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INTRODUCTION: The aim of this study was to evaluate the effects of remnant root canal 
medicament, calcium hydroxide on the short and long term sealing ability of mineral trioxide 
aggregate (MTA) apical barrier.
MATERIALS & METHODS: Fifty single-rooted teeth were prepared and apical resorptions were 
made using sulfuric acid. The teeth were allocated into two experimental groups and two control 
groups. In group 1, calcium hydroxide was placed into canals for one week. In group 2, no 
medication was placed. In both groups, a 4-mm MTA plug was placed in the root canals. The 
remaining portion of the canal was filled with gutta-percha/sealer. The microleakage was 
evaluated after 7 days and 3 months using fluid filtration technique. Repeated measurement 
ANOVA was used for statistical analysis.
RESULTS: There was no significant difference in sealing ability between the two groups in either 
time periods. In both groups, microleakage decreased after three months but this decrease was not 
statistically significant.
CONCLUSION: Medication with calcium hydroxide had no adverse effect on the short and long-
term sealing properties of MTA plug.
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INTRODUCTION

Root canal treatment of immature teeth entails 
different endodontic and restorative 
complications. The absence of apical stop or 
apical constriction makes it difficult to achieve 
complete debridement and favorable root canal 
obturation. In addition, thin root canal walls 
may fracture under masticatory forces. 

Treatment of such teeth is a challenge for both 
dentist and patient. Apexification is the most 
popular and commonly used treatment of open 
apex teeth. This treatment has been defined as a 
method to induce a calcified barrier in a root 
with an open apex or the continued apical 
development of an incomplete root in teeth 
with necrotic pulp (American Association of 

Endodontists 2003). This treatment has been 
traditionally performed using calcium 
hydroxide (1-4).

Artificial apical barriers with a variety of 
materials have been suggested as alternatives 
to traditional calcium hydroxide apexification     
(1-5). Mineral trioxide aggregate (MTA) has 
become the material of choice in this regard 
(6). Popularity of MTA as an artificial apical 
barrier can be attributed to several factors. For 
instance, it can be used and placed in the root 
canal within one visit, thus eliminating the long 
working time required for calcium hydroxide 
apexification (7). MTA is a biocompatible 
material (8-10) which can induce the formation 
of hard tissue (11,12), and has good sealing 
properties(13,14).
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Figure 1. A view of designed fluid filtration system 
(three-valve tube and its connections)

Interim medicaments such as calcium 
hydroxide are not easily removed during final 
apical obturation with MTA. Therefore it 
would seem necessary to clarify the effects of 
the remaining calcium hydroxide on the 
sealing ability of MTA as the apical barrier. 
The purpose of this study was to evaluate the 
effects of calcium hydroxide remnants on the 
short and long term sealing ability of MTA 
apical barrier.

MATERIALS & METHODS

Fifty extracted human maxillary single-rooted 
teeth were collected. After extraction, the teeth 
were placed in sterile saline solution and then 
placed in 5.25% sodium hypochlorite (NaOCl) 
for five hours. They were then rinsed and again 
stored in saline solution. The teeth were 
radiographed and examined for fracture, and 
internal/external resorption. Clinical crowns were 
sectioned at the cement-enamel junction with a 
high-speed diamond saw (D&Z, Darmstadt, 
Germany) under copious water spray to create a 
standardized root length of 14mm.

The canals were instrumented using K-files 
(Dentsply Maillefer, Tulsa, OK, USA) up to 
master apical file #40 and Gates-Glidden drills 
#1-4 (Dentsply, Maillefer, Tulsa, OK) in a step 
back manner. The access opening was sealed with 
Coltosol (Coltene, Altstatten, Switzerland). In 
order to develop apical resorption, the roots were 
submerged in melted rose wax (Cavex Holland, 
Netherlands) up to 3mm from the apex; 
subsequently waxed teeth were soaked in 20%
sulfuric acid for four days. Subsequently, the 

teeth were rinsed with a saline solution and the 
wax was removed with a scalpel (Supa, Tehran, 
Iran). The temporary filling was also removed 
from the access opening (15).

