
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ Article ]
          
        

        
          	Korean Journal of Dental Materials - Vol. 43, No. 1, pp.61-72
        

        
          	ISSN: 2384-4434			
					(Print)
				2384-3268			
					(Online)
				
        

        
          	Print  publication date Mar 2016

        

        
          	Received  07 Mar 2016
Revised  14 Mar 2016
Accepted  14 Mar 2016

        

        
          	
            KJDM_2016_v43n1_61

            DOI: 
            https://doi.org/10.14815/kjdm.2016.43.1.61
          
        

        
          	
            Comparison of Setting Time, Compressive Strength, Solubility, and pH of Four Kinds of MTA
          
        

        
          	
            Jing-Ling Che1 ; Jae-Hwan Kim1, * ; Seon-Mi Kim1 ; Nam-ki Choi1 ; Hyun-Joo Moon2 ; Moon-Jin Hwang2 ; Ho-Jun Song2 ; Yeong-Joon Park2


          
        

        
          	1Department of Pediatric Dentistry, School of Dentistry, Chonnam National University

        

        
          	
        

        
          	2Department of Dental Materials, School of Dentistry, Chonnam National University

        

        
          	
        

        
          	
            4종류 MTA의 경화시간과 압축강도, 용해도 및 pH 비교
          
        

        
          	
            차경령1 ; 김재환1, * ; 김선미1 ; 최남기1 ; 문현주2 ; 황문진2 ; 송호준2 ; 박영준2


          
        

        
          	
        

        
          	1전남대학교 치의학전문대학원 소아치과학교실

        

        
          	
        

        
          	2전남대학교 치의학전문대학원 치과재료학교실

        

        
          	
            Correspondence to: * 김재환 Department of Pediatric Dentistry, School of Dentistry, Chonnam National University, Gwangju, Korea Tel: +82-62-530-5668 E-mail:  jhbcss@hanmail.net

          
        

        
          	
        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            초록
          
        

        
          ProRoot MTA의 단점을 보완하기 위한 mineral trioxide aggregate (MTA)의 다양한 변형제품이 개발되고 있다. 본 연구는 새로운 MTA 제품들의 경화시간, 압축강도, 용해도 및 pH 특성을 ProRoot MTA의 물성과 비교하고자 하였다. 본 연구에서는 ProRoot MTA (Dentsply, USA)를 포함하여 Ortho MTA (BioMTA, Korea), Retro MTA (BioMTA, Korea), 그리고 Endocem MTA (Maruchi, Korea), 이렇게 총 4종의 상용 MTA제품에 대해 평가하였다. 경화시간과 압축강도는 ISO 9917 방법에 따라, 용해도는 ISO 6876 방법에 따라 평가하였으며, pH는 고체시편 전용전극이 연결된 수소이온측정기를 이용하여 측정하였다. Endocem MTA과 Retro MTA의 경화시간은 다른 두 제품들의 경화시간에 비해 유의하게 짧았다(p<0.05). Retro MTA와 ProRoot MTA의 압축강도는 유의한 차이를 보이지 않았고(p>0.05), 이들은 다른 두 제품들에 비해 유의하게 높은 압축강도를 보였다(p<0.05). Endocem MTA는 모든 측정시간 대에 가장 낮은 값을 보였으며, 7일째에 유의한 강도증가를 보였다(p<0.05). Ortho MTA의 용해도 (2.393±0.685%)는 실험제품 중 가장 높았으나, 실험제품 모두 ISO표준의 용해도 허용기준인 3%보다 낮아 적합하였다. 실험제품 모두 강알칼리성의 pH값(10~13)을 보였으며, 경화시간이 길어짐에 따라 알칼리성은 감소하였다. Endocem MTA는 혼합 후 10분, 3시간, 6시간 측정 값 모두 실험군 중 가장 낮은 pH값을 보였다 (p<0.05). Retro MTA와 Endocem MTA는 경화시간이 짧아 향상된 물성을 보였고, 알칼리성이 높고 용해도가 낮아서 압축강도가 크게 요구되지 않는 임상케이스에서 단일방문 시술에 사용될 수 있을 것으로 사료된다.
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      Ⅰ. INTRODUCTION
      The key to success in endodontic treatment is hermetic sealing of the root canal to provide an apical seal that inhibits the leakage of irritants from the root canal system into the periradicular tissues. Therefore, ideal materials for endodontic sealing should have adequate sealing ability between the root canal system and its surrounding tissues (Hwang et al., 2001; Torabinejad and Parirokh, 2010). It should also be nontoxic and biocompatible with the host tissue, insoluble in tissue fluids, dimensionally stable, and moisture-resistant (Torabinejad et al., 1993). Since Torabinejad introduced mineral aggregate trioxide (MTA) originally for  perforation repair and as a root-end filling material in the 1990s, additional applications in endodontics have been proposed including direct pulp capping, apexification, external root resorption repair, obturation of retained primary teeth, and root canal filling because of its superior sealing ability and biocompatibility (Queiroz et al., 2005; Torabinejad et al., 1995) compared to those of other materials such as amalgam, IRM, super-EBA and gutta-percha (Hwang et al., 2001; O’Connor et al., 1995; Maltezos et al., 2006).

