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Abstract
Objective This in vitro study compared the penetration, pH, calcium ion release, solubility, and intradentinal decontamination
capacity of calcium hydroxide (CH) pastes with different vehicles and additives.

Materials and methods Infected standard bovine dentine contaminated with Enterococcus faecalis were treated with propolis
extract, chlorhexidine, and camphorated paramonochlorophenol (CPMC) loaded in CH paste for the bacterial viability evaluation
made by confocal laser scanning microscopy (CLSM) and microbiological culture. Beside this, 50 acrylic teeth were filled with
the previously mentioned pastes to evaluate the pH and calcium ion release (pHmeter and atomic absorption spectrophotometer at
time intervals of 7, 15, and 30 days) and solubility (micro-computed tomographic imaging before and after 15 days).

Results After treatment, all samples decreased intra-dentinal contamination, specially, the CH paste with CPMC. There was no
statistically significant difference between the groups when evaluating the intra-canal paste penetration. In the pH measurements,
CH with distilled water showed the smallest pH values. Regardless the solubility percentage of the pastes, the paste of CH + PG
presented the highest values.

Conclusion The vehicles and additives tested may increase CH antimicrobial effect, but with small differences. In general, all CH
pastes tested here were effective in reducing Enterococcus faecalis and were similar in the penetration, pH, calcium ion release,
and solubility of calcium hydroxide when compared to distilled water.

Clinical relevance The use of calcium hydroxide pastes as intracanal medication with an aqueous or viscous vehicle, as propylene
glycol, can be useful, since all formulations of the tested pastes resulted in great bacterial reduction inside root canals.
Calcium hydroxide - Microscopy - Propolis - Chlorhexidine -

Keywords Enterococcus faecalis - Camphor

paramonochlorophenol

Introduction

Evaluation and comparison of different calcium hydroxide pastes, with
aqueous and viscous vehicles, beside some additives as propolis,
chlorhexidine, and camphorated paramonochlorophenol, regarding
antimicrobial effect (by confocal laser scanning microscopy and

Endodontic treatment success depends on biomechanical prep-
aration, microbial control, and complete filling of the root canal

microbiological culture), penetrability (by confocal laser scanning
microscopy), pH (pHmeter), solubility (microtomography), and calcium
ion release (atomic absorption spectrophotometer).
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system to promote significant reduction in microorganisms and
prevent the infection process. However, some microorganisms
can survive due to anatomic complexities of root canal system
[1-4] and consequent limited access of instruments and irrigat-
ing solutions, and others can also infiltrate through unsatisfac-
tory temporary sealing’s [1, 3, 5, 6]. In this sense, the use of
different alternatives to increase endodontic treatment success
needs to be investigated. Thus, intracanal medications with an-
timicrobial action between sessions are used to complement
root canal disinfection, as a tentative to prevent a new infection
and eliminate remnant bacteria [2, 4].

The use of calcium hydroxide (CH) paste is usually pre-
ferred as intracanal medication due to its antimicrobial and
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biological properties [5], attributed to the alkaline pH and
calcium ion release [6]. As a strategy to improve their antimi-
crobial properties, natural and synthetic substances have been
associated with CH to improve its antimicrobial action and
intradentinal diffusion [7, 8], especially against resistant bac-
terial species capable of surviving in an alkaline pH, as
Enterococcus faecalis that is observed in primary and second-
ary infections [9, 10].

A natural substance that has been studied associated to the
CH paste is the ethanol extract of propolis (EEP), because of its
antimicrobial and anti-inflammatory potential. Thus, it becomes
a useful substance to endodontology as an intracanal medica-
tion [11, 12], since studies have shown the efficacy of EEP
against many bacteria [12]. Furthermore, with the intention of
increasing CH paste bacterial spectrum of action, other sub-
stances have been added to this intracanal medication [7].
One example is chlorhexidine, an antimicrobial agent with a
wide spectrum of action, that has been used as an irrigation
solution and intracanal medication in endodontics, because it
demonstrated that after a prolonged contact with the root canal,
chlorhexidine has shown substantivity and adhesion to anionic
substrates [7, 13, 14]. Another substance used in combination
with the CH is the camphorated paramonochlorophenol
(CPMC), that has been used for a long time and has showing
efficacy regardless the antimicrobial action of the medication
[7, 15]. Although it is highly toxic when used alone, small
amounts of CPMC mixed into the CH paste are significantly
less toxic [15, 16].