The teeth were then randomly divided into two 
experimental groups (n=20) and two control 
groups (n=5). The apices of teeth were inserted 
into a box filled with wet foam to simulate 
spongy bone. In group 1 (n=20), pure calcium 
hydroxide mixed with distilled water (Cina 
Bartar, Tehran, Iran) was placed into the root 
canals using lentulo spiral (Moyco Union Brach, 
York, PA) for one week. A radiograph was taken 
to ensure complete coverage of the canal. The 
medicament was removed with stainless steel 
hand files (Dentsply, Maillefer, Tulsa, USA) and 
0.5% NaOCl irrigation. In group 2 (n=20), inter 
canal medicament was not used. In both 
experimental groups, a 4-mm apical barrier of 
MTA (ProRoot MTA; Dentsply, Tulsa, USA) 
was placed into the canals. The MTA was mixed 
according to manufacturer and a messing gun was 
used to place the material as close as possible to 
the apex. A hand condenser was used to condense 
the material into the apex.

Radiographs were taken to ensure proper 
placement and thickness of the MTA plug. 
Moistened paper points were placed in the 
canals and all specimens were stored at 37°C 
and 100% humidity for seven days. MTA was 
then tested to assure an adequate set. The 
remaining portion of the canal was obturated 
with warm gutta-percha and a coronal seal was 
achieved by 2-3 thicknesses of Coltosol 
(Coltene, Altstatten, Switzerland). Ten teeth 
served as positive and negative control. Root 
canals in positive control group were not filled. 
In the negative control group (n=5), the teeth
were filled as in group 2 and all root surfaces and 
the MTA apical barrier were covered with two 
layers of nail varnish.

Microleakage was measured by fluid filtration 
technique at two times (16,17). The fluid 
filtration system described by Moradi et al. was
used in the present study (18). In this study, all 
the specimens were connected to fluid filtration 
system and the microleakage was measured. 
Then, the teeth were stored at 37°C and 100%
humidity for three months and microleakage was
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Table 1. The mean (±SD) microleakage in study groups at the two intervals (µL/min/cm H2O)

              Interval
Group

N 7th day 3th month

G1 20 0.05±0.00 0.05±0.00
G2 20 0.05±0.00 0.05±0.00

measured again. This system calculates bubble 
movement, and includes two parts:

Part 1: tubes, micropipette, pipes and tooth 
sample that transfer pressure to the specimen.
Part 2: recorder of fluid transport. In this study, 
for the first time, a digital camera (Olympus, 
C765, Japan- 5 mega pixel) and professional 
software (AutoCAD, 2006) was used to record 
and measure the amount of bubble displacement. 

The camera was adjusted in the macrograph to 
take precise picture in a short distance. The apical 
end of the root (excluding apical foramen) was 
covered by cyanoacrylate glue (Inter Lock Co., 
Japan) and was inserted in a latex pipe (Guihua 
Co., China) and then the free end of the pipe was 
connected to the system. A balance in the system 
was achieved after thirty seconds and then the 
first picture of the bubble position in the 
micropipette was taken. Four subsequent pictures 
were taken with 2-minute time intervals (2, 4, 6
and 8 minutes after the first picture). The same 
steps were repeated for the next samples. Samples 
were then returned to their storage box for the 
next 3 months; the same steps were repeated for 
all samples.

All pictures (5 for each tooth) were transferred to 
the computer. The bubble position in each picture 
was determined by professional software 
(AutoCAD 2006). These numbers (5 for each 
sample) were introduced to custom made 
software designed for accelerating the calculation. 
This software calculates the mean displacement 
of the bubble per minute and then with a specific 
quotient converts the longitudinal displacement of 
the bubble into the volume of fluid passing from 
the samples showing it as µL/min/cm H2O. As a 
result, one number was achieved for each sample 
that represented the amount of leakage in the root 
canal as µL/min/cm H2O (Figure 1). 

The preliminary analysis with the Kolmogorov-
Smirnov test was used to confirm normal 
distribution of the data. The results were analyzed 

by a repeated measurement ANOVA. In all tests, 
the significance level was defined as =0.05.

RESULTS

The mean microleakage statistics in L/in/cm 
H2O are presented in Table 1. After one week 
and three months, analysis of the results 
showed that there was no significant difference 
between group 1 (with calcium hydroxide 
medication) and group 2 (without calcium 
hydroxide medication) (P>0.05). In both study 
groups, microleakage decreased after three 
months but this decrease was not statistically 
significant (P>0.05; power=80%).

