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 ABSTRACT 

Statement of the Problem: Many efforts have been made to improve the properties of 

mineral trioxide aggregate (MTA), including the incorporation of nanoparticles.  

Purpose: The aim of this study was to investigate the incorporation of zinc oxide and 

hydroxyapatite nanoparticles on the compressive strength of white MTA (WMTA).  

Materials and Method: In this in vitro study, the following materials were evaluated: 

MTA, MTA+5% zinc oxide (ZnO) nanoparticles, MTA+10% zinc oxide nanoparticles, 

MTA+5% hydroxyapatite (HA) nanoparticles, MTA+10% zinc oxide nanoparticles. 

The compressive strength of the groups under investigation was measured on days 4 and 

21 after mixing the MTA using a universal testing machine. Two-way ANOVA test was 

used to compare the groups and determine the significance of the effect of time and 

material on the compressive strength (p<0.05).  

Results: The highest and lowest compressive strength values were respectively meas-

ured for the second group, MTA/21 days, and the fourth group, MTA+Nano ZnO/4 

days. Two-way ANOVA indicated that incorporation of zinc oxide and hydroxyapatite 

nanoparticles into MTA did not have a significant effect on compressive strength (p= 

0.05). Compressive strength in all the groups increased over time from day 4 to day 21. 

However, this increase was not statistically significant (p= 0.06) except for the MTA 

group, which exhibited significant increase in compressive strength over time from day 

4 to day 21 (p= 0.007).  

Conclusion: Incorporation of HA and ZnO nanoparticles into MTA had no detrimental 

effects on its strength and these nanoparticles can be used to improve the other proper-

ties of MTA. 
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Introduction 

Mineral trioxide aggregate (MTA) is hydrophilic ce-

ment with calcium silicate base, which is widely used in 

endodontics to repair perforations, in vital pulp therapy 

and as a surgical retrograde material due to several fa-

vorable properties, including biocompatibility and the 

ability to induce osteogenesis and cementogenesis [1-3]. 

One of the disadvantages of MTA is its long setting 

time and difficult handling [4-5]. Various methods have 

been proposed to improve the MTA properties, includ-

ing adding materials such as sodium hydrogen phospha-

te (Na2HPO4), calcium chloride, and nanoparticles [6-9]. 
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The physical properties of an endodontic biomateri-

al, such as compressive strength, are important in cases 

where this material is subjected to occlusal forces [10]. 

The similar clinical conditions of this case are the appli-

cation of MTA as a pulp capping material, in apex-

ogenesis and in perforation repair [11], where the mate-

rial is subjected to the force of restorative materials as 

well as to occlusal forces [12]. According to previous st-

udies, the compressive strength for MTA immediately 

after setting is 40 MPa (Mega Pascal), which increases 

to 67 MPa within 21 days [13-14]. Several factors affect 

the compressive strength, including the type of MTA, 

condensation pressure, the acid etching process, the 

mixing technique, and the liquid mixed with MTA [12-

13]. Over time, various materials have been added to 

improve the properties of MTA. One of the materials 

that have been considered in this regard in various stud-

ies is nanoparticles, including silica, silver, and silver 

zeolite [9, 15-17]. In one study, the incorporation of sili-

ca nanoparticles reduced the setting time and increased 

the compressive and flexural strengths of MTA [16]. 

Hydroxyapatite (HA) is an important biological ma-

terial and is the main component of the mineral bone 

and teeth [18]. It is widely used in medicine and dentis-

try [18-19]. HA is used to improve the setting time of 

MTA [20] and to improve the osteogenic properties 

because of its biocompatibility [21]. 

Zinc oxide (ZnO) particles are antimicrobial sub-

stances, which have been used for many years in various 

dental compositions due to biological adaptation [17]. 

Zinc activates enzymes, which are toxic to bacteria at 

low concentrations, and inhibits plaque growth at higher 

concentrations [22]. 

