
1857 

 

ERURJ 2024, 3, 4, 1857-1878 

Review article 

 

Mineral Trioxide Aggregate in Dentistry: A Review of Literature 

 

Rana Ali Somaie1*, Ahmed El-Banna2, Dalia I. El-Korashy2 

 

1 Dental Biomaterials department, Faculty of Dentistry, Egyptian Russian University, Badr City. 

Cairo, Egypt. 

2 Biomaterials department, Faculty of Dentistry, Ain Shams University. Cairo, Egypt. 

*Corresponding author(s): E-mail: Rana-aliali@eru.edu.eg, Tel: 01069907738 

Received 26th February 2024, Revised 16th May 2024, Accepted 30th May 2024 

DOI:10.21608/erurj.2024.272939.1125 

 

ABSTRACT 

The introduction of mineral trioxide aggregate (MTA) in dentistry revolutionized the 

conservative and endodontic field. MTA sets by hydration process to produce insoluble calcium 

silicate hydrate gel barrier and alkaline calcium hydroxide. The high flux of calcium hydroxide is 

responsible for the rapid rise of pH and high calcium ion release into the surrounding 

environment, which in turn contributes to the bioactivity and antibacterial properties of this 

cement. MTA is considered the gold standard for various clinical applications including pulp 

capping, pulpotomy, apexification, root-end filling, and perforation repair owing to their superior 

biocompatibility as well as its sealing properties and antibacterial properties. However, it 

presented several limitations including prolonged setting time in addition to poor handling and 

washout characteristics, which presented several challenges during use in the clinical settings. 

This article reviews the history and evolution, composition, setting reaction, properties, and 

limitations of MTA as well as its applications in the clinical field. 

 

Keywords: Mineral trioxide aggregate, Portland cement, endodontics, vital pulp therapy, pulp 

capping. 
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1. Introduction  

1.1  History and evolution of mineral trioxide aggregate 
 

Tricalcium silicate cements were first used during the prehistoric roman times for civil 

engineering by mixing raw earth products to form a quick set concrete for civil engineering [1]. 

In the early 19th century, Portland cement, based on tricalcium silicates, was patented by an 

English bricklayer called Joseph Aspdin. It was formed by calcination of a mixture of limestones 

excavated from Portland, England with silicon and clay-based materials [2]. Nowadays, Portland 

cement is obtained by heating lime, silica, alumina, and ferric oxide until fusion [1].  

In 1993, Mineral trioxide aggregate (MTA) was patented by Torabinejad and Dean White 

as a tricalcium silicate-based formulation with great similarity in composition to ordinary 

Portland cement and was then approved by the U.S Food and Drug Administration (FDA) [3]. 

The main compositional difference between ordinary Portland cement and MTA is the addition 

of bismuth oxide as a radiopacifier to the latter [4, 5]. By 1999, the first commercial grey MTA 

(ProRoot MTA, Dentsply, Tulsa, USA) was launched into the U.S market [6]. However, grey 

MTA was usually associated with tooth discoloration potential due to the presence of iron 

oxides. To address this drawback, a white version of MTA was launched in 2002 with less iron 

oxides and finer particle size distribution [2, 6, 7]. By 2005, MTA Angelus (Angelus, Londrina, 

Brazil) was launched for clinical use following ProRoot MTA in both grey and white versions. 

The main difference was the reduced concentration of gypsum which is mainly added to control 

the reaction rate. This in turn contributed to a much shorter setting time of MTA Angelus [8, 9].  

Despite continuous modifications of MTA, it presented several limitations including 

prolonged setting time in addition to discoloration potential, poor handling, and washout 

characteristics. This encouraged world-wide researchers to navigate possible improvements and 

alternatives [9]. MTA plus was introduced by Avalon Biomed (Bradenton, FL, USA) with higher 

specific surface area compared to other MTA formulations. This allowed for greater surface area 

for the cement reaction with a faster hydration rate [8, 9]. Another fast set MTA-based cement 

introduced later into the market was RetroMTA (BioMTA, Seoul, Korea), with a final setting 

time of around 12 minutes [7]. Nano-hybrid MTA is an experimental Portland-based dental 

cement developed in the laboratory of the Parseh Dental Promotion Center (Tehran, Iran) with a 

setting time of around 15 min. This cement contains several nano oxide particles including 
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silicon, aluminum, and titanium dioxide in addition to micro silica to enhance its 

physicochemical properties [10]. 

In 2011, Biodentine was introduced by Septodont (Saint Maur des Fosses, France) as a 

rapid-set tricalcium silicate cement to address the long setting time of MTA. It was prompted as 

a dentin replacement and pulp capping material [11]. Biodentine was introduced with claims of 

reduced setting time owing to reduced liquid content with added calcium chloride as accelerator. 

Moreover, the added calcium carbonate by the manufacturer act as a nucleation site for calcium 

silicate hydrate, thus densifying its microstructure and reducing the induction period [12].  

Other modifications aiming to reduce setting time included replacement of the water-

based liquid with resin, which gave rise to resin modified calcium silicate cements with shorter 

setting and enhanced bonding to both tooth structure and the overlying restoration [13]. TheraCal 

(Bisco Inc., Schaumburg, IL, USA) is a resin-modified calcium silicate pulp capping material in 

which the setting reaction of the resin component is light-activated. This facilitates immediate 

placement of the final restoration where no delay is required to ensure complete setting as with 

water-based materials such as MTA and Biodentine [14].  

Despite the development of a white version of MTA, several studies [15-17] showed that 

even white MTA was associated with tooth discoloration and attributed this to the presence of 

bismuth oxide. When bismuth oxide comes in contact with the tooth structure, it causes a change 

in the color of the cement due to its conversion to bismite, which consequently causes 

discoloration of the adjacent tooth structure [7]. Thus, new MTA formulations with eliminated 

bismuth oxide have also been developed, such as NeoMTA Plus (Avalon Biomed Inc, 

Bradenton, USA) and MTA Repair HP (Angelus, Londrina, Brazil) [7]. NeoMTA plus has a 

similar composition to MTA plus except for replacing the conventional bismuth oxide 

radiopacifier with tantalum oxide, which in turn reduced the discoloration potential caused by the 

presence of bismuth oxide, while still maintaining sufficient radiopacity [18]. By 2016, MTA 

Repair HP was introduced with added calcium tungstate as a radiopacifier. Additionally, its 

liquid contains an organic plasticizer, which facilitates manipulation of the cement and 

contributes to its plasticity [19].  