      Several modifications of MTA have been marketed since excellent performance of MTA in endodontic treatment was proved. ProRoot MTA (Dentsply, USA) was originally developed in 1998 and used worldwide with the composition of 75% Portland cement, 5% dehydrate calcium sulfate and 20% bismuth oxide (Storm et al., 2008; Schembri et al., 2010). Despite its superior physical (O’Connor et al., 1995; Maltezos et al., 2006) and biological properties (Gandolfi et al., 2010; Aeinehchi et al., 2003; Lee, 2006), ProRoot MTA presents some undesirable characteristics such as long setting time, difficult manipulation and insertion, potential of discoloration and high cost (Torabinejad et al., 1993; Ber et al., 2007; AlAnezi et al., 2011; Belobrov and Parashos, 2011).

      Recently, 3 types of modifications of MTA-based materials such as Ortho MTA (BioMTA, Korea), Retro MTA (BioMTA, Korea), and Endocem MTA (Maruchi, Korea), with different proportions and/or components to alleviate those undesirable characteristics, have been developed and subsequently marketed in the early 2010s.

      Ortho MTA has similar compositions as ProRoot MTA but less heavy metal contents than ProRoot (Chang et al., 2011; Kim et al., 2012; Kang et al., 2011). The manufacturer claims that Ortho MTA is fine bioceramic powder with a granularity of only 2 microns, which has biocompatible and even bioactive effect to enhance its sealing property and unaffected by moisture or blood contamination (BioMTA, 2013). Retro MTA is ZrO2-contaning calcium aluminate cement that uses hydraulic calcium zirconia complex as its contrast media. According to the manufacturer, Retro MTA does not cause discoloration even in instances of blood contamination. Endocem MTA is an MTA-derived pozzolan cement (Choi et al., 2013; Jang, 2013). According to manufacturer, Endocem sets quickly without the addition of a chemical accelerator because it contains small particle pozzolan cement (Maruchi, 2013).

      However, adding or removing elements in various components of MTA to alleviate main drawbacks could affect other characteristics for clinical success. Many studies have reported that new formula with hydration accelerators to overcome long setting time, one of the major disadvantages of those materials, resulted in diverse influences regarding other physical properties such as compressive strength, solubility and pH (Kogan et al., 2006; Jeong et al., 2010; Lee et al., 2011).

      Introducing new MTA with tailored compositions and/or formulations clearly needs comprehensive investigations to support their suitability for clinical uses in endodontic applications. However, few studies have been investigated on recently marketed MTA compared to originally introduced MTA (ProRoot MTA). The aim of this study was to compare the setting time, compressive strength, solubility and pH of Ortho MTA, Retro MTA and Endocem MTA to those of ProRoot MTA.

