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 ABSTRACT 
Statement of the Problem: Alkaline pH can affect the physical and chemical proper-
ties and sealing ability of apical plug material. Calcium hydroxide is used in non-vital 
teeth as an intracanal medication to complete disinfection of root canals. It raises the 
pH of environment to alkaline value.  
Purpose: The aim of this in vitro study was to evaluate and compare the effect of alka-
line pH on the sealing ability of calcium-enriched mixture (CEM) cement and mineral 
trioxide aggregate (MTA) apical plugs. 
Materials and Method: Seventy single-rooted human maxillary anterior teeth were 
randomly divided to two experimental groups for Angelus MTA and CEM cement 
(n=30) and two control groups (n=5). Each group was divided into two subgroups of 15 
for neutral and alkaline pH, and 1 negative and 1 positive control groups of 5. The root 
canals were cleaned and shaped by using ProTaper rotary system (Dentsply Maillefer; 
Ballaigues, Switzerland) and the terminal 3mm of the roots were resected. Then, MTA 
and CEM cement were condensed in apical region with 3mm thickness. The samples 
were exposed to two environments with different pH values of 13 and 7.4. The leakage 
was assessed by using the fluid filtration technique at 1, 7, 14, 30 days intervals. Data 
were analyzed by the repeated measures MANOVA. 
Results: There was no statistically significant difference in the rate of microleakage 
between neutral and alkaline pH of CEM cement and MTA (p> 0.05). The sealing abil-
ity of MTA in an alkaline pH of 13 was significantly less than CEM cement in this pH 
(p< 0.05). 
Conclusion: An environment with alkaline pH had no adverse effect on the sealing 
ability of MTA and CEM cement used as apical plugs. CEM cement had better sealing 
ability in alkaline pH. 
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Introduction 
A non-vital immature tooth presents many complica-
tions to achieve an appropriate endodontic therapy. [1] 
Since the apex is extremely wide, no barrier exists to 
limit the obturation process of the root canal system. 
[1-3] A variety of materials including mineral trioxide 
aggregate (MTA) and calcium-enriched mixture (CEM) 

cement have been used to create an apical stop in such 
cases. MTA has a good sealing ability, sets in the pres-
ence of blood and it is also biocompatible; all these 
properties make it a good candidate for apical plug. [4] 
However, it encompasses some drawbacks such as 
extended setting time, poor handling, and high cost. 
[5] On the other hand, CEM cement has good sealing 
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ability and favorable biologic response, as well as 
greater flow, less film thickness [6-7] and shorter set-
ting time (less than 1 hour) than MTA. [6-8]   

The vast majority of non-vital teeth are infected, 
so the first phase of treatment is to disinfect the root 
canal system. A creamy mix of calcium hydroxide is 
used as an intracanal medication to complete disinfec-
tion of the root canals. [9-11] Calcium hydroxide kills 
bacteria, neutralizes the biologic activity of lipopoly-
saccharides and makes the necrotic tissues more sus-
ceptible to the solubility action of NaOCl. [10] Fresh-
ly-mixed calcium hydroxide produces an environment 
with alkaline pH. [12] It is impossible to remove all of 
the calcium hydroxide from the dentinal walls; so, the 
alkaline pH of this area can potentially affect the prop-
erties of freshly-applied apical plug materials. [10, 13] 
This pH conversion inhibits the setting reactions and 
increases the solubility of materials.  

Physical and chemical properties of materials af-
fect their sealing ability. [14-16] Saghiri et al. [17] 
showed that the leakage of MTA in acidic pH occurred 
faster than in neutral pH. Lotfi et al. [11] concluded 
that alkaline pH affected the sealing ability of MTA. 
Hachmeister et al. [18] found that calcium hydroxide 
did not influence the sealing ability of gray MTA 
(GMTA). Stefopoulos et al. [19] reported that calcium 
hydroxide pretreatment adversely affected the sealing 
ability of MTA. 

To the best of our knowledge, no investigation 
has evaluated the effect of alkaline pH on the sealing 
ability of CEM cement. Therefore, the aim of this in 
vitro study is to assess the effect of alkaline pH on the 
microleakage of MTA and CEM cement by employing 
fluid filtration technique. 
 