The effect of adding new agents to MTA mixture on 

its properties should be assessed and so far there is no 

published study on the compressive strength of MTA 

mixed with ZnO and HA nanoparticles. This study was 

designed to evaluate the properties of this substance 

after 4 and 21 days. 

 

Materials and Method 

Determination of the sample size 

The study was approved by the Research and Ethics 

Committee of Tabriz University of Medical Sciences. A 

sample size of 64 was considered based on the results of 

a pilot study, the materials used and the evaluation time   

Table 1: Study groups 
 

Study 

groups 
Type of material inside cylinder 

Evaluation 

time 

1 MTA 4 

2 MTA 21 

3 10% Nano ZnO+MTA 4 

4 10% Nano ZnO+MTA 21 

5 10% Nano HA+MTA 4 

6 10% Nano HA+MTA 21 

7 5% Nano HA+5% Nano ZnO+MTA 4 

8 5% Nano HA+5% Nano ZnO+MTA 21 

 

of the compressive strength (8 groups, n=8). The study 

groups mentioned in Table 1 was based on the type of 

the material in the cylinder and the evaluation time of 

the compressive strength test. 

In this study, we considered that all the cylinders 

were filled with the material and that the upper surface 

of the material was leveled with the edges of the cylin-

der. The cylinders that did not have this feature were 

excluded from the study. 

Confounding variables 

Since the setting condition of the material affects the 

compressive strength, the conditions for mixing and 

placing the materials and the test time were considered 

the same for all the specimens. In addition, the materials 

were placed inside the cylinders and mixed by one op-

erator. The condenser size used to pack the material 

inside the cylinder was also the same for all the speci-

mens. The powder-to-liquid ratio of 3:1 was the same in 

all the samples. The whole stages of the work were 

based on the ISO standard, which minimizes the proba-

bility of error. 

Procedural steps 

The HA powder was purchased from SIGMA-

ALDRICH Co. (USA). ZnO nanoparticles were synthe-

sized by a nano-technologist colleague in Tehran Uni-

versity of Medical Sciences using Zn(CH3COO)2.2H2O 

and NaOH with methanol solvent. The resultant mixture 

was transferred to an autoclave and kept at 120°C for 6 

hours. The solid and white product was then isolated by 

filtering. The crystal structure of nanoparticles was ex-

amined by x-ray diffraction (XRD) and the morphology 

of nanoparticle was examined under a scanning electron 

microscope (SEM). The amount of surface hydrophilic 

rate was examined by contact angle test and particle size 

was examined by dynamic light scattering (DLS). In 

groups 1 and 2, white ProRoot MTA powder (Dentsply, 

Tulsa, USA) was mixed with physiologic serum at a 
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powder-to-liquid ratio of 3:1 according to the manufac-

turer's instructions and was placed within the molds 

within thirty seconds after mixing. According to the 

standard, the selected stainless steel molds had a 

height of 6 mm and a diameter of 3 mm, the internal 

surface of which was lubricated with paraffin. In 

groups 3 and 4, 10% Nano ZnO+MTA powder was 

used. First, MTA powder weight (wt) was measured 

using a digital weighing machine and ZnO was added 

at 10 wt% of it. In the remaining groups, the weight of 

the nanoparticles was calculated with this method and 

added to MTA; groups 5 and 6, 10% Nano HA+MTA 

and in groups 7 and 8, 5% Nano HA+5% Nano 

ZnO+MTA were mixed. The powders of the above 

groups were mixed with a ratio of 3:1 with the serum, 

transferred to the molds using a MTA carrier and 

packed into the selected molds with a dental plugger. 

The samples were then welded in distilled water gas 

and stored in a container at 37°C until the compressive 

strength measurement. 

The compressive strength was measured accordance 

to ISO 6876. The device used for this purpose was a 

universal testing machine (Hounsfield Test Equipment, 

model: H5K-S, Perrywood Business Park, Honey 

Corckland, Salfords, Redhill, Surrey, UK). 

