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Objectives: Apexification is a challenging treatment in necrotic open apices teeth 
and bacterial leakage is the main reason for the treatment failure. The aim of this 
study is to compare the effect of mixing mineral trioxide aggregate  (MTA) with 
chlorhexidine  (CHX) on microbial leakage in apexification treatment of simulated 
immature teeth.
Materials and Methods: In this experimental study, 44 intact central incisors 
were selected based on inclusion criteria. The coronal and 2  mm of apical part 
of the specimens were removed till all root segments were 12  mm long. The 
apical parts of the teeth were prepared using Profile #40/0.06 (Dentsply Maillefer, 
Ballaigues, Switzerland) in the apical to coronal direction to simulate open apices. 
The specimens were separated into experimental groups  (n  =  40) and control 
groups  (n = 4). Group 1 delivered a 5 mm apical plug by MTA/H2O and group 2 
delivered an apical plug by MTA/CHX  0.12%. The positive control group had 
no apical barrier; on the other hand, the negative control group had an apical 
barrier and two layers of nail varnish on entire root surface. The microbial leakage 
assessment was done by a dual‑chamber apparatus using fresh human saliva after 
10‑week follow‑up. The turbidity of the lower chamber containing the  Brain Heart 
Infusion (BHI) solution was analyzed based on the McFarland (0.5) standard which 
utilizes spectrophotometry results. Data analyses were done using Chi‑square, 
Kaplan–Meier, and log‑rank tests.
Results: MTA/CHX group had lower microbial leakage percentage  (P  =  0.001) 
and longer time of leakage (P = 0.002) in compared with MTA/H2O group and the 
difference was statistically meaningful.
Conclusion: Based on the results of this study, MTA/CHX mixture can reduce the 
amount of bacterial leakage.
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material is an important factor in the treatment of necrotic 
immature teeth.[5] Mineral trioxide aggregate  (MTA) is the 
material of choice in these treatment modalities.[6]

Introduction

M icrobial leakage is one of the main reasons of 
endodontic failure, especially in immature necrotic 

teeth that have undergone apexification treatment.[1,2] The 
most important factors contributing to apical microbial 
leakage are the obturation technique used, physical and 
chemical properties of filling material, presence/absence of 
smear layer, and coronal sealing ability of the restoration.[3,4] 
The microbial leakage preventive property of apical plug 
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MTA consists of fine hydrophilic particles, which 
transform into colloidal form in the presence of moisture. 
The material has good biocompatibility and sealing 
ability properties.[7] Apexification treatment using MTA 
apical plug leads to more appropriate and predictable 
results compared to the more traditional Ca(OH)2 
apexification technique.[6]

Previously, chlorhexidine  (CHX) was added to 
gutta‑percha to improve antibacterial and subsequent 
sealing properties.[8] CHX is a cationic antimicrobial 
agent and the gold standard for mouthwash antiseptic. 
Furthermore, the 2% solution is favored for root canal 
irrigation.[9] Recent studies have shown mixing MTA 
with CHX 0.12%, instead of water, enhances antibacterial 
properties while not adversely affecting its physical and 
biological properties.[10‑12]

There is a variety of leakage tests including dye 
leakage, fluid filtration, radioisotopes, electrochemical, 
glucose and amino acid filtration, and microbial 
leakage test available.[13] Microbial leakage tests may 
be performed using single species, multiple species, 
saliva, direct detection of bacteria ion through scanning 
electron microscope, or detection of leaked bacteria 
using polymerase chain reaction.[14] Microbial leakage 
assessment using fresh saliva has advantages over single 
species or multiple species analysis because of its mixed 
microbial component and presence of enzymes that 
makes the technique unique and closer mimics a clinical 
situation.[14]

The aim of this study is to evaluate the effect of CHX 
mixed with MTA on bacterial leakage of apical plug in 
simulated immature teeth using human fresh saliva.

Materials and Methods

The present study protocol was reviewed and approved by 
the Research Ethics Committee of Islamic Azad University, 
Dental Branch, Tehran, Iran  (code: IR.IAU.Dental.Rec. 
1396,20). In this experimental study, 44 human central 
incisors were sampled based on inclusion criteria. Central 
incisors were confirmed radiographically to have just one 
root canal without calcifications, resorptions, cracks, or 
dilacerations. During root canal preparation and apical 
plug fabrication, any harm to root causes crack formation, 
fractures, or unqualified plug formation leads to specimen 
exclusion from the study.