    

    

  
    
      Ⅱ. MATERIALS AND METHODS
      
        1. Sample Preparation
        Four commercial products (Table 1) were used: ProRoot MTA (Dentsply, USA), Ortho MTA (BioMTA, Korea), Retro MTA (BioMTA, Korea), and Endocem MTA (Maruchi, Korea).

        
          Table 1. 
				
          

          
            Summary of the constituents in tested materials
          
          

        

        
          
            
              	Materials
              	Manufacturer
              	Lot number
              	Components
            

          
          
            	ProRoot MTA
            	Dentsply/USA
            	12002493
            	portland cement, bismuth oxide, calcium sulfate dihydrate
          

          
            	Ortho MTA
            	BioMTA/Korea
            	OM1305D04
            	calcium carbonate, silicon dioxide, aluminum oxide, dibismuth trioxide
          

          
            	Retro MTA
            	BioMTA/Korea
            	RM1305D01
            	calcium carbonate, silicon dioxide, aluminum oxide, zirconium oxide
          

          
            	Endocem MTA
            	Maruchi/Korea
            	C2304160716
            	natural pure cement, bismuth trioxide
          

        

        

      

      
        2. Setting Time
        The setting times of test materials were determined according to the ISO 9917 method (International Organization for Standardization, 2007) with a Vicat apparatus. The Vicat indenter is 400 ± 5 g in weight with a needle having a flat end of 1.0 ± 0.1 mm in diameter. Each material was mixed and placed in a circular acrylic mold (10 mm of inner diameter and 5 mm of height). The assembly was placed in a cabinet at 37oC and relative humidity of 95%. Ninety seconds after the end of mixing, the indenter needle was carefully lowered vertically on to the surface of the material and allowed to remain there for 5 seconds. To determine the approximate setting time, the indentations were repeated at 30 seconds intervals until the needle fails to make a complete circular indentation in the test material. This process was repeated starting the indentation at 30 seconds before the approximate setting time thus determined, making indentations at 10 seconds intervals. This test was repeated 5 times for each material.

      

      
        3. Compressive Strength
        The compressive strengths of the test materials were determined by the method of the ISO 9917 (International Organization for Standardization, 2007). Each material was mixed and placed in split stainless steel molds (internal dimensions 6.0 ± 0.1 mm high and 4.0 ± 0.1 mm of internal diameter). No later than 120 seconds after the end of mixing, the whole assembly was transferred to the cabinet maintained at 37oC for 6 hours. The specimens were removed from the molds and checked visually for air voids or chipped edges. Any such defective specimens were discarded. The specimens were immersed in distilled water for 24 hours, 3 days, and 7 days and maintained at 37oC. Then their compressive strengths were measured using a universal testing machine (Instron, Model GB/4302, Instron Corp., High Wycombe, UK) at a crosshead speed of 1.0 mm/min. The maximum load required to fracture each specimen was measured and the compressive strength (C) was calculated in megapascals according to the formula.

        
C = 4P / πD2

        Where, P is the maximum load applied in Newton and D is the mean diameter of the specimen in millimeters. This test was repeated 5 times for each material.

      

      
        4. Solubility
        The solubility of the test materials was assessed in accordance with the ISO 6876 standard (International Organization for Standardization, 2001). Each material was mixed and placed in two split-ring molds (internal diameter 20 ± 1 mm, 1.5 ± 0.1 mm high). The filled molds were placed in a cabinet maintained at 37oC and a relative humidity of 95% for a period of time 50% longer than the setting time. The specimens were removed from the molds and the mass of each specimen was determined to the nearest 0.001 g with a precision scale (A200S, Sartorius, Goettingen, Germany; precision = 0.0001 g). Two specimens were placed in the shallow dish and 50 ± 1 mL of distilled water was added. The dish was covered and placed in a cabinet for 24 hours. The specimens were removed and washed with 2-3 mL of fresh water, recovering the washings in a shallow dish. The water was then evaporated from the dish without boiling and dried to constant mass at 110 ± 2oC. After cooled, the dish was weighed. The differences found between this weight and the original dish weight were divided into the initial dry weight of the specimens and multiplied by 100. The result was recorded as solubility. This test was repeated 3 times for each material.

