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Abstract: Polymers and reinforcing fibers are used in number of applications across industries. Recently however, rising environmental and global concerns have necessitated a shift towards the use of natural products to improve polymer matrices. This study examined the hardness, wear resistance and water absorption behaviour of natural fiber (Hibiscus sabdariffa) improved polymethyl methacrylate (PMMA) resin. Two groups of PMMA specimens were prepared. One group without fibers was used as control and the other group contained 7.5 weight percentage mercerized Hibiscus sabdariffa fibers. For each group, hardness, wear resistance and water absorption behaviour were measured. One-way ANOVA, and t-test and Mann-Whitney tests were used for comparison (P < .05). There was no significant differences in the hardness value (P < .707), and the specific wear rate at 200g load (P < .156) between the sample groups. Significant differences existed in the specific wear rate at 500g load (P < .044) as well as the water absorption behaviour (P < .041) between the two sample groups. Incorporation of mercerized Hibiscus sabdariffa fibers to PMMA resins could improve the physical properties. Improved physical properties could offer confidence and satisfaction of patients. 

Keywords: Hibiscus sabdariffa, Polymethyl methacrylate, Hardness, Wear resistance, Water absorption 
1. Introduction
	Polymethyl methacrylate (PMMA) has remained a preferred material for the   fabrication of denture bases. This preference is the result of the inherent and acceptable advantages such as good mimicking of the oral tissues, stability in the oral environment, accurate fit, ease of manipulation and repair in the laboratory and non-toxic to the oral tissues among others (Ahmed and Ebrahim, 2014), (Ismaeel et al., 2015). Materials to be placed in the oral environment should coexist with their host environment without causing trauma to both the soft tissues and opposing structures (Cortes-Sandoval et al., 2015). Similarly, ease of adjustment and dimensional stability are some of the critical factors that determine the clinical success of denture acrylic resins. Hardness and wear resistance are important properties of 	denture base material. These properties enable denture materials to resist scratching and indentation occasioned by the interaction between the denture and opposing oral structures or foreign materials introduced into the oral cavity as well as mechanical denture cleansers 	(Elshereksi et al., 2016). 
	Hardness and wear resistance are interrelated mechanisms that determine the mechanical behaviour and service life of materials including dentures. They determine the ease with which dentures are finished and their resistance to surface scratching and wear in and out of service (Mathew et al., 2014), (Hamanaka et al., 2016). Hardness and wear resistance are important features of denture base material that determine resistance to plastic deformation due to scratching forces. High hardness and wear resistance indicate that denture base material can take and retain high polished surface which prevent adhesion of food particles and debris. Low hardness and wear resistance values on the other hand indicate that dentures surfaces can easily indent, scratch or abrade leading to discomfort in the oral cavity, surface roughness, adhesion/entrapment of microorganisms which are responsible for irritation, tissue damage and promotion of denture induced diseases such as stomatitis (Gazal et al., 2008), (Arora et al., 2015). 
	The clinical success of dentures is partially linked to the hardness and wear resistance of dentures. Similarly, dentures in service are constantly in contact with moist oral environment. Moreover, dentures when not in use, are usually kept in aqueous environment to prevent dehydration and subsequent dimensional change. Arguably, the absorption of moisture/water by dentures can cause plasticization and softening as well as dimensional change also which may affect the hardness and wear resistance. Furthermore, water absorption can lead to discolouration of the material, oral malodour, accumulation of internal stress and poor mechanical properties thereby reducing the service life of dentures (Tuna et al. 2008), (Hemmati et al., 2015).    
	Poor mechanical and physical properties have therefore remained an unresolved problem of dentures made with PMMA resins (Murthy et al., 2015). In order to improve these properties therefore, various forms and methods including reinforcement using metals and fibres have been adopted (Yadav and Elkawash, 2011), (Vodjani et al., 2012). Some of these reinforcement materials however, have shown some undesirable effects such as handling difficulty, poor interfacial bond, and irritation of the oral soft tissues (Mundra and Chouksey, 2016), (Dewan et al., 2015). The result of these is the continued investigation on the possible alternative materials for the improvement of properties of PMMA. The use of natural products derived from plants have therefore been advocated for the improvement of the properties of  PMMA resins (Talari et al., 2016).
	Lignocellulosic fibers appear to show potential as reinforcements for PMMA resins due to their advantages which included but not limited to non-toxicity (Xu et al., 2013). They also possess low density, good tensile modulus, high toughness and stiffness, high strength properties, are renewable, biodegradable and are environmentally friendly among other properties (Chandramohan and Marimuthu, 2011), (Chandramohan et al., 2014). Hibiscus sabdariffa (H. sabdariffa) is a shrub of the malvaceae plant family possessing high medicinal value and are used in food and beverages industry (McKay et al., 2010), (Builders et al., 2013), (Da-Costa-Rocha et al., 2014). Recently, H. sabdariffa fiber has attracted 	research attention as an emerging lignocellulosic fiber following the discovery of its 	reinforcement potentials and has been used to reinforce various polymers (Chandramohan and Bharanichandar, 2013), (Singha and Thakur, 2009).	H. sabdariffa fibers have properties such 	as diameter which gives it high aspect ratio which is a critical factor in the efficiency of fiber-reinforcement in composites (Arsene et al., 2013), (Pereira et al., 2015). 
	Despite the inherent properties of natural fibers in the reinforcement of polymers, they are however hydrophilic thereby hindering good interaction with hydrophobic polymers, and they also have high rate of water absorption. These drawbacks lead to poor transfer of stress from polymer matrices to reinforcing fibers and dimensional changes in composites hence low mechanical properties (Bhowmick et al., 2012), (Kabir et al., 2012). In order to ensure good interfacial adhesion between the fibers and polymer matrices, resulting in improved properties, these drawbacks must be alleviated through surface and structure modification either by physical or chemical treatment (Teli and Jadhav, 2016). While the use of H. sabdariffa fibers in the improvement of properties of polymeric materials have been reported, there is limited evidence on its use in improving the properties of PMMA resins. In this study, the improvement potential of H. sabdariffa fibers on denture PMMA resin was examined in terms of hardness, wear resistance, and the water absorption behaviour of the composite. The null hypothesis was that incorporation of H. sabdariffa fibers into PMMA resins would not interfere with the examined properties and water absorption behaviour of the composite.
2 Materials and Methods
           The materials used in this study included heat cured denture base PMMA VertexTM, (rapid 	simplified) (Vertex Dental BV, The Netherlands) and H. sabdariffa fibers.

