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Abstract 
 

Objective: The aim of this study was to assess the knowledge of the mineral trioxide aggregate (MTA) properties among internship stu-

dents in Riyadh city, Saudi Arabia. 

Methods: A standardized questionnaire comprised 14 multiple-choice questions about MTAproperties distributed to internship students 

in Riyadh city,Saudi Arabia. These questions contained types of MTA material, mechanical, chemical, physical properties of MTA, mar-

ginal adaptation and sealing ability, antibacterial properties, reaction with other dental materials, biocompatibility, and clinical    perfor-

mance. Data was coded computerized and analyzed using methods of descriptive statistics. 

Results: The respondents of this questionnaire were 195 subjects. 51.5% of subjects confirmed that MTA sets in the presence of water. 

69.4% of respondents confirmed that MTA is available as white and grey. Majority of subjects asserted the sealing ability (89.5%) and 

antibacterial effects (71.6%) of MTA material. The vast majority don’t know the mixing time (50.6%), and pH of MTA (52%). 

Conclusion:  It has been observed an average knowledge about mineral trioxide aggregate (MTA) , an  increased  knowledge about 

sealing ability and anti-bacterial effects , and poor  knowledge about manipulation of MTA material amongst internship students . 
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1. Introduction 

Mineral trioxide aggregate (MTA) is a unique material with    

several interesting clinical applications. MTA has potential and 

one of the most multipurpose materials in last decades in the field 

of dentistry particularity in endodontic.  

Mineral Trioxide Aggregate (MTA) was developed by          

Mohmoud Torabinejad at Loma Linda University, California, 

USA in 1993 and was awarded approval for endodontic use by the 

U.S. Food and Drug Administration in 1998(Lee SJ et al. 1994, 

Schwartz RS et al. 1999, Macwan C and Deshpande A 2014) . 

MTA is a powder made up of fine hydrophilic particles (Schwartz 

RS et al 1999, Schmitt D et al. 2001). Existing in tow types, Gray 

MTA (GMTA) and White MTA (WMTA), the two types are   

consisted of 75% Portland cement, 20% bismuth oxide, and 5% 

gypsum (Ca) (Oliveira MG et al. 2007, Song JS et al. 2006). MTA 

is a mixture of a refined Portland cement and bismuth oxide (20%) 

with small amounts of other mineral oxides (Rao A et al. 2009). 

Bismuth oxide is added to provide MTA materials with           

radiopacity. It has been shown that bismuth oxide affects calcium 

hydroxide sedimentation after MTA hydration; and bismuth oxide 

can be released in acidic conditions (inflammation) decreasing 

MTA’s biocompatibility as it depresses cell multiplication     

(Camilleri J et al. 2009, Camilleri J 2007). According to earlier 

reports, gray MTA (GMTA) basically consists of tricalcium    

silicate, dicalcium silicate, tricalcium oxide, tricalcium aluminate, 

tetracalcium aluminoferrite, calcium sulphate, silicate oxide, and 

bismuth oxide(Song JS et al. 2006, Roberts HW et al. 2008), with 

a dominance of calcium and phosphorus ions(Torabinejad M et el. 

1995). Later studies using electron probe microanalysis exhibited 

low-levels of phosphorus in MTA products (Sarkar NK et al. 

1999, Asgary S et al. 2005). It has been shown that white MTA 

(WMTA) has lesser content of tetracalcium aluminoferrite     

component, iron, aluminium, and magnesium oxides (Sarkar NK 

et al. 1999, Song JS et al. 2006). MTA material has several     

advantages that widened its use in different fields of dentistry, and 

endodontics. Several in-vitro and in-vivo studies have shown 

hopeful results when MTA used as an endodontic material 

(Schmitt D et al. 2004, Torabinejad M and Chivian N 1999). It 

was primarily recommended as repair material for root             

perforations (Lee SJ et al. 1994). It was then widely used as a 

root-end filling material (Torabinejad M et al. 1993, Aqrabawi J 

2000) and in direct pulp capping and pulpotomy of immature teeth 

with vital pulps (apexogenesis) (Torabinejad M and Chivian N 

1999). In addition, because of its sealing ability, it was also     

suggested as an apical barrier in the treatment of teeth with opened 

apices and necrotic pulps (apexification) (Shabahang S and Tora-

binejad M 2000, Witherspoon DE and Ham K 2001) or coronal 

barrier for regenerative endodontics(Garcia-Godoy F and Murray 

PE 2012). It has been also suggested to use MTA as root canal 

sealer or as root canal filling material for the entire root canal 

system due to its good sealing ability and its property of setting 

with presence of moisture (Torabinejad M and Chivian N 1999, 

Vitti RP et al. 2013).  

