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ABSTRACT 
Background: This in vitro study was carried out to evaluate the effect of various endodontic irrigants (sodium 
hypochlorite, ethylene diaminetetracetic acid and normal saline) on sealing ability of (Biodentine, mineral trioxide 
aggregate, and amalgam) used to repair furcal perforations. 
Material and methods: One hundred and twenty extracted human molars with divergent roots were used in this 
study. A standard root canal access cavity was prepared in each tooth and furcal perforation was made and was 
standardized by using k file size 100 instrument to get a perforation of (1.32mm) in diameter .The teeth were randomly 
divided in to three groups of 40 teeth  according to the type of material used to repair the perforations (Group A: The 
furcal  perforations were repaired with Biodentine, Group B: The furcal  perforations were repaired with MTA ,Group 
C: The furcal  perforations were repaired with Amalgam). Each group was then subdivided into 4 subgroups 
according to irrigation regimens applied over the repair site (Subgroup 1: without irrigation, Subgroup 2: the pulp 
chamber was gently irrigated with 10 mL 5.25% Sodium hypochlorite for 10 minutes, Subgroup 3: Pulp chamber was 
gently irrigated with 10 mL 17% Ethylene Diaminetetracetic acid for 10 minutes, Subgroup 4: pulp chamber was 
gently irrigated with 10 mL normal saline for 10 minutes. Each tooth was coated with two layers of nail varnish and 
then sticky wax except 1 to 2 mm around the perforation site. Each tooth was placed in glass vial containing 3 ml of 
buffered Methylene blue dye at (37°C, pH 7) and kept in an incubator for 72 hour at 100% humidity. After dye 
application, the teeth were washed in running water for 5 min. Each tooth was sectioned longitudinally in a 
buccolingual direction. 
Results: The results showed that group A has least mean of dye penetration and the difference was highly significant 
with group C and non-significant with group B.Saline and NaOCl increase the sealing of all groups while EDTA 
significantly increased the dye penetration of Biodentine and MTA respectively. 
Conclusions: Biodentine has the best sealing ability of the tested materials while amalgam showed the highest dye 
penetration of all tested materials. Saline and NaOCl increase the sealing ability of Biodentine and MTA where as 
EDTA decreased the sealing efficacy of MTA and Biodentine. 
Keywords: Biodentine, MTA, EDTA, NaOCl, root perforations. (J Bagh Coll Dentistry 2014; 26(3):1-8). 

  الخلاصة
على قدرة الختم )  ول الھایبوكلوراید و المحلول الملحي العادي محل, اسد  كمحلول الاثیلین دایمین تیترا است(ل قنوات الجذور ة لغسالھدف من ھذه الدراسة  كان لتقییم تأثیر مواد مختلف

  .مفترق الجذور  ثقبالمستعملة  في ترمیم ) مادة تجمع المعدن ثلاثي الاوكسد و الاملكم , البایودنتین (لمواد 
ذر و تم معایرتة بحیث یصبح جذر القیاسیة لكل سن ثم عمل انثقاب لمفترق التم تحضیر قناه الج.متباعدة الجذور , سفلیة  حدیثة القلع  ضرساستخدمت في ھذه الدراسة مئة و عشرون 

استنادا لنوع المادة المستعملة في ترمیم انثقاب  عشوائیا الى ثلات مجموعات تحوي على اربعین رحى الاضراسقسمت ,  100مقیاس   kبواسطة استخدام مبرد ) ملم  1,32(بقطر 
  :كالاتي  مفترق الجذر 

  .رممت انثقابات الجذور بمادة البایودنتین :  مجموعة  أ
  .رممت انثقابات الجذور بمادة تجمع المعدن ثلاثي الاوكسد : مجموعة ب 
  م غرممت انثقابات الجذور بمادة الامل: مجموعة ج  

  :ذور  على النحو التاليمجموعات فرعیة وفقا لنظم الري  التي تم تطبیقھا على موقع إصلاح مفترق الج 4م تم تقسیم كل مجموعة إلى ث
  .لم یجري  أي ري : المجموعة الفرعیة الاولى 
  .دقائق  10٪ لمدة 5.25مل من محلول  الھایبوكلوراید   10تم ري  غرفة اللب بلطف مع : المجموعة الفرعیة الثانیة 
  دقائق  10اسد لمدة  كمل من محلول الاثیلین دایمین تیترا است 10تم ري غرفة اللب ب :المجموعة الفرعیة الثالثة 

