens. Linear regression analysis was used to calculate correlation between the length of time of the ethanol treatment and measured thickness of the dissolved area for autopolymerized resin. 
















3.Results
Results for the Sa measurement showed that ethanol had some effect on surface roughness which varied between the HC and AP acrylic resins and between different concentrations of ethanol. For the HC resins it was seen that changes in Sa was not statistically significant when treated for 120 seconds by 70% ethanol concentrations whereas for the AP resins statistically significance change was seen when the specimens were treated with 99.9% ethanol for 60 and 120 seconds as shown in table-1.
SEM images showed that the HC resins had no surface topographic changes when treated with different ethanol concentrations for up to 120 seconds whereas the AP resins showed topographic changes which was attributed to surface crazing and dissolving effect by ethanol (Figure 1,2 and 3). The crazing and dissolving occurred at the region of semi-IPN layer, i.e. at the marginal region of the polymer bead and polymer matrix. Thickness of the affected layer increased, by prolonging the ethanol treatment time from 30 to 120 s as shown in table-2. Regression analysis demonstrated correlation (R2=0.83, r= 0.91, p<0.001) between the ethanol treatment time and thickness of the affected layer between the PMMA bead and polymer matrix as in figure-4. This study demonstrated first time that disinfectant ethanol with 40% concentration deteriorates the surface of multiphase denture base polymers. Deterioration occurs at the interface between polymer bead and the polymer matrix.
Nano mechanical properties for young’s modulus of elasticity and the hardness were affected when treated with ethanol at varying concentrations at different proportion of time. Both HC and AP resins showed statistically significant changes at varying concentrations and time period. Maximum hardness for both HC and AP was seen when 70% ethanol treatment was done for 30s. (table -3)
















4.Discussion 
In this present study emphasis was given to evaluate the effect of solvent / disinfectant ethanol in varying concentrations on the mechanical properties of the HC and AP acrylic resins. Chemical disinfectants have shown to cause some amount of dimensional changes in the resin structure (Cunegatti et al., 2008 and Shen et al., 1989) and surface damage (Ma et al., 1997). Acrylic resins contain various soluble materials such as the initiators, free monomers and also plasticizers (Tuna et al., 2008) and these are released by various chemicals based on the ionic concentration that varies among different disinfectant solutions (Machado et al., 2011). The physical properties of the polymer can be altered resulting in an increased chipping of the particles from the matrix (Hashiguchi et al., 2009). Acrylic resins by its chemical nature are polar in nature, the factor which makes it to absorb water from varying concentrations of ethanol in 70% and 40% and it has been shown that the absorbed water interferes with the polymer chains affecting the physical properties causing swelling of the resin network resulting in the relaxation of the stresses (Takahashi et al., 1998 and Yiu et al., 2004). Varying the time period of contact of the resin, the imbibed water molecules can bring about irreversible damage caused by the hydrolytic degradation and scission of the polymer also resulting in the formation of surface cracks (Pinto Lde et al., 2010). In this study we found that Sa was influenced by ethanol in varying concentrations and significant changes were seen in AP acrylic resins and studies have proved that the type of acrylic resin (heat-cured vs. autopolymerized) was an important factor in deciding the surface alteration (Lira et al., 2012). This is likely attributed to the monomer to polymer conversion ratio, which is higher in HC resins with less residual monomer (Zissis et al., 2008) and the amount of elution is higher in AP acrylic resins (Koda et al., 1989). 
Polymer dissolution by a solvent occurs mainly by solvent diffusion and disentanglement of the polymeric chain. Diffusion of the solvent into the polymer becomes easy when uncrossed link monomers are present with a stable solvent. Solvent initially plasticizes the polymer forming a gel like swollen layer between the glassy polymer and the gel layer and also between the gel layer and the solvent following which there can be dissolution of the polymer or result in the formation of cracks. After a period of time further dissolution of the solvent reaches an end stage known as the quasistationary state (Ueberreiter, 1968). Polymer dissolution is mainly governed by the molecular weight of the material and within the same material it depends upon whether the material is polydisperse or monodisperse  (Manjikow et al., 1987). At room temperatures it has been found that PMMA is insoluble in water and ethanol alone but soluble in mixture form (Brandrup et al., 1999 and Jewrajka et al., 2004). At 40-50 vol-% ethanol the solubility was attributed to the formation water cages in and around the hydrophobic ethanol molecules and at 80 vol-% the solubility was attributed to water and hydrogen bonding around the ester moieties of the resin polymer ( Piccarolo and Titomanlio, 1982 and Cowie et al., 1987). The solubility parameter of ethanol and PMMA is very close to each other thereby ethanol acts as a polymer solvent for PMMA. In our study the effect of ethanol on the PMMA resin at absolute concentration was attributed to the water and hydrogen bonding and at 40% it was mainly because of the formation of water cages and at 70% due to both the factors. In the AP resins surface crazing or cracks was evident which was attributed to the presence of the non cross linked monomers unlike in the HC resins and the time of contact of the ethanol in the HC resins was not more than 2 minutes for the necessary dissolution of the polymer. In the AP resins statistically significant dissolution of the resin was seen for all the three concentrations of ethanol and more dissolution was seen in the 40% ethanol treated specimens when compared to that of others. SEM images confirmed the same upon analysis of the surface topographical changes after the specimens were treated ethanol.
It was important to notice that the solvent / disinfectant ethanol mainly affected the semi-IPN layer between the polymer bead and polymer matrix. This suggests that the semi-IPN layer is more prone for dissolving than the slightly cross-linked polymer matrix or the core of the polymer bead. PMMA polymer beads are syndiotactic polymer and could resist dissolving and crazing more effectively than the interface with semi-IPN structure, which was actually swollen by methyl methacrylate monomers. It is also interesting to note that crazing and dissolving was not found with heat-cured PMMA. During doughing time the MMA monomers can penetrate through the PMMA polymer bead and therefore the polymer structure is more homogeneous, and it seems to be also more resistant for crazing and dissolving.
NMP properties of the resins were evaluated post polymerization treatment with ethanol for period of time. The residual monomer present in the polymer when replaced by the solvent materials results in increased plasticizing nature of the polymer (Ferracane, 2006 and Pedreira et al., 2009). In this study we found that the AP resins were affected by the plasticizing nature of ethanol where significant changes were seen affecting both the modulus of elasticity and also the hardness of the polymerized resin whereas in the HC resins no significant changes was seen which could be attributed to less amount of residual monomer in the HC resins.
The findings of this study suggest that ethanol containing disinfectant solutions could deteriorate the surface of denture base polymers and therefore their use is not recommended. Alternative disinfectants for denture bases could be found e.g. from other groups of disinfectants like chlorhexidine, glutaraldehyde and sodium hypochlorite.
5.Conclusions 
The present study demonstrated that denture base polymers, especially autopolymerized denture base polymer is prone for surface crazing and dissolving by solvent / disinfectant ethanol. The interphase region between the PMMA polymer bead and the polymer matrix was most affected by the ethanol. 
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Table-1: Statistical results of surface roughness (Sa) of heat cure and auto polymerizing acrylics.
	