Knowledge of dental materials and their properties is essential for 

dental students and dentists to understand the rationale behind 

their use. Hence, the purpose of present survey study was to    
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evaluate the knowledge about the mineral trioxide aggregate 

(MTA) properties among internship students in Riyadh, Saudi 

Arabia.  

2. Materials and methods 

This study took place in the department of restorative dental sci-

ences, AlFarabi College for dentistry and nursing, Riyadh , Saudi 

Arabia between April and July 2017. This work was      approved 

by the Research Ethics Committee in the university.  

A standardized questionnaire distributed to internship students in 

three dental school in Riyadh city, Saudi Arabia. The question-

naire conducted for this study was a survey about the properties of 

mineral trioxide aggregate (MTA) material, the inclusion criterion 

in the study was every internship student in dental schools in Ri-

yadh city whether was male or female. The questionnaire   com-

prised 14 multiple-choice questions, and the participants were 

requested to answer these questions which contain gender of the 

student, types of MTA material, mechanical, chemical and physi-

cal properties of MTA, marginal adaptation and sealing ability, 

antibacterial properties, reaction with other dental materials,   

biocompatibility, and clinical performance. Data was coded   

computerized and analyzed using methods of descriptive statistics. 

3. Results 

The respondents of this questionnaire were 195 subjects from 

three dental schools in Riyadh city; 61% male and 39% female. 

51.5% of subjects confirmed that MTA sets in the presence of 

water. 69.4% of respondents confirmed that MTA is available as 

white and grey. 52.6% of respondents don't know if grey MTA is 

more biocompatible than the white and 49.5% of respondents 

don’t know the powder water ratio for MTA. Majority of subjects 

asserted the sealing ability (89.5%) and antibacterial effects 

(71.6%) of MTA material. While the vast majority don’t know if 

MTA is not mutagenic and less cytotoxic than Super EBA and 

IRM (58%), mixing time of MTA (50.6%), and pH of MTA    

immediately after mixing and after setting. In terms of clinical 

performance 43% of respondents claimed that about 4mm     

thickness of MTA ensure a good sealing, 46.3% of respondents 

confirmed that MTA didn't interfere or react with any material 

used to restore the tooth, whereas 54.7% of respondents didn’t 

know if the set MTA release's calcium hydroxide when exposed to 

water. (All results from this questionnaire are shown in table 1).  

 
Table 1: Show's Internship Student' Knowledge about MTA: 

                                              1. Gender 

                    39% Female                                Male : 61% 

 
2. MTA sets in the presence of water : 

I don’t Know : 17% 

 

No : 31.5% Yes: 51.5% 

3. MTA is available as white and grey : 

I don’t Know : 24.3% 

  

No :6.3% Yes: 69.4% 

4. Grey MTA is more biocompatible than the white : 

I don’t Know : 52.6% 

  

No :29.5% Yes:17.9% 

5. The powder water ratio for MTA should be 3:1 

I don’t Know : 49.5%  

 

No :21% Yes:29.5% 

6. The set MTA ' when exposed to water ' releases calcium hydroxide 

I don’t Know : 54.7% 

  

No : 18.9% Yes: 36.4% 

7. MTA has excellent sealing ability 

I don’t Know : 10.5% 

 

No : 0% Yes: 89.5% 

 

 

 
8. MTA has antibacterial effect especially against Enterococcus faecalis 

and Streptococcus  sanguis 

I don’t Know : 17.9% 

 

 

No : 10.5% Yes: 71.6% 

9.MTA is not mutagenic and less cytotoxic than Super EBA and IRM 

I don’t Know : 58% 
 

No :10.5 Yes: 31.5% 

10. Claimed that about 4mm thickness of MTA ensure a good sealing 

I don’t Know : 36% 
 

No : 21% Yes: 43% 

11. MTA mixing time should be less than 4 minutes 

I don’t Know :50.6% 
 

No : 17.5% Yes: 31.5% 

12. The setting time of grey MTA is 4 hours 

I don’t Know : 24.2% 
 

No : 25.2% Yes: 32.6% 

13. MTA didn't react or interfere with any other restorative material 

I don’t Know : 27.4% 
 

No : 26.3% Yes: 46.3% 

14. MTA has a pH of 10.2 immediately after mixing and increase to 12.5 

after 3 hours 
I don’t Know : 52% No : 11.6% Yes: 36.4% 

4. Discussion 

The development of (MTA) material by Torabinejad in 1993 was 

really an important event in dentistry and in endodontics, as this 

material clearly increased the success rate of several cases that 

used to have high failure rates. In dental literature, there is lacked 

of similar previous studies about general information that        

addressed the general knowledge on MTA. 

MTA is available in two types based on the color known as gray 

and white MTA. Scanning electron microscopy (SEM) and elec-

tron probe microanalysis differentiated the differences between 

gray MTA and white MTA and revealed that the main differences 

are in the concentrations of Al2O3,MgO and FeO(Sarkar NK et al. 