MTA is traditionally supplied as fine powder to be mixed manually with distilled water 

until it reaches a sandy-like consistency [3, 20]. Alternative mixing techniques were later 

launched to facilitate manipulation, which included capsules mechanically mixed in an 
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amalgamator as with Biodentine. This includes MM MTA (Micromega, Besançon, France) and 

MTA-Caps (Acteon, Merignac, France) [21]. 
 

1.2  Composition of MTA 
 

 

Portland cements are cements that consists of more than 65% dicalcium and tricalcium 

silicates according to the European standard EN 197-1:2000 [22]. The addition of a radiopacifier 

to Portland cement creates a class of materials referred to as mineral trioxide aggregate [23].  

MTA consists mainly of tricalcium silicate, dicalcium silicate, tricalcium aluminate, 

tricalcium oxide, silicate oxide in addition to bismuth oxide as a radiopacifier. The white and 

grey versions of MTA differ mainly in the content of iron, magnesium, and aluminum oxides. 

[24, 25]. MTA is manufactured by firing crushed limestone, clay, and bauxite in a rotatory kiln. 

The final product is ground into fine powder for clinical use with dicalcium and tricalcium 

silicates as the main reaction products after addition of calcium sulfate in the form of gypsum to 

control the setting reaction rate [3]. 

Concerns about the presence of trace elements in MTA have led to the exploration of 

other possible formulations based on laboratory raw pure materials with elimination of tricalcium 

aluminate. These formulations include Biodentine, BioRoot (Septodont, Saint Maur des Fosses, 

France), EndoSequence (Brasseler, Savannah, GA, USA) and TotalFill (FKG Dentaire, La 

Chaux-de-Fonds, Switzerland) [2, 8]. 

1.3  Setting reaction of MTA 
 

MTA sets by hydration reaction that starts once mixed with water or water-based liquids. 

It is a dissolution-precipitation exothermic reaction [26]. During setting, the hydration reaction 

takes place between dicalcium and tricalcium silicates to precipitate calcium hydroxide and 

nucleate calcium silicate hydrate (CSH) [9]. This creates a CSH-based colloidal gel matrix that 

solidifies to form a highly alkaline tight solid barrier within the first six hours, that is stable 

under aqueous conditions [3, 25]. Meanwhile, calcium hydroxide particles are distributed within 

the water filled spaces present within the matrix [1]. 

Eventually, the CSH matrix contains excess calcium hydroxide formed by hydroxyl ions 

from the water content and calcium ions from the cement particles. This provides a high flux of 

calcium hydroxide which is responsible for the rapid rise of pH and high calcium ion release into 
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the surrounding environment (Figure 1). The setting reaction requires several days to achieve 

complete setting where moisture of the biological fluids is considered an essential factor to 

activate bioactivity of MTA [1].  

Figure (1): Setting mechanism of MTA 
 

The setting reaction of MTA is highly dependent on particles’ size where smaller 

particles result in much faster hydration. The presence of bismuth oxide as a radiopacifier also 

has a pronounced effect on setting time of MTA. Bismuth oxide particles do not contribute to the 

hydration reaction, which in turn increases its setting time. Also, the higher the powder to liquid 

ratio, the shorter will be the setting reaction. Setting time of MTA is also affected by water 

temperature and by air bubbles incorporated within the cement during mixing [27]. 

MTA offers sufficient working time of 4-5 minutes, whereas the setting time is extremely 

long that may reach up to 4 hours, which jeopardizes the integrity of the formed seal and 

increases the risk of material’s washout and reinfection [28]. Quintana et al. [18] evaluated the 

setting time of NeoMTA plus, Biodentine, and MTA Angelus. Biodentine presented the shortest 

setting time of about 30 min, followed by MTA Angelus and NeoMTA plus with setting time of 

41 and 67 min, respectively. Gandolfi et al. [29] evaluated setting time of Biodentine and 

ProRoot MTA. The setting time of Biodentine was 12 min while that of ProRoot MTA was 170 

min. 

In literature, there have been several reports on adding various chemicals to address the 

main drawback of MTA and reduce its setting time. The most commonly used accelerators are 

calcium chloride (CaCl2), calcium formate [Ca(HCO2)2 ], and disodium hydrogen phosphate 
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(Na2HPO4) [28]. In a study conducted by Zavare et al. [30], the authors evaluated the effect of 

incorporation of different alkaline salts including calcium chloride, calcium oxide, sodium 

fluoride, and calcium nitrate added separately to MTA Angelus on setting time. The addition of 

either calcium chloride or calcium oxide reduced the setting time of MTA significantly while the 

addition of sodium fluoride and calcium nitrate adversely affected the setting time. In addition to 

reducing the setting time, calcium chloride may also improve sealing ability and increase its pH 

and calcium ion release [31]. Furthermore, it has been reported that adding tannic acid to MTA 

cement reduced the setting time and grain size of the resulting cement while increasing its 

hydrophilicity [32]. 

The composition of MTA often makes it difficult to handle owing to its granular 

consistency, making it especially difficult for use in some clinical applications. Once the water 

content decreases, the material becomes non cohesive with poor handling properties [33]. Ber et 

al. [33] used a combination of methylcellulose and calcium chloride in different concentrations 

to improve the poor handling characteristics and long setting time of MTA. The results showed 

that this combination improved the handling characteristics and reduced the setting time in a 

concentration of up to 1 wt.% methyl cellulose. 

 

2. Properties of MTA 

2.1  Mechanical properties 

One of the main requirements of endodontic materials with coronal applications is high 

compressive strength to resist dislodgement and fracture under masticatory forces [34]. 

Compressive strength of MTA is affected by multiple factors including particles’ size, powder to 

liquid ratio, and porosity. Small sized particles have greater surface area and in turn greater 

reactivity. This allows the formation of a more homogenous microstructure which is directly 

related to the strength of the cement [35]. The powder to liquid ratio used also has a pronounced 

effect on the mechanical properties, where the higher the ratio, the higher the strength. There is 

an inverse relation between porosity and mechanical properties of these cements, as the presence 

of pores causes the material to be weaker. The mixing time, technique, and the compaction 

pressure are also among the iatrogenic factors that may adversely affect the cement’s consistency 

and strength [35]. 
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Compressive strength has become a crucial factor especially when used for pulp capping 

where it should resist occlusal load and the placement pressure of the final restoration as well  

[35, 36]. The compressive strength of MTA after 24 h is around 40 MPa and it may reach up to 

67 MPa after 3 weeks. According to ISO standard (9917-1:2007) for water-based cements in 

dentistry [37], minimum compressive strength required for pulp capping agents is 50 MPa. 