The teeth were kept in 0.9% saline solution at 37°C 
before microbial leakage testing. The crowns and 2  mm 
apical part of the roots were removed with a diamond 
disk in a low‑speed handpiece at a level, which 12  mm 
of the root were remained  [Figure  1]. Scaling of the 
root surfaces was done to remove any calculus or stains 

and 5% hypochlorite was used for 15  min to remove 
superficial tissue tags. Root canal preparation of the 
specimens was done using ProTaper rotary files (Dentsply 
Maillefer, Ballaigues, Switzerland) and 2.5% hypochlorite 
was used for irrigation. Apical parts of each specimen 
were prepared using Profile #40/0.06 (Dentsply Maillefer, 
Ballaigues, Switzerland) in the apical to coronal direction 
to simulate open apices.[15] All the apical part of the 
specimens prepared using Profile #40/0.06 in depth of 
10  mm to create apical diameter of 1  mm. The smear 
layer was removed using 5.25% hypochlorite and 17% 
EDTA, each for 1  min, respectively, and finally, the 
canals were rinsed by distilled water.

Prepared specimens were randomly separated into 
experimental and control groups as follows:
•	 Group  1: It includes 20  specimens with a 5  mm 

apical plug of MTA  (Angelus, Londrina, PR, Brazil) 
mixed with sterile distilled water

•	 Group  2: It includes 20  specimens with a 5  mm 
apical plug of MTA  (Angelus, Londrina, PR, Brazil) 
mixed with 0.12% CHX

•	 Positive control group: It includes 2  specimens 
without any root canal obstruction

•	 Negative control group: It includes 2 specimens with 
5 mm of MTA (Angelus, Londrina, PR, Brazil) apical 
plug of which the entire root surface including apical 
surface covered by 2 layers of nail polish.

In the experimental and positive control groups, the 
entire root surfaces, except 2  mm apical part of each 
root, were covered by two layers of nail polish to prevent 
lateral leakage.[14,15]

Periapical radiographs of all specimens were taken 
to confirm the quality and quantity of the 5  mm plug 
and unsatisfactory specimens were excluded and 
replaced. The accepted specimens were kept in an 
incubator  (Shimaz Co, Tehran, Iran) for 1 week at 37°C 
and 100% moisture to complete the setting process.

Figure 1: The 12mm length specimens with simulated open apices
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Microbial leakage assessment

A dual‑chamber technique using fresh human saliva was 
used for microbial leakage measurements. Each specimen 
was fixed in polyethylene tubes, of which 3  mm of the 
root tip was left out of the tube. The gap between the 
root and tube was sealed by paraffin wax. The initial 
complexes were put in a sealed package then sterilized 
by ethylene oxide gas for 12 h. Then, under a microbial 
hood, the initial complex was fixed on sterilized glass 
tubes to form a dual‑chamber complex  [Figure  2]. 
The upper chambers were filled by 3  ml mixture of 
saliva and BHI solution in 3:1 ratio and replaced with 
fresh solutions every 3  days. The lower chambers were 
filled by BHI solution. The dual chambers were kept 
in incubator at 37°C and 100% moisture till follow‑up 
times.

The saliva was collected in a sterile container from a 
caries‑free person with normal PH range  (determined by 
Tornosol paper) who had not brushed at least for 12 h, and 
salivary secretion was stimulated using a paraffin tablet.

The lower chamber solution was detected for any turbidity 
weekly, using a spectrophotometer (KHB L‑3180, China) 
based on 0.5 McFarland standard  (1.5  ×  108). The 
experiment was continued for 70 days.

The data were analyzed using SPSS software  (SPSS 
version  19.0, SPSS, Chicago, IL, USA) and Chi‑square 
and log rank tests were done. To assess the survival 

ranks, the Kaplan–Meier test was performed. The 
significant level was set at 0.05.

Results

Forty‑four specimens underwent microbial leakage 
test using fresh human saliva. In the MTA/H2O group, 
17 of 20  (85%) specimens had leakage, while this 
phenomenon was observed in only 7 of 20  (35%) of 
MTA/CHX specimens, and the difference was determined 
statistically significant  (P  =  0.001)  [Figure  3]. None of 
the two negative control specimens had leakage during 
the 70  days   of follow‑up time, while the   positive 
control specimens had leakage just in the first follow‑up 
session [Table 1].