  دقائق 10لمدة   متعادلمل من محلول الملحي ال 10تم ري غرفة اللب ب : المجموعة الفرعیة الرابعة 
ملم  2- 1للاصق باستثناء كل سن تم تغطیتھ  بواسطة طبقتین من مادة طلاء الاظافر تلیھا طبقة من الشمع ا. الاسنان بالحشوة المؤقتة ملئتساعة   ثم  24تركت جمیع الأسنان لتجف لمدة 

  .حول موقع انثقاب مفترق الجذور 
ساعة وبعد تطبیق  72و حفظ في حاضنة لمدة )  7درجة مئویة، ودرجة الحموضة  37(زرقاء مخزنة في المل من صبغة المیثیلین  3وضع كل سن في قارورة زجاجیة تحتوي على 

تم قطع كل رحى  طولیا  على طول المحور الطولي في الاتجاه الدھلیزي  اللساني من خلال الانثقاب باستخدام القرص . ق دقائ 5الصبغة، تم غسل الأسنان في المیاه الجاریة لمدة 
نوي احصائي عال جدا مع لاف ذو فرق معاظھرت النتائج  ان المجموعة الاولى المرممة بمادة البایودنتین  كان لھا القیمة الوسطیة النسبیة الاوطا لاختراق الصبغة و كان الاخت. الماسي 

  .د غیر معنوي المجموعة الثالثة المرممة بواسطة مادة الاملكم و كان الفرق بین المجموعة الاولى و الثانیة المرممة بمادة تجمع المعدن ثلاثي الاوكس
زیادة   سبب في في حین  محلول  محلول الاثیلین دایمین تیترا استل اسد  جموعات جمیع المكما اظھرت النتائج  ان المحلول الملحي العادي و و محلول الھایبوكلورایت یزید قابلیة الختم 
 .كبیرة في اختراق الصبغة من البایودنتین و مادة  و تجمع المعدن ثلاثي الاوكسد على التوالي

INTRODUCTION 
An unfortunate but common complication of 

access preparation for endodontic therapy is a 
perforation made through the root into the 
surrounding periodontal tissues. The perforation  
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normally occurs in the cervical area of anterior 
teeth, or in the furcation area of posterior teeth, as 
a result of the length of the bur being used (1).   

Delay of perforation repair can cause 
microbial contamination of the defect and 
breakdown of the periodontium, resulting in 
endoperiodontal lesions that are difficult to 
manage. As such, perforation defects should be 
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repaired before proceeding with definitive 
endodontic treatment (2). 

Despite the numerous favorable properties of 
MTA that support its  clinical use when compared 
with the traditional materials, there are several 
critical drawbacks such as the prolonged setting 
time, difficult handling characteristics, high cost, 
and potential of discoloration (3). 

A variety of new calcium silicate–based 
materials have been developed recently aiming to 
improve MTA shortcomings. Biodentine 
(Septodont, Saint Maur des Foss_es, France) is a 
high-purity calcium silicate– based dental material 
that is recommended for use as a dentin substitute 
under resin composite restorations and an 
endodontic repair material because of its good 
sealing ability, high compressive strengths, short 
setting time,biocompatibility, bioactivity, and 
biomineralization properties (3),following the 
repair of furcal perforations, endodontic treatment 
should be performed with various irrigation 
solutions such as EDTA and NaOCl  to clean the 
root canal system. This procedure causes 
inevitable contact of endodontic irrigants with the 
site of furcal repair in contrast to the well-
documented chemical and morphological effects 
of routinely used irrigants (e.g., sodium 
hypochlorite [NaOCl] and ethylene diamine tetra-
acetic acid [EDTA]) on root dentin and smear 
layer (4). 

A little   information exists with regard to the 
influence of these solutions on the integrity and 
sealing properties of repaired furcal 
perforations.The purpose of this in vitro study was 
to determine and compare the effect of various 
root canal irrigants (Sodium hypochlorite, 
Ethylene Diamine Tetraacitic Acid, and normal 
saline) on sealing ability of three different furcal 
perforation repair materials (Biodentine, Mineral 
trioxide aggregate, and amalgam). 
 