However, ideally, these cements should have compressive strength similar to that of natural 

dentin or the permanent restoration placed over them [38]. It was also reported in literature that 

grey MTA exhibits higher compressive strength values when compared to the white version, 

which may be attributed to the less iron oxide content used in white MTA [25, 39].  

In a study conducted by Ravindran et al. [40], the authors evaluated the compressive 

strength of Biodentine and MTA Angelus at 1 and 7 days. Biodentine showed compressive 

strength values of 230 MPa at 1 day that increased to 350 MPa at 7 days. Results also showed 

that compressive strength of MTA Angelus was 41 MPa at 1 day that increased to 93 MPa at 7 

days which agreed with those reported by Torabinejad et al. [34]. 

2.2  Biological properties 

The biocompatibility of any dental material is of vital importance especially when used in 

close proximity to pulpal and periradicular tissues. MTA has several distinctive properties that 

make it attractive as a pulp therapy agent, such as its biocompatibility, bioactivity, sealing 

potential, in addition to its antibacterial properties [6, 41, 42]. Several studies [43-45] evaluated 

the biocompatibility of different types of MTA. Results showed that MTA is non-mutagenic, 

non-toxic, and biocompatible.  

The bioactivity of any dental cement depends on its ability to hydrolyze and produce 

calcium hydroxide, which in turn is responsible for formation of an apatite layer [46]. Upon 

contact with water, the hydration product, calcium hydroxide, dissociates into calcium and 

hydroxyl ions [47]. Calcium ions can promote differentiation of osteoblasts and pulp cells, which 

in turn allow for hard tissue mineralization. The release of calcium ions can modulate bone 

sialoproteins and morphogenetic proteins (BMP), as well as enhance the activity of 

pyrophosphatase, which helps to promote mineralization and dentin bridge formation [29]. The 

alkaline pH, resulting from the release of hydroxyl ions, can also stimulate alkaline phosphatase 

and BMP-2 release, which also plays a role in the mineralization process [29, 47]. 
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In a study conducted by Benoist et. al [48], the authors compared dentin bridge formation 

with calcium hydroxide product Dycal and MTA, when used as pulp capping material in 

permanent posterior teeth. Results showed a higher success rate with MTA compared to Dycal 

after three months follow-up period. In another study conducted by Eskandarizadeh et. al [49], 

the authors compared the pulpal response of permanent premolars restored with grey MTA, 

white MTA, and Dycal as pulp capping agents. Results showed that both types of MTA showed 

less pulpal inflammation and thicker dentin bridge formation compared to Dycal. 

 

2.3  Antibacterial properties 
 

 MTA has superior antibacterial and antifungal properties which is attributed to its 

alkaline pH upon setting. This alkalinity aids in disinfection of dentin and inhibition of growth of 

various microorganisms, which in turn can arrest caries progression as well as prevent 

reinfection and relapse [50, 51]. Additionally, the coefficient of thermal expansion and 

contraction of MTA is very similar to that of dentin, thus contributing to a superior seal which 

offers resistance to leakage as well as form a tight bacterial barrier [6].  

Kato et al. [50] compared the antimicrobial activity of calcium hydroxide product Dycal, 

ProRoot MTA, and three tricalcium silicate-based cements; Biodentine, TotalFill, and TheraCal 

LC against Streptococcus mutans using antibiofilm formation method. All tested cements 

showed strong antibacterial effect with the highest effect recorded by ProRoot MTA followed by 

Dycal and TheraCal. Biodentine and TotalFill showed the least antibacterial activity. Koruyucu 

et al. [52] compared durability of the antibacterial effect of three pulp capping materials; 

Biodentine, MTA Angelus, and Dycal against Enterococcus faecalis using direct contact test. 

The highest immediate antibacterial activity was observed in MTA followed by Biodentine. The 

one-week antibacterial activity of MTA and Biodentine was almost equivalent. Dycal showed 

the least immediate and delayed antibacterial activity. 
 

3. Drawbacks of MTA 
 

Despite its superior biological properties, MTA presented several limitations which  

include prolonged setting time, poor washout resistance, poor handling properties, teeth 

discoloration potential, difficulty of removal in case of retreatment, and relatively high cost [26, 

42, 53, 54]. The long setting time of MTA is not considered of prime concern when used for 

endosurgeries or perforation repair. However, it presents a challenge for dental practitioners 
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when used for vital pulp therapy procedures including pulp capping or pulpotomy, as these 

procedures require faster setting once inserted to allow safe placement of a final restoration in a 

single visit [9]. Long setting time also contributes to the cement’s solubility and wash-out from 

root canals, which may in turn cause bacterial recolonization and failure of the endodontic 

treatment [55]. 

The solubility of MTA is highly influenced by the pH of the surrounding tissues, where 

high acidity increases disintegration potential of the cement. This in turn causes leaching of 

various components of the cement into the surrounding dental tissue, which may adversely affect 

the biological properties of these tissues [51]. The cement’s solubility is also highly affected by 

moisture where increased amount of water contributes to increased solubility [55]. The solubility 

of MTA may also be influenced by the powder to liquid ratio as using more water contributes to 

higher calcium ion release and eventually increased solubility. Time of immersion and the 

commercial type of the cement are other factors that also play a role in the cement’s solubility 

and disintegration [55].  

Discoloration potential of MTA may be related to its composition, conditions of the 

surrounding environment, blood contamination, or exposure to irrigants. To address the 

discoloration potential of grey MTA, a tooth-colored version of MTA was introduced in the 

market. However according to Carvalho et al. [56], white ProRoot MTA also showed induced 

tooth discoloration, especially over time. Parirokh and Torabinjad [55] suggested that iron and 

manganese may be the elements responsible for this discoloration. However, several studies [57-

59] showed that bismuth oxide was the main cause of discoloration potential caused by white 

MTA.  

Another drawback of MTA is difficulty in removal of the material in case of retreatment 

as it has no known solvent. Chhabra et al. [60] suggested using various acids combined with 

ultrasonic instrumentation to facilitate removal of the material from the canal, however this may 

deteriorate the mechanical properties of the tooth structure if used for more than few minutes. 

 

4. Applications of MTA 
 

MTA is considered the gold standard for various conservative and endodontic procedures 

including pulp capping, pulpotomy, apexification, revascularization, root canal end filling 

material in endodontic surgeries, and sealing of perforations [1, 26, 61]. These numerous 
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applications are related to their superior properties including their biocompatibility, antibacterial 

properties, and sealing capabilities [2, 26, 61].  
 