      

      
        5. pH
        The test material was mixed and placed in circular Teflon mold (11 mm of inner diameter, 2 mm of height). The pH was measured with a pH meter (Delta350, Mettler Toledo, Schwerzenbach, Switzerland) using an electrode for solid specimen (InLab Surface, Mettler Toledo, Schwerzenbach, Switzerland) at the end of mixing, after 10 minutes, 3 hours, 6 hours, and 24 hours. The apparatus was previously calibrated with pH 9.21, pH 7.0 and pH 4.01 solutions. Between each measurement the electrode was washed with distilled water and blot dried. This test was repeated 5 times for each material.

      

      
        6. Statistical Analysis
        All data from repeated tests are expressed as the mean ± standard deviation. One way analysis of variance followed by Tukey's Post Hoc test was used to determine any statistical differences in setting time, compressive strength, solubility, and pH between the various mixtures. A p-value of less than 0.05 was considered statistically significant.

      

    

    

  
    
      Ⅲ. RESULTS
      
        1. Setting Time
        The setting times of test materials are summarized in Table 2 and Figure 1. The setting times for Ortho MTA, ProRoot MTA, Retro MTA, and ENDOCEM MTA were 334.4 min, 279.0 min, 18.1 min, and 3.6 min, respectively (p<0.05). Especially the setting time of Endocem MTA and Retro MTA were shorter than the others.

        
          Table 2. 
				
          

          
            Setting time of the tested materials (n = 5)
          
          

        

        
          
            
              	Materials
              	Setting time (min)
            

          
          
            	ProRoot MTA
            	279.0 ± 10.0a
          

          
            	Ortho MTA
            	334.4 ± 10.8b
          

          
            	Retro MTA
            	18.1 ± 2.4c
          

          
            	Endocem MTA
            	3.6 ± 0.3d
          

        

        
          
            *Different superscript letters indicate significant difference between materials (p<0.05).
          

        

        

        
          
          

          Figure 1. 
				
          

          
            Setting time of the tested materials (n = 5).
            *Different superscript letters indicate significant difference between materials (p<0.05).

          
          

          

        

      

      
        2. Compressive Strength
        The compressive strengths (MPa) of the test materials at different times are summarized in Table 3 and Figure 2. Compressive strengths of Retro MTA and ProRoot MTA were significantly higher than the other two at all measuring time points (p<0.05). Endocem MTA showed significantly lower compressive strength (Endocem MTA: 1 day; 8.90±1.15, 3 days; 10.66±0.97, 7 days; 16.25±2.96 MPa) than those of other materials (p<0.05).

        
          Table 3. 
				
          

          
            Compressive strength (MPa) of the tested materials (n = 5)
          
          

        

        
          
            
              	Materials
              	1 day
              	3 days
              	7 days
            

          
          
            	ProRoot MTA
            	56.23±6.20c*,1**
            	56.72±8.06c,1
            	61.98±1.27c,1
          

          
            	Ortho MTA
            	40.31±8.34b,1
            	43.35±10.24b,1
            	45.66±2.71b,1
          

          
            	Retro MTA
            	58.22±6.49c,1
            	59.96±3.83c,1
            	61.10±2.26c,1
          

          
            	Endocem MTA
            	8.90±1.15a,1
            	10.66±0.97a,1
            	16.25±2.96a,2
          

        

        
          
            *Within same column, mean values with the same superscript alphabet are not significantly different (p>0.05)
          

          
            **Within same row, mean values with the same superscript number are not significantly different (p>0.05)
          

        

        

        
          
          

          Figure 2. 
				