Samples showed no leakage in negative control 
and excessive immeasurable fluid leakage in 
positive control.

DISCUSSION

Before placing of MTA as an apical barrier in 
open-apex teeth, it has been recommended to 
medicate the canals with calcium hydroxide for 
one week, with subsequent removal using 
NaOCl and instrumentation (19). The rationale 
is to enhance disinfection of the root canal 
system in an open-apex tooth. However
complete removal of calcium hydroxide from 
dentinal walls in these teeth is difficult and the 
remnants of calcium hydroxide may interfere 
with the proper seal of MTA apical plug.

In this study, instrumentation and 0.5% NaOCl 
irrigation was used for removal of calcium 
hydroxide from root canal walls as utilizing
higher concentrations of NaOCl in open apex 
teeth may cause a hypochlorite accident.

The present research showed that medication 
with calcium hydroxide had no adverse effect on 
the sealing ability of the MTA plug. This result 
coincided with the results of Hachmeister et al. 
who found that one week calcium hydroxide 
therapy had no effect on the sealing ability of 
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MTA in 70 days (20). They concluded that the 
remnants of calcium hydroxide on the root walls 
in an open apex do not affect the properties of 
MTA. However, our findings are in contrast to 
the findings of Stefopoulos et al. who found that 
calcium hydroxide pretreatment, adversely 
affected white MTA sealing ability (21). They 
assumed that calcium hydroxide may merely be 
a mechanical obstacle to MTA adaptation with 
the root canal walls or chemically react with 
white MTA. In their study, calcium hydroxide 
pretreatment had no effect on sealing properties 
of gray MTA. Another study investigated the 
effects of calcium hydroxide remnants along the 
canal walls on the sealing ability of gutta-percha 
and sealer. They found that a significant 
decrease in dye leakage in canals medicated with 
calcium hydroxide. They concluded that the 
calcium hydroxide reacts to form calcium 
carbonate, providing an initial decrease in 
permeability (22). 

The present study also showed that after three 
months, the microleakage of MTA decreased; 
although this decrease was not statistically 
significant. The improved apical seal after three 
months may contribute to the expansion of 
MTA in a wet environment. De Bruyne et al.
found that the leakage of MTA decreased after 
one month although it showed an increase in 
the 6th month (23). Martin et al. also found that 
the apical seal of MTA plugs improved after 
four weeks, although the difference between 
apical leakage in 48 hours and four weeks was 
not statistically significant (24).

CONCLUSION

This article presents an in vitro procedure and 
does not reflect the clinical condition; future 
studies focusing on the success rate of the MTA 
plug in vivo would further support this treatment 
option.

ACKNOWLEDGMENTS

This study was supported by the Dental 
Research Center of Mashad University of 
Medical Sciences. We would also like to thank 
Dr. Jafarzadeh for helpful assistance and Dr. 
Esmaili for performing the statistical analyses.

Conflict of Interest: ‘none declared’.