Materials and Method 
Seventy extracted human maxillary single-rooted teeth 
were collected. After extraction, the teeth were placed 
in 1% sodium hypochlorite for 48 hours to be disin-
fected and were then rinsed and stored in normal saline 
solution until used. The teeth were examined for 
cracks and calcified canals. Crowns were sectioned 
with a fissure bur (Maillefer; Ballaigues, Switzerland) 
in a high-speed handpiece and water spray to create a 
standardized root length of 15mm. 

The canals were cleaned and shaped with ProTa- 

per rotary system (DENTSPLY; Switzerland) accord-
ing to the manufacturer’s instructions. The teeth were 
then randomly divided into two experimental groups 
(n=30) for Angelus MTA (Angelus; Londrina, Paraná, 
Brazil) and CEM cement (BioniqueDent; Tehran, Iran) 
and two control groups (n=5). Then each group was 
divided into two subgroups of 15 for neutral and alka-
line pH. The root canals were cleaned and shaped by 
using ProTaper rotary system to F3 (Dentsply 
Maillefer; Ballaigues, Switzerland) according to the 
manufacturer’s protocol. During instrumentation, after 
each rotary file, two mL of 2.5% NaOCl was used. A 
fissure bur in a high-speed handpiece under copious 
water spray was used to cut 3 mm of the apical part of 
the roots perpendicular to the long axis. The apical 
region of the teeth was dilated with piezo up to size 3 
to simulate open apex teeth. MTA and CEM cement 
were prepared according to the manufacturer’s instruc-
tions. The instrumented canals were dried with paper 
points (VDW; Munich, Germany), then the MTA and 
CEM cement were condensed to the apical end by us-
ing a plugger (Dentsply; Maillefer, Tulsa, USA) 3 and 
4 with a rubber stop placed 3 mm shorter than the root 
canal length. In the experimental groups the thickness 
of apical barrier was confirmed by radiographs. The 
entire root surface was coated with two layers of nail 
varnish, except the area corresponding to the resected 
root-end surface. In the positive control group, no api-
cal plug was used. In the negative control group, 3mm 
MTA apical plug was applied and the whole root sur-
faces and the surface including the end were coated by 
two layers of nail varnish. 

 Calcium hydroxide at pH value of 13 was used 
for preparing alkaline environment. [12] In alkaline pH 
experimental group, the teeth were placed in pieces of 
gauze smeared with calcium hydroxide for 3 days. [11] 
The gauze was replaced every day with fresh one to 
ensure a sufficient alkaline pH environment. The teeth 
in the other experimental group were placed in pieces 
of gauze, immersed in the synthetic tissue fluid with 
neutral pH (STF containing 1.7 g of KH2PO4, 11.8 g 
of Na2HPO4, 80.0 g of NaCl, and 2.0 g of KCl in 10 L 
H2O) for 3 days. [11]  

The microleakage was evaluated by the fluid fil-
tration technique employing a pressure of 20cm H2O. 
[20] In this method, a device was prepared by attachin- 
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Table 1: The mean (SD) of microleakage (µL/min/cm H2O×10³) for MTA and CEM cement as apical plugs in four time spans 
 

 pH level Mean (SD) 
Day 1 Day 7 Day 14 Day 30 N 

MTA Alkaline 14.5(7) 3.6(2.8) 5.5(2.5) 4.1(1.4) 15 
Neutral 9.4(4.5) 2.3(1.2) 4.4(1.9) 3.3(1.3) 15 

CEM Alkaline 11.4(7.9) 2.1(0.8) 2.4(1.0) 2.4(0.9) 15 
Neutral 8.6(5.2) 1.8(1.3) 2.7(1.1) 2.1(0.9) 15 

 
g two micropipettes perpendicular to each other. The 
teeth were fixed at the end of a horizontal micropipette 
and 20 cm normal saline was inserted in the vertical 
micropipette, presenting the pressure of 20 cm H2O. 
Microleakage for each tooth was measured at 1, 7, 14, 
30 day. Then, the bubble displacement of each interval 
(0-1, 1-7, 7-14, 14-30) was reported. The rate of mi-
croleakage (RML) of each interval was calculated and 
expressed in µL/min [21] (bubble displacement in each 
interval / period of interval). 

