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Effect of Trichloroacetic Acid on the Bond Strength of
Calcium Silicate-Based Cements: A Modified Push-Out Test

Trikloroasetik Asidin Kalsiyum Silikat Esasli Simanlarin Baglanma Dayanimi
Uzerindeki Etkisi: Modifiye Itme Testi
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ABSTRACT

Objective: This study aimed to investigate the effect of
trichloroacetic acid (TCA) on the bond strength of calcium silicate-
based cements to dentin.

Methods: Ten single-rooted bovine teeth were sectioned
longitudinally into slices 2 mm thick. Six holes were drilled with a
1.2 mm diamond bur in each dentin slice (totally 60 holes). Cotton
pellets with TCA were applied to three holes of each slice for 1 min,
whereas no acid was applied to the other three. The TCA and non-
TCA groups were divided into three subgroups according to the
material used: ProRoot mineral trioxide aggregate [(MTA); n=10],
Harvard MTA (n=10), and Biodentine (n=10). After seven days,
the dislodgement resistance of the materials was calculated using a
universal testing machine. The types of bond failure were examined
under a stereomicroscope.

Results: The TCA had no statistically significant effect on the
bonding strength of the tested materials (p>0.05). The Harvard
MTA subgroup had the lowest mean bond strength values
(2.25+0.79 MPa), while the Biodentine subgroup had the highest
(10.49+3.32 MPa). The most common bond failure types were
mixed in the ProRoot MTA subgroup (60%) and cohesive in the
Harvard MTA (60%) and Biodentine (70%) subgroups.

Conclusion: The bond strength of Biodentine is greater than those
of ProRoot and Harvard MTA. TCA does not affect the push-out
bond strength of MTA or Biodentine.

Keywords: Biodentine, calcium silicate-based cements, mineral
trioxide aggregate, push-out bond strength, trichloroacetic acid
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Amag: Bu caligma, trikloroasetik asidin (TCA) kalsiyum silikat

esasli simanlarin dentine baglanma dayanimina etkisini aragtirmak
amact ile yapilmistir.

Yontemler: Toplam 10 adet tek koklii sigir disi, 2 mm kalinliginda
dilimler halinde uzunlamasina kesitlere ayrildi. Bu 10 disten elde
edilen her dentin diliminde 1,2 mm’lik elmas frez ile 6 adet delik
acildi (toplam 60 delik). TCA iceren pamuk peletler, her dentin
dilimde bulunan 3 delige 1 dakika siireyle uygulanirken, diger 3 delige
asit uygulanmadi. TCA uygulanan ve TCA uygulanmayan gruplar,
kullanilan malzemeye gore tekrar ii¢ alt gruba ayrildi: ProRoot
mineral trioksit agregat [(MTA); n=10], Harvard MTA (n=10) ve
Biodentine (n=10). Toplam 7 giin sonra, malzemelerin yerinden
ctkma direnci evrensel bir test makinesi kullanilarak hesaplandi.
Baglanma basarisizlik tiirleri bir stereomikroskop altinda incelendi.

Bulgular: TCA, test edilen malzemelerin baglanma dayanimi iizerinde
istatistiksel olarak nemli bir etkiye sahip degildi (p>,05). Harvard
MTA alt grubu en diisiik ortalama baglanma giiciine sahipken
(2,25+0,79 MPa), Biodentine alt grubu en yiiksek degere (10,49+3,32
MPa) sahipti. En yaygin baglanma hatasi tipleri, ProRoot MTA alt
grubunda (%60) karisik, Harvard MTA (%60) ve Biodentine (%70)
alt gruplarinda ise koheziv baglanma tiiriinde bulundu.

Sonug: Biodentinein  baglanma giicii ProRoot ve Harvard
MTAninkinden daha fazla bulunmustur. TCA, MTA veya

Biodentine’in itme baglanma dayanimini etkilememektedir.

Anahtar Sézciikler: Biodentin, kalsiyum silikat esasli siman,
mineral trioksit agregat, itme baglanma giicii, trikloroasetik asit
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Introduction

Loss of dental hard tissue and root resorption may occur as a result
of osteoclastic action (1). Root resorption may be associated with
many causes, such as cystic lesions, trauma, impacted teeth, and
endocrine disturbances (2,3). External cervical resorption (ECR)
is a type of resorption that affects the periodontal ligament,
cementum, and dentin most commonly localized at or below
the cervical margin (4). When resorption is correctly diagnosed
and treated with a biocompatible material with adequate sealing
ability, the prognosis can be favorable (5).

Mineral trioxide aggregate (MTA) has many desirable properties,
including bactericidal effects, biocompatibility, radiopacity, and
good sealing ability (6). However, it also has certain drawbacks,
such as a high price, a long setting time, and potential tooth
discoloration (7). To overcome these drawbacks, new calcium
have been produced. Biodentine
(Septodont, Saint-Maur-des-Fossés, France), a silicate-based

silicate-based materials

cement, exhibits several favorable properties, such as a short
setting time, high mechanical strength, and superior handling
characteristics (8). It is an effective repair material due to its
excellent sealing ability, short setting time, high compressive
strength, and biomineralization properties (8-10).