4.1  Pulp capping 
 

Direct and indirect pulp capping are vital pulp therapy (VPT) strategies that aim to 

resolve pulpal inflammation and stimulate hard dentin bridge formation, thus eliminating the 

need for more extensive endodontic treatment. Dressing used for VPT include calcium 

hydroxide, MTA, and other calcium silicate-based cements. Several studies [62-64] showed that 

MTA promoted thicker dentin bridge formation, lesser hyperemia, and showed better 

histopathological and clinical outcomes compared to calcium hydroxide. Moreover, calcium 

hydroxide has higher tendency for resorption and necrosis in addition to its weak adherence to 

the tooth structure [65]. 

In a study conducted by Nowicka et al. [66], the authors evaluated the use of MTA and 

Biodentine for direct pulp capping in non-carious molars. Results showed that both MTA and 

Biodentine had similar clinical results after 6 weeks follow-up. Histological findings revealed the 

absence of inflammatory response and complete dentin bridge formation. Linu et al. [67] 

investigated direct pulp capping in mature permanent teeth with carious exposures using ProRoot 

MTA and Biodentine. Success rates, at 18 months follow-up, were 84.6% and 92.3% 

respectively. 

 

4.2  Pulpotomy 
 

Pulpotomy is a treatment option that involves amputation of the infected coronal pulpal 

tissue while maintaining the integrity of the healthy radicular pulp, to conserve the natural 

primary teeth till eruption of the permanent successors. An ideal pulpotomy replacement material 

should be harmless to the remaining tissues, bactericidal, promotes healing, and does not 

interfere with physiological resorption [68]. The management of vital pulp with calcium 

hydroxide was prevalent prior to the use of MTA. However, due to the high solubility of calcium 

hydroxide, researchers aimed to find new and improved pulpotomy agents. The introduction of 

MTA caused a paradigm shift towards cements that promotes healing, support the regeneration 

of the pulpal and periradicular tissues, as well as efficiently reduce the possibility of future dental 

pulp infections [65, 69]. 
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Meligy et al. [70] compared calcium hydroxide and MTA as pulpotomy agents in 

immature permanent molars. Results showed 2 failures in the calcium hydroxide group and none 

in the MTA group. Qudeimat et al. [71] conducted a similar study where results showed one 

failure in the calcium hydroxide group and none in the MTA group as well. Çelik et al. [72] 

evaluated success rates of MTA and Biodentine in pulpotomy of mandibular primary molars. 

The clinical and radiographic success rates of MTA at the two-year follow-up appointment were 

100% while that of Biodentine were 89.4%. 

 

4.3  Apexification 
 

Apexification is the treatment modality used to address pulp necrosis or trauma in 

permanent teeth with open apices. It aims to produce a hard tissue barrier or an apical plug 

against which the obturating material can be condensed. Among the materials commonly used 

for apexification are calcium hydroxide and MTA [73, 74]. Calcium hydroxide has long been 

considered the material of choice for apexification. However, the use of calcium hydroxide 

weakens the root structure and may lead to root fracture due to reduced fracture resistance. In 

addition, its application requires several visits where the treatment outcome highly depends on 

patients’ compliance [74, 75]. 

MTA on the other hand, requires shorter treatment protocol and can effectively seal the 

periapical area and reduce inflammation [74]. Both calcium hydroxide and MTA offered positive 

success rates in terms of apexification, however MTA showed an overall better success rate. This 

was attributed to the fact that most of the failures of calcium hydroxide apexification were 

associated with poor patient follow-up due to the longer treatment protocol [74, 75]. 

Several studies [76-78] validated the use of other bioactive endodontic cements such as 

Biodentine for apexification. However, the level of evidence on replacing MTA apical plugs 

with other bioactive cements is extremely low with only few studies [79-81]. In a study 

conducted by Bani et al. [78] , the authors evaluated and compared the apical microleakage of 

MTA and Biodentine apical plugs in maxillary anterior teeth in different thicknesses. There was 

no significant difference between both materials in terms of microleakage. Results also showed 

that increased thickness of apical plug showed significantly lower microleakage for both MTA 

and Biodentine.  
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4.4  Revascularization 
 

Revascularization is a regenerative endodontic procedure that aims to provoke blood clot 

formation within the root canals to promote tissue healing in immature permanent teeth. This 

procedure includes the use of intracanal irrigants and antibacterial agents with no mechanical 

instrumentation. Following induced intracanal bleeding, a tight seal material is placed in the pulp 

space to prevent ingress of bacteria. MTA is commonly used as a coronal plug to obtain this 

bacterial tight seal [79].  

In a study conducted by Aly et al. [82], the authors compared Biodentine and white MTA 

as coronal plug materials in revascularization of immature necrotic anterior permanent teeth. 

Both materials showed success rates ranging from 90-100% with resolution of clinical symptoms 

and 5% increase in the mean root length of these teeth. 

4.5  Root canal sealer 

During endodontic treatment and after mechanical instrumentation, a root canal sealer is 

placed to form an adhesive junction between gutta-percha and the root canal walls, thereby 

preventing the possibility of reinfection in the periapical tissues. Among the cements commonly 

used as endodontic sealers are zinc oxide eugenol-based sealers, calcium hydroxide, resin-based 

sealers, and MTA [83]. 

In 2001, Holland et al. [84] studied the effect of using MTA obturation on apical and 

periapical tissues and established its use as a root canal sealer. After its compaction against the 

tooth structure, a dentin-MTA interstitial layer is formed along the presence of phosphate, which 

resembles hydroxy apatite in structure and composition when examined under scanning electron 

microscope and X-ray diffraction analysis [84]. MTA, as a root canal sealer, has regeneration 

potential of the periodontal ligament and cementum formation in main and accessory canals, 

which contributes to treatment success [85]. 

4.6  Root-end filling 

Endosurgery may be indicated in case of unsuccessful root canal treatment to enhance the 

treatment outcome [42]. This treatment option removes any diseased apical tissues, followed by 
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placement of a root-end filling material to form an apical seal that prevents reinfection and 

allows for the formation of new normal periodontal tissues at its surface [75, 86]. 

Several endodontic materials have been used for this purpose, however none of which 

was able to prevent microleakage. Compared to calcium hydroxide, MTA showed better 

regeneration of periradicular tissues and enhanced cementum formation when used as a root-end 

filling material. MTA can also be used as an obturating material for primary teeth with no 

permanent successors. However, they are not recommended as obturating materials for primary 

teeth that are expected to shed as they may not resorb at the same rate as the tooth structure [64]. 

