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Abstract  
Background and aims. It is important to evaluate the effects of endodontic materials on tooth structures to avoid endo-

dontic treatment failure. The aim of the present study was to investigate the effect of mineral trioxide aggregates (MTA) and 

Portland cement (PC) on fracture resistance of dentin. 

Materials and methods. Thirty-six freshly extracted human single-rooted premolar teeth were selected. The crowns 

were removed and the roots were randomly divided into two experimental groups and one control group. The root samples 

were longitudinally divided into two halves and a dentin bar (2×2×10 mm) was cut from each root section for short-term (2

weeks) and long-term (12 weeks) evaluations. The root sections in the experimental groups were exposed to MTA or PC, 

while keeping the control group specimens in physiologic saline. The fracture resistance of each specimen was measured 

using an Instron testing machine. The results were statistically analyzed using ANOVA, a post hoc Tukey test and paired t-

test at 5% significance level. 

Results. The fracture resistance of MTA-treated specimens significantly increased between 2 and 12 weeks (P<0.05). Af-

ter 12 weeks, MTA-treated specimens had the highest fracture resistance. In the PC group, the fracture resistance of speci-

mens did not change significantly over time (P>0.05). 

Conclusion. The results showed that MTA increased the fracture resistance of root dentin, while PC had no significant 

effect on dentin fracture resistance. 
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Introduction 

alcium hydroxide [Ca(OH)2] has been advo-
cated as an intracanal medicament in the treat-

ment of  inflammatory external root resorption 1,2 
and for induction of apical closure in nonvital imma-
ture teeth.3 However, these treatments may continue 
for several months before the desired effects are 
achieved.4,5 It has been proposed that long-term ex-
posure to Ca(OH)2 will lead to weakening of roots 
and increased susceptibility to fracture either sponta-
neously or due to minor impacts.6,7 

Mineral trioxide aggregate (MTA), a Portland ce-
ment-based material, has many endodontic applica-
tions and has largely replaced Ca(OH)2.8,9 MTA’s 
suitability as a material for use in the treatment of 
non-vital immature teeth has been investigated. As 
with Ca(OH)2, it shows high alkalinity when it is 
freshly mixed.10 It has been reported that MTA in-
duces apical hard tissue formation at a rate similar to 
that seen with Ca(OH)2.11 Its application in the 
treatment of external infection-related root resorption 
has also been described in some cases.12-14

In terms of fracture resistance, MTA has shown 
similar15 or better results16-18 compared to Ca(OH)2. 
MTA use might mitigate the potential weakening of 
roots associated with long-term Ca(OH)2 treatment.19 
Despite its advantages, MTA has some limitations, 
including long setting time, inadequate compressive 
strength, difficult handling and high cost.20,21

The principal ingredients and the amount of arse-
nic in Portland cement (PC),22-25 as well as its bio-
compatibility26-28 and physicochemical behavior,29  

are similar to those of MTA. The setting time of PC 
can be reduced by removing gypsum from manufac-
turing process without affecting other properties.30 
Shahi et al31 compared the sealing ability of MTA 
and PC as a root-end filling material and concluded 
that these two materials have similar microleakage. 
Gomes Cornélio et al32 reported that a major draw-
back of Portland cement is its lack of radiopacity, 
and evaluated the cytotoxic effect of three different 
radiopacifying agents associated with PC. Their re-
sults showed that Portland cement containing bis-
muth oxide, zirconium oxide or calcium tungstate is 
not cytotoxic. Zeferino et al33 also reported that Port-
land cement containing 15% bismuth oxide is not 
genotoxic and cytotoxic. Therefore, PC can be con-
sidered a possible substitute for MTA because of its 
similar properties and lower cost.  

Although Portland cement can be applied for en-
dodontic treatment, no study has ever evaluated its 
effect on fracture resistance of dentin. The aim of 

this study was to evaluate the effect of MTA and PC 
on the fracture resistance of root dentin. 

Materials and Methods 

This in vitro study model was based on the method 
described by White et al,15 with some modifications. 
Thirty-six freshly extracted, single-rooted human 
premolar teeth without decay, crack or fracture were 
used for the experiment. The teeth were stored in 
physiologic saline after extraction to prevent dehy-
dration. They were randomly assigned to two ex-
perimental groups and one control group (n=12). The 
crowns were removed at the level of cemento-
enamel junction (CEJ), using a high-speed fissure 
bur. The root samples were longitudinally divided 
into two halves using a disk saw (Edmta Golden, 
S.A.W, and Swiss) and a dentin bar (2×2×10 mm) 
was cut from each root section for short-term (2 
weeks) and long-term (12 weeks) evaluations. 

Pro-Root MTA (Dentsply-Tulsa Dental, Tulsa, 
OK, USA) and Portland cement (Tehran Cement 
Co., Tehran, Iran) were mixed with distilled water 
using a 3:1 powder-liquid ratio to achieve a putty 
consistency and placed in 2×2×10 mm molds. Root 
sections were then placed in contact with MTA or 
PC. Only one side of each dentinal bar was exposed 
to the material to simulate contact of the material 
with root dentin in a clinical situation. The speci-
mens in the control group were placed in Petri dishes 
containing physiologic saline. The samples were 
then incubated at 37°C and 100% humidity. 