The samples in groups 1, 3, 5 and 7 were evaluated 

on the 4th day, and the samples in groups 2, 4, 6 and 8 

were evaluated on the 21st day. The samples were re-

trieved from the molds and the machine head applied a 

force at a speed of 1 mm/min on the longitudinal axis 

until the material was crushed or broken. This force was 

registered in Newton and converted to MPa with the 

formula of CS = 4p/μd, where p is the maximum force 

applied in Newton, and d is the actual diameter of the 

samples in mm. 

Statistical analysis 

Statistical analysis was performed using SPSS (Statis-

tical Package for Social Science, SPSS, version 20.0, 

SPSS, Chicago, IL, USA).The Kolmogorov-Smirnov 

test was used to check the normal distribution of the 

data. After calculating the mean ± standard deviation 

of compressive strength, two-way ANOVA test was 

used to compare the groups and determine the signifi-

cance of the effect of time and material on the com-

pressive strength. In the current study, p< 0.05 was 

considered statistically significant. 

Results 

The results of the descriptive statistics, i.e. means and 

standard deviations of the data (Table 2) showed the 

highest compressive strength at 4-day interval after mix-

ing for the MTA+Nano HA group (38.5±9.24) and the 

lowest compressive strength at this time interval for 

MTA+Nano ZnO group (26.5±9.42). 

At 21-day interval after mixing, the highest com-

pressive strength was recorded in the MTA group 

(41.12±6.53), with the lowest value in the MTA+Nano 

ZnO + Nano HA group (30.75±6.54). 

In total, the highest compressive strength (41.12± 

6.53 MPa) and the lowest compressive strength (26.5± 

9.42 MPa) were measured in the second group (MTA/ 

21 days) and the fourth group (MTA+Nano ZnO/4 

days), respectively. 

Two-way ANOVA showed that (Table 3) incorpora-

tion of zinc oxide and HA nanoparticles into MTA did 

not have a significant effect on its compressive strength 

(p= 0.05). 

It should be noted that incorporation of Nano HA in-

to MTA 4 days after mixing increased compressive 

strength compared to pure MTA, which was not statisti-

cally significant (p> 0.05). Moreover, incorporation of 

Nano ZnO also reduced the compressive strength at 

both time intervals, but the difference was not statisti-

cally significant (p> 0.05). It was also found that in all 

the groups, the compressive strength increased from day 

4 to day 21 but this increase was not statistically signifi-

cant (p= 0.06), except for the MTA group where the 

compressive strength increased significantly from day 4 

to day 21(p= 0.007) (Figure 1). 

 
Table 2: Means and standard deviations of the compressive 

strength of the study groups 
 

Groups 

Compressive 

strength 4 days 

after mixing 

(MPa) 

Compressive 

strength 21 days 

after mixing 

(MPa) 

p Value 

MTA 31.12±6.19 41.12±6.53 0.007* 

MTA+Nano ZnO 26.5±9.42 33.5±10.4 0.180 

MTA+Nano HA 38.5±9.24 40±12.66 0.882 

MTA+Nano ZnO+ 

Nano HA 
26.87±6.49 30.75±6.54 0.254 

 

*p< 0.05 and the difference between the two groups is significant. 
 

Table 3: The results of two-way ANOVA 
 

 p Value 

Group 0.50 

Time 0.067 

Group–Time 0.766 
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Figure 1: Compressive strength of different groups at differ-

ent time intervals. 

 

Discussion 

MTA is a calcium silicate-based material. It is highly 

biocompatible and can induce hard tissue formation due 

to its favorable characteristics. It has been accepted as 

the best standard for endodontic treatments for many 

years [23-24]. In spite of these desirable characteristics, 

long setting time and technical sensitivity of this materi-

al have prompted the researchers to add different mate-

rials, including nanoparticles, to improve some of its 

properties. Considering its application in the field of 

root canal treatment, its physical properties, including 

compressive strength, have been of great importance in 

various studies [13, 25-26], which should be re-

examined after adding any material to its structure. The 

initial strength of MTA is 40 MPa and according to 

previous studies, it reaches 67 MPa in 21 days [14, 27]. 

