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Abstract

Calcium hydroxide has been used extensively in endodontic treatments, for instance as an intra-canal
dressing; however, the exposure of root canal dentin to calcium hydroxide may affect its flexural strength and
could have important clinical implications for endodontic treatment. The purpose of this in vitro study was to
investigate the influence of calcium hydroxide on the flexural strength of root canal dentin.

Seventy-two extracted single-rooted human mandibular premolars were used in this study. Each tooth was
instrumented using crown-down technique and was irrigated using sterile saline. The teeth were assigned
into three groups of 24 each. The prepared root canal system of each tooth was filled with calcium hydroxide
mixed with sterile saline (group 1), a calcium hydroxide commercially available product (UltraCal®) (group 2)
or saline solution (group 3, as control). The apices and access opening were sealed using composite resin,
and the teeth were immersed in artificial saliva. After 7, 14 and 30 days of immersion, the inner root canal
dentin of 8 teeth respectively from each group were sectioned to create dentin bars (1 X 1 mm, with 7 mm
in length). Each dentin bar then was subjected to a three-point bending flexural test using MTS (Universal
Testing Machine). Data gathered were then analyzed using two-way ANOVA, followed by Tukey’s test with the
level of significance of 95%.

The results showed that exposure to calcium hydroxide either using calcium hydroxide mixed with sterile
saline or UltraCal® for 14 and 30 days can reduce flexural strength of root canal dentin compared to control
group (p<0.05). In contrast, after 7 days exposure, there was no significantly different of flexural strength
between three groups (p>0.05).

It can be concluded that calcium hydroxide reduced the flexural strength of root canal dentin. The longer the
exposure to calcium hydroxide would produce a greater effect on flexural strength of root canal dentin.
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Calcium hydroxide or Ca(OH), has been widely
used in endodontic treatments, for instance as an

1. Introduction

Root canal treatment is a common dental procedure
with the aim is to retain teeth in which the pulp has
becomeirreversibly infected or necrotic. Amajor goal
of root canal treatment is to provide the complete
decontamination of the root canal system. Root
canal asepsis is attempted by a series of sequential
steps of paramount importance, among which intra-
canal dressing is considered the most remarkable?.

intra-canal dressing. Placement of Ca(OH), during
root canal treatment is a technique increasingly
used in endodontic. The beneficial effects of
Ca(OH), are partly attributable to the hydroxyl
alkalinizing properties during its diffusion through
the dentin and partly to enhancing effects of Ca% in
the formation of mineralized tissue®. When placed
within the root canal system, Ca(OH), dissociates
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into calcium and hydroxyl ions, and the hydroxyl ions
diffuse through the dentinal tubules*. The high pH
and antimicrobial properties of Ca(OH), combined
with the permeability of dentin may account its
effectiveness as an intra-canal dressing®. Tatsuta et
al.® have showed proliferation of residual bacteria
in root canal systems between appointments. Inter-
appointments using Ca(OH), has been effective an-
timicrobial intra-canal dressing preventing prolife-
ration of residual bacteria’.

Despite its beneficial effect of Ca(OH),, it has
been observed that Ca(OH), may be able to change
the physical properties of dentin. For example,
a 5-week exposure to Ca(OH), resulted in a 32%
decrease in the strength of bovine dentin®. In sheep
dentin treated with Ca(OH),, a marked decrease
in fracture strength with increasing storage time
was observed®. Recent investigation showed that a
reduction in the flexural strength of human dentin
occurred when immersion in saturated solution of
Ca(OH), for 1 week®.

Several studies showed that Ca(OH), dissolved
necrotic porcine muscle tissue, and pretreatment
with Ca(OH),enhanced the tissue-dissolving effect of
NaOCI*. Grigoratos et al.'* determined that Ca(OH),
dissolved human pulp tissue, but more slowly than
NaOCl as irrigation solution. Tatsua et al.® found that
Ca(OH), could erode intertubular dentin. This may
have been due to Ca(OH), aiding in the dissolution of
demineralized tissue by NaOCI. Furthermore, Soares
et al.*?> demonstrated that the combined action of
Ca(OH), and NaOCl has a synergistic effect on tissue
disintegration. Doyon et al.® revealed that long
term exposure to Ca(OH), altered the mechanical
properties of dentin.

Dentin is composed of approximately 22%
organic material by weight. Most of this consists
of collagen type |, which contributes considerably
to mechanical properties of dentin. Furthermore,
the flexural strength of normal dentin is 212.9
+ 41.9 MPa®, It would be reasonable to assume
that the dissolution effect of Ca(OH), would affect
dentin!*, Therefore, exposure of root dentin to the
bioactive effects of Ca(OH), may affect its mechanical
properties of dentin and could have important
clinical implications for endodontic treatments.
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A common clinical problem affecting root canal-
treated teeth is fracturing; this could require their
extraction. Factors that predispose to fracture in
endodontically treated teeth have been identified as
changes in the mechanical properties of dentin due
to medicaments used during root canal treatment®.
In addition, the loss of structural integrity due to
caries or access cavity preparation is attributed to
the changes in the dentin mechanical properties??.