MATERIALS AND METHODS 
Selection of the samples 

One hundred and twenty freshly extracted 
mandibular molars were used in the present study. 
The cause of extraction, age and gender were not 
considered. The molars were collected according 
to the following criteria: complete root  formation, 
minimal occlusal  or no caries, with diverged  
roots  and  no cracks on examination with 10X 
magnifying eye lens and light cure device (5,32). 

After extraction, the teeth were cleaned by 
immersion in a 5.25% solution of sodium 
hypochlorite for 30 min. Soft tissue tags and 
calculus were removed by cumine scaler. Teeth 
were then washed with tap water and stored in 
normal saline until use (6). 

To facilitate manipulation, the teeth were 
decoronated 3 mm coronal the cemento-enamel 
junction and the roots were amputated 3 mm 
apical the furcation using a diamond disk (2). 
 
Preparation of the samples 

All the teeth were prepared as following: a 
standard root canal access cavity was prepared in 
each tooth with a number 4 round bur in a high-
speed handpiece with water spray for the initial 
entry followed by Endo-Z bur (long tapered 
configuration bur that allow easy access to the 
canal orifices and funnel shaping of the chamber 
walls)   for lateral extension and finishing of 
cavity walls. The contents of the pulp chamber 
and root canals were removed with a spoon 
excavator and barbed broaches, respectively (2). 
 
Creation of the Artificial Perforations 

A heavy addition  silicone impression material 
(Express STD 3M ESPE, Dental Products) was 
mixed according to the manufacturer instructions 
and placed in the area of artificial teeth of the 
manikin  to provide a matrix that  simulated the 
bony socket as it serves as a jaw for the teeth and 
was similar to barrier when condensing repair 
materials into perforation area.The molars were 
placed into the unset silicone impression material 
and then removed after complete polymerization  
of the material (7). 

Artificial perforations were created in the 
center of the pulp chamber floor by using a size 2 
round diamond bur (100 ISO size; Dentsply- 
Maillefer, Ballaigues, Switzerland) in a low-speed 
handpiece. The bur used for making a perforation 
was renewed every 5 samples.  Then #100 K file 
was used to enlarge the perforation size so that the 
D16 facing the bottom of perforation to get 
standardized perforation diameter 1.32 mm at 
D16 of #100. The pulp chamber was filled with 
distal water for 3 minutes before being dried. 
Paper points were used to remove excess moisture 
within the perforation before repair (8). 

For standardization, the heights of the walls of 
the perforated area in all the samples was 2mm 
which measured by using a periodontal probe. 
The samples in which the thickness of dentin at 
the perforated area was less than 2 mm were 
excluded (9). 
 
Sample grouping 

One hundred and twenty mandibular molars 
were randomly divided into three  groups (n =40) 
according to the material used for repairing the 
perforation defects: (Group A:In which the  
perforations were repaired with Biodentine, 
Group B:In which the  perforations were repaired 
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with  MTA, Group C: In  which the  perforations 
were repaired with amalgam). All the restorative 
materials used in this study were mixed according 
to the manufacturer’s recommendations 

For each restorative material, the specimens 
were further divided randomly into 4 groups 
(n=10 each) according to irrigation regimens 
applied over the repair site (10)  (Subgroup 1: 
Without irrigation, Subgroup 2: the pulp chamber 
was gently irrigated with 10 mL 5.25% NaOCl 
and left for 10 minutes using disposable syringe, 
Subgroup 3: pulp chamber was gently irrigated 
with 10 mL 17% EDTA and left for 10 minutes 
using disposable syringe, Subgroup 4: pulp 
chamber was gently irrigated with 10 mL normal 
saline and left for 10 minutes using disposable 
syringe. 

One investigator performed all procedures. In 
Subgroups 2, 3, and 4, the cavities were gently 
irrigated with 10 mL distilled water after 
irrigation of the tested solutions' to neutralize the 
prolonged effect of irrigants (2). All the teeth were 
left to dry for 24 hour and all the access cavities 
were filled with temporary filling material. 
 
Leakage study 

Each tooth was coated with two layers of nail 
varnish except 1-2 mm around perforation and 
then sticky wax was melted in a cauldron and the 
roots were dipped in it by holding tooth with 
endodontic spreader to achieve a noticeable wax-
covering of the apical and lateral portions of the 
roots, but avoiding wax coverage on the 1 to 2 
mm around the perforation site and was left to 
dry.This will give complete sealing of the tooth 
(8). 