Thus, the aim of the present study is to investigate the in
vitro intradentinal penetrability and antimicrobial ability of
CH used with the following vehicles: distilled water (DW
group) and propylene glycol (PG group) and the additives
EEP (EEP group), chlorhexidine (CLX group), and CPMC
(CPMC group). For this, a new contamination protocol for
great depths of dentine was used [17], and the antimicrobial
effect and penetrability analysis of the pastes was performed
by means of microbiological culture and confocal laser scan-
ning microscopy (CLSM). Considering that the calcium hy-
droxide antimicrobial and biological properties are attributed
to the alkaline pH and calcium release, these two properties
and the solubility of the previously mentioned calcium hy-
droxide pastes were also evaluated. The null hypothesis was
that the vehicle and additives would not influence the antimi-
crobial action, intradentinal penetration, pH, calcium ion re-
lease, and solubility of calcium hydroxide pastes.

Materials and methods
Calcium hydroxide pastes

The calcium hydroxide pastes used in this study were used
in the ratio of 3:1 (powder weight/vehicle weight) or 3:1:1
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(powder weight/vehicle weight/additive weight). For each
five teeth, 10 g of calcium hydroxide p.a. (Biodinamica,
Londrina, Brazil) and 3.3 g of the vehicle or/and additive
were used. The studied groups were group G1-CH in dis-
tilled water (DW), G2—CH in propylene glycol (PG), G3—
CH in PG and ethanol extract of propolis (EEP), G4—CH in
PG and chlorhexidine (CLX), and G5-CH in PG and cam-
phorated paramonochlorophenol (CPMC). The solid green
propolis, obtained from the state of Parand (Brazil), was
dissolved in boiling ethanol in an extractor and cooled,
and the wax was removed by filtration. This filtrate was
concentrated in a rotary evaporator and diluted with pure
ethanol (10%) in a volumetric balloon. The EEP was ana-
lyzed by using high-performance liquid chromatography
(HPLC) to detect its components [18].

Intradentinal contamination

Dentine specimens were obtained from 125 recently ex-
tracted bovine incisors and immersed in 1% sodium hypo-
chlorite for 12 h, for surface disinfection. Specimens were
standardized to a length of 12 mm, by using a cutting ma-
chine (Isomet, Buehler, IL, USA) under cooling to remove
dental crown and the five apical millimeters [17, 19], be-
cause the apical third has a lower number of tubules, is
thinner, and has more anatomical variation. The specimens
were instrumented with endodontic files (Dentsply/
Maillefer, Ballaigues, Switzerland) to a diameter of
1.20 mm (file K No.120). Afterwards, the specimens were
submitted to three ultrasonic baths with a duration of 10 min
each, with 1% sodium hypochlorite, 17% EDTA to remove
smear layer, and saline to neutralize the previous substances
according to the Marinho et al. (2015) protocol [20]. The
external surface of specimens was covered with two coats of
red nail polish (Colorama, Rio de Janeiro, RJ, Brazil).

The dentine tubules were sterilized in an autoclave
(Cristofoli, Campo Mourdo, PR, Brazil) at 121 °C for
24 min, inserted in BHI sterile culture media (Brain Heart
Infusion, Difco, Detroit, Michigan, USA), and submitted to
an ultrasonic bath for 10 min for maximum penetration of the
culture broth into the dentinal tubules.

The bacterial reference strain of Enterococcus faecalis
(ATCC 29212) was acquired, and the colonial morpholo-
gy and Gram stain were verified to confirm purity several
times throughout the experiment. The microorganisms
were cultivated in BHI broth with successive subcultures.
Dilutions were made based on the absorbance value, ob-
tained by SF325NM spectrophotometer (Bel Photonics do
Brazil Ltda, Osasco, Brazil), to a concentration of 3 x 108
UFC/mL. The specimens were contaminated in a 5-day
period, in BHI medium at 37 °C, following the Ma et
al. (2011) sequence of centrifugations and the Andrade
et al. (2015) protocol [17, 21].
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The specimens were placed in a sterilized metal de-
vice inside the hood, to insert intracanal medications
with the help of a K-file size 90 (Dentsply/Maillefer,
Ballaigues, Switzerland). The medication stayed in the
specimens that were kept in sterilized microtubes at
37 °C for 15 days. Furthermore, two specimens in each
group received only the contamination and no medica-
tion (positive controls), and two others in each group
were not contaminated and received only the medica-
tions (negative controls).