Kumbhar et al. [87] evaluated marginal adaptation of glass ionomer, MTA, and 

Biodentine when used as root-end filling material in extracted human maxillary anterior teeth. 

The highest adaptation was found in Biodentine group followed by MTA, while the least 

adaptation was recorded by the glass ionomer group. Singh et al. [88] compared solubility of 

Biodentine, glass ionomer, IRM which is a reinforced zinc-oxide eugenol based cement, and 

MTA as root-end filling materials at 1, 3, 10, 30, and 60 days according to ISO standard (6876) 

for root canal sealing materials. Biodentine demonstrated significantly higher solubility than 

MTA for 30- and 60-days immersion periods. Glass ionomer showed significantly higher 

solubility than MTA for the 10-days immersion period. 

 

4.7  Perforation and resorption repair 
 

Root canal perforation is an abnormal communication between the root canal and the 

periodontium formed either iatrogenically during endodontic treatment or pathologically due to 

extensive caries or resorption. The presence of a perforation in the root canal can worsen the 

tooth prognosis and treatment outcome, therefore requires special attention [42]. This 

necessitates the use of a proper sealing cement to repair and seal the defective part. Perforation 

repair materials currently available on the market include amalgam, calcium hydroxide, 

reinforced zinc oxide eugenol, gutta-percha, glass ionomer cement, and adhesive resin. Amalgam 

was used for a long time as a perforation repair material. However, concerns regarding the 

mercury content caused its use to rapidly decline. The use of amalgam was then commonly 

replaced by ethoxy benzoic acid (EBA) cement which is a reinforced zinc oxide eugenol cement 

[89]. 
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The use of MTA as perforation repair material has also been emerging for the past years. 

It is biocompatible and non-irritant to the periodontium, with good sealing abilities [89]. It is 

currently widely used for their reliable efficacy in sealing off the root canal [42]. Alzahrani et al. 

[90] evaluated the use of MTA as root perforation repair material in maxillary first molars. 

Results showed periapical tissue healing and absence of clinical and radiographic symptoms at 

the one-year follow up appointment.  
 

5. Conclusion 
 

Mineral trioxide aggregate is widely used in endodontics and conservative dentistry 

owing to its superior bioactivity and sealing properties. Nevertheless, several limitations, 

including prolonged setting time and poor physical properties, cannot be overlooked. However, 

MTA still remains the material of choice for various clinical applications and will definitely 

develop tremendously in the upcoming years. 

Conflict of Interest 

The authors declare that they have no known conflict of interest that could have appeared 

to influence the work reported in this paper. 

 

6.  References 

[1] Prati C, Gandolfi MG. Calcium silicate bioactive cements: Biological perspectives and 

clinical applications. Dental materials : official publication of the Academy of Dental Materials. 

2015;31(4):351-70. 

 

[2] Raghavendra SS, Jadhav GR, Gathani KM, Kotadia P. Bioceramics in endodontics - a 

review. Journal of Istanbul University Faculty of Dentistry. 2017;51(3 Suppl 1):S128-S37. 

 

[3] Darvell BW, Wu RC. "MTA"-an Hydraulic Silicate Cement: review update and setting 

reaction. Dental materials : official publication of the Academy of Dental Materials. 

2011;27(5):407-22. 

 

[4] Guimaraes BM, Prati C, Duarte MAH, Bramante CM, Gandolfi MG. Physicochemical 

properties of calcium silicate-based formulations MTA Repair HP and MTA Vitalcem. Journal 

of applied oral science : revista FOB. 2018;26:e2017115. 

 

[5] From MTA to New Biomaterials Based on Calcium Silicate. Odovtos International 

Journal of Dental Sciences. 2016;18:18-22. 

 



ERURJ 2024, 3, 4, 1857-1878 

1871 

[6] Tawil PZ, Duggan DJ, Galicia JC. Mineral trioxide aggregate (MTA): its history, 

composition, and clinical applications. Compendium of continuing education in dentistry. 

2015;36(4):247-52; quiz 54, 64. 

 

[7] Duarte MAH, Marciano MA, Vivan RR, Tanomaru Filho M, Tanomaru JMG, Camilleri 

J. Tricalcium silicate-based cements: properties and modifications. Brazilian oral research. 

2018;32(suppl 1):e70. 

 

[8] Camilleri J. Hydraulic Calcium Silicate-based Endodontic Cements.  Endodontic 

Advances and Evidence‐Based Clinical Guidelines2022. p. 311-46. 

 

[9] Pushpalatha C, Dhareshwar V, Sowmya SV, Augustine D, Vinothkumar TS, 

Renugalakshmi A, et al. Modified Mineral Trioxide Aggregate-A Versatile Dental Material: An 

Insight on Applications and Newer Advancements. Frontiers in bioengineering and 

biotechnology. 2022;10:941826. 

 

[10] Zanjani VA, Tabari K, Sheikh-Al-Eslamian SM, Abrandabadi AN. Physiochemical 

Properties of Experimental Nano-hybrid MTA. Journal of medicine and life. 2018;11(1):51-6. 

 

[11] Dong X, Xu X. Bioceramics in Endodontics: Updates and Future Perspectives. 

Bioengineering (Basel, Switzerland). 2023;10(3). 

 

[12] Camilleri J, Sorrentino F, Damidot D. Investigation of the hydration and bioactivity of 

radiopacified tricalcium silicate cement, Biodentine and MTA Angelus. Dental materials : 

official publication of the Academy of Dental Materials. 2013;29(5):580-93. 

[13] Camilleri J. Composition and Setting Reaction. In: Camilleri J, editor. Mineral Trioxide 

Aggregate in Dentistry: From Preparation to Application. Berlin, Heidelberg: Springer Berlin 

Heidelberg; 2014. p. 19-36. 

 

[14] Arandi NZ, Rabi T. TheraCal LC: From Biochemical and Bioactive Properties to Clinical 

Applications. Int J Dent. 2018;2018:3484653. 

 

[15] Marciano MA, Costa RM, Camilleri J, Mondelli RF, Guimarães BM, Duarte MA. 

Assessment of color stability of white mineral trioxide aggregate angelus and bismuth oxide in 

contact with tooth structure. Journal of endodontics. 2014;40(8):1235-40. 

 

[16] Belobrov I, Parashos P. Treatment of tooth discoloration after the use of white mineral 

trioxide aggregate. Journal of endodontics. 2011;37(7):1017-20. 

 

[17] Felman D, Parashos P. Coronal tooth discoloration and white mineral trioxide aggregate. 

Journal of endodontics. 2013;39(4):484-7. 