The mean leakage time for MTA/H2O group was 6 weeks 
and the lower and upper bound values  (95% confidence 
interval) were 5.06 and 6.94, respectively, while the 
mean leakage time for MTA/CHX group was 8.25 weeks 
and the lower and upper bound (95% confidence interval) 
was 7.19 and 9.31, respectively. It should be mentioned 
that the leakage time between the experimental groups 
was significantly different  (P  =  0.002)  [Table  2]. The 
survival ranks were demonstrated in Figure 4.

Discussion

One of the most important concerns in treating necrotic 
teeth with immature apices is constructing an appropriate 
apical barrier with a predictable sealing ability. This study 
showed that mixing MTA with CHX  0.12% instead of 
distilled water increased the sealing ability of fabricated 
apical plug against salivary microbiota.

Figure 2: A dual-chamber apparatus 
Figure 3: Turbidity detection in lower chamber using a spectrophotometer 
based on 0.5 McFarland standard

Table 1: Leakage positive and leakage negative specimens in experimental and control groups
Groups Number of specimens Leakage positive (%) Leakage negative (%)
MTA/H2O group 20 17 (85) 3 (15)
MTA/CHX group 20 7 (35) 13 (65)
Negative control group 2 0 2 (100)
Positive control group 2 2 (100) 0
P 0.001
MTA=Mineral trioxide aggregate, CHX=Chlorhexidine
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In an in  vitro study by Mittag et  al., increasing the 
antimicrobial properties was observed when MTA was 
mixed with CHX in a dose‑dependent manner, whereas 
MTA/H2O had a little antibacterial effect.[16] Previously, 
Stowe et al.[17] and Holt et al.[18] had similar results using 
Enterococcus faecalis. The potential significance of these 
findings may explain the lower microbial leakage rate in 
MTA/CHX group compared to MTA/H2O in our study.

Timpawat et al. have shown that antibacterial properties of 
root canal filling material can reduce microbial leakage.[19]

Adl et  al. demonstrated that CHX has no adverse effect 
on setting process of MTA and the push out bond 
strength of MTA/H2O was not significantly different 
from MTA/CHX.[20]

In an in  vitro study, Bidar et  al. concluded that the 
marginal adaptability of MTA had not been adversely 
affected by mixing MTA with CHX, whereas there was 
a meaningful difference in compressive strengths of 
MTA/CHX  0.12% compared to MTA/H2O and MTA 
CHX 0.2%.[21]

In an in  vivo study, Sumer et  al. showed 
MTA/CHX 0.12% was a biocompatible material and was 
tolerated well by surrounding connective tissue.[22]

Mixing MTA with CHX gel can adversely affect setting 
time of the material, but this drawback had not observed 
when MTA was mixed with CHX solution.[23]

In this study, the microbial leakage test performed in a 
similar fashion as performed by Oliveira et  al.[24] and 
Aminsobhani et al.[25] using fresh human saliva.

In a microleakage study by Arruda et al. involving silver 
nitrate solution, they had demonstrated mixing MTA 
with distilled water or CHX had not adversely affected 
the sealing ability of the material.[26] The same results 
were obtained by Shetty et  al.[27] and Shahi et  al.[28] in 
dye leakage studies.

Veríssimo and do Vale[29] showed that microleakage 
evaluation using bacteria provided more biologically 
and clinically predictable data than other methods, but it 
is important to note that microbial leakage tests cannot 
predict the occurrence of periradicular infection due to 
multiple factors such as the virulence of microorganisms, 
defense capacity of the periradicular tissues, nutritional 
status, and bacterial interactions contributed the 
condition.[30,31]

The usage of fresh human saliva in a microbial leakage 
setting is advantageous because it closely simulates 
clinical conditions. However, it cannot simulate the 
thermal cycles of the mouth, dietary regimen, or the 
salivary flow.[18,20,22]

Conclusion

Based on the result of this ex vivo study, mixing MTA 
with CHX improves the sealing ability of the resulting 
apical plug in open apices teeth, but this effect is not 
important clinically if an appropriate coronal seal 
provided with well‑sealed coronal restoration.
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