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Abstract
Objectives: Using the fluid filtration method, an in vitro study was conducted to evaluate the ef-

fects of medication with calcium hydroxide on the sealing ability of the New Endodontic Cement 
(NEC) apical barrier in the short and long terms.

Methods: Fifty extracted single rooted teeth were prepared and apical resorption produced us-
ing acid sulfuric for four days. The teeth were randomly divided into two experimental groups (n=20) 
and two control groups. In group 1, calcium hydroxide was placed into all canals for one week and in 
group 2, no medication was used. In both groups, a 4 mm NEC apical plug was placed in the canals 
and the remaining portion of the canals was filled with gutta-percha. The amount of microleakage 
of all samples was evaluated after one week and three months. The data were statistically analyzed 
using two-way ANOVA. 

Results: There was no significant difference between the two groups in either time period (P>.05). 
In both group 1 and group 2, microleakage increased after three months but this increase was not 
statistically significant (P>.05).

Conclusions: According to the result of this study, medication with calcium hydroxide had no 
adverse effect on the short- and long-term sealing properties of an NEC apical plug. (Eur J Dent 
2011;5:260-264)
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Adequate endodontic therapy in an immature 
tooth with a necrotic pulp has many problems. The 
lack of an apical stop or apical constriction makes 
it difficult both to achieve complete debridement 
and to limit the filling process to within the root 
canal space.1 In addition to immature teeth, over-
filling (iatrogenic causes) and root end resorption 
can lead to distraction of apical constriction. 
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The most common treatment method tradi-
tionally used for teeth with open apices has been 
cleaning and filling the canal with a temporary 
paste to induce the formation of calcified tissue 
at the apex. The term apexification is used to de-
scribe this procedure.2 Ca(OH)2 alone or in com-
bination with other drugs is the most widely ac-
cepted material to promote apexification.3

 The creation of physiologic hard tissue barrier 
using calcium hydroxide has several disadvantag-
es. The treatment requires multiple appointments 
and takes anywhere from 3 to 18 months.1 Addi-
tional negative factors are susceptibility to frac-
ture,4 coronal microleakage and esthetic demands 
during the long term treatment.5

Placement of artificial hard tissue barrier with 
a variety of materials has been suggested as an 
alternative to traditional apexification.6-10 The ma-
terial widely employed as apical barrier is MTA. 
MTA’s popularity as an apical barrier can be at-
tributed to several factors. It is biocompatible,11-13 
can be placed in as little as one visit,14 can induce 
hard tissue formation13,15 and has good sealing 
properties.16,17

Despite these advantages, MTA has poor han-
dling characteristics18 and a long setting time.19

A New Endodontic Cement (NEC) consisting of 
different calcium compounds (e.g., calcium oxide, 
calcium phosphate, calcium carbonate, calcium 
silicate, calcium sulfate, calcium hydroxide and 
calcium chloride) has recently been developed 
whose clinical applications are similar to those of 
MTA. NEC and MTA have similar physical proper-
ties include working time, PH, and dimensional 
changes.20 They also have similar antimicrobial 
activity.21 NEC has good handling characteristics22 
and is able to produce hydroxyapatite.23 In an ex 
vivo study, NEC exhibited similar sealing proper-
ties to MTA when used as root-end filling mate-
rial.24 Asgary et al25 found that MTA and NEC have 
similar favorable biologic responses in pulp cap 
treatment. Since the vast majority of teeth with 
nonvital pulps are infected, one or two visits of 
calcium hydroxide therapy are performed in order 
to disinfect the root canal system.1 Kenee et al26 
assessed the efficacy of various calcium hydroxide 
removal techniques and found that no technique 
removed all Ca(OH)2.

Due to the inability of complete removal of cal-
cium hydroxide from dentinal walls, it is necessary 

to perform research on the effects of the calcium 
hydroxide remnants on the sealing ability of the 
apical barrier. The purpose of this study was to 
evaluate the effects of calcium hydroxide on the 
seal of the NEC apical barrier in the short and long 
terms.

MATERIALS AND METHODS
Fifty extracted human maxillary single-root 

teeth were selected for this ex vivo experimental 
study. All procedures were carried out according 
to protocols approved by the Ethics Committee of 
Shaheed Beheshti University of medical scienc-
es, Tehran, Iran in 2005.  The teeth were placed 
in 5.25% sodium hypochlorite for five hours to 
remove debris. The teeth were radiographed to 
examine for fracture, and internal and external 
resorption. Clinical crowns were removed with a 
high-speed diamond saw (D & Z Germany) under 
copious water spray to create a standardized root 
length of about 14 mm.

The canals were prepared with K-files (Dentsp-
ly Maillefer, Tulsa, Switzerland) and Gates- Glid-
den drills # 1-4 (Dentsply Maillefer, Tulsa, OK) 
using the crown-down technique. Then the ac-
cess opening was sealed with Coltozol (Coltene, 
Altstatten, Switzerland). The method of Ghoddusi 
et al. was used to develop apical resorption.27 The 
roots were submerged in melted rose wax up to 3 
mm from the anatomic apex and then the waxed 
teeth were soaked in 20% sulfuric acid. After four 
days the teeth were rinsed with a saline solution 
and the wax was removed with a scalpel (Supa, 
Tehran, Iran). The temporary filling was also re-
moved from the coronal access.