The influence of Ca(OH), as an intra-canal
dressing during root canal treatment on the
mechanical properties, particularly flexural strength
of root canal dentin has not been reported.
Furthermore, Ca(OH), as an inter-canal dressing
needs to be contacted intimately to root canal wall.
However, the length of the contact to the root canal
wall needs to be investigated more. Therefore, the
purpose of this in vitro study was to investigate the
influence of Ca(OH), on the flexural strength of root
canal dentin.

2. Materials and Methods

The project as approved bt the Ethics in Human
Research Committee, University of Melbourne.
Seventy-two intact, caries and crack free, extracted
single-rooted human mandibular premolars, which
stored in a 0.2% thymol solution were sectioned
transversally using diamond cutting disk (Edenta,
Swiss) to obtain 18-mm long roots. Each tooth was
accessed coronally with an access bur (Dentsply,
Maillefer, Ballaigues, Switzerland). The canals
were instrumented to a size 20 K file (Dentsply
Maillefer, Ballaigues, Switzerland) so that the file
extended beyond the apical foramen by 1 mm. The
canals were then instrumented using Crown-down
technique with ProTaper hand-used (Dentsply,
Maillefer, Ballaigues, Switzerland). The canals were
finished to a size F3. All files were extended 1 mm
beyond the apical foramen and copious irrigation
with sterile saline (Otsuka, Jakarta, Indonesia) to
remove any dentin debris remaining in the canal
after instrumentation.

The teeth then were assigned into 3 groups of
24 each. Group 1: the prepared root canal system
was filled with Ca(OH), (Sigma Aldrich, Darmstadt,
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Germany) mixed with sterile saline; Group 2:
filled with Ca(OH), commercial product (UltraCal’,
Ultradent, South Jordan, USA); Group 3: with saline
solution only, which served as control. In Group 1,
to ensure the intimate contact with the canal walls
and a dense fill of the canal space, excess Ca(OH),
was intentionally past the apex using lentulo spiral
(Dentsply Maillefer, Ballaigues, Switzerland). In
Group 2, the canals were densely filled by extruding
the material through the apex using the syringe and
plastic tip supplied. All teeth in all groups were sealed
apically with bonded composite (Solare, GC, Tokyo,
Japan) and coronally with a cotton pellet and bonded
composite. Subsequently, the teeth were immersed
in artificial saliva and were stored in an incubator with
the temperature maintained at 37°C.

After 7 days of immersion, the inner root canal
dentin of 8 teeth from each group were removed
from the artificial saliva containers and were
sectioned to create dentin bars (1 X 1 mm, with 7
mm in length). The bars were then tested on a three-
point bend testing apparatus using MTS Universal
Testing Machine (Type AMU-5-DE, Tokyo Testing
Machine, MFG, Co., Ltd., Tokyo, Japan) at a cross-
head speed of 1 mm/min. The width and thickness
of dentin bars were measured using an electronic
caliper (Mitutoyo, Japan), and then the specimens
were positioned on two points to create a 5-mm
test span with the cross-head centered in this span.
The test machine software automatically recorded
the peak load at fracture. The mode of fracture was
recorded as complete or incomplete fracture.

After 14 and 30 days of immersion, the
remaining teeth from each group were removed
from the artificial saliva containers and tested in the
same manner as the 7-day group.

The flexural strength (in MPa unit) was calculated
from the following equation:

Stress = (3 X Load X Length)/(2 X Width X Thickness?)............ [1]

The flexural strength data were analyzed statistically
usingtwo-way ANOVA, andthe comparisonsof means
were conducted using Tukey’s HSD. The analysis was
performed at the 0.05 level of significance (Minitab
Inc., State College, PA, USA).

3. Results and Discussion

The means and standard deviations of flexural
strength of all groups were listed in Table 1.
Compared to the control, Ca(OH), mixed with
sterile saline (Group 1) as well as UltraCal® (Group
2) decreased the flexural strength either immersed
for 7, 14 and 30 days. The results also indicated that
Group 1 had the lowest flexural strength compared
to the other groups. Immersion time for 30 days
demonstrated the lowest flexural strength than the
other immersion times. The results also revealed
that the flexural strength of dentin slightly decrease
in the control group when comparing to normal
dentin (212.9 £ 41.9 MPa).

Two-way ANOVA showed that Ca(OH), either
mixed with saline or UltraCal® reduced flexural
strength significantly (p<0,05). Flexural strength of
dentinalsodecreasedsignificantly withincreasingthe
immersion time (p<0,05). The longer the immersion
time produced the lowest flexural strength. There is
no interaction between intra-canal dressing groups
and immersion time. Tukey’s multiple comparison
test demonstrated statistically significant differences
among all groups (p<0.05).