After storage for 24 hours in incubator, each 
tooth was placed in glass vial containing 3 ml of 
Methylene blue dye at (37°C, & pH 7) and kept in 
incubator for 72 hour at 100% humidity.After dye 
application; the teeth were washed in running 
water for 5 min. The sticky wax and nail varnish 
were scrapped from the tooth with lacron carver 
and washed again under running water for 30 min. 
Then the teeth were left to dry at room 
temperature for 24 hours (8). 

To evaluate the depth of dye penetration, each 
tooth was sectioned longitudinally in a in bucco-
lingual direction, which was approximately 
parallel to the long axis of the tooth and through 
repaired perforation using diamond disk (0.3 
thickness). Each half was fixed on a glass slide 
with sticky wax and each root given a special 
number so that data collection became easier (11). 

Linear dye penetration was measured using a 
stereomicroscope with a 0.1-mm ocular grid at 
20X magnification by using a millimeter grid 

digital vernier. The extension of dye penetration 
between the furcation filling material and tooth 
structure along bifurcation was assessed by two 
examiners calibrated for the technique and 
blinded to the groups. The measurement was 
made from bifurcation to the point where the dye 
no longer penetrated between the filling material 
and dentinal wall on both halves of each tooth. 
Accordingly, four leakage measurements were 
obtained for each specimen. The highest leakage 
values per specimen attributed by theexaminers 
were selected and micro-leakage means recorded 
for the experimental groups (11). 
 
RESULTS 

The results of the descriptive statistics which 
include the minimum, maximum, mean, and 
standard deviation values offurcal microleakage 
for three types of root perforation material using 
different types of root canal irrigants are shown in 
Table (1). 

Table (1) and Figure (1) showed the following: 
the lowest  mean value of  furcal dye penetration 
in teeth repaired by  Biodentine group (A) was 
found in subgroup A4 while the highest mean 
value of furcal dye penetration  was seen in 
subgroup A3, the rest mean values for study 
subgroups were fluctuating between these values . 
The highest  mean value of  furcal dye penetration 
in MTA  group (B) was seen in subgroup B3 while 
the lowest  mean value of  furcal dye penetration  
was found in subgroup B4.The lowest  mean value 
of  furcal dye penetration in teeth repaired with  
amalgam  group (C) was found in  subgroup C4 
while the highest  mean value of furcal dye 
penetration was seen in subgroup C3. 

ANOVA test was performed to identify the 
presence of statistically significant differences for 
each type of material among different irrigant 
subgroup. The result showed highly significant 
differences in group A and group B regarding 
different irrigant solutions (NaOCl, EDTA and 
saline) while no significant differences were seen 
in group C as seen in Table (2) 

The least significant difference test (LSD) was 
performed to evaluate the significant differences 
between different irrigant subgroup for each type 
of material and the result listed in Table (3). Table 
(3) showed that:  
1. There was a significant difference between 
subgroup A1 and subgroup A2 while there was a 
highly significant difference between subgroup 
A1 and subgroup A3 and between subgroup A1 
and subgroup A4.  
2. There was highly significant difference 
between subgroup A2 and subgroup A3 and 
between subgroup A4 and subgroup A3 while no 
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significant difference between subgroup A2 and 
subgroup A4.  
3. There was a highly significant difference 
between subgroup B1 in which teeth repaired with 
MTA without irrigation and subgroup B3 in 
which MTA irrigated with EDTA while there was 
significant difference between subgroup B1 and 
subgroup B2 when MTA irrigated with NaOCL 

and between subgroup B2 and subgroup B4 when 
MTA irrigated with normal saline. 
4) There was a highly significant difference 
between subgroup B2 and subgroup B3 and 
between subgroup B4 and subgroup B3 while 
there were no significant difference between 
subgroupB2 and subgroup B4. 

 
 
Table 1: Descriptive statistics 

Groups Subgroups Mean ±S.D. 