The medications were removed by means of irrigation with
10% citric acid (Specifica Pharmacy, Bauru, SP, Brazil) to
inactivate the residual alkaline pH, followed by irrigation with
saline and drying with sterilized absorbing paper points.

Microbiological confocal laser scanning microscopy
(CLSM) analysis

After removing the medications, six contaminated bovine
dentine tubes in each group were longitudinally sectioned
with a diamond wheel (Erios, Sdo Paulo, Brazil) in a
cutting machine under cooling. Then, they were placed
in a 24-well cell culture plate with 17% EDTA for
5 min and washed with 500 pL sterile saline to remove
the smear layer resulting from the cutting [19]. The spec-
imens were stained with 30 puL of the LIVE/DEAD®
BacLightTM bacterial viability kit dye for 20 min
(Invitrogen Molecular Probes, Eugene, OR, USA), to
stain the living and the dead bacteria.

The specimens were observed through the Leica TCS-
SPE CLSM (Leica Microsystems GmbH, Mannheim,
Germany), thus obtaining eight images per tooth of the
cervical and middle thirds. A x 40 objective was used to
scan every 1 um of depth. The images were acquired with
the Leica Application Suite-Advanced Fluorescence (LAS
AF, Leica Mannheim, Germany) program, and the Leica
LAS AF Lite software was used for the layer fragmenta-
tion of each image. In the biolmagel v2-1 program [22],
the living and dead bacteria were quantified with green
(SYTO®9) and red (propidium iodide), respectively.

Microbiological culture analysis

After removing the medications from the other ten speci-
mens (10 per group), the samples for microbiological cul-
ture analysis were extracted from the dentine specimens
by using sterilized Largo burs, numbers 5 and 6.

The dentinal debris was immediately collected in
microtubes with 1 mL of BHI broth, agitated, and diluted
once (100 uL from the microtube that received the debris to
another microtube with 900 uL of BHI broth), and 100 puL
of the BHI with the debris from the two microtubes (10° and
10~") were spread on agar BHI plates. All plates were stored

in an incubator at 37 °C for 48 h for a more pronounced
colony visualization, for later counting of the colony-
forming units per mL (CFU/mL).

Evaluation of paste penetration by CLSM

To test medication penetration, 25 teeth were prepared in
the same way as previously described, but without bacte-
rial contamination, and were exposed to the medications
of the five groups mixed with 0.1% rhodamine B dye [19]
for 15 days. After removing the medication with saline
solution and drying with absorbent paper points, the den-
tine tubes were transversely sectioned with the cutting
machine under cooling, at 3 and 5 mm from the apical
margin and then taken for CLSM analysis.

Images were also acquired by using the LAS-AF software.
The ImageJ 1.48v software (National Institutes of Health,
USA) was used to measure the total root canal circumference
of the specimens and the perimeter of medication penetration,
obtaining the penetration percentages in each tooth section.

Calcium hydroxide pastes pH and calcium ion release

For these tests, 50 artificial acrylic resin maxillary central in-
cisors (n =10 per group) with an artificial root canal and
foramen were instrumented with endodontic files (Dentsply/
Maillefer, Ballaigues, Switzerland) to a diameter of 0.40 mm
(K-file size 40), filled with the five different calcium hydrox-
ide pastes tested here, and the open access in the crown were
sealed with Bioplic (Biodinamica, Londrina, Brazil). Thus, the
only contact of the medications with the external environment
was by the apical foramen. Each tooth was individually im-
mersed in a plastic bottle with 10 mL of ultrapure water and
moved to new plastic bottles with the same amount of ultra-
pure water after time intervals of 7, 15, and 30 days. The pH of
the solutions was analyzed with a pHmeter (model 371) and
the calcium ion release with an atomic absorption spectropho-
tometer (AA6800; Schimadzu, Tokyo, Japan) equipped with a
calcium-ion specific hollow cathode lamp [23]. The measure-
ments were made inside the water of the bottles where the
teeth were stored.