The results of this study showed that Ca(OH),
had the deleterious effects on human root dentin.
Therefore, this study appears to support the
contention that long term exposure to Ca(OH),

Table 1. The means and standard deviations (Mean + SD) of the flexural strength of dentin for each group (in MPa)

Intra-canal dressing immersion Ca(OH), + saline UltraCal’ Saline
time (days) (A1) (A2) (A3)
7 (B1) 189.74 £10.83 197.25+9.38 211.13 +£18.58
14 (B2) 163.85+15.44 186.35 +12.25 208.87 £ 20.59
30 (B3) 145.72 +17.83 156.42 + 18.72 203.26 £ 16.76
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Table 2. Statistical analysis using two-way ANOVA on flexural strength of dentin

Source of variation df SS MS F p-value
Between Group A 2 56882.48 28441.24 103.83 0.000
Between Group B 2 62041.36 31020.68 113.25 0.000
Interaction 4 25628.24 6407.06 23.39 0.065
Within 63 17256.67 273.92

Total 71 161808.75

alters the mechanical properties of dentin®. Calcium
hydroxide is a material used in root canal treatment
of human teeth for intra-canal dressing due to its
antimicrobial properties, and the use of this material
is often over extended periods of time*. The flexural
strength reduced in this study; this may a result of
a change in the organic matrix since Ca(OH), can
dissolve pulp tissue, a process that may occur by
denaturation and hydrolysis®. In addition, the pH
increase observed after exposure to Ca(OH), may
also reduce the organic support of the dentin matrix.
These processes may disrupt the interaction of the
collagen fibrils and hydroxide crystals that could
negatively influence the mechanical properties of
dentin®.

The results also in agreement with the finding
of Grigoratos et al.** which demonstrated the use of
Ca(OH), as long term intra-canal dressing generates
cleanroot canals. It could be speculated that Ca(OH),
may not only disrupt the structure within the tissue,
but inside the root canal it may also separate the
tissue from the dentinal walls®. Teeth treated with an
intra-canal dressing of Ca(OH), showed no growth
after bacterial sampling’. Conceivably, Ca(OH),
not only has an antibacterial effect, but also it can
dissolve tissue remnants that otherwise would have
become substrate for bacteria®®.

Exposure of the standardized dentin bars to
Ca(OH), is more pronounce on the surface of the
dentin bars without considerably affecting the bulk of
the dentin''. Moreover, Ca(OH), does not penetrate
very well, so most of its effect will probably limit to
the surface®. Treatment with Ca(OH), could thus
potentially enhance crack initiation and propagation
on the surface of dentin rendering it more prone to
fracture®®. Previous investigators also demonstrated
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that Ca(OH), pastes inside the root canal was able to
diffuse through dentin into the external medium?*2.

Seven-day exposure of Ca(OH), represented
the clinical situation of an inter-appointment
period. It was speculated that the longer time
of exposure might enhance dissolving ability of
Ca(OH), as revealed in this study that the longer the
exposure to Ca(OH), i.e., 14 and 30 days produced
the lower flexural strength'®. Exposure of Ca(OH),
for 7 days did not result different capability to
eliminate microorganisms than the longer periods
of exposure!’. Therefore, it is recommended to
use of intra-canal dressing with Ca(OH), for 7 days
rather than the longer periods of exposure due to
the deleterious effect on mechanical properties of
dentin.

The results of this study showed that Ca(OH),
mixed with saline generated more effect to flexural
strength than Ca(OH), (UltraCal®). Therefore, the
depth of penetration of the solution and pastes
should also be taken into consideration. The mixture
of Ca(OH), and saline penetrated better to root
dentin than Ca(OH), commercial product due to the
lower surface tension of the former. The reduction in
surface tension increases the penetration capability
of mixture to the dentin tubules, but provokes
deleterious effect on the mechanical properties
of dentin®. Consequently, most of its effect will
probably limit to the surface. Exposure to Ca(OH),
significantly reduced flexural strength as compared
to flexural strength of normal dentin, which is 212.9
+41.9 MPa®.

The use of saline as a control should be
qguestioned. This study indicated that the flexural
strength of dentin reduced in the exposure to saline.
It is speculated that isotonic saline dissolved the
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tissue. Chlorine ion in the saline may have produced
some solvent effects. Distilled water may function as
a better control in the future studies®.

The clinical implications of this study indicated
that the use of Ca(OH), as an intra-canal dressing is
recommended no longer than 7 days due to its effect
on flexural strength of dentin. Tatsua et al.® reported
that the intra-canal dressing using Ca(OH), left for 7
days, with subsequent instrumentation and NaOCI
irrigation, cleaned molar canals and isthmuses, as
well as an ultrasonic device.

It is evident that further studies should be
undertaken on the combined effect of Ca(OH), and
NaOCl on the properties of dentin; this is due to
that NaOCI| becomes popular as irrigation solution,
however, NaOC| has a deleterious effect on the
mechanical properties of dentin®>.

4. Conclusion

It can be concluded that Ca(OH), reduced the
flexural strength of root canal dentin. The longer the
exposure to Ca(OH), would produce a greater effect
on flexural strength of root canal dentin.
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