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        Abstract



        
          Background:


          For many dental and facial restorations, acrylic resins are the materials of choice because of their appropriate physical and mechanical properties. When making the ocular prosthesis from such materials, it is essential to add the perfect shade in order to match the colour of normal eye. This, however, might have a significant effect on the mechanical properties of acrylic resins.

        


        
          Objective:


          The purpose of this study was to assess the effect of adding the white oil paint (titanium dioxide) to clear acrylic resins on their impact strength.

        


        
          Methods:


          20 samples were constructed from heat cured acrylic resins, and divided into two groups (control and experimental) and each group had 10 samples. The first group was made from clear acrylic resin without the addition of white oil paints, and the second group (experimental) comprised the addition of 1 ml of the white oil paints to acrylic samples. Such samples were prepared with dimensions of (80 mm X10 mm X4 mm) length, width, and thickness, respectively. All the samples were tested by the Charpy's impact strength test. They were exposed to the load till the fracture occurred. All the values were analyzed using SPSS version 20, and the independent T-test was used for comparison between the 2 groups.

        


        
          Results:


          A statistically significant decrease (P-value < 0.001) was found in the impact strength of acrylic resins after the addition of titanium dioxide oil paints (experimental group: 5.97 + 1.11, control group: 9.42+1.32 KJ/M2).

        


        
          Conclusion:


          This study concluded that the addition of titanium dioxide oil paint significantly reduces the impact of strength of the acrylic resin. It is suggested to use different stains which will have no negative effect on impact strength of the acrylic resin.
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      1. INTRODUCTION


      Tumour (i.e. squamous cell carcinoma), trauma (i.e. motor accidents) and congenital deformity (i.e. anophthalmia) are the main causes of eye defects, which have a negative impact on the emotional and social life of the patient [1, 2]. The construction of artificial eyes can preserve the volume of the eye socket, make the patient confident in public and restore the natural appearance for the patient [3, 4]. Basically, artificial eyes are either readymade or can be manufactured by the maxillofacial technician; and each kind has its benefits and drawbacks. For example, readymade prostheses have poor fit and are used temporarily in spite of restoring the normal appearance for the patients. The custom-made ocular prostheses are mainly constructed from polymethyl methacrylate and can fit the eye socket and re-establish aesthetics [5, 6]. The materials used in ocular prostheses should have appropriate properties (i.e., excellent biocompatibility, durability, excellent aesthetics and non-irritating to the eye socket [7, 8]. The method of constructing the ocular prostheses involved several steps: Recording the master impression; making the wax pattern and trying it into the eye socket; investing the wax pattern; iris production and then processing with acrylic resins [9, 10]. White coloured acrylic materials, which are usually used to fabricate the scleral part of the ocular prosthesis, are not available in the local markets. Special dyes (i.e. oil paints), hence, must be added in order to match the colour of normal eye [11, 12]. According to the literature, various researches have been carried out to investigate the mechanical and physical properties of acrylic ocular prosthesis under the influence of different disinfectants and fillers. Regarding disinfectants, it was found that 1% hypochlorite and 4% chlorhexidine have significantly reduced hardness of acrylic resins [13]. On the other hand, the titanium dioxide fillers have significantly decreased flexural strength of acrylic resin [14, 15].


      Besides, the literature indicated that the use of white oil paints (titanium dioxide) has considerably improved hardness of acrylic resin [16, 17]. The null hypothesis stated that there are no significant differences between the experimental and control groups. The purpose of this study was to assess the effect of adding white oil paints on impact strength of acrylic resin materials.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Materials


        In this study, 20 samples of acrylic resin (Spofadental, Jicin, Czech Republic) were produced. These samples were divided into two main groups and each group had 10 samples. The first group was considered as the control without the addition of oil paints; and the second group (experimental) included the addition of 1 ml of titanium oil paints (Grumbacher, Leeds, Alabama, USA) (Fig. 1). The dental stone (Zhermack, Badia Polesine, Rovigo, Italy) was utilized to make the moulds, and the petroleum jelly (Hebei, Shijiazhuang, China) and tin foil (Zinnfoile, Dentaurum Pforzheim, Starke: 0.01mm, Germany) were used as the separation medium.


        [image: ]
Fig. (1)

        Grumbacher titanium white.
      