 

[18] Quintana RM, Jardine AP, Grechi TR, Grazziotin-Soares R, Ardenghi DM, Scarparo RK, 

et al. Bone tissue reaction, setting time, solubility, and pH of root repair materials. Clinical oral 

investigations. 2019;23(3):1359-66. 

 



ERURJ 2024, 3, 4, 1857-1878 

1872 

[19] Abrão SMS, Gregorio D, Azevedo MKC, Mori GG, Poli-Frederico RC, Maia LP. 

Cytotoxicity and genotoxicity of Bio-C Repair, Endosequence BC Root Repair, MTA Angelus 

and MTA Repair HP. Brazilian dental journal. 2023;34(2):14-20. 

 

[20] Kakani AK, Veeramachaneni C, Majeti C, Tummala M, Khiyani L. A Review on 

Perforation Repair Materials. Journal of clinical and diagnostic research : JCDR. 

2015;9(9):ZE09-13. 

 

[21] Grech L, Mallia B, Camilleri J. Characterization of set Intermediate Restorative Material, 

Biodentine, Bioaggregate and a prototype calcium silicate cement for use as root-end filling 

materials. International endodontic journal. 2013;46(7):632-41. 

 

[22] European Standard - Cement; Part 1: Composition, specifications and conformity criteria 

for common cements. EN 197-1:2000. 

 

[23] Ha W, Kahler B, Walsh LJ. Classification and Nomenclature of Commercial 

Hygroscopic Dental Cements. European endodontic journal. 2017;2(1):1-10. 

 

[24] Singh S, Mandlik J, Kanyal K, Danle R, Jadhav A. Mineral Trioxide Aggregate-A 

Review. IP Indian Journal of Conservative and Endodontics. 2017;2:16-21. 

 

[25] Kadali N, Alla RK, Guduri V, Av R, Sajjan MCS, Venkateswara Raju R. Mineral 

Trioxide Aggregate: an overview of composition, properties and clinical applications. 

International Journal of Dental Materials. 2020;02. 

[26] Dawood AE, Parashos P, Wong RHK, Reynolds EC, Manton DJ. Calcium silicate-based 

cements: composition, properties, and clinical applications. Journal of investigative and clinical 

dentistry. 2017;8(2). 

 

[27] Ha WN, Nicholson T, Kahler B, Walsh LJ. Methodologies for measuring the setting 

times of mineral trioxide aggregate and Portland cement products used in dentistry. Acta 

biomaterialia odontologica Scandinavica. 2016;2(1):25-30. 

 

[28] Prasad A, Pushpa S, Arunagiri D, Sawhny A, Misra A, Sujatha R. A comparative 

evaluation of the effect of various additives on selected physical properties of white mineral 

trioxide aggregate. Journal of conservative dentistry : JCD. 2015;18(3):237-41. 

 

[29] Gandolfi MG, Siboni F, Polimeni A, Bossù M, Riccitiello F, Rengo S, et al. In Vitro 

Screening of the Apatite-Forming Ability, Biointeractivity and Physical Properties of a 

Tricalcium Silicate Material for Endodontics and Restorative Dentistry. Dentistry journal. 

2013;1(4):41-60. 

 

[30] Jamali Zavare F, Nojehdehian H, Moezizadeh M, Daneshpooy M. Chemical modification 

of MTA and CEM cement to decrease setting time and improve bioactivity properties by adding 

alkaline salts. Journal of dental research, dental clinics, dental prospects. 2020;14(1):1-11. 

 



ERURJ 2024, 3, 4, 1857-1878 

1873 

[31] Mutluay M, Mutluay A. Sealing efficiency of MTA, accelerated MTA, Biodentine and 

RMGIC as retrograde filling materials. Balkan Journal of Dental Medicine. 2020. 

 

[32] Kharouf N, Zghal J, Addiego F, Gabelout M, Jmal H, Haikel Y, et al. Tannic acid speeds 

up the setting of mineral trioxide aggregate cements and improves its surface and bulk 

properties. Journal of colloid and interface science. 2021;589:318-26. 

 

[33] Ber BS, Hatton JF, Stewart GP. Chemical modification of proroot mta to improve 

handling characteristics and decrease setting time. Journal of endodontics. 2007;33(10):1231-4. 

 

[34] Torabinejad M, Hong CU, McDonald F, Pitt Ford TR. Physical and chemical properties 

of a new root-end filling material. Journal of endodontics. 1995;21(7):349-53. 

 

[35] Basturk FB, Nekoofar MH, Gunday M, Dummer PM. Effect of varying water-to-powder 

ratios and ultrasonic placement on the compressive strength of mineral trioxide aggregate. 

Journal of endodontics. 2015;41(4):531-4. 

 

[36] Samiei M, Ghasemi N, Asl-Aminabadi N, Divband B, Golparvar-Dashti Y, Shirazi S. 

Zeolite-silver-zinc nanoparticles: Biocompatibility and their effect on the compressive strength 

of mineral trioxide aggregate. Journal of clinical and experimental dentistry. 2017;9(3):e356-e60. 

 

[37] International Organization for Standardization - Dentistry Water-based Cements - Part 1: 

Powder/liquid acid-base cements. Geneva, Switzerland. ISO 9917-1; 2007. 

[38] Ranjbar Omrani L, Moradi Z, Abbasi M, Kharazifard MJ, Tabatabaei SN. Evaluation of 

Compressive Strength of Several Pulp Capping Materials. Journal of dentistry (Shiraz, Iran). 

2021;22(1):41-7. 

 

[39] Patel N, Patel K, Baba SM, Jaiswal S, Venkataraghavan K, Jani M. Comparing gray and 

white mineral trioxide aggregate as a repair material for furcation perforation: an in vitro dye 

extraction study. Journal of clinical and diagnostic research : JCDR. 2014;8(10):Zc70-3. 

 

[40] Ravindran V, Jeevanandan G. Comparative Evaluation of the Physical and Antimicrobial 

Properties of Mineral Trioxide Aggregate, Biodentine, and a Modified Fast-Setting Mineral 

Trioxide Aggregate Without Tricalcium Aluminate: An In Vitro Study. Cureus. 

2023;15(8):e42856. 

 

[41] Parirokh M, Torabinejad M, Dummer PMH. Mineral trioxide aggregate and other 

bioactive endodontic cements: an updated overview - part I: vital pulp therapy. International 

endodontic journal. 2018;51(2):177-205. 

 

[42] Hosoya N, Takigawa T, Horie T, Maeda H, Yamamoto Y, Momoi Y, et al. A review of 

the literature on the efficacy of mineral trioxide aggregate in conservative dentistry. Dental 

materials journal. 2019;38(5):693-700. 