Compressive strength reflects the quality of the hydra-

tion process and hydration is a factor directly affecting 

the MTA setting; therefore, any factor affecting the hy-

dration process also affects its physical properties [2, 

10, 25, 28-29].  

One of the materials evaluated in this study was HA, 

which is considered as an important biological material 

and the main component of the bone and teeth. The HA 

nanoparticles are more efficient because of fine parti-

cles, having more contact surfaces and higher solubility 

[30]. The HA has bone formation potential and can di-

rectly bind to the bone [31]. It is easily tolerated and 

integrated into the host tissue [32] and because of the 

lack of protein, it does not cause allergic and immune 

reactions [33]. 

In the current study, incorporation of HA nanoparti-

cles had no significant effect on MTA compressive 

strength, and considering the favorable properties of this 

nanoparticle, this material can be used to improve other 

properties of MTA without reducing its compressive 

strength. On the fourth day after mixing, the compres-

sive strength of the group, where HA was added to 

MTA, was higher than the MTA group alone, which not 

statistically significant. 

HA is a highly active substance that results in rapid 

bonding due to its nano-structure and reduces the setting 

time [34], which can increase compressive strength on 

the early days (4 days after mixing). 

In other studies, various nanoparticles have been 

added to improve the properties of MTA [6, 15-16]. In a 

study by Akbari et al. [16], it was found that incorpora-

tion of nano silicate particles such as the particles used 

in our study had a positive effect on compressive 

strength of MTA, but this effect was not significant. 

A study by Prasad et al. [6] showed that incorpora-

tion of calcium formate, calcium chloride, and di-

sodium hydrogen orthophosphate nanoparticles, in con-

trast to the nanoparticles used in our study, reduced the 

compressive strength of MTA. In a study by Bernardi et 

al. [26], calcium carbonate nanoparticles reduced the 

compressive strength of MTA. Another nanoparticle 

considered in our study was ZnO, which has been 

shown in many studies to have antibacterial properties 

[22, 35].  

In the group in which ZnO alone was added to 

MTA, the compressive strength slightly decreased alt-

hough this decrease was not statistically significant. 

However, in a study by Guerreiro-Tanomaru et al. [36], 

incorporation of ZnO into calcium silicate-based mate-

rials (such as MTA) resulted in a significant reduction in 

compressive strength. This might be due to the reaction 

effect of these nanoparticles with MTA due to cracks in 

the MTA structure, explaining the slight decrease in the 

compressive strength of the MTA and ZnO groups. In a 

study by Samiei et al. [15], incorporation of silver-zinc-

zeolite nanoparticles to MTA caused a significant re-

duction in compressive strength. The reason for this 

decrease in compressive strength of MTA after adding 

some materials is the impact on the MTA hydration and  
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setting process. 

We selected two time intervals for measuring the co-  

mpressive strength in this study. The shorter time of 4 

days was selected because the initial strength is im-

portant in clinical applications and the material is initial-

ly exposed in the patient's mouth to occlusal forces. 

Therefore, the material in this period undergoes favora-

ble setting; moreover, the same period has been selected 

for this purpose in previous studies [15, 28]. 

The 21-day period was also selected to study the ef-

fects of HA and ZnO in a longer period and along with a 

shorter period, the results were compared with the con-

trol group (without nanoparticles). Long-term strength 

is important for materials’ resistance to occlusal force 

and the force created by the placement of the restorative 

materials [28]. 

A significant increase in compressive strength was 

observed over time from day 4 to day 21 only in the 

MTA group alone, which is consistent with previous 

studies [15, 26]. In other groups, there was a slight in-

crease in the compressive strength, which was not statis-

tically significant. 

 

Conclusion 

According to the results of the present study, HA and 

ZnO nanoparticles had no significant effects on the 

compressive strength of MTA. Therefore, regarding the 

advantages of these nanoparticles, they can be employed 

either in cases where compressive strength is important 

such as the repair of furcal perforations, pulp capping 

and apexogenesis, or in the case of apical plug and as a 

retrograde material in surgery where the compressive 

strength is not important. 
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