      
        

        2.2. Sample Preparation


        For impact strength test, acrylic samples were prepared via plastic models, which were customized with dimensions of 80 mm length, 10 mm width, and 4 mm thickness according to ISO 179-1:2000 as shown in Fig. (2) [18]. The process of fabricating the acrylic samples starts by coating the lower and upper parts of the metal flask with Vaseline to allow removal of acrylic samples from stone mould following de-flasking [19]. The dental stone and water were hand-mixed according to the manufacturer's instructions. At creamy state, the mixture was placed into the lower half of the flask, and plastic patterns were carefully positioned in the center,taking into consideration that half of them must be visible in order to be easily removed from the stone mould as illustrated in Fig. (2).


        [image: ]
Fig. (2)

        The dental stone mould and the plastic strips.

        Following the complete set of the stone surface, the tinfoil separating medium was applied; and another mixture of dental stone and water was prepared, and applied over stone surface and patterns. The mould was then left for one hour to set. Following that, upper and lower parts were carefully opened; patterns were removed and then cleaned with detergents before applying the separating medium (Fig. 3).


        [image: ]
Fig. (3)

        Two part mould.

        According to the manufacturer's instructions, 22 g of the acrylic powder and 10 ml of the monomer were mixed for the control group. When the mixture reached to form a dough, it was then packed into the mould, the flask was then put under the hydraulic press and then cured. Following curing, the flask was left to cool, and acrylic samples were carefully removed, finished and polished [19]. The experimental groups (white oil paint), on the other hand, were fabricated from heat cured acrylic resin byadding 22 g acrylic powder, 9ml monomer, and 1 ml oil paint [12]. All acrylic samples were then stored in water for two days at 37 C° before conducting the impact strength test [19].

      


      
        

        2.3. Impact Strength Test


        The Charpy's impact strength tester (Tinius Olsen, Houston, Texas, USA) was used to determine the strength of acrylic samples as shown in Fig. (4). All the samples were positioned on the bending fixture and then the load was applied till fracture occurred (Fig. 5). The impact strength of the un-notched specimen was measured in KJ/M2 and the following formula was used to measure impact strength values.


        Impact strength (KJ/M2)= E/B. D x 103 [18].


        Where the letter E represents the impact absorbed energy.


        The letter “B ” represents the width of the sample, which is measured in millimeter.


        the letter “D” represents the thickness of the sample, which is measured in millimeter.


        [image: ]
Fig. (4)

        Impact strength tester.

        [image: ]
Fig. (5)

        Sample under test.
      

    


    
      

      3. RESULTS


      According to the statistical analysis (SPSS v.20 software; IBM, North castle, New York, USA), a statistically significant decrease in the impact strength after adding the white oil paints was found (independent T test; P < 0.001). The impact strength of the experimental group was 5.97+1.11 KJ/M2 whereas the impact strength of the acrylic samples which were not tinted with white oil paints was 9.42 +1.32 KJ/M2.

    


    
      

      4. DISCUSSION


      Acrylic materials are widely used in many applications in the field of dentistry and maxillofacial prostheses (i.e. ocular prostheses) due to their suitable chemical, mechanical and physiological properties. White acrylic resins are utilized for the fabrication of the scleral part of the ocular prosthesis; such substances are not available in the local markets. It is necessary, therefore, to use special dyes (i.e. white oil paints) to match the color of the natural eye. The aim of the present study was to assess the effect of white oil paints (titanium white) on the acrylic resins in terms of impact strength. The study included two groups, the first group was considered as control and the other group which involved the use of white oil paints with a concentration of 1 ml was considered as experimental. The current results revealed that there was a significant decrease in the mean values of impact strength of acrylics following using white oil paints. The decrease in the impact strength values might be due to the weaker bond between the titanium dioxide filler and matrix. For this reason, the crack propagation was increased. The current study contradicts the research conducted by Alwan and Alameer (2015) [20], who reported that the addition of titanium dioxide has increased the impact strength of acrylic resins as such fillers form a stronger bond between polymer chains because of their smaller size. According to the present results, the null hypothesis was rejected as there were significant differences between the control and experimental groups where P-value < 0.001.

    


    
      CONCLUSION


      The results concluded that the oil paints would have a negative effect on the impact strength of the acrylic resins. It is recommended to use different pigments, which would have no negative effect on the impact strength of the acrylic resin.

    

  


  
    
      LIST OF ABBREVIATIONS
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