2.1.  Preparation of the H. sabdariffa fibers
	      The stems of the H. sabdariffa plant were collected following the harvest of the calyces and fruits. They were thoroughly washed in tap water and the basts were manually separated from the woody core. They were cut into 15cm. The fibers were retted by boiling them in hot water at 100oC for 3 hours to loosen the fibers from the bundles. They were subsequently washed under a tap water. The retted fivers were scoured by boiling in 3% solution of hydrogen peroxide (H2O2) for 45 minutes. This process helped remove debris, gum fats and oils while also improving the colour of the fibers. The fibers were rinsed severally under tap water to remove traces of H2O2, and subsequently dried for 24 hours at room temperature.
2.2.  Surface modification through mercerization
	      The H. sabdariffa fibers were treated by soaking in 8% aqueous sodium hydroxide (NaOH) at room temperature for 8 hours. This was done to remove hemicellulose, lignin, wax, impurities and oil coverings on the fiber, and to activate the reactive –OH group. The fibers were severally rinsed in distilled water and subsequently air dried at room temperature for 24 hours followed by further drying at 70oC for 24 hours. The treated fibers were chopped into 3mm (Figure 1) with a scissors and stored in desiccator ready for use. 
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			            Figure 1: Chopped 3mm fiber ready for use
2.3.  Preparation of specimens
	     Rectangular metal dies of dimensions 50mm x 10mm x 3mm (length, width and thickness respectively) were fabricated for hardness and wear resistance tests. Similarly, disc shaped specimens of dimensions 25mm x 10mm x 3mm (length, width and thickness respectively) were for water absorption behaviour test. The dies ensured consistent specimens were fabricated. The metal dies were lubricated for ease of removal from molds. The dies were invested in one half of denture flask in a conventional manner using Plaster of Paris (POP). The mold was allowed to set, separating medium was coated on the surface and allowed to dry. The second half of the flask was positioned and filled with POP. Upon set of POP, the flask was opened and the metal dies carefully removed. The mold cavity was cleaned and surfaces of both halves of the mold coated with separating medium and allowed to dry. The mold was then ready for packing of denture PMMA.  

