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A B S T R A C T

Background: The effects of using curcumin as photosensitizer on the mechanical properties of intraradicular
dentin and on the bond strength of glass-fiber posts are unknown. Thus, this in vitro study evaluated the in-
fluence of using curcumin as photosensitizer during photodynamic therapy on the Martens hardness, elastic
modulus, and bond strength of glass-fiber posts luted to intraradicular dentin, in different tooth root thirds.
Methods: Eighty bovine teeth were divided into 5 groups according to the concentration of curcumin applied,
with or without blue LED light activation: Control-deionized water; Curcumin 500mg/L; Curcumin 500mg/
L+blue LED; Curcumin 1000mg/L; and Curcumin 1000mg/L+ blue LED. Mechanical properties were mea-
sured in different thirds of the radicular dentin using an ultramicrohardness tester (n=8). A universal testing
machine was used to evaluate the push-out bond strength (n=8). Mechanical properties were compared across
groups with the Kruskal–Wallis test, and across regions with the Friedman test. Bond strength data were sub-
jected to ANOVA, followed by Tukey’s test (α=0.05). Scanning electron microscopy was used to analyze the
failure mode of the specimens.
Results: The use of curcumin photosensitizer, with or without blue LED light, improved mechanical properties
compared to those of the control group (P < 0.05), and promote no statistically significant difference in bond
strength values (P > 0.05). Overall, there was no difference among the intraradicular thirds for Martens
hardness and push-out bond strength values (P > 0.05).
Conclusions: Curcumin photosensitizer, with or without photodynamic therapy, changed the mechanical prop-
erties of intraradicular dentin; however, the Martens hardness and bond strength values did not differ with the
depth of the dentin.

1. Introduction

Endodontic treatment requires the reduction or elimination of
bacterial infection present in the root canal systems of targeted teeth
[1]. Sodium hypochlorite [2], in various concentrations, and calcium
hydroxide intracanal medication [3–5] have been widely used for this
purpose. In vitro and in vivo culture-dependent studies have compared
the antibacterial effects of these irrigating solutions [6,7] on the

endodontic microbiota and have reported conflicting results [8], and
have shown negative effects on the bond strength of resin cement, used
to adhere glass-fiber posts to root dentin [9]. Intraradicular glass-fiber
posts are commonly used in endodontic treatment of teeth with little
remaining coronal structure, in order to provide additional support for
core material and future indirect restorations [10–12].

New therapeutic treatments have been introduced to potentiate the
eradication of endodontic infections; these include photodynamic
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therapy (PDT) with specific photosensitizers (PSs), such as curcumin,
which has shown satisfactory antimicrobial activity, in addition to
having antioxidant, anti-tumor, and anti-inflammatory effects [13]. The
mechanism of action of PDT involves the absorption of photons from
the irradiation source by the PS, resulting in excitation of its electrons.
This energy is then transferred to a specific substrate and, in the pre-
sence of oxygen, promotes formation of highly reactive and short-lived
oxygen species (mainly singlet oxygen), which irreversibly oxidize the
cellular components, causing death of microorganisms [9,14,15]. Cur-
cumin PS interacts predominantly with cationic compounds, such as
calcium present in the intraradicular dentin, due the formation of su-
peroxide anions and hydrogen peroxide [16]. However, it remains
unknown whether this reactive oxygen may affect the mechanical
properties of dentin, binding to molecules present in the intraradicular
dentin substrate, which could modify the hydroxyapatite crystals and
the adhesive interface between glass-fiber posts and dentin [17].

Hence, the aim of this in vitro study was to evaluate the mechanical
properties (Martens hardness [MH] and elastic modulus [Eit]) of dif-
ferent thirds of root canal dentin, and the push-out bond strength of
glass-fiber posts luted to intraradicular dentin that had been submitted
to PDT with curcumin PS. The null hypotheses tested were that the
interaction between curcumin PS and dentin substrate would not
change the mechanical properties of dentin and the bond strength of
glass-fiber posts to endodontically treated intraradicular dentin; and
that there would be no difference in the mechanical properties of dentin
and the bond strength of the adhesive interface between glass-fiber
posts and intraradicular dentin across different thirds of teeth that had
undergone PDT with curcumin PS.