A 
(Biodentine) 

A1 (Without) 0.37 0.08 
A2 (NaOCl) 0.28 0.08 
A3 (EDTA) 0.61 0.14 
A4 (Saline) 0.25 0.05 

B 
(MTA) 

B1 (Without) 0.42 0.09 
B2 (NaOCl) 0.37 0.08 
B3 (EDTA) 1.08 0.24 
B4 (Saline) 0.31 0.09 

C 
(Amalgam) 

C1 (Without) 1.71 0.26 
C2 (NaOCl) 1.65 0.23 
C3 (EDTA) 1.75 0.16 
C4 (Saline) 1.64 0.26 

 
Table 2: ANOVA test for furcal dye 

penetration among different irrigant within 
each type of material 

Groups Sum of  
Squares 

Mean  
Square F-test p-value 

A 
0.8 0.27 

30.8 0.000 
(HS) 0.31 0.01 

1.11  

B 
3.88 1.29 

62.7 0.000 
(HS) 0.74 0.02 

4.62  

C 
0.08 0.03 

0.5 0.682 
(NS) 1.92 0.05 

2  
P≥ 0.05= N.S (Non-significant), P ≥ 0.05≥ 0.01 =S 

(significant), P≤ 0.01=Highly significant (HS) 
 

 

Table 3: LSD test for furcal dye penetration 
among different irrigant for each type of 

material 
Materials Irrigants Mean 

Difference p-value 

A 
(Biodentine) 

A1 
A2 0.09 0.037 (S) 
A3 -0.24 0.000 (HS) 
A4 0.12 0.007 (HS) 

A2 A 3 -0.33 0.000 (HS) 
A4 0.03 0.475 (NS) 

A3 A4 0.36 0.000 (HS) 

B 
(MTA) 

B1 
B2 0.05 0.041 (S) 
B3 -0.66 0.000 (HS) 
B4 0.11 0.095 (S) 

B2 B 3 -0.71 0.000 (HS) 
B4 0.06 0.356 (NS) 

B3 B4 0.77 0.000 (HS) 

Evaluation of furcal dye penetration among 
different group of materials for each type of 
irrigant was done using ANOVA test (Table 4) 
which revealed the presence of highly significant 
differences.  

Least significant difference (LSD) test was 
performed to find source of significance Table 
(5). The result of   LSD test showed: 1) There was 
a highly significant difference between group (A) 
in which perforations repaired by Biodentine and 
group (C) when amalgam used to seal the 
perforations and between group (B) in which 
perforation repaired with MTA and group (C) 
while that there were a no significant difference 

between group (A) and group (B) when no 
irrigation used. 2) There was a no significant 
difference between group (A) and group (B) while 
there were a highly significant difference between 
group (A) and group (C) and between group (B) 
and group (C) when NaOCl used. 3) There was a 
highly significant difference between all groups of 
material when EDTA used. 4) There was a highly  
significant difference between  group (A) and 
group (C) and between group (B) and group (C) 
while that  there were a no significant difference 
between group (A) and group (B) when normal 
saline  used . 

  

Figure 1: Mean of furcal dye penetration of 
different materials using different irrigants 
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Table 4: ANOVA test for furcal dye 
penetration among different groups of 
materials within each type of irrigant 

Irrigants Sum of  
Squares 

Mean  
Square F-test p-value 

1 
(Without  

irrigation) 

11.54 5.77 
208.85 0.000 

(HS) 0.75 0.03 
12.29  

2 
(NaOCl) 

11.74 5.87 
263.38 0.000 

(HS) 0.6 0.02 
12.35  

3 
(EDTA) 

6.56 3.28 
95.29 0.000 

(HS) 0.93 0.03 
7.49  

4 
(Normal  
saline) 

12.35 6.17 
238.84 0.000 

(HS) 0.7 0.03 
13.05  

Table 5: LSD test for furcal dye penetration 
among different groups of material within 

each type of irrigant 
Irrigants Materials Mean  

Difference p-value 

1 
(Without  

irrigation) 

A1 B1 -0.05 0.507 (NS) 
C1 -1.34 0.000 (HS) 

B1 C 1 -1.29 0.000 (HS) 

2 
(NaOCl) 

A2 B2 -0.09 0.189 (NS) 
C2 -1.37 0.000 (HS) 

B2 C2 -1.28 0.000 (HS) 

3 
(EDTA) 

A3 B3 -0.47 0.000 (HS) 
C3 -1.14 0.000 (HS) 

B3 C3 -0.67 0.000 (HS) 
4 

(Normal 
Saline) 

A4 B4 -0.06 0.411 (NS) 
C4 -1.39 0.000 (HS) 

B4 C4 -1.33 0.000 (HS) 
 

DISCUSSION 
Perforations are procedural accidents that can 

have an adverse effect on the outcome of 
endodontic treatment. Identification of root 
perforations is possible by diagnostic aids that 
include direct observation of bleeding, indirect 
bleeding assessment using a paper point, 
radiography and an apex locator (12). 