 



ERURJ 2024, 3, 4, 1857-1878 

1874 

[43] Camilleri J, Montesin FE, Di Silvio L, Pitt Ford TR. The chemical constitution and 

biocompatibility of accelerated Portland cement for endodontic use. International endodontic 

journal. 2005;38(11):834-42. 

 

[44] Kettering JD, Torabinejad M. Investigation of mutagenicity of mineral trioxide aggregate 

and other commonly used root-end filling materials. Journal of endodontics. 1995;21(11):537-

42. 

 

[45] Torabinejad M, Hong CU, Pitt Ford TR, Kettering JD. Cytotoxicity of four root end 

filling materials. Journal of endodontics. 1995;21(10):489-92. 

 

[46] Maru V, Dixit U, Patil RSB, Parekh R. Cytotoxicity and Bioactivity of Mineral Trioxide 

Aggregate and Bioactive Endodontic Type Cements: A Systematic Review. International journal 

of clinical pediatric dentistry. 2021;14(1):30-9. 

 

[47] Sáez MDM, López GL, Atlas D, de la Casa ML. Evaluation of pH and calcium ion 

diffusion from calcium hydroxide pastes and MTA. Acta odontologica latinoamericana : AOL. 

2017;30(1):26-32. 

 

[48] Leye Benoist F, Gaye Ndiaye F, Kane AW, Benoist HM, Farge P. Evaluation of mineral 

trioxide aggregate (MTA) versus calcium hydroxide cement (Dycal(®) ) in the formation of a 

dentine bridge: a randomised controlled trial. Int Dent J. 2012;62(1):33-9. 

 

[49] Eskandarizadeh A, Shahpasandzadeh MH, Shahpasandzadeh M, Torabi M, Parirokh M. 

A comparative study on dental pulp response to calcium hydroxide, white and grey mineral 

trioxide aggregate as pulp capping agents. Journal of conservative dentistry : JCD. 

2011;14(4):351-5. 

 

[50] Kato G, Gomes PS, Neppelenbroek KH, Rodrigues C, Fernandes MH, Grenho L. Fast-

Setting Calcium Silicate-Based Pulp Capping Cements-Integrated Antibacterial, Irritation and 

Cytocompatibility Assessment. Materials. 2023;16(1). 

 

[51] Ashi T, Mancino D, Hardan L, Bourgi R, Zghal J, Macaluso V, et al. Physicochemical 

and Antibacterial Properties of Bioactive Retrograde Filling Materials. Bioengineering (Basel, 

Switzerland). 2022;9(11). 

 

[52] Koruyucu M, Topcuoglu N, Tuna EB, Ozel S, Gencay K, Kulekci G, et al. An assessment 

of antibacterial activity of three pulp capping materials on Enterococcus faecalis by a direct 

contact test: An in vitro study. European journal of dentistry. 2015;9(2):240-5. 

 

[53] Galarca AD, Da Rosa WLO, Da Silva TM, da Silveira Lima G, Carreno NLV, Pereira 

TM, et al. Physical and Biological Properties of a High-Plasticity Tricalcium Silicate Cement. 

BioMed research international. 2018;2018:8063262. 

 



ERURJ 2024, 3, 4, 1857-1878 

1875 

[54] Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide aggregate and other 

bioactive endodontic cements: an updated overview - part II: other clinical applications and 

complications. International endodontic journal. 2018;51(3):284-317. 

 

[55] Parirokh M, Torabinejad M. Mineral trioxide aggregate: a comprehensive literature 

review--Part I: chemical, physical, and antibacterial properties. Journal of endodontics. 

2010;36(1):16-27. 

 

[56] Carvalho JA, Franco C, Proença L, Neves JA, Polido M, Mendes JJ, et al. 

Spectrophotometric Analysis of Coronal Discoloration In Vitro Induced by Bioceramic Cements. 

Dentistry journal. 2023;11(7). 

 

[57] Salem-Milani A, Ghasemi S, Rahimi S, Ardalan-Abdollahi A, Asghari-Jafarabadi M. The 

Discoloration effect of White Mineral Trioxide Aggregate (WMTA), Calcium Enriched Mixture 

(CEM), and Portland Cement (PC) on Human Teeth. Journal of clinical and experimental 

dentistry. 2017;9(12):e1397-e401. 

 

[58] Khalilak Z, Esnaashari E, Saati K, Bineshmarvasti D, Yousefshahi H, Nobakht M. An in 

Vitro Comparison of Coronal Discolouration Caused by White Mineral Trioxide Aggregate, 

Theracal, Calcium-Enriched Mixture and Biodentine. European endodontic journal. 

2022;7(1):47-51. 

 

[59] Tripathi R, Cohen S, Khanduri N. Coronal Tooth Discoloration After the Use of White 

Mineral Trioxide Aggregate. Clinical, cosmetic and investigational dentistry. 2020;12:409-14. 

 

[60] Chhabra N, Parolia A. Effect of Various Acid Solutions as an Aid in Removing the 

OrthoMTA-Based Root Canal Filling. Materials. 2023;16(13). 

[61] Donnermeyer D, Burklein S, Dammaschke T, Schafer E. Endodontic sealers based on 

calcium silicates: a systematic review. Odontology. 2019;107(4):421-36. 

 

[62] Devi TMC, Bharti K, Tripathi PJIJoPR. Conservative management of traumatized young 

permanent tooth: A 1-year follow-up. 2021;6:63 - 5. 

 

[63] Shafaroudi AM, Hali H, editors. Mineral Trioxide Aggregate (MTA) As a Pulpotomy 

Agent in Developing Permanent Teeth: A Case Report2018. 

 

[64] Torabinejad M, Chivian N. Clinical applications of mineral trioxide aggregate. Journal of 

endodontics. 1999;25(3):197-205. 

 

[65] Umre U, Sedani S, Patel A, Bansod A, Kriplani S. Pulpotomy for the Management of 

Irreversible Pulpitis in Mature Teeth. Cureus. 2024;16(1):e51837. 

 

[66] Nowicka A, Lipski M, Parafiniuk M, Sporniak-Tutak K, Lichota D, Kosierkiewicz A, et 

al. Response of human dental pulp capped with biodentine and mineral trioxide aggregate. 

Journal of endodontics. 2013;39(6):743-7. 