 After completion of the evaluation period, each 
sample was rinsed with saline and mounted in self-
cured acrylic resin in a manner to protrude exactly 6 
mm of the block. The fracture resistance was meas-
ured with a universal testing machine (Instron Crop., 
Canton, MA, USA) at a crosshead speed of 1 
mm/min. A compressive force was applied at a point 
2 mm from the acrylic base using a chisel-shaped tip. 
Maximum force required to fracture each specimen 
was recorded. The results were statistically analyzed 
using ANOVA, a post hoc Tukey test and paired t-
test at 5% significance level. 

Results 

The means and standard deviations of the fracture 
resistance calculated from the raw data are presented 
in Table 1.  

Two-way ANOVA demonstrated a statistically sig-
nificant interaction between the type of the material 
and exposure time (P<0.05). Therefore, the materials 
were compared in each of the two time periods using 
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one-way ANOVA and a post hoc Tukey test.  
MTA-treated specimens had the highest fracture 

resistance at 2-week interval (106.1 N). However, 
there were no significant differences between the 
groups (P>0.05).  

After 12 weeks, the force required to fracture den-
tin in the MTA-treated specimens was significantly 
higher than the other two groups (P<0.05). There 
were no significant differences between the PC and 
control groups (P>0.05).  

Paired t-test demonstrated a significant increase in 
fracture resistance of MTA-treated specimens be-
tween 2- and 12-week periods (P<0.05). In the PC 
and control groups the fracture resistance of dentin 
did not change significantly after 12 weeks (P>0.05). 

Discussion 

Many previous studies have utilized bovine or sheep 
teeth to evaluate the fracture resistance of dentin.6,15-

17 However, human premolar teeth were used in the 
present study. Dentinal bars with the same size and 
shape were used to reduce the effect of variability 
associated with different dentinal wall thickness in 
human teeth. It was assumed that if any of the tested 
materials affected the structural integrity of human 
dentin, it would have likely presented itself in the 
value of compressive forces required to fracture the 
dentin bars.  

In this study model, hardening of MTA and PC af-
ter setting might have influenced the fracture resis-
tance of the samples. However, this reinforcement 
effect can be seen in situations in which the root ca-
nals have been obturated with these materials.34,35  

After 12 weeks, the fracture resistance of dentin 
exposed to MTA was significantly higher than that 
in the other groups (P<0.05). The ability of MTA to 
strengthen tooth structure in previous studies has 
yielded controversial results. White et al15 showed 
weakening of the tooth structure after 5 weeks of 
exposure to MTA. They believed that breakdown of 
the protein structure by the alkalinity of MTA was 
responsible for this result. However, Andreasen et 
al16 reported that fracture resistance of teeth treated 
with MTA was higher than those filled with either 
saline or Ca(OH)2, although the small sample size of 
the study resulted in statistically insignificant differ-

ences. Other ex vivo studies evaluating fracture re-
sistance of immature teeth filled with MTA18,34,35 

have demonstrated reinforcing effect of MTA. Mi-
lani et al35 attributed this finding to similar elastic 
modulus of MTA and dentin. A finite element analy-
sis showed that a material with elastic modulus close 
to that of dentin can reinforce the weakened root.36 

It has been reported that degradation of dentinal 
organic matrix is mainly mediated by matrix metal-
loproteinases (MMPs).37,38 Hatibović-Kofman et al17 
evaluated fracture resistance of teeth treated with 
Ca(OH)2 and MTA. They reported that tissue inhibi-
tor of MMPs was expressed in MTA-treated dentin, 
but it was undetectable in dentin treated with 
Ca(OH)2. They concluded that increase in fracture 
resistance in the MTA group may be related to this 
finding. Tomson et al39 demonstrated that MTA can 
release the bioactive molecules that have been se-
questered within dentin matrix. It was thought that 
the change in the dentin matrix as a result of a bio-
logical interaction between MTA and dentin may 
inhibit destruction of the organic matrix of dentin. 

For the PC-treated specimens, the mean fracture 
resistance did not change significantly over time 
(97.1 N and 94.2 N after 2 and 12 weeks, respec-
tively). After 12 weeks, the fracture resistance of 
dentin treated with PC was similar to the control 
group. 

The differences in the results could be explained 
by the fact that MTA and PC are not identical mate-
rials. MTA has significantly smaller particles40,41 and 
undergoes a better purification process than PC.40 
Several previous studies have also shown better re-
sults for MTA compared to PC,  such as higher resis-
tance to displacement42 and better efficacy in pro-
moting the biomineralization process.43

Since the effect of MTA on the fracture resistance 
of dentin is time-dependent,17 further studies with 
longer time intervals are suggested. Histological 
analysis of the affected dentin can also help explain 
the mechanisms affecting fracture resistance of den-
tin.   

Conclusion 

Within the limitations of this study it was concluded 
that MTA can increase the fracture resistance of root 
dentin over time, while PC has no significant effect 
on dentin fracture resistance. 
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Table 1. Means and standard deviations of the facture 
resistance of samples at two evaluation periods  

 Evaluation Period P-value 
Group 2 weeks 12 weeks  
MTA 106.1±37.3 156.1±19.1 P<0.05 
Portland 97.1±29.4 94.2±20.2 P>0.05 
Saline 98.1±31.8 82.8±12.2 P>0.05 

P>0.05 (within groups).  
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