2. Materials and method

2.1. Experimental design

Table 1 describes the materials used in this study. The study was
approved by the institutional Ethics Committee (#15-00694). Bovine
incisors that had been extracted from cattle approximately 3 years old
(28–36 months) were used [18]. All teeth that presented fractures,
cracks, and curved roots were excluded; in total, eighty bovine incisors
were included in the study. The anatomic crowns of all teeth were re-
moved at 1.0 mm above the cementum–enamel junction using a ma-
chine cutter (Isomet 5000; Buehler). To standardize teeth used in this
study, only teeth with a mean root canal length of approximately
20mm and mean root canal diameter of approximately 4mm were
included. The radicular canals were instrumented with K-files #80
(Dentsply Sirona) after the working length had been determined to be
1.0 mm less than this length; the canals were then irrigated with 10mL
of 1% sodium hypochlorite once per 15 s, and dried with sterile paper
points and an air jet.

In order to prevent escape of the PS, the apical portion of all the
roots were etched with 37% phosphoric acid (FGM) for 15 s, and dried

with sterile papers and an air jet. Dental adhesive (Adper Single Bond 2;
3M ESPE) was applied to the conditioned surface for 15 s and was then
activated for 20 s using a light-polymerization unit (Ultraled; Dabi
Atlante). The apical foramens were sealed with a composite resin
(Filtek Z250 XT; 3M ESPE) and the endodontically treated roots were
randomly divided into 5 groups (n= 16).

Deionized water was inserted into the root canal and no PS or PDT
was administered in the control group. In the remaining 4 groups, the
root canals were filled with curcumin (500mg/L [C500] or 1000mg/L
[C1000]) for 5min (period of pre-irradiation) and the PS was slowly
agitated for 1min using an ultrasonic Irrisonic E1 tip (Helse Dental
Technology) coupled to an ultrasonic unit (Nac Plus, Adiel). Care was
taken to avoid contact of the tip with the dentin substrate [19]. In the
C500WL (without LED light activation) and C1000WL groups, the PS was
not activated. In the C500L (PS activated by LED light) and C1000L, the PS
was activated by 4min of blue LED light (λ 480 nm) irradiation, using a
fiber optic of 300 μm diameter, inserted into the canal to a level 2 mm
apical to the teeth working length [19]. To ensure homogeneous dif-
fusion of light throughout the canal, the flexible optical fiber was
moved in the apico-cervical direction, using helicoidal movements
[20,21], that were performed 10 times/min [22].

Curcumin PS exhibits absorption peaks at 450–495 nm, with 72 J/
cm of final energy [17]. The wavelength of the light source used was
thus determined by the absorption property of the PS, and the duration
of light action was determined according to the satisfactory anti-
microbial activity reported in previous studies [17,21]. Subsequently,
10mL of deionized water was inserted into the intraradicular canals to
remove the curcumin PS and the root canals were then dried with
sterile paper points and an air jet. The roots were stored for 7 days at
100% humidity and 37 °C [17,23,24] prior to obturation and further
tests.

2.2. Analysis of mechanical properties

Eight teeth per group were sectioned under water cooling (Isomet
5000; Buehler), obtaining slices approximately 1.3mm in thickness.
The different thirds of the root canals (cervical middle, and apical) were
fixed in acrylic resin (Classico) and manually finished with #320,
#600, #800, and #1200 grit silicon carbide papers (Extec Corp). The
specimens were polished with diamond pastes (#6, #3, #1, and
#0.25 μm; Buehler) for 4min with each paste. Between each finishing
and polishing process, the specimens were washed in an ultrasonic unit
(model 2210; Branson Ultrasonic Corp) with deionized water for 2min
[17].

MH and Eit values were measured using an ultramicrohardness
tester (DUH-211; Shimadzu). A Vickers diamond tip was used at a load
of 3mN, with a holding time of 5 s. Five indentations were performed in
each region of the dentin substrate and the MH and Eit values were
automatically measured by the software program installed in the tester
[17,25,26].

Table 1
Materials, classification, composition, and batch numbers of materials.