Dye penetration technique has been used in 
this study because of its ease of performance as 
compared to other available techniques. However, 
the dye penetration method is said to have certain 
drawbacks including the smaller molecular size of 
the dye molecules than bacteria, which do not 
measure the actual volume absorbed by the 
sample but merely measure the deepest point 
reached by the dye. It relies on randomly cutting 
the roots into two pieces, without any clue of the 
position of the deepest dye penetration (13). 

Despite these drawbacks, a material that is 
able to prevent the penetration of small molecules 
(dye) should be able to prevent larger substances 
like bacteria and their byproducts (12). Based on 
this, dye penetration seems to be a reliable 
technique and thus 2% Methylene blue dye was 
used in the present study. 
 
Effects of different materials on sealing ability 
of furcal perforation: 

The result of the present study showed the 
least mean value of the furcal dye penetration 
were found in Group (A) and when compared 
with other groups, there was highly significant 
difference between group (A) Biodentine and 
group (C) that used amalgam to repair perforation, 
while no significant difference between group (A) 
and group (B) that used MTA material .These 
results are in agreement with Koate and Pawar 
and Koubi et al. (14,15). This could be attributed to: 

the superior ability of the calcium silicate 
materials to form hydroxyapatite crystals at the 
interface between the restorative material and the 
dentin walls, these crystals may contribute to the 
sealing efficiency of the material. Just after 
mixing, the calcium silicate particles of 
Biodentine, like all calcium silicate materials, 
react with water to form a high-pH solution 
containing Ca2+, OH−, and silicate ions. In the 
saturated layer, the calcium silicate hydrate gel 
precipitates on the cement particles, whereas 
calcium hydroxide nucleates (16-18).Also the small 
size of forming gels may contribute to better 
spreading of the material onto the surface and 
better fitting to dentin walls; a slight expansion of 
the calcium silicate-based materials may also 
explain the good sealing qualities of the calcium 
silicate cement (19).This finding disagree with the 
study done by Sanghavi et al.; this could be due to 
:1. Different method used by the  researcher 
where a larger  perforation (2mm) in  width he 
made in his study while in this study the 
perforation  width  was (1.32 mm)  in width 
which made  it difficult to seal the defect 
effectively. 2. The researcher used ProRoot MTA 
while in this study, MTA angelus was used which 
has different composition. MTA-Angelus does not 
contain calcium sulfate and has lower percentage 
of bismuth oxide. This caused a reduction of the 
setting time from 2 hours for ProRoot MTA to 10 
minutes for MTA-Angelus (21) 

In this study the results also show that Group 
(B1) in which perforations repaired with  MTA  
have  significantly higher difference  than group 
(C1)  that used amalgam for repair   this coincide 
with finding of (14,22). This could be attributed to: 
Water based cements have been demonstrated 
good performance to seal the furcal perforation 
when compared to other materials. This moisture 
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has favorable effect for MTA and Biodentine 
because of being water based materials has the 
ability to set in the presence of moisture while this 
moisture has a negative effect on amalgam which 
requires a dry field for good properties and that’s 
difficult to obtain clinically (23).The main 
constituents of this material are calcium silicate, 
bismuth oxide, calcium carbonate, calcium 
sulfate, and calcium aluminate. Hydration of the 
powder produces a colloidal gel that solidifies 
into a hard structure consisting of discrete crystals 
in an amorphous matrix (24). 

The result of the study also showed that 
amalgam has higher furcal dye penetration and 
there was a significant difference with group (A) 
and group (B) and this due to the defect were 
bottomless so the amalgam cant be well 
condensed to the perforation to provide the 
adequate seal and the amalgam is bonded 
mechanically and there is no chemical bonding 
between the amalgam and the opened dentinal 
tubules (25). 
 