2.4.  Fabrication of specimens
	      As illustrated in Table 1, total of 96 specimens were used for hardness test, wear resistance test and water absorption behaviour test. An Adam® digital balance (Adam Equipment S.A. Johannesburg, South Africa) was used to measure the weight of the fibers and PMMA resin. For the unreinforced sample group, the mixing of the PMMA resin followed the manufacturer’s instruction of 0.33ml of monomer to 1g of powder, strictly, while the mixing ratio of the reinforced group was adjusted to 0.60ml of monomer. This ensured complete wetting of the fibers within the mix. A pre-determined fiber weight percentage, wt%, (7.5 wt%) were soaked in 18ml of monomer for 10 minutes. The soaking and wetting facilitated better adhesion between the fibers and PMMA resin. The polymer (30g) was mixed with the monomer containing the fibers and thoroughly stirred to ensure random distribution of the fibers and a homogeneous mix of the PMMA resin. The mixture was allowed to reach dough stage (15 minutes), was kneaded and placed into the molds. The second half of the denture flask was carefully closed and bench pressed until there was a metal to metal contact of the edges. Following the manufacturer’s instruction, the clamped flask was placed in a hot (100oC) curing bath for polymerization. This process was completed in 20 minutes. The flask was removed from the curing bath and allowed to cool on the bench, and the specimens were gently removed from the mold. The specimens were finished using tungsten carbide bur and smoothened with silicon carbide abrasive paper. The specimens were measured using Vernier calliper at three different spots within each plane to ensure uniformity of dimensions. Defective specimens were excluded.
 
                 	   Table 1: Overview of tested specimens
	Tests
	     Sample group
	  Number of
  specimens
	

	Hardness
	Unreinforced
	17
	

	
	Reinforced
	17

	

	Wear resistance
	Unreinforced
	10
	

	
	Reinforced
	10

	

	Water absorption
	Unreinforced
	21
	

	
	Reinforced
	21
	


                     
2.5.  Hardness testing
	       Hardness of the specimens were measured using a Barber Colman Barcol impressor indentation hardness apparatus (model GYZJ- 934- 1) for rigid plastics. The indentation apparatus uses hard steel truncated cone (indenter) at an angle of 260 with a flat tip of 0.157mm diamond fitted into a hollow spindle, which is held down by a spring-loaded plunger. The test specimens were placed on flat surface and the point sleeve of the indenter positioned over it. The supporting leg was set over a specimen of similar thickness (height) to counter balance the testing. A uniformed downward force was incrementally applied until a maximum reading of the indenter was shown on the gauge indicator. Seventeen indentation values were captured and mean values were recorded. The test was conducted at room temperature.
2.6.  Wear resistance testing
	      The specific wear rate was measured using a pin-on-disc set by wear and friction. The tool steel disc polisher had an abrasive paper of surface roughness of 180µm and a diameter of 230mm. Each specimen was subjected to a rotation speed of 300 rpm for 60 seconds. For each wear test, a new abrasive paper was used. Prior to testing, each specimen was weighed (W1). The test involved clamping the sample at the center of the sample holder and the machine operated to run fixed load for 60 seconds. The weight of the specimens were obtained post 	testing (W2). The experiment was repeated for all specimens with fixed loads of 0.2kg and 0.5kg. The varying of the loads was to understand the effect of load on the specific wear rate. The test was conducted at room temperature. The specific wear rate was calculated from the 	equation 1:
       	 Specific wear rate  = ΔW/(load in Newton) x Sliding distance (g/Nm)       Eqn. 1 
		                     Where ΔW= change in weight
			         Sliding distance = 2 x π x d x rpm x t (m)
			         d = diameter of disc polisher
			         rpm of disc (300)
			         t = time each sample was exposed to grinding 

2.7.  Water absorption testing
	       The water absorption test was carried out using saturated moisture content based method, which is based on simple gravimetric principle. Two sample groups, each containing 21 specimens. The specimens were dried at 105oC for 24 hours and then cooled in a desiccator to room temperature. All specimens were weighed in dry condition (M1) on a digital balance with accuracy of 0.001g before immersion in de-ionised water in a beaker at room temperature. After 24 hours, the specimens were removed from the water and all surface water dried with absorbent paper towel, and re-weighed within 60 seconds. The specimens were returned to the de-ionised water and subsequently re-weighed at intervals of 2 hours until they reached saturation limits, when no weight differences were noticed (M2). The absorption rate was determined as weight gained per volume of specimen using equation 2 and average values reported. 
  		     Water Absorption =	           M2 – M1                 (mg/cm3)    	Eqn. 2
                                                                       		                        Volume of specimen
	
2.8.  Statistical Analysis
	       Data were statistically analysed using one-way analysis of variance (ANOVA). Both parametric (Independent t-test) and non-parametric (Mann-Whitney) tests were used to compare the mean differences between sample groups, and the level of significance set at P ≤ .05. 