Material Classification Composition Batch

Filtek Z350XT (3M ESPE) Resin Composite Bis-EMA, Bis-GMA, TEGDMA, UDMA, silica and zirconia nanofillers, and agglomerated zirconia-silica
nanoclusters

HB004209993

MTA Fillapex (Angelus) Endodontic Cement Salicylate resin, natural resin, diluting resin, bismuth oxide, nanoparticulated silica, MTA and
pigments

36870

RelyX Ceramic Primer (3M ESPE) Silane 3-MPS, ethyl alcohol, water H0001504424
RelyX U200 (3M ESPE) Resin Cement Base: glass fiber, methacrylate phosphoric acid esters, triethylene glycol dimethacrylate, silane treated

silica, sodium persulfate.
1518200189

Catalyst: glass fiber, substitute dimethacrylate, silane-treated silica, sodium ptoluenesulfonate,
calcium

Bis-EMA, ethoxylated bisphenol A glycol dimethacrylate; Bis-GMA, bisphenol-A diglycidyl ether dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA,
urethane dimethacrylate; 3-MPS, 3-methacryloxypropyl-trimethoxy silane.
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2.3. Bonding strength analysis

Forty roots specimens were analyzed in the push-out bond strength
test (n= 8). After treatment with curcumin PS, with or without PDT,
the canals were obturated by the Tagger technique with #70
McSpadden instruments (Dentsply Sirona) and calcium hydroxide ce-
ment (MTA Fillapex; Angelus). Temporary cement (White Cimpat;
Septodont) was used to seal the coronal access and the obturated root
canals were stored at 37 °C and 100% humidity for 7 days.

The gutta percha cones were removed to± 9mm with reference to
the working length of the teeth, using a #1 low-speed drill, followed by
a #2 drill (Dentsply Sirona). Prior to the adhesive procedure, the glass-
fiber post (White Post DCE; FGM) surface was treated by conditioning
with 35% phosphoric acid (3M ESPE) for 60 s, followed by washing and
drying with an air jet. The surfaces of the posts were silanized with a
silane primer (RelyX Ceramic Primer; 3M ESPE) for 60 s, and an air jet
was gently applied. The posts were not further manipulated, to prevent
surface contamination [25].

The post space was irrigated with physiological saline (0.9%) and
the canals were dried with sterile paper points and an air jet before the
luting process. Self-adhesive resin cement (RelyX U200; 3M ESPE) was
used for luting the posts; this was activated for 40 s, from the occlusal
surface, with a polymerization light (Ultraled; Dabi Atlante) of
1125mW/cm2 intensity [27]. The specimens were stored for 7 days at
37 °C and 100% humidity.

The specimens were sectioned with a low-speed diamond saw
(Isomet 5000; Buehler) under water cooling, to obtain slices of the
cervical, middle, and apical thirds. Slice thickness, measured using a
digital caliper (Mitutoyo), was approximately 1.3 mm [17,25,28]. A
universal testing machine (DL3000, EMIC) was used for the push-out
test. A compressive load was applied in a vertical direction with an
active tip, with a cross-head speed of 0.5mm/min, in the center of the
glass-fiber post [17,24,29–32].

The failure mode of the root canals was analyzed using a stereo-
microscope. Classification of the failure modes was: (1) mixed failure;
(2) adhesive failure; (3) cohesive failure in dentin. Representative
failure specimens were submitted to coating with gold (Baltec SCD 050;
Balzers) and the fracture patterns were evaluated by scanning electron
microscopy (SEM-JSM5600LV; JEOL) [17,33,34].

2.4. Statistical analysis

MH, Eit, and bond strength data were submitted to normality tests
(Shapiro–Wilk). Data of mechanical properties were compared among
groups using the nonparametric Kruskal–Wallis test, and among thirds
using the Friedman test (α=0.05). Bond strength data were submitted
to 2-way ANOVA and the Tukey least significant difference test
(α=0.05).

3. Results

Higher values of MH and Eit were found for dentin in which the
curcumin PS was applied at a higher concentration, without activation
by blue LED light (C1000WL), than in the control group, in all thirds
(P < 0.05). There was no statistically significant difference in the MH
values of dentin when either concentration of curcumin without blue
LED light activation (C500WL and C1000WL) or a lower concentration of
curcumin with blue LED light activation (C500L) were applied, in all
thirds (P > 0.05) (Table 2).