Micro-computed tomographic volumetric solubility

For solubility analysis, 50 artificial acrylic resin maxillary
central incisors (n = 10) with an artificial root canal and fora-
men were instrumented with endodontic files (Dentsply/
Maillefer, Ballaigues, Switzerland) to a diameter of 0.40 mm
(K-file size 40). After this, they were filled with the five dif-
ferent calcium hydroxide pastes tested here, until the root ca-
nal was completely filled, what was achieved when there were
no air bubbles, verified by the desktop x-ray micro-focus com-
puted tomographic scanner (SkyScan 1174v2; SkyScan,
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Kontich, Belgium). Then, the open access in the crown were
sealed with Bioplic (Biodinamica, Londrina, Brazil), and the
scanning in the desktop x-ray micro-focus computed tomo-
graphic scanner (SkyScan 1174v2; SkyScan, Kontich,
Belgium) was started. The image capture parameters were:
voxel size of 19.70 pum, 0.5° rotation steps, and a 360° rota-
tion. Each scan consisted of 373 TIFF images with 1024 x
1304 pixels. Subsequently, the samples were individually
completely immersed in plastic bottles with 10 mL of ultra-
pure water and stored at 37 °C. After 15 days, the teeth were
removed from their bottles and, without any washing process,
new scanning were performed with the same parameters used
in the first time. The scanned images were reconstructed, and
the volume (mm® of the pastes were measured with CTan
software (CTan v1.11.10.0, Sky-Scan). Then, we had the sol-
ubility values by subtracting the final value from the initial
value (scanning equal to the total volume lost during immer-
sion). The solubility percentage was calculated by dividing the
volume lost by the total value. This methodology was based
on Zancan et al.’s methods [24].

Statistical analysis

For all experiments, statistical analysis was performed with
the Kruskall-Wallis followed by Dunn tests, with a 5% level
of significance.

Results

Microbiological confocal laser scanning microscopy
(CLSM) analysis

The CLSM analysis showed that according to the bacterial
viability detected in the images (Fig. 1), G5 (CH+PG +
CPMC) presented the lowest percentage of living bacteria,
with statistically significant differences (P < 0.05) in compar-
ison with G1 (CH + DW). The other groups presented
intermediated results without statistically significant differ-
ences (P> 0.05) (Fig. 2a).

The pastes in the cervical third were shown to be more
effective than those in the middle thirds. There was statistical-
ly significant difference only between each group and the
positive control, when analyzing the thirds. Furthermore, the
behavior of the pastes at different depths in the dentine mass
was similar, with statistical difference only between each
group and the positive control.

Microbiological culture evaluation
Regardless the number of CFU/mL, when the median, mini-

mum, and maximum values were evaluated, there was no
statistically significant difference between the studied pastes
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Fig. 1 Images of the infected dentine obtained by confocal laser scanning P>
microscopy analysis after the intracanal medications. a, b Calcium
hydroxide in distilled water in the superficial and deep areas
respectively. ¢, d Calcium hydroxide in propylene glycol in the
superficial and deep areas respectively. e, f Calcium hydroxide in
propylene glycol with EEP in the superficial and deep areas
respectively. g, h Calcium hydroxide in propylene glycol with
chlorhexidine in the superficial and deep areas respectively. i, j Calcium
hydroxide in propylene glycol with CPMC in the superficial and deep
areas respectively. Kk, 1 Positive controls in the superficial and deep areas
respectively

(P>0.05). A significant difference (P < 0.05) was observed
when the pastes were compared with the positive control.
These differences were observed both in the analysis of the
most superficial dentine (Largo No. 5), and deeper dentine
(Largo No. 6). The negative controls in the microbiological
studies showed no bacterial growth; since they received only
the pastes, it validated the experiment without contamination.