REFERENCES

1. Tronstad L. Tissue reactions following apical 
plugging of the root canal with dentin chips in 
monkey teeth subjected to pulpectomy. Oral Surg 
Oral Med Oral Pathol 1978;45:297-304.
2. Brandell DW, Torabinejad M, Bakland LK, 
Lessard GM. Demineralized dentin, hydroxylapatite 
and dentin chips as apical plugs. Endod Dent 
Traumatol 1986;2:210-4.
3. Rossmeisl R, Reader A, Melfi R, Marquard 
J. A study of freeze-dried (lyophilized) dentin 
used as an apical barrier in adult monkey teeth. 
Oral Surg Oral Med Oral Pathol 1982;53:303-10.
4. Schumacher JW, Rutledge RE. An alternative 
to apexification. J Endod 1993;19:529-31.
5. Torabinejad M, Chivian N. Clinical 
applications of mineral trioxide aggregate. J Endod 
1999;25:197-205.
6. Shabahang S, Torabinejad M. Treatment of 
teeth with open apices using mineral trioxide 
aggregate. Pract Periodontics Aesthet Dent 
2000;12:315-20.
7. Steinig TH, Regan JD, Gutmann JL. The use 
and predictable placement of Mineral Trioxide 
Aggregate in one-visit apexification cases. Aust 
Endod J 2003;29:34-42.
8. Keiser K, Johnson CC, Tipton DA. 
Cytotoxicity of mineral trioxide aggregate using 
human periodontal ligament fibroblasts. J Endod 
2000;26:288-91.
9. Torabinejad M, Ford TR, Abedi HR, 
Kariyawasam SP, Tang HM. Tissue reaction to 
implanted root-end filling materials in the tibia 
and mandible of guinea pigs. J Endod 
1998;24:468-71.
10. Osorio RM, Hefti A, Vertucci FJ, Shawley AL. 
Cytotoxicity of endodontic materials. J Endod 
1998;24:91-6.
11. Apaydin ES, Shabahang S, Torabinejad M. 
Hard-tissue healing after application of fresh or set 
MTA as root-end-filling material. J Endod 
2004;30:21-4.
12. Shabahang S, Torabinejad M, Boyne PP, Abedi 
H, McMillan P. A comparative study of root-end 
induction using osteogenic protein-1, calcium 
hydroxide, and mineral trioxide aggregate in dogs. J 
Endod 1999;25:1-5.
13. Al-Hezaimi K, Naghshbandi J, Oglesby S, 
Simon JH, Rotstein I. Human saliva penetration of 
root canals obturated with two types of mineral 
trioxide aggregate cements. J Endod 2005;31:453-6.
14. Al-Kahtani A, Shostad S, Schifferle R, 
Bhambhani S. In-vitro evaluation of microleakage 
of an orthograde apical plug of mineral trioxide 
aggregate in permanent teeth with simulated 
immature apices. J Endod 2005;31:117-9.
15. Ghoddusi J, Asgary S, Parirokh M, Eghbal 



10Bidar et al.

IEJ Iranian Endodontic Journal 2011;6(1):6-10

MJ. Simulated root resorption: A new study model. 
Iranian Endod J 2008;2:152-5.
16. Pashley DH, Thompson SM, Stewart FP. 
Dentin permeability: effects of temperature on 
hydraulic conductance. J Dent Res 1983;62:956-9.
17. Wu MK, Wesselink PR. Endodontic leakage 
studies reconsidered. Part I. Methodology, application 
and relevance. Int Endod J 1993;26:37-43.
18. Moradi S, Naghavi N, Rohani E, Javidi M. 
Evaluation of microleakage following application 
of a dentin bonding agent as root canal sealer in 
the presence or absence of smear layer. J Oral Sci 
2009;51:207-13.
19. Chhabra N, Singbal KP, Kamat S. Successful 
apexification with resolution of the periapical lesion 
using mineral trioxide ggregate and demineralized 
freeze-dried bone allograft. J Conserv Dent 
2010;13:106-9.
20. Hachmeister DR, Schindler WG, Walker WA 
3rd, Thomas DD. The sealing ability and retention 
characteristics  of   mineral trioxide aggregate in a 

model of apexification. J Endod 2002;28:386-90.
21. Stefopoulos S, Tsatsas DV, Kerezoudis NP, 
Eliades G. Comparative in vitro study of the sealing 
efficiency of white vs grey ProRoot mineral trioxide 
aggregate formulas as apical barriers. Dent Traumatol 
2008;24:207-13.
22. Porkaew P, Retief DH, Barfield RD, Lacefield 
WR, Soong SJ. Effects of calcium hydroxide paste as 
an intracanal medicament on apical seal. J Endod 
1990;16:369-74.
23. De Bruyne MA, De Bruyne RJ, Rosiers L, De 
Moor RJ. Longitudinal study on microleakage of 
three root-end filling materials by the fluid transport 
method and by capillary flow porometry. Int Endod J 
2005;38:129-36.
24. Martin RL, Monticelli F, Brackett WW, 
Loushine RJ, Rockman RA, Ferrari M, Pashley DH, 
Tay FR. Sealing properties of mineral trioxide
aggregate orthograde apical plugs and root fillings in 
an in vitro apexification model. J Endod 
2007;33:272-5.