The effect of the application of curcumin PS and PDT was also
supported by the Eit values, in which the dentin of the control and
C1000L groups showed lower Eit values in the cervical, middle, and
apical thirds (P < 0.05) (Table 2). When comparing the regions, no
statistically significant difference in MH values was found in any of the
groups analyzed (P > 0.05); however, the dentin of the cervical third
of the C500WL group showed higher Eit values than that of the apical

third (P= 0.008).
Regarding the push-out bond strength values (Table 3), the dentin of

the C500WL group showed higher bond strength values than that of the
C1000WL specimens in the cervical third (P= 0.016). There was no
significant difference among the groups in the middle and apical re-
gions (P > 0.05). When comparing the intraradicular thirds, there was
a significant difference only in the C500WL group, where the cervical
third showed higher push-out bond strength values than the apical third
(P= 0.008, Table 3). When analyzing the thirds for each group, there
was a predominance of mixed-type failure in the C1000WL, C1000L, and
control groups, while for the C500WL and C500L groups, cohesive type
failure was predominant (Fig. 1).

4. Discussion

The use of curcumin PS and PDT influenced the MH and Eit me-
chanical properties and the bond strength of glass-fiber posts to in-
traradicular dentin (Tables 2 and 3), rejecting the first null hypothesis
of the study. Assessment of the root thirds showed differences in the Eit
of different regions of intraradicular dentin (Table 2), thus rejecting the
second null hypothesis.

The use of curcumin PS at a higher concentration, along with blue
LED light activation, promoted lower values of MH and Eit in dentin
than in the other curcumin PS groups (Table 2). We speculated that the
irradiation promoted significant changes in the dentin substrate, due to
blue LED light photoactivation of the curcumin, which promotes for-
mation of hydrogen peroxide [16,35] that can bind to components in
dentin, such as the calcium present in the hydroxyapatite crystals
[8,17]. The concentration of the compound and the presence of the
irradiation source were important factors that influenced the alterations
in the dentin, explaining the lower mechanical properties.

Curcumin is an anionic substance that has the ability to bind to
cationic molecules, such as the calcium present in hydroxyapatite [17].
The reaction between this PS and calcium, and particularly at a higher
concentration of the PS, would result in precipitates that can act as a
physical barrier, and reduce the interaction between the resin cement
and the surface of the dentin [34]. This calcium-PS relationship could
explain the lower bond strength values in the C1000WL group than in the
C500WL group (Table 3).

Furthermore, curcumin is a hydrophobic polyphenol compound
[17,36], allowing less water sorption that could decrease the bond
strength of the resin interface [17,27]. This could explain, in general,
the non-statistically significant difference between the groups that used
curcumin, at both concentrations, and the control group (Table 3). In
addition, the integrity of the adhesive interface could be enhanced due
to the hydrophobic character of the resin cement used for luting the
glass-fiber posts in the prosthetic space of root dentin [27]. This ad-
hesive interface integrity can be seen in the images of the C1000WL and
C1000L groups (Fig. 2G–J); these groups showed a higher incidence of
mixed failure type (Fig. 1). Similar adhesive interface integrity was also
found in a previous study, in which the previous application of cur-
cumin increased the values of the bond strength of glass-fiber posts
luted to dentin [17].

Comparing the different thirds of intraradicular dentin, there was a
tendency for the dentin of the apical third to exhibit the highest Eit
values; the exception was the dentin in the C500WL group (Table 2). The
higher values for the apical third could be attributed to several factors
[25], including cavity configuration [37], presence of apical sclerosis
[38], level of access to the apical portion, or restricted cement pene-
tration into the deeper portions of the prosthetic-post space. For the
push-out bond strength analysis, there was no statically significant
difference between the thirds in any of the evaluated groups, except for
the C500WL group, which showed lower bond strength values for the
apical than the cervical third (Table 3). It could be speculated that the
cervical and middle thirds would be more susceptible to PS action, and
due to the anionicity of the substance, calcium precipitates were
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accumulated in the apical third, reducing the interaction between the
luting agent and the surface of the root dentin [34].

However, different concentrations of the curcumin PS, with or
without PDT, will not always obtain satisfactory results in all analyses.
Although no improvement in the bond strength values could be evi-
denced in this study, the use of curcumin at 500mg/L, with or without
PDT, could be an appropriate alternative to promote prosthetic space
antisepsis, since it has satisfactory antimicrobial activity, antioxidant,
anti-tumor, and anti-inflammatory effects, as proven in previous studies
[39,40].