2005).Most of the subjects (69.4%) in this questionnaire con-

firmed that MTA is available as white and grey. Several investiga-

tors concluded that MTA is well tolerated by the tissues and bio-

compatible (Kettering JD and Torabinejad M 1995, Arens DE and 

Torabinejad M 1996, Sumer M et al. 2006). Kettering and Tora-

binejadin 1995 compared MTA with Super EBA and IRM and 

found that MTA is not mutagenic and less cytotoxic. There are 

conflicting with results in literature reports comparing the two 

types of MTA concerning biocompatibility and ability to induce 

hard tissue formation; some reports confirmed that the two MTA 

colors have similar cytotoxicity levels (Souza NJ et al. 2006,  

Koulaouzidou EA et al. 2008). Others showed that WMTA had 

higher in vitro toxicity than GMTA (Perez AL et al. 2003, Al-Haj 

Ali SN et al. 2014). The results from this questionnaire revealed 

that more than half (52.6%) of respondents don't know if grey 

MTA is more biocompatible than the white.  

It has been advocated that the powder water ratio for MTA should 

be 3:1(P:W) (Torabinejad M and Chivian N 1999, Schmitt D et al. 

2001). Mixing can be done on a glass slab or on paper pad using a 

metal or plastic spatula to achieve putty like paste consistency. 

This mix should be covered with moistened cotton pellet to     

prevent dehydration of a mix. In this study 49.5% of respondents 

don’t know the powder water ratio for MTA .  

In terms of marginal adaptation and sealing ability 89.5% of   

subject in this survey confirmed the sealing ability of MTA and 

43% of respondents claimed that about 4mm thickness of MTA 

ensure a good sealing. It has been found that MTA is preferable to 

the other conventional root-end filling materials (Bates CF et al. 

1996). And it was explained that MTA had been excellent sealing 

ability, which may occur because MTA expands during setting 

reaction (Shipper G et al. 2004, Torabinejad M et al. 2005). It was 

also found that about 4-mm thickness of MTA is sufficient to 

ensure a good sealing (Valois et al. 2004).  

According to (Torabinejad et al. 1995) MTA showed no antimi-

crobial action against any of the anaerobes, but it did show a   

certain effect on facultative bacteria. It has claimed that MTA has 

the antibacterial effect especially against Enterococcus faecalis 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Haj%20Ali%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=25028190
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and Streptococcus sanguis(Al-Hazaimi et al. 2006). In present 

questionnaire 73.6% of respondents stated that MTA has an anti-

bacterial effect, especially against E- faecalis and Streptococcus 

sanguis. Torabinejad et al. assured that the pH of set MTA is  

almost similar to calcium hydroxide. It has been found that imme-

diately after mixing MTA has a pH of 10.2, after 3 hours of setting 

the pH increased to 12.5(Torabinejad M et al. 1995). Only 36.4% 

of a respondent in this study affirmed the increase of pH value of 

MTA after setting.  

In terms of manipulation of (MTA) it has been suggested that 

mixing time of MTA material should be less than four minutes 

(Sluyk SR et al. 1998). Torabinejad et al. found setting time about 

2 hours and 45 minutes (±5 minutes) of grey MTA, while research 

done by Islam et al. revealed that initial setting time about 2 hours 

and 55 minutes and 2 hours and 20 minutes for grey MTA and 

white MTA, respectively(Islam I et al. 2006). In present survey 

half of a respondent don’t know the mixing time of MTA, 24.2% 

of a respondent don’t know the setting time of MTA, and 51.5% 

of subjects confirmed that MTA sets in the presence of water. 

MTA is a powder composed of thin hydrophilic particles and  

requires moisture to set. During setting of MTA. Presence of 

moisture enhances the flexural strength of the set cement (Tora-

binejad M and Chivian N 1999). It has been found that MTA does 

not interfere or react with any other restorative material. When 

composite resins or GIC placed over MTA, it doesn’t affect the 

setting reaction (Nandini S et al. 2007). On the other hand, it was 

claimed that residual calcium hydroxide may affect negatively in 

the adaptation of MTA to the dentinal wall. This results in reduced 

sealing ability, which occurs either by a mechanical obstacle of 

CaOH2 particle or by chemically reaction with MTA (Srinivasan 

V et al. 2009). The results from this survey revealed that only 

26.3% of subjects stated that MTA didn't interfere with restorative 

materials.  

5. Conclusion 

• An average knowledge about mineral trioxide aggregate 

(MTA) properties among internship students in Riyadh city 

has been observed. 

• There has been increased knowledge about sealing ability 

and anti-bacterial effects of MTA material amongst intern-

ship students.  

• There has been poor knowledge about manipulation of 

MTA material among internship students as the powder  

water ratio for MTA, mixing time, and setting time. 
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