          

          
            Compressive strength (MPa) of the tested materials (n = 5).
            *Between tested materials at same time point, mean values with the same superscript alphabet are not significantly different (p>0.05).

            **Within same material, mean values with the same superscript number are not significantly different (p>0.05).

          
          

          

        

      

      
        3. Solubility
        The solubility in water of the test materials are summarized in Table 4 and Figure 3. Solubility of Ortho MTA (2.393±0.685%) was the highest one (p<0.05), and the other materials showed as ProRoot MTA (1.735± 0.328%), Endocem MTA (1.561±0.253%), and Retro MTA (1.447± 0.201%) (p>0.05).

        
          Table 4. 
				
          

          
            Solubility of the tested materials (n = 3)
          
          

        

        
          
            
              	Materials
              	Solubility (%)
            

          
          
            	ProRoot MTA
            	1.735 ± 0.328a,b*
          

          
            	Ortho MTA
            	2.393 ± 0.695b
          

          
            	Retro MTA
            	1.447 ± 0.201a
          

          
            	Endocem MTA
            	1.561 ± 0.253a
          

        

        
          
            *Same superscript letter indicate no significant difference between materials (p>0.05).
          

        

        

        
          
          

          Figure 3. 
				
          

          
            Solubility of the tested materials (n = 3).
            *Same superscript letter indicate no significant difference between materials (p>0.05).

          
          

          

        

      

      
        4. pH
        The pH of the test materials at different time points are summarized in Table 5 and Figure 4. The pH of all the tested materials showed similar values of pH 10~13, and decreased as the specimens age from 10 min to 3 hr (p<0.05). After 3 hours, all the materials, except Retro MTA, showed insignificant decrease of pH (p>0.05). The Retro MTA, ProRoot MTA, and Ortho MTA, which showed longer setting time, had significantly higher pH values compared to Endocem MTA, which showed shortest setting time, at all the test time points (except for Ortho MTA vs. Endocem MTA at 24 hours: p>0.05).

        
          Table 5. 
				
          

          
            pH of the tested materials (n = 5)
          
          

        

        
          
            
              	Materials
              	10 min
              	3 hrs
              	6 hrs
              	24 hrs
            

          
          
            	ProRoot MTA
            	12.43±0.06b*,2**
            	11.75±0.52c,1
            	11.33±0.29b,c,1
            	11.41±0.25b,1
          

          
            	Ortho MTA
            	12.75±0.33c,4
            	12.07±0.41c,3
            	10.93±0.46b,2
            	10.29±0.21a,1
          

          
            	Retro MTA
            	12.69±0.26c,2
            	11.15±0.37b,1
            	11.38±0.24c,1
            	11.36±0.27b,1
          

          
            	Endocem MTA
            	11.37±0.16a,2,
            	10.47±0.31a,1
            	10.21±0.10a,1
            	10.14±0.40a,1
          

        

        
          
            *Within same column, mean values with the same superscript alphabet are not significantly different (p>0.05)
          

          
            **Within same row, mean values with the same superscript number are not significantly different (p>0.05)
          

        

        

        
          
          

          Figure 4. 
				
          

          
            pH of the tested materials (n = 5).
            * Between tested materials at same time point, mean values with the same superscript alphabet are not significantly different (p > 0.05).

            **Within same material, mean values with the same superscript number are not significantly different (p>0.05).

          
          

          

        

      

    

    

  
    
      Ⅳ. DISCUSSION
      
        1. Setting Time
        All the materials evaluated in this study are MTA-based materials supplied as a very fine inorganic hydrophilic powder, which are mixed with water, and set primarily by hydration reaction. Hydration of MTA powder results in a colloidal gel that solidifies into a hard structure. Overall setting behaviors of MTA have been demonstrated in previous studies. The setting of MTA occurs in three stages. In the first 24 hours, the tricalcium aluminate hydrates to form hydrated colloidal gel of tricalcium aluminate. The second phase occurs between the 1st and 7th days. The tricalcium silicates and tricalcium aluminate react with water to form calcium hydroxide, aluminum hydroxide, and amorphous calcium silicate. The third phase of cement setting is a slow reaction and occurs between the 7th and 28th days. During that period the calcium silicates progressively hydrate to form hydrated silicate gel, and calcium hydroxide becomes studded in this gel, imparting strength to the set cement.