CLSM evaluation of intratubular paste penetration

There was no statistically significant difference between the
groups when evaluating the intra-canal paste penetration, al-
though the paste of G1 (CH with distilled water as a vehicle)
demonstrated a lower rate of intra-tubular penetration when
compared with the other groups, in which propylene glycol
was used (Fig. 2b).

Calcium hydroxide pastes pH and calcium ion release

In the pH measurements, in general, CH with distilled water
showed the smallest pH values, presenting significant statisti-
cal difference with the pastes of G3, G4, and G5 in 15 and
30 days. In 7 days, there was no significant statistical differ-
ence between the pH of the pastes. Regardless the calcium ion
release, CH in PG and CLX presented the greatest values in 7
and 15 days, but in 30 days, CH in PG and PP had the biggest
values of calcium ion release. Table 1 shows the pH and cal-
cium ion release results.

Micro-computed tomographic volumetric solubility

Regardless the solubility percentage of the pastes analyzed in
15 days, the paste of G2 (CH + PG) presented the highest
values. There was statistically significant difference only be-
tween the G2 and G5 (CH + PG + CPMC) (P =0.0018). The
results are shown in Table 2.

Discussion

Although small statistical differences were observed between
groups, the null hypothesis tested was rejected since there
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(1)

were differences in the antimicrobial action, penetrability, pH, In the present study, two different methods were used to
calcium ion release, and solubility of CH pastes according to  evaluate the antimicrobial action of CH pastes inside bovine
the different additives used. teeth: microbiological culture and staining evaluation by
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Fig. 2 a Median percentage of live bacteria per um?, after intracanal
medications for 15 days by confocal laser canning microscopy analysis.
b Median percentage of penetrability of the different intracanal
medications. DW, calcium hydroxide in distilled water, PG, calcium

CLSM, demonstrating that the two analyses could comple-
ment each other. Penetration into the dentinal tubules is the
most important resistance mechanism of E. faecalis against
the antimicrobial agents [25, 26]. The specimen analysis by
CLSM with the LIVE/DEAD dye was appropriate for visual-
izing the bacteria within the dentine, by the fluorescence that
indicated lack of integrity of the bacterial membrane.

After autoclaving, specimens were contaminated according
to a protocol [17] adapted from Haapasalo; Orstavik protocol
of 1987 [25]. The experimental model was built with the in-
tention of simulating the real situation of endodontic infec-
tions occurring in the oral environment, using bovine dentinal
tubes with a length of 12 mm [25]. Even though bovine den-
tine has a similar structure to the human dentine [27], their
tubules are bigger which can improve the calcium hydroxide
diffusion through the dentine providing a more efficient meth-
od of evaluation and standardization. Since the permeability
of dentine has been related to the functional diameter of the
dentinal tubules; the greater the functional diameter, the higher
the flow rate and consequently, the rate of permeation [28].
Therefore, with a bigger proportion between the root canal
and the dentine tubules, the intracanal medication action can
be better evaluated.

Also related to the specimen preparation, as a manner to
ensure that the microorganisms would only penetrate via root
canal, the external surfaces of the specimens were varnished
with a double coat of nail polish. Furthermore, we used the Ma
et al. (2011) protocol of specimen centrifugation [21]. The
apical thirds of the teeth were not used due to the reduced
number of the dentinal tubules, as previously observed [17].

In the CLSM analysis, the only significant statistical differ-
ence was between the paste with DW (G1) and the paste with
PG and CPMC (GS5), which demonstrates that the other sub-
stances added to the calcium hydroxide paste did not have
influence on its antibacterial effect. This statistical significant
difference between G1 and G5, and the highest antimicrobial
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hydroxide in propylene glycol; EEP, calcium hydroxide in propylene
glycol with EEP; CLX, calcium hydroxide in propylene glycol with
chlorhexidine; CPMC, calcium hydroxide in propylene glycol with
CPMC; C+ positive control