Effect of different endodontic irrigation 
solutions 
1. Effects of EDTA 

The results of this study indicated that there 
was a highly significant difference between 
subgroup A3 and subgroup A1 and subgroup B3 
and subgroup B1. This finding is in accordance 
with other studies (2,26). These results can be 
explained: 1) As pH decreases, the leakage of 
MTA increases owing to the acidic pH, the 
solubility of these repair materials may increase, 
which, in turn, might adversely affect their sealing 
ability. Moreover, calcium- depleting irrigants 
(EDTA) are capable of dissolving the smear layer 
rapidly (in this particular case, the smear layer on 
the inner surface of bur-cut perforation), and 
infiltrate into the interfacial layer; where they can 
interfere with the chemical adhesion between 
repair materials and dentin. Indeed, 
decomposition of particle-binding hydration 
phases by acid treatment raises potential concern 
on the strength and sealing properties of MTA-
repaired perforations following irrigation by 
EDTA. As known, the hydration phases are 
responsible for the strength and barrier properties 
of MTA (27,28). 2) Another explanation could be 
the demineralization effect of EDTA on Ca-
containing materials. Because of the porous 
nature of MTA, it was conceivable that this 
precipitation proceeded internally within MTA to 
change the microstructure of MTA and thus led to 
a significant decrease in bond strengths of MTA-
dentin which in turn reduce sealing ability (29,31). 

The result also showed that there was a highly 
significant difference between subgroup A3 in 
which perforation repaired with biodentine and 
subgroup B3 in which MTA used to repair 
perforation. This finding agrees with Popali et al. 
This can be explained on the basis of calcium 
chloride present in the Biodentine liquid that’s 
supplied by the manufacture .The addition of 
CaCL2 is intended to reduce the setting time and 
improve physiochemical properties by its ability 
to penetrate the pore of the cement, strongly 
accelerating the haydration of the silicate and 
leading to their faster crystallization (30). 
 
Effects of NaOCl 

The results of this study showed increase in 
the sealing of Biodentine when irrigated with 
NaOCL subgroup A2 when compared with 
subgroup A1 in which perforation repaired with 
Biodentine with no irrigation used and the 
difference were significant.This could be due to: 
1)When Biodentine was exposed to NaOCl, it 
increased the size and amount of calcium 
hydroxide crystals compared with the control 
group, release of calcium, production of calcium 
hydroxide and increasing the PH all play apart in 
increase the sealing of the material (3). 2) The 
biomineralization ability of Biodentine, most 
likely through the formation of tags, ion uptake 
into dentin leading to  the formation of tag-like 
structures in Biodentine was higher than in 
MTA(3). 3) NaOCl has an alkaline pH of 9.0 - 
10.5, the literature indicated that high pH 
environments may enhance various physical and 
chemical properties of calcium silicate material (2). 

The results also showed increase in the sealing 
of subgroupB2 in which MTA where used for 
repair and irrigated with NaOCL when compared 
to subgroup B1 in which no irrigation used but the 
difference were not significant. These results were 
in coincide with Uyanik et al. and this can be 
explained by: NaOCl is a halogenated compound 
that can cause mineral accumulation in human 
root dentin and expose inorganic material which 
may prevent dentin dissolution or may leave a 
smear layer of mineralized tissue that could 
increase the Calcium /Phosphate ratio of the 
dentin surface. 
 
Effects of normal saline 

The results of this study indicate that there 
were a highly significant difference between 
subgroup A4 and subgroup A1 in which no 
irrigation used; this could be attributed by: 1) 
When Biodentine exposed to saline one may 
speculate that additional unreacted mineral oxides 
may have remained that, once additional 
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hydration was supplied, solidified and further 
increased the strength of the material. 2) Different 
chemical composition of Biodentine which 
contain calcium chloride in the liquid. The 
addition of CaCL2 reduce the setting time and 
improve physiochemical properties by its ability 
to penetrate the pore of the cement, strongly 
accelerating the hydration of the silicate, reduce 
the incorporation of water, allow the cement to 
resist hydrostatic pressure, even at early stages, 
therefore avoiding the leakaging of cement and 
leading to their faster crystallization. When saline 
used to irrigate MTA repaired perforation, the 
sealing increased but the difference was 
significant when compared with control group in 
which no irrigation used. 

This result agrees with other studies (1,3); this 
may be due to of the remaining unreacted mineral 
oxides which may be solidified after additional 
supplied hydration and may result in the increased 
strength of the material.   
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