Then, the teeth were randomly divided into 
two experimental groups (n=20) and two control 
groups (n=5). In group 1 (n=20), calcium hydrox-
ide was placed in each canal using a lentulo spiral 
(Moyco Union Brach, York, PA) and  a radiograph 
was taken to ensure complete coverage of the ca-
nal. The teeth were stored at 100% humidity and 
37oC for seven days. Following this stage the cal-
cium hydroxide was removed with stainless steel 
hand files (Dentsply Maillefer, Tulsa, Switzerland) 
and 0.5% NaOCL irrigation. In group 2 (n=20), 
nothing was placed into the canals prior NEC use.

All teeth were then mounted in putty blocks to 
simulated clinical situation. The NEC was mixed 
with its liquid to provide a dense creamy mixture 
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and was placed with a messing gun and a hand 
plugger at the apical end of the root. The mate-
rial was condensed with the tip of hand plugger 
for achievement of the plug. All apical plugs of 
the experimental groups had the same thickness 
(4 mm). Next, using a size 40 K-file with a rubber 
stop positioned 4 mm shorter than the root canal 
length, the excess material was removed for fab-
rication of 4-mm-thick apical plugs. Radiographs 
were taken to ensure the proper placement and 
thickness of the NEC plug. Then moistened paper 
point was used to remove the excess NEC from 
the dentinal walls and teeth were stored at 100% 
humidity and 37oC. After seven days, the NEC plug 
was tested to ensure an adequate set with a k-
file and the remaining portion of the canals was 
obturated with thermoplasticized gutta-percha 
without a sealer. The coronal seal was achieved by 
2–3 mm thickness of Coltozol (Coltene, Altstatten, 
Switzerland).

 In the positive control group the teeth were 
not filled at all. In the negative control group (n=5), 
the teeth were filled as in group 2, then all root 
surfaces and the apical barriers were covered 
with two layers of nail varnish. After one week and 
three months all samples were connected to a 
fluid filtration system and the amount of microle-
akage was evaluated.

The data were statistically analyzed using two-
way ANOVA test. The significance level was de-
fined as α=0.05.

RESULTS 
The negative controls showed no evidence of 

bubble movement, whereas all positive controls 
showed immediate transportation of the air bub-
ble. 

Table 1 shows mean microleakage data in μl/
min/cmH2O. Analysis of the results in both evalua-
tion periods (one week and three months), showed 
no significant differences between group 1 (with 
calcium hydroxide medication) and group 2 (with-
out calcium hydroxide medication) (P>.05). In 
both groups, microleakage increased after three 

months but this increase was not statistically sig-
nificant (P>.05).

DISCUSSION 
Several methods that have been used to make 

open apex teeth include overfilling with large 
files28 or the retrograde application of NiTi rotary 
files.29 The disadvantage of these methods is that 
they create round apical foramen that may not re-
semble the natural resorption.

 In this study, the Ghoddusi et al27 method was 
used to make open apex teeth. In this method, 20% 
sulfuric acid resorbes root surface irregularity in a 
manner that may be like the clinical situation. 

 In a nonvital immature tooth, the canal is of-
ten wider apically than coronally and mechanical 
instrumentation of all dentinal walls is difficult. In 
addition to this problem, thin roots might make 
mechanical instrumentation undesirable because 
it might further weaken the root or result in per-
foration. Thus before the placement of an apical 
barrier in open apex teeth, it has been recom-
mended that the canals be medicated with calci-
um hydroxide for at least one week. The rationale 
is to disinfect the root canal system and ensure 
periapical healing.1 

Sjogren et al30 found that calcium hydroxide for 
one week was highly effective in killing root canal 
flora. Hasselgren et al31 showed that calcium hy-
droxide can be effective in dissolving necrotic pulp 
tissue. 

 However, the complete removal of calcium 
hydroxide from dentinal walls in these teeth is 
difficult. In this study, we used light instrumenta-
tion and copious irrigation using 0.5% NaOCL for 
removal of calcium hydroxide. A lower strength 
of sodium hypochlorite was used because of the 
danger of extruding NaOCl through the open apex 
in a clinical situation.1

Several methods have been used to measure 
leakage around filling materials, such as dye pen-
etration, light microscopic methods, and SEM. The 
most important disadvantage of these methods is 
that they can only reveal the presence or absence 

7 days after obturation 3 months after obturation

Sub groups Number Mean Std. Deviation Mean Std. Deviation

G1 20 0.0554 0.0069 0.0558 0.0092

G2 20 0.0562 0.0104 0.0576 0.012

Table 1. The mean microleakage of four groups in two periods of time (µL/min/cm H2O).
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of leakage, but not the amount.32   Fluid filtration 
microleakage test is supposed to be a better al-
ternative than dye leakage tests.33 Therefore, the 
fluid filtration method has been used to measure 
the leakage of apical plugs in this study.

Hachmeister et al29 found that one-week of cal-
cium hydroxide therapy had no adverse effect on 
the sealing ability of MTA in 70 days. They conclud-
ed that the remnants of calcium hydroxide along 
the root walls in an open apex tooth do not affect 
the properties of MTA. Porkaew et al34  who inves-
tigated the effects of calcium hydroxide remnants 
on the sealing ability of gutta-percha and sealer, 
found a significant decrease in dye leakage in ca-
nals that medicated with calcium hydroxide.

CONCLUSIONS
No previous study has evaluated the effect of 

calcium hydroxide remnants on the seal of the 
NEC apical plug. According to the results of this 
study, medication with calcium hydroxide had no 
adverse effect on the short- and long-term seal-
ing properties of NEC as an apical plug. Further 
studies focused on the long-term success rate of 
the NEC apical plug are warranted before it can be 
recommended for clinical application.                                                                                                         
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