The use of MTA or Biodentine as repair materials is
recommended after the elimination of granulomatous tissue in
the perforation area (11). In external cervical resorption, topical
application of 90% aqueous trichloroacetic acid (TCA) solution
to granulomatous tissue is recommended (12). TCA induces
coagulation necrosis, and tissue in the resorption cavity loses its
vascularization features. TCA inactivates potentially resorptive
cells and penetrates into smaller resorptive areas that may not be
cleaned with mechanical instrumentation (13,14).

Several studies have investigated the push-out bond strength of
calcium silicate-based cements, such as MTA and Biodentine,
to dentin (15-21). However, to our knowledge, no study has
examined whether TCA used in ECR has an effect on the push-
out bond strength of these materials. Therefore, this study
aimed to investigate the effect of TCA on the bond strength
of ProRoot MTA (Dentsply Sirona), Harvard MTA (Harvard
Dental International, Hoppegarten, Germany), and Biodentine.
The null hypotheses were that TCA would not significantly
affect push-out bond strength of calcium silicate-based cements
and there would be no significant difference in bond strength
between the tested materials.

Methods
Sample Preparation

A total of 10 freshly extracted bovine teeth with single root canals
were used to get 60 holes in this study. Animals were slaughtered
for feeding purposes, and the teeth were donated to this study.
This investigation was not classified as an animal study because
our work had no influence on the premortal fate of the animals
or the slaughtering process. After the teeth were decoronated, the
apical and middle thirds of the roots were removed. Then, sections

at a distance of 8 mm from the coronal thirds were used. The
root pieces were embedded in acrylic blocks parallel to the root
canal. The root dentin was sectioned longitudinally into slices
2 mm thick using a cutting machine (Mecatome T180; Presi,
Eybens, France) with a disc (Metkon Instruments Inc., Bursa,
Turkey) under water cooling. Similar to the study of Orhan et
al. (18), six holes were drilled in each dentin slice, three on the
right and three on the left side of the root canal to standardize all
samples. A size 1.2 mm diameter diamond bur and a high-speed
dental handpiece were used (Figure 1). The holes were drilled
midway between the external cementum and the root canal
wall. The samples were divided into two groups: TCA (n=30)
and non-TCA applied (n=30). Small amounts of 90% aqueous
TCA were absorbed into small cotton pellets and then dampened
on gauze. The cotton pellets were applied to three holes of each
dentin slice for 1 min (13), whereas no acid was applied to the
other three. The TCA and non-TCA groups were divided into
three subgroups according to the material used: ProRoot (MTA;
n=10), Harvard MTA (n=10), and Biodentine (n=10).

For standardization purposes, ProRoot MTA, Harvard MTA,
and Biodentine were incrementally placed in two holes each,
one with and one without TCA, in each slice. All materials were
prepared according to the manufacturers’ instructions. The same
procedure was repeated for all 10 samples. Residual material was
removed from the dentin surfaces with a scalpel. The dentin
slices were subsequently placed in wet gauze and then placed in
an incubator at 37 °C with 100% humidity for seven days.

Push-out Test

A universal testing machine (Instron Universal; Elista, Istanbul,
Turkey) was used to calculate the push-out bond strength of
the materials. The samples were placed on a metal plate with a
gap in the middle. A 1 mm plunger tip was positioned on the
materials. Pressure was applied at the center of the material in
each hole with the Instron probe moving at a speed of 0.5 mm/
minimum. The greatest force applied to the materials at the time
of dislodgement was recorded in newtons. The push-out bond
strength was calculated in megapascals according to the formula
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Figure 1. Preparation of the samples for the push-out
test. (A1) ProRoot MTA, (A2) ProRoot MTA + TCA, (B1)
Harvard MTA, (B2) Harvard MTA + TCA, (C1) Biodentine.
(C2) Biodentine + TCA
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After the measurements, the types of failures were examined
under a stereomicroscope at 8X magnification (Olympus
Corporation, Taichung, Taiwan). Bond failures were classified as
adhesive, cohesive, or mixed.

Statistical Analysis

The normality of data distribution was examined using the
Shapiro-Wilk test. As the data were normally distributed,
parametric tests were used. The independent t-test was used for
comparisons between the groups. The statistical analysis was
performed using IBM SPSS Statistics version 24 (IBM, Armonk,
NY, USA) for Windows. The level of statistical significance was
set to 5%.

Results

Table 1 shows the mean push-out bond strength values obtained
from the displacement of the materials in the TCA and non-
TCA groups and the ProRoot MTA, Harvard MTA, and
Biodentine subgroups. TCA had no statistically significant effect
on the bonding strength of the tested materials (P>0.05). The
Harvard MTA subgroup had the lowest mean bond strength
values (2.25+0.79 MPa), whereas the Biodentine subgroup had
the highest (10.49+3.32 MPa). Figure 2 presents the results in a
graph.