 



ERURJ 2024, 3, 4, 1857-1878 

1876 

[67] Linu S, Lekshmi MS, Varunkumar VS, Sam Joseph VG. Treatment Outcome Following 

Direct Pulp Capping Using Bioceramic Materials in Mature Permanent Teeth with Carious 

Exposure: A Pilot Retrospective Study. Journal of endodontics. 2017;43(10):1635-9. 

 

[68] Carti O, Oznurhan F. Evaluation and comparison of mineral trioxide aggregate and 

biodentine in primary tooth pulpotomy: Clinical and radiographic study. Nigerian journal of 

clinical practice. 2017;20(12):1604-9. 

 

[69] Tao W, Tian G, Song Q, Lv Z. Application of mineral trioxide aggregate pulpotomy in 

the treatment of early pulpitis of primary molars. American journal of translational research. 

2024;16(1):285-94. 

 

[70] El-Meligy OA, Avery DR. Comparison of mineral trioxide aggregate and calcium 

hydroxide as pulpotomy agents in young permanent teeth (apexogenesis). Pediatric dentistry. 

2006;28(5):399-404. 

 

[71] Qudeimat MA, Barrieshi-Nusair KM, Owais AI. Calcium hydroxide vs mineral trioxide 

aggregates for partial pulpotomy of permanent molars with deep caries. European archives of 

paediatric dentistry : official journal of the European Academy of Paediatric Dentistry. 

2007;8(2):99-104. 

 

[72] Çelik BN, Mutluay MS, Arıkan V, Sarı Ş. The evaluation of MTA and Biodentine as a 

pulpotomy materials for carious exposures in primary teeth. Clinical oral investigations. 

2019;23(2):661-6. 

 

[73] Bogen G, Ricucci D. Mineral trioxide aggregate apexification: a 20-year case review. 

Australian endodontic journal : the journal of the Australian Society of Endodontology Inc. 

2020. 

 

[74] Pulyodan MK, Paramel Mohan S, Valsan D, Divakar N, Moyin S, Thayyil S. 

Regenerative Endodontics: A Paradigm Shift in Clinical Endodontics. Journal of pharmacy & 

bioallied sciences. 2020;12(Suppl 1):S20-S6. 

 

[75] Lin JC, Lu JX, Zeng Q, Zhao W, Li WQ, Ling JQ. Comparison of mineral trioxide 

aggregate and calcium hydroxide for apexification of immature permanent teeth: A systematic 

review and meta-analysis. Journal of the Formosan Medical Association = Taiwan yi zhi. 

2016;115(7):523-30. 

 

[76] Tuloglu N, Bayrak S. Comparative evaluation of mineral trioxide aggregate and 

bioaggregate as apical barrier material in traumatized nonvital, immature teeth: A clinical pilot 

study. Nigerian journal of clinical practice. 2015;19. 

 

[77] Sharma S, Sharma V, Passi D, Srivastava D, Grover S, Dutta SR. Large Periapical or 

Cystic Lesions in Association with Roots Having Open Apices Managed Nonsurgically Using 1-

step Apexification Based on Platelet-rich Fibrin Matrix and Biodentine Apical Barrier: A Case 

Series. Journal of endodontics. 2018;44(1):179-85. 



ERURJ 2024, 3, 4, 1857-1878 

1877 

 

[78] Bani M, Sungurtekin-Ekçi E, Odabaş ME. Efficacy of Biodentine as an Apical Plug in 

Nonvital Permanent Teeth with Open Apices: An In Vitro Study. BioMed research international. 

2015;2015:359275. 

 

[79] Staffoli S, Plotino G, Nunez Torrijos BG, Grande NM, Bossù M, Gambarini G, et al. 

Regenerative Endodontic Procedures Using Contemporary Endodontic Materials. Materials. 

2019;12(6). 

 

[80] Zanjad SR, Justin RM, Patil PN, Sarda AS, Srivastava HM, Darade LD. Comparison of 

fracture resistance of simulated immature teeth using four different commercially available 

apexification materials - An in vitro study. Indian journal of dental research : official publication 

of Indian Society for Dental Research. 2023;34(1):75-9. 

 

[81] Kalaoglu EE, Duman C, Capan BS, Ocak M, Bilecenoglu B. Comparison of three 

different biomaterials used in in vitro molar apexification models. BMC oral health. 

2023;23(1):434. 

 

[82] Aly MM, Taha SEE, El Sayed MA, Youssef R, Omar HM. Clinical and radiographic 

evaluation of Biodentine and Mineral Trioxide Aggregate in revascularization of non-vital 

immature permanent anterior teeth (randomized clinical study). International journal of 

paediatric dentistry. 2019;29(4):464-73. 

 

[83] Dudulwar D, Patil S, Bandekar S, Patil M, Gupta D, Gupta R. A Comparative Evaluation 

of Push-Out Bond Strength of Six Different Root Canal Sealers: An In-Vitro Study. Cureus. 

2024;16(3):e56481. 

 

[84] Holland R, Filho JA, de Souza V, Nery MJ, Bernabé PF, Junior ED. Mineral trioxide 

aggregate repair of lateral root perforations. Journal of endodontics. 2001;27(4):281-4. 

 

[85] Thakur S, Emil J, Paulaian B. Evaluation of mineral trioxide aggregate as root canal 

sealer: A clinical study. Journal of conservative dentistry : JCD. 2013;16(6):494-8. 

 

[86] Kucukkaya Eren S, Parashos P. Adaptation of mineral trioxide aggregate to dentine walls 

compared with other root-end filling materials: A systematic review. Australian endodontic 

journal : the journal of the Australian Society of Endodontology Inc. 2019;45(1):111-21. 

 

[87] Kumbhar AJ, Kamat SB, Hugar SI, Nanjannawar GS, Kulkarni NR. Comparative 

evaluation of marginal adaptation of mineral trioxide aggregate, Biodentine, and geristore as a 

root end filling material: An in vitro scanning electron microscope study. Journal of conservative 

dentistry : JCD. 2023;26(4):447-52. 

 

[88] Singh S, Podar R, Dadu S, Kulkarni G, Purba R. Solubility of a new calcium silicate-

based root-end filling material. Journal of conservative dentistry : JCD. 2015;18(2):149-53. 

 



ERURJ 2024, 3, 4, 1857-1878 

1878 

[89] Mehra N, Yadav M, Kaushik M, Roshni R. Clinical Management of Root Resorption: A 

Report of Three Cases. Cureus. 2018;10(8):e3215-e. 

 

[90] Alzahrani O, Alghamdi F. Nonsurgical Management of Apical Root Perforation Using 

Mineral Trioxide Aggregate. Case reports in dentistry. 2021;2021:5583909. 

 