        When MTA is mixed with water in this study, the cement undergoes a continuous transformation from fluid to a solid state. In this study, the solidification state was measured using a penetration test, such as the Vicat apparatus. The setting time of ProRoot MTA and Ortho MTA were 279.0 min and 334.4 min, respectively (Table 2, Figure 1). There is a discrepancy in setting time for ProRoot MTA and Ortho MTA between our results and other recent investigations that demonstrated to be 175-202 min (Ber et al., 2007; AlAnezi et al., 2011; Chng et al., 2005) and 307 min (Kang et al., 2011), respectively. To determine the approximate setting time, the indentations were repeatedly penetrated at 30 seconds intervals until the needle fails to make a complete circular indentation in the test material. The difference in the weight of the indentation used in these tests and the sensitivity of the different testing apparatus may contribute to these discrepancies.

        In this study, the setting time of Endocem MTA and Retro MTA were 3.6 min and 18.1 min, respectively, which were significantly shorter than that of ProRoot MTA and Ortho MTA (p<0.05). The results of these two materials supported the manufacturers’ claims as a fast setting product. The long setting time of MTA is one of the reasons that MTA could not be applied in single-visit. when a slow setting MTA is placed against tissue, it might be washed out by body flow (Ko, 2010; Lee et al., 2010). Based on our results, Retro MTA and Endocem MTA could be recommended for single-visit procedures where other properties are not a major concern.

        The development of fast-setting MTA has been attempted by many researchers (Kogan et al., 2006; Jeong et al., 2010; Lee et al., 2011). However, most of these approaches were based on the addition of chemical setting accelerators, some of which showed adverse physical and biological effects. Recently, Endocem MTA, a fast-setting MTA-derived cement, was developed by using small particles of pozzolan cement without any chemical accelerators (Jang, 2013). A pozzolan is a siliceous or siliceous and aluminous material that possesses little or no cementitious value in itself, but it will react chemically with calcium hydroxide in finely divided form and in the presence of water at ordinary temperature to form compounds possessing cementitious properties (Jang, 2013).

      

      
        2. Compressive Strength
        Compressive strengths of Retro MTA and ProRoot MTA were higher than those of the other two materials at all measuring time points (p<0.05). Endocem MTA showed significantly lower compressive strength than those of other materials (p<0.05)(Table 3, Figure 2). The compressive strength is another important property that needs to be considered in addition to setting time. Retro MTA and Endocem MTA, which are fast setting, showed distinct results in compressive strength. While Retro MTA showed the highest values similar to ProRoot MTA, Endocem MTA showed the lowest values at all the test periods (p>0.05). On the basis of manufacturer data sheet, Ortho MTA and Retro MTA have finer particles in comparison to ProRoot MTA. Small particle sizes might increase surface contact with mixing liquid and lead to greater early strength as well as ease of handling characteristics. However, many studies have reported that new formula to overcome long setting time resulted in diverse results in compressive strength. Kogan (Kogan et al., 2006) reported that addition of NaOCl gel, K-Y Jelly, and 5% CaCl2 to MTA as hydration accelerators improved setting time. However, they also reduced the compressive strengths.

        Considering the clinical applications, the difference in compressive strength of the MTA may favor its different usefulness. When MTA is used for perforation repairs and where additional forces will be applied to the set material, as with amalgam core build-ups, high compressive strength of the MTA is desired. The clinician would either use a mixture with a higher compressive strength or protect the MTA with a barrier that possesses higher compressive strength. On the other hand, when the MTA is used as a root-end filling material, the clinician may favor a material that has a rapid setting time to decrease the possible washout. Reduced compressive strength will not be a major drawback since minimal forces are applied to the retro-filling materials.