	                   Control                 30 s                      60 s                   120 s
                HC       AP         HC       AP          HC         AP         HC     AP                                

	99.9% Ethanol     Mean 
                               S.D
70% Ethanol        Mean 
                              S.D
40% Ethanol        Mean 
                              S.D

	0.164a   0.245A  0.171a   0.243A   0.169a  0.267B    0.178a   0.291C
0.01      0.006    0.01      0.001    0.01     0.005      0.01     0.003
0.145a  0.219A   0.145a   0.210A   0.146a  0.214A   0.164b  0.209A
0.005   0.003     0.003    0.003    0.005   0.003     0.005    0.003
0.185a  0.199A   0.212a   0.207A   0.192a  0.203A   0.195a   0.207A
0.002   0.003     0.007    0.005    0.009   0.005     0.009    0.01



Different superscript small and capital letters in the same row indicate statistically significant at P<0.01.












Table-2: Statistical results of measurements of thickness (µm) of the ethanol affected layer of self autopolymerized denture base resins
	
	
	
	30 s
	60 s
	120 s

	99.9% ethanol
	Mean
	2.44a
	3.42b
	5.6c

	
	
	S.D
	0.07
	0.06
	0.1

	70% ethanol
	Mean
	2.49a
	3.61b
	5.87c

	
	
	S.D
	0.07
	0.1
	0.06

	40% ethanol
	Mean
	3.69a
	4.6b
	6.4c

	
	                S.D
	0.05
	0.09
	0.1


Different superscript small letters in the same row indicate statistically significant at P<0.01.
















Table -3: Statistical results of NMP properties (Y*=modulus of elasticity in GPa, H#= relative surface hardness in GPa) of heat-cured and autopolymerized denture base polymers.       
	
	                     Control                 30 s                     60 s                    120 s
                  HC        AP        HC       AP          HC      AP         HC       AP                                

	99.9% ethanol        Y*
                                H#
70% ethanol           Y* 
                                H#
40% ethanol           Y* 
                                H#

	2.072AB 0.618a   1.915CD 2.070a    0.982AC  1.899a  1.211BD 1.323a
0.286AC 0.044a  0.232B  0.123a   0.155AB  0.150a  0.194C   0.074a
2.988A   0.533ab 3.010B   1.191a    2.585ABC 1.193b   2.940C   1.012ab
0.242AD 0.069a  0.332A    0.134abc   0.272BC    0.093b  0.313D    0.077c
3.054A  0.410ab 2.028A  1.326b   1.533A    1.282a  2.752A  1.578a
0.241A   0.053ab 0.201B   0.129ab   0.188AC    0.078a  0.246C   0.099b


Same superscript small and capital letters in the same row indicate statistically significant at P<0.05.
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Figure -1. SEM images of control, after 30, 60 and 120 seconds (from the left to the right) of treatment of autopolymerized (AP) resin with 40% ethanol. Original magnification 1000x.
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Figure -2. SEM images of control, after 30, 60 and 120 seconds (from the left to the right) of treatment of autopolymerized (AP) resin with 70% ethanol. Original magnification 1000x.
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Figure -3. SEM images of control, after 30, 60 and 120 seconds (from the left to the right) of treatment of autopolymerized (AP) resin with 99.9% ethanol. Original magnification 1000x.
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Figure-4. Regression line between the thickness of the affected layer at the interface between the PMMA bead and polymer matrix and the ethanol treatment time. 
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