The most common bond failure types were mixed in the ProRoot
MTA subgroup (60%) and cohesive in the Harvard MTA (60%)
and Biodentine (70%) subgroups (Table 2). Stereomicroscopic
images of samples are shown in Figure 3.

Discussion

The TCA is manufactured by the chlorination of acetic acid,
and its aqueous solution is highly acidic, yielding a pH of 1.0.

Table 1. Mean and standard deviation of the push-out
bond strength values (MPa) for the displacement of tested
materials from the samples

Mean + SD P

ProRoot MTA 4.08+2.75°

0.985
ProRoot MTA + TCA 4.06+2.28°
Harvard MTA 2.25+0.792

0.863
Harvard MTA + TCA 2.32+0.822
Biodentine 10.49+3.32¢

0.230
Biodentine + TCA 8.79+2.78¢
P. 0.042

SD: Standart deviation, TCA: Trichloroacetic acid, p<.05

Table 2. Percentage of failure types in each tested group

Adhesive/cohesive/mixed (%)

ProRoot MTA 10/30/60
Harvard MTA 10/60/30
Biodentine 0/70/30
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When applying TCA to a ECR area to exert its caustic effect, it
may make contact with dental hard tissues (22). Khoroushi and
Tavasoli (23) reported that the contact of TCA with enamel had
a positive effect on the shear bond strength of resin composite
to enamel. Although the effects of TCA on resin composite have
been investigated, to the best knowledge, no study has examined
whether TCA has an effect on the push-out bond strength of
MTA and Biodentine. TCA did reduce the push-out bond
strength, especially of Biodentine. However, this decrease did
not significantly affect the push-out bond strength of the tested
materials. Therefore, our first null hypothesis was accepted. This
result is not in line with previous studies reporting that acidic
environments significantly affect the physical and chemical
properties of MTA and Biodentine (21). This inconsistency
might be due to the fact that in this study, TCA was applied
for 1 min before the materials were placed in the holes, whereas
previous studies exposed the tested materials to large amounts of
acetic acid (24,25), EDTA (17,21), or citric acid (17) for more
than 1 min, thus significantly affecting their push-out bond
strength.

In our study, ProRoot MTA showed predominantly mixed
failure, whereas Harvard MTA and Biodentine displayed mostly
cohesive failure. A previous study found higher Ca*? ion release
with Harvard MTA than with ProRoot MTA after seven days
and lower solubility of the former than the latter (26). Ion release
results in a porous surface structure, which weakens the material’s
structure and reduces its cohesion (27). It is thus possible that
Harvard MTA may be broken up by itself, resulting in cohesive
rather than adhesive bond failure. The high calcium ion release
observed in Biodentine is associated with a higher proportion
of tricalcium silicate than in MTA (28) and may result in the
presence of cohesive failure in Biodentine, as in Harvard MTA.
Additionally, previous studies reported that MTA-dentin bond
failures were usually adhesive (10,16), but in our study, it might
be possible to observe mixed or cohesive bond failures depending

on the use of TCA.

In a previous study, roots filled with Biodentine displayed
significantly greater push-out bond strength than Harvard
and ProRoot MTA, while there was no statistically significant
difference between the latter two (20). In our study, Biodentine
also exhibited the greatest push-out bond strength, but there was
also a statistically significant difference between ProRoot MTA
and Harvard MTA, with the latter exhibiting significantly less
push-out bond strength. According to these results, our second
null hypothesis was rejected.

Harvard MTA is composed of 75wt% calcium magnesium
orthosilicate (merwinite), while ProRoot MTA contains 90%
tricalcium silicon pentaoxide (hatrurite) (26). Merwinite exhibits
low solubility and good mechanical properties (29). On the other
hand, the fact that Harvard MTA contains a high proportion
of merwinite, unlike ProRoot MTA, may be responsible for the
lower push-out bond strength of Harvard MTA. A previous study
found that Biodentine and ProRoot MTA had comparable bond
strength in apical dentin, but Biodentine exhibited significantly
greater bond strength in coronal dentin (15).
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Figure 2. Box plot of the push-out bond strength (MPa) of the tested materials
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Figure 3. Representative failure types, (A) ProRoot MTA mixed failure, (B) Harvard MTA cohesive failure, (C) Biodentine

cohesive failure

In our study, it may be possible to find this result depending
on the use of the coronal part of the root. Biodentine is made
of smaller particles than other cements, which allows deeper
penetration into dentine tubules (30). This ability, combined
with its short setting time and the presence of calcium chloride,
might explain Biodentine’s relatively greater push-out bond
strength.

Study Limitations

The limitation of this study was that TCA-induced changes
in the dentin walls were not scanned with a microscope such
as the scanning electron microscope, which would provide
more detailed examination. In further studies, it will be more
appropriate to examine TCA-induced changes in the dentin
walls in more detail.

Conclusion

The results of this study indicate that the bond strength of
Biodentine is greater than that of ProRoot and Harvard MTA
and that Harvard MTA exhibits the least bond strength. TCA
does not significantly affect the push-out bond strength of MTA
or Biodentine.
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