3. RESULTS
	The results of the hardness test of the sample groups are summarised in Table 2, and illustrated in Figure 2, respectively. The t-test revealed no significant difference (P < .707) between the unreinforced and reinforced PMMA. Despite this the reinforced showed little difference in the hardness value of both sample groups. 

               	 Table 2: Barcol hardness of sample groups
	   Sample groups
	

	
	N
	Mean ± SD
	t-test 
  (p < 0.05) 

	Unreinforced group
	17
	37.18 ± 3.17a
	
0.707


	Reinforced group
	17
	37.59 ± 3.16a
	


         A one-way analysis of variance (ANOVA) was used to access the difference between the sample groups. Independent t- test was used for comparisons. The different superscript letters indicate values that are significantly different (P < 0.05).
		
[image: ]H 
		Figure 2: Mean Barcol hardness results of PMMA resins

From Table 3, there were significant differences (P < .044) in the specific wear rate at 0.5kg load test between the reinforced and the unreinforced PMMA. In particular, the wear rate of the reinforced specimens was 9.23 x 10-7 g/NM (±.0000000792), while the unreinforced specimens was 2.676 x 10-6 (±.0000001440). In contrast, there was no significant differences (P < .156) in the specific wear rate at 0.2kg load test between the two sample groups. Regardless of this, the reinforced specimens had a lower wear rate 4.762 x 10-7 g/NM. These values are illustrated in Figure 3.

              		        Table 3: Specific wear rate of sample groups at 0.5kg and 0.2kg loads
	Sample Groups (g)	
	    N	 Mean g/NM	                  SD	                           t-test                 						            (p<0.05)

	
	
	
	
	

	Unreinforced (0.5kg)
	5
	2.676 x 10-6
	(.0000001440)a
	0.044

	Reinforced (0.5kg)
	5
	9.23 x 10-7
	(.0000000792)b
	

	
Unreinforced (0.2kg)
	
5
	
1.7392 x 10-6
	
(.0000017545)a
	0.156

	Reinforced (0.2kg)
	5
	4.762 x 10-7
	(.000004274)a
	


A one-way analysis of variance (ANOVA) was used to access the difference between the sample groups. Independent t- test was used for comparisons. The different superscript letters indicate values that are significantly different (P < .05).


                      [image: ]      	Figure 3: The mean specific wear rate of PMMA resins at 0.2kg and 0.5kg loads

Table 4 and Figure 4 present the water absorption behaviour of both sample groups. The Shapiro-Wilk test revealed that the results were not normally distributed hence, Mann-Whitney test therefore used. There were significant differences (P < .041) in the water absorption between the reinforced and unreinforced PMMA. 
[bookmark: _Toc483215928]
		Table 4: Water absorption behaviour of sample groups
	Sample groups
	  N	 Mean ± SD	              Mann-Whitney 	   (p<0.05)                                                               	

	
	
	
	
	

	Unreinforced group
	21
	0.1900 ± 0.175a
	140.500
	    0.041

	Reinforced group
	21
	0.2200 ± 0.1273b
	
	




	A one-way analysis of variance (ANOVA) was used to access the difference between the 	sample groups. Mann-Whitney test was used for comparisons. The different superscript 	letters indicate values that are significantly different (P < .05).[image: ]
     Figure 4: Mean water absorption rates of denture base acrylic resins