In data analysis process, the repeated measures 
MANOVA test was employed to evaluate the change 
of sealing ability over time. The significant level was 
set at 0.05 for all tests. 
 

 
Figure 1: The mean microleakage of MTA and CEM cement 
as apical plugs with different pH levels at different time inter-
vals  

 
Result 
The bubble was not displaced in the micropipette in 
negative control group; while, the fluid flow was ob-
served as soon as the pipette was opened in the posi-
tive control group. 

All experimental groups demonstrated various 
amounts of microleakage (Table 1). There was no sta-
tistically significant difference in RML between neu-
tral and alkaline pH of CEM cement (p> 0.05). There 
was no statistically significant difference in RML be-
tween the neutral and alkaline pH of MTA (p> 0.05). 
This materials exhibited similar sealing ability in neu-
tral pH. The RML of MTA in an alkaline pH of 13 was 
significantly greater than CEM cement in the same pH 

(p< 0.05).The RML reduced over time and it was more 
detectable in the second interval (Figure 1). 
 
Discussion 
This study compared the sealing ability of MTA and 
CEM cement as apical plugs in alkaline pH. Using 
calcium hydroxide as an intracanal medicament is ef-
fective in killing microbial flora and dissolving necrot-
ic pulp tissue. [22-23] Freshly-mixed calcium hydrox-
ide creates an alkaline environment that reaches its 
maximum pH value after 8 hours (pH=13). [10] Sever-
al methods such as bacterial penetration, glucose leak-
age, dye penetration, and fluid filtration have been 
used to measure the microleakage around the materi-
als. [25-28] Dye penetration and bacterial leakage are 
qualitative methods which may destroy the samples 
and do not allow evaluating the sealing ability over 
time. Passing the bacteria through the samples may 
show positive culture in bacteria leakage method. The 
reliability of any glucose study is questionable. Hydra-
tion of MTA results in calcium hydration which may 
react with glucose and affect the result of glucose 
leakage method. The fluid filtration is a quantitative 
and qualitative method that can record very small 
changes. This method does not destroy the samples; so 
it can be used to evaluate the sealing ability over time. 

We used calcium hydroxide in this study to in-
duce alkaline pH. A previous study showed that calci-
um hydroxide, as an intracanal drug, attached to the 
dentinal walls and directly interfered with the sealing 
ability of apical plug. [11] Therefore, we did not apply 
calcium hydroxide into the canals to eliminate this 
interference. 

 The current study found that alkaline pH had no 
adverse effect on the RML of MTA and CEM cement. 
This was similar to the results obtained by Bidar et al. 
[9] who found that the sealing ability of MTA did not 
change in the presence of calcium hydroxide. 

 Hachmeister et al. detected that the residual cal-
cium hydroxide in dentinal wall did not affect the seal-
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ing ability of MTA. [18] In contrast, Bidar et al. [10] 
observed that medication with calcium hydroxide im-
proved the marginal adaptation of MTA plug since 
calcium hydroxide produces calcium carbonate which 
decreases the permeability. In another study, Bidar et 
al. [3] concluded that medication with calcium hydrox-
ide did not influence the marginal adaptation of CEM 
cement. 

 Using calcium hydroxide would leave obstacle 
in dentinal wall and consequently affect the sealing 
ability of apical plugs. Thus, in order to eliminate the 
effect of mechanical obstacle in this study, only the 
tooth surface was exposed to the source of alkaline. 

 Concerning another result of our study, CEM 
cement in neutral pH group exhibited the lowest RML 
among the experimental materials; however, this dif-
ference was not significant. CEM cement has good 
handling characteristic and can be condensed easily. 
According to the results of this study, the RML of 
MTA was significantly greater than the CEM cement 
in an alkaline pH. In such an environment, the calcium 
ions that are released from CEM cement and MTA 
react with phosphate to form hydroxyapatite which 
improves the sealing ability. [29] CEM cement has 
more calcium component and may make more hy-
droxyapatite. [29]  
 
Conclusion 
Based on the results of this in vitro study, an alkaline 
pH environment had no adverse effect on the sealing 
ability of MTA and CEM cement as apical plugs. 
CEM cement had better sealing ability in alkaline pH. 
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