      

      
        3. Solubility
        Ortho MTA showed the highest solubility value of 2.393±0.685%, and the other three materials showed similar values as ProRoot MTA (1.735± 0.328%), Endocem MTA (1.561±0.253%), and Retro MTA (1.447± 0.201%) (p>0.05)(Table 4, Figure 3).

        After endodontic surgery, the retrograde-filled MTA that is not set may encounter blood or tissue fluid. Kim et al (Kim et al., 2012) reported that washout of MTA could be mediated by continuous flow of exudates or tissue fluid. Although MTA has excellent sealing ability, its washout can prevent the complete sealing of the retrograde preparation site and thus eventually cause failure (Kim et al., 2012; Choi et al., 2013).

        The powder-to-water ratio might influence the amount of solubility. In fact, higher water-to-powder ratios increased MTA porosity and solubility. The addition of bismuth oxide to MTA, which is insoluble in water, is another cause for MTA insolubility. These findings are in contrast with another study that shows Retro MTA is less soluble than the other types of MTA.

        In an investigation on the solubility of MTA in comparison to polycarboxylate cements, all the tested materials showed less than 3% weight loss during 24hours after mixing, which is lesser that acceptable weight loss specified by the ISO (International Organization for Standardization, 2001) and American Dental Association. Slow setting time may be one of the reasons for the greater solubility of Ortho MTA, and it is likely that the rapid setting of Retro MTA and Endocem MTA might enhance their washout resistance.

      

      
        4. pH
        The pH changes were measured at 10 min, 3 h, 6 h and 24 h after end of mixing. The results showed a strong alkaline pH of 11-13 at 10 min, with a tendency of reduction in alkalinity after longer periods, and finally reached to 10-12 at 24 h, where Endocem MTA showed the lowest pH value among the tested materials at all measuring time points (Table 5, Figure 4).

        When comparing pH values at different periods of time, statistical differences between 10 min and 3 hours were noted for all materials. After 3 hours, however, except Ortho MTA, there was no significant decrease of pH (p>0.05).

        With regard to the pH values, a maximum value of 12.43 for ProRoot MTA at the initial setting periods was observed, similar to the previous studies of Torabinejard et al. (Torabinejad and Parirokh, 2010) and Lee et al. (Lee et al., 2011) which showed values higher than 12.0. These results show that mixing MTA with water results in the formation of calcium hydroxide and a high pH environment.

        It is known that calcium oxide in the material composition would probably react with the tissue fluids and produce calcium hydroxide, which in turn would dissociate into hydroxide and calcium ions. The hydroxide ions would be responsible for the high pH environment, and consequently for the activation of alkaline phosphatase (de Vasconcelos et al., 2009). With strong alkalinity of these materials, clinically applied MTA would probably alleviate necrosis of resorptive cells on the root surface and may also be bactericidal.

        The Retro MTA, ProRoot MTA, and Ortho MTA which showed longer setting time had significantly higher pH values compared to Endocem MTA which showed shortest setting time, at all the test time points (except for Ortho MTA vs. Endocem MTA at 24 hours: p>0.05). All the tested cements showed alkaline pH with a tendency of reduction in alkalinity at longer periods.

      

    

    

  
    
      Ⅴ. CONCLUSION
      Retro MTA has similar properties in compressive strength and solubility compared to ProRoot MTA. The setting time of Retro MTA and Endocem MTA was shorter than ProRoot MTA. Because Retro MTA and Endocem MTA presented improved setting time and low solubility, this combination may be an alternative choice in single visit procedures where compressive strength of the material is not a critical issue. Further chemical properties and biocompatibility in vitro and in vivo should be evaluated to determine the suitability of modified MTA products for clinical use. Methods to improve the setting property and compressive strength are also required to be explored for the expanded clinical application of MTA products.
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