4. DISCUSSION
	Improving the strength properties of denture PMMA using fiber reinforcement appeared to be one of the most acceptable means due to the inherent properties of the reinforcement fibers. Fiber-reinforcement improves properties such as hardness and wear resistance. In the present study, the results revealed no significant differences in the hardness values between the two sample groups however, the H. sabdariffa fiber-reinforced group had a higher values. This result is in agreement with several authors (Ahmed and Ebrahim, 2014), (Farina et al., 2012), (Jassim, 2015), (Fatihallah, 2015) that reinforcement improves the hardness of denture PMMA. Despite limited evidence with regards to lignocellulosic fiber-	reinforced PMMA resins, the improvement in the hardness value could be explained by the improvement in the strength properties of the composite as a result of the enhanced interfacial bond between the mercerized H. sabdariffa fibers and the PMMA matrix. The insignificant difference could be due to the reinforcing fibers being within the denture PMMA resin rather than near the surface of the composite. From a clinical perspective, it can be inferred that H. sabdariffa fiber-reinforced PMMA resins are not highly rigid and will neither compromise the functional efficiency intraorally nor traumatize the oral soft tissues during use. 
	 Wear resistance is a major criterion in determining the service life of dentures. Resistance of materials to wear is influenced by various factors, and composites are known to have superior resistance than single materials (Hahnel et al., 2009), (Shetty and Shenoy, 2010). As shown in Table 3 and illustrated in Figure 5, the significant differences in the specific wear rate of the two sample groups could possibly be explained by the improvement in the mechanical properties of the PMMA resin. As elaborated by Murthy et al., 2015 and Iqbal and Naqash, 2014, that mechanical properties of fiber-reinforced denture resins is enhanced by the ability of the PMMA matrix to transfer load to the reinforcing fibers. This transfer of load is primarily facilitated by the effective interfacial bond between the fibers and the PMMA resins. The mercerization treatment on the H. sabdariffa fibers could have altered the topography, roughened the fiber surface and galvanized the reactive cellulose for possible reaction with the PMMA resin hence improved mechanical 	properties (Ismaeel et al., 2015), (Ogunsile and Oladeji, 2016), (Rokbi et al., 2011). Also, this may be due to the reduction in the diameter of the mercerized H. sabdariffa fibers thereby increasing the surface area and the 	aspect ratio for adhesion which in turn improved the interaction between the fibers and the PMMA resin hence improved mechanical properties. This is consistent with the work of Arsene et al., (2013), Revzani et al., (2013) & Shouha et al., (2014) that high aspect ratio of reinforcing fibers leads to improved mechanical properties of composites. Furthermore, the pre-impregnation of the H. sabdariffa fibers with monomer component of PMMA resin prior to mixing could have improved the network of bond between the components of the PMMA composite thereby improving the wear resistance (Mathew et al., 2014), (Murthy et al., 2015), (Ladha and Shah 2011), (Kamble et al., 2012). Clinically, and in agreement with Mathew et al., (2014) & Suwannaroop et al., (2011), the results of this study are valuable and suggests that denture wear rate intra-orally is likely to decrease.
	Results of the present study also indicated an increase in the water absorption rate of the reinforced PMMA compared to the unreinforced PMMA. This increase is statistically significant. Generally, PMMA dentures absorb water in oral environment over time due to polarity of the material. Water absorption results in the depreciation of the strength value of the material as water molecules act as plasticizer thereby compromising the quality of the PMMA material (Tuna et al., 2008). The increased water absorption behaviour of PMMA composite could be attributed to the nature of lignocellulosic fiber which increasingly absorbs and retains water molecules within the composite. This is in conformity with Alomayri et al., (2014), Banga et al., (2015) that lignocellulosic fibers have high rate of water absorption. Concomitantly, the porous nature of PMMA resin also enables absorption of water. 
	Generally, absorption of water by composites depends on several factors such as fiber content, composite density and void content (Das and Biswas, 2016). From the results of this study, it can be contended that mercerization treatment reduced hemicellulose content of the H. sabdariffa 	fibers and limited the uptake of water molecules thereby enhancing the interfacial bond between the fibers and PMMA resin. This supports the argument of Ichetaonye et al., 2015 that chemical treatment imparts barrier properties to lignocellulosic fibers. Following ISO 1567 and ADA specification No 12, the specified maximum water absorption is 0.8mg/cm2 and 32µg/mm3 respectively (Hemmati et al., 2015). The results of this study is 	within these specification, and in agreement with several other authors (Asopa et al., 2015), 	(Ayad et al., 2008), Durkan et al., 2010) that reinforcement increases the water absorption behaviour of PMMA resins. Clinically, and consistent with Tham et al., (2010), H. sabdariffa fiber-reinforced PMMA resin in use will likely absorb less water as salts and proteins in saliva aid minimized effect of water on dentures. Accordingly, the results of this study was not in agreement with the null hypothesis since the incorporation of H. sabdariffa fibers into PMMA resin affected the mechanical properties.
5. Conclusion
	The hardness, wear resistance and water absorption behaviour of H. sabdariffa fiber-reinforced PMMA were investigated. In general, H. sabdariffa fiber successfully reinforced PMMA resin showing improvement in the hardness and specific wear rate. Although water absorption rate of H. sabdariffa fiber-reinforced PMMA resin was significantly different from that of unreinforced PMMA, their values remain within the ISO and ADA No 12 specifications limits. 
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