The difficulty of standardizing the preparation in areas with difficult
access and the non-homogeneity of the substrate, due to the peculia-
rities of each region, can be considered limiting factors of this study.

Further studies should be performed using other photosensitizing sub-
stances at different concentrations, as well as over different periods of
time and the technique used for the application of the PSs.

In conclusion, the use of 500mg/L curcumin as a PS, with or
without PDT, is a suitable alternative protocol for antisepsis of in-
traradicular dentin, as it generally led to improved mechanical prop-
erties and did not alter the bond strength of the glass-fiber posts.
Furthermore, the MH and bond strength of glass-fiber posts were not
influenced by the intraradicular depth.
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Table 2
Mean ± standard deviation (GPa) values of Martens hardness (MH) and elastic modulus (Eit) of intraradicular dentin as function of photosensitizer agent and
photodynamic therapy used, in different root thirds.

Mechanical Property and Region Control Group C500WL Group C500L Group C1000WL Group C1000L Group

MH
Cervical 0.44 ± 0.12 Ab 0.93 ± 0.18 Aa 0.85 ± 0.24 Aa 0.86 ± 0.12 Aa 0.51 ± 0.21 Ab
Middle 0.54 ± 0.06 Ac 0.90 ± 0.20 Aa 0.71 ± 0.23 Aabc 0.81 ± 0.09 Aab 0.63 ± 0.29 Abc
Apical 0.55 ± 0.15 Ab 0.71 ± 0.15 Aab 0.94 ± 0.25 Aa 0.94 ± 0.23 Aa 0.63 ± 0.24 Ab

Eit
Cervical 0.94 ± 0.30 Bc 2.41 ± 0.56 Aa 1.64 ± 0.46 ABab 2.20 ± 0.49 Aa 1.09 ± 0.48 Abc
Middle 1.21 ± 0.24 Ac 1.90 ± 0.67 ABab 1.40 ± 0.35 Bbc 2.04 ± 0.53 Aa 1.32 ± 0.75 Abc
Apical 1.13 ± 0.37 ABc 1.55 ± 0.36 Bbc 1.98 ± 0.51 Aab 2.19 ± 0.57 Aa 1.39 ± 0.62 Abc

C500WL, curcumin 500mg/L without blue LED; C500L, curcumin 500mg/L activated with blue LED; C1000WL, curcumin 1000mg/ L without blue LED; C1000L,
curcumin 1000mg/L activated with blue LED.
Different superscript uppercase letters in columns and lowercase letters in rows indicate statistically significant differences for each mechanical property analyzed
(P < .05).

Table 3
Mean ± standard deviation (MPa) values of extrusion bond strength (push-out strength test) of intraradicular dentin as function of photosensitizer agent and
photodynamic therapy used, in different root thirds.

Bond Strength and Region Control Group C500WL Group C500L Group C1000WL Group C1000L Group

Cervical 4.51 ± 1.27 Aab 4.81 ± 1.66 Aa 3.44 ± 1.68 Aab 2.51 ± 1.90 Ab 2.77 ± 1.07 Aab
Middle 3.29 ± 1.82 Aa 4.08 ± 1.27 ABa 3.34 ± 1.55 Aa 2.99 ± 1.50 Aa 2.99 ± 1.51 Aa
Apical 3.93 ± 1.98 Aa 3.09 ± 1.71 Ba 3.06 ± 1.51 Aa 2.04 ± 1.35 Aa 3.83 ± 1.51 Aa

C500WL, curcumin 500mg/L without blue LED; C500L, curcumin 500mg/L activated with blue LED; C1000WL, curcumin 1000mg/ L without blue LED; C1000L,
curcumin 1000mg/L activated with blue LED.
Different superscript uppercase letters in columns and lowercase letters in rows indicate statistically significant differences (P < .05).

Fig. 1. Incidence of fracture patterns (thirds specimen numbers) according to failure type. C500WL, curcumin 500mg/L without blue LED; C500L, curcumin 500mg/L
activated with blue LED light; C1000WL, curcumin 1000mg/ L without blue LED; C1000L, curcumin 1000mg/L activated with blue LED light.
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