effect against E. faecalis of the CH in propylene glycol with
CPMC, showed in both methodologies, can be explained by
the CPMC ability to eliminate microorganisms in distant re-
gions around the paste and kill bacteria faster than mixtures
with inert vehicles, such as distilled water [29]. The results of
this study were similar to those of previous studies [2, 30]. The
CH paste with propylene glycol as vehicle also presented
good results in both thirds, confirming the good diffusion
through dentine. Although CPMC toxicity has been proven
in vitro and in vivo, the phenols show low toxicity when in
contact with living tissues in low concentrations while still
maintaining its antimicrobial effect. This can be explained
by the production of a weak salt, para-chlorophenolate, which
maintains the high pH [15, 31]. Therefore, the CPMC should
be used as an additive in low concentrations and not as a
vehicle [16, 32]. Other studies showed that the use of this
substance as an additive in the CH paste is more effective in
eliminating E. faecalis than when it is not used [7, 33]. Thus,
since there was a small statistical significant difference be-
tween the calcium hydroxide pastes tested here, the hypothesis
that the CPMC could overcome the CH effect is rejected.
Moreover, Menezes et al. (2004) showed that the combi-
nation of CH+ CPMC had a greater antimicrobial effect
than when CPMC was used alone [33]. Nonetheless, the
use of a substance with toxic effect, even if this effect is
low, must be considered.

In the present study, the pastes in the cervical third were
shown to be more effective than those in the middle thirds.
These results can be explained by the decrease in the diame-
ters and amount of dentinal tubules from the cervical to the
apical thirds [17, 34]. Also, because the rate of diffusion or the
permeability of dentine should vary directly with the surface
area. In this way, in the cervical third, the dentinal tubules are
bigger and in greater amount than in the middle third, what
allows a better penetration, diffusion, and efficacy of the med-
ications on this area [28, 32]. Beside this, when the calcium
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Medians (med) and minimum and maximum (min-max) values for pH and calcium ion release (mg/L) of the pastes in different studied periods

Table 1

30 days

15 days

7 days

Med (min-max)
Ca®* release

Med (min-max)

pH

Med (min-max)
Ca®* release

Med (min-max)

pH

Med (min-max)
Ca®* release

Med (min-max)

pH

Group

0.73 (- 5.49-8.04)*

7.77 (7.13-8.46) A

—-076 (—8.02-26.37)*
5.20 (—7.67-24.01)"B

13.49 (3.52-58.48)P
18.75 (4.14-44.28)B

9.75 (8.28-10.65)" 46.65 (9.65-112.78)* 7.85 (6.66-10.87)*

9.80 (8.38-10.32)*
9.77 (8.63-10.43)*

3.97 (-2.21-13.56)"B
33.26 (7.52-175.1)B

8.71 (7.89-9.38) AB

8.98 (7.82-10.52)AB

33.41 (8.98-57.56)*

9.99 (9.46-11.14) €

9.07 (8.03-10.79) AB

45.88 (13.77-102.15)*

10.04 (5.12-20.15)"B

9.46 (8.52-10.41) B€
9.17 (8.4-10.6) B¢

9.76 (8.52-10.77) B

65.57 (23.04-155.21)*
42.65 (3.26-161.15)"

10.24 (9.44-10.65)
9.91 (8.33-10.59)*

G4

20.32 (- 3.84-134.76)B

12.87 (0.34-53.58)"B

9.35 (8.03-10.94) AB

G5

Different capital letters in columns indicate statistically significant intergroup differences in the same time period. p value <.05

Table2 Medians (med) and minimum and maximum (min-max) values
of'the paste volume and after 15 days of immersion in 10 mL of deionized
water, and the percentage of lost volume comparing the 15 days with the
initial volume

Initial 15 days
Med (min-max)  Med (min-max)
Groups Volume Volume % of lost volume

Gl 3.68 (1.68-10.35) 3.00 (1.47-9.23) 21.32 (6.8548.77)*"
G2 3.88(2.29-9.89) 224 (0.50-5.35)  50.13 (9.68-99.71)*
G3 349 (2.03-9.17) 279 (1.49-837) 22.76 (8.72-41.25/*B
G4 3.53 (1.84-9.49)  2.83(1.28-8.28)  20.19 (7.05-64.15)*B
G5 490 (2.41-10.85) 4.42(2.20-10.19) 10.57 (3.98-25.57)°

Different capital letters in columns indicate statistically significant inter-
group differences in the same time period. p value <.05

hydroxide paste is applied in the root canal, during an end-
odontic treatment, it produces a gradient of hydroxyl ions,
with a decreased amount in the apical dentine tubules. The
bacteria that are sheltered in the deep layers of the dentine
mass therefore respond to the stresses of the endodontic treat-
ment procedures and as the intracanal medication, upregulat-
ing virulence genes promoting biofilm growth [35, 36].

The association of chlorhexidine and CH did not show sat-
isfactory results, corroborating with the results of another study
[37]. These results can be attributed to the fact that chlorhexidine
degrades in alkaline environments [38, 39]. Furthermore, chlor-
hexidine can release by-products, such as para-chloroaniline and
reagent oxygen species, alone or associated with CH paste [39,
40]. Waris and Ahsan reported that some carcinogens can exert
part of their carcinogenic effect by the reagent oxygen species
release [41]. Even though, some researchers have found good
antimicrobial results combining CH and chlorhexidine [27, 42];
the differences between results may be attributed to the different
methodologies used [43]; therefore, more studies with this asso-
ciation are necessary.

The CH paste with 10% EEP, presented intermediate re-
sults, although without statistical difference. The different for-
mulations and sources of propolis can also produce different
results [44]; hence, the use of typified propolis samples in the
studies is indispensable [18]. Propolis purification and wax
elimination are necessary, as well as identification of its com-
pounds. The sample used in this study was analyzed by high-
performance liquid chromatography (HPLC) to determine and
standardize the compounds. Ferreira et al. (2007) and
Bhandari et al. (2014) investigated propolis individually, and
this substance demonstrated greater antimicrobial effect in
comparison with the CH substance. The mechanisms of prop-
olis activity against microorganisms have been attributed to
flavonoids and phenolic compounds [12, 44]. Propolis pre-
vents bacterial cellular division and acts on the microbial
membrane, causing structural damage, similar to the action
of some antibiotics [45], without toxic effects to the host cells.
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Fig. 3 Representative micro-computed tomographic 3-dimensional reconstructions of the initial (green) and final (red) of the superimposed intracanal

dressings in root canals

Propylene glycol was chosen as a vehicle in most groups
because of its lower surface tension than water, allowing
greater diffusion of medication through the bacterial cellu-
lar membrane. This vehicle presents little antimicrobial ac-
tivity and does not irritate the periapical tissues [46].
Ganesh et al. (2014) compared the antimicrobial effective-
ness of the CH in distilled water, propylene glycol, and
CPMC by the agar diffusion test and found results similar
to those of the present study [47].

The advantage of propylene glycol over distilled water as a
vehicle was also shown when the pH and calcium ion release
was evaluated. In the pH measurements, the use of different
additives did not influence the results. In calcium ion release
evaluation, the paste with chlorhexidine as additive, showed
greater results in great part of the comparisons. Considering
this, it can be assumed that, all pastes reacted similarly, and
that the pastes with propylene glycol as a vehicle had better
results, in concordance with Duarte et al. 2009 study [23].

CH manipulated with a vehicle that has good solubility
will favor the ion dissociation ratio and diffusion through
the dentinal tubules [48]. Nerwich et al. 1993, reported that
calcium hydroxide used as an intracanal medication signif-
icantly increased the pH in the apical region after only 2—
3 weeks [49]. Thus, the solubility test was made by micro-
computed tomographic imaging to find the volumetric loss
of the pastes after 15 days. The calcium hydroxide paste
with propylene glycol as vehicle presented the highest per-
centage values of solubility, and the other pastes with the
additives did not present statistical significant differences
between each other. These results can also suggest that a

@ Springer

viscous vehicle can improve the solubility of the calcium
hydroxide paste. Figure 3 illustrates the micro-computed
tomographic 3-dimensional reconstructions of the initial
and final (superimposed) intracanal dressings in root canals,
showing that the pastes were more soluble in the apical
thirds for all groups. The solubility test results are in con-
cordance with the study of Zancan et al. 2016 [24].

Conclusion

The vehicles and additives tested may increase CH antimicro-
bial effect, but with a small statistical difference. In general, all
CH pastes tested here were effective in reducing Enterococcus
faecalis and were similar in the penetration, pH, calcium ion
release, and solubility of calcium hydroxide when compared
to distilled water.
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