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Abstract

Introduction: Direct pulp treatment is a procedure in which the exposed vital pulp is treated with a
therapeutic material, it is sought to promote healing, maintain pulp vitality and protect the pulp.
Objective: To prove that TheraCal is the material of choice as a coating for direct pulp treatment in
terms of biocompatibility and cytotoxicity, solubility and clinical management, effects on the pulp,
clinical and radiographic success in comparison with current materials used; MTA and Biodentine.
Methodology: An electronic search was performed during September 2021 in the PubMed-MEDLINE
database. Human or In vitro comparative studies evaluating biocompatibility, clinical and radiographic
success were included. No restriction was applied to the date of publication. Case series and expert
opinions were excluded. Keywords such as "Theracal®, "direct pulp capping”, "Biodentine", "MTA" and
"vital pulp treatment” were used.

Results: Only one article was found that discussed the toxic effects of TheraCal. TheraCal has very
favorable effects on the pulp, as it could be observed to induce dentin formation, these effects are to some
extent limited. The solubility of TheraCal is one of its strongest characteristics, and it is very useful in
indirect pulp capping, but not very useful in direct pulp capping. In comparison with other materials,
Theracal shows good results that are considerably successful, however, the MTA and Biodentine variants
present better percentages and higher probabilities of success.

Conclusion: Theracal cannot be considered as a first-choice material when performing direct pulp
treatment.

Keywords: Vital pulp therapy, direct pulp capping, MTA, biodentine, TheraCal

1. Introduction

Direct pulp treatment is a procedure in which the exposed vital pulp is treated with a
therapeutic material to promote healing, maintain pulp vitality, and protect the pulp ™. There
are a variety of non-invasive, micro-invasive and minimally invasive treatments for primary
and permanent teeth. The management of deep caries, with exposed pulp, should be treated
using direct pulp treatment 2. Vital pulp therapy is designed to preserve and maintain pulp
health in teeth that have been exposed to trauma, caries, restorative procedures or anatomical
abnormalities I,

Mineral Trioxide Aggregate (MTA) has been used in direct pulp treatment, with excellent
clinical results reported, compared to the results of conventional use of calcium hydroxide 1.
Biodentine exhibits rapid results, no discoloration and similar results are obtained compared to
MTA, so it is considered an appropriate veneering material to replace MTA Bl Calcium
silicate-based cements have achieved remarkable results as predictable, safe and successful
therapies . TheraCal LC is a calcium silicate-based material that is designed as a
direct/indirect pulp capping material. It is resin-based and does not require any dentin surface
conditions ™. It has been reported to enhance the formation of apatite and secondary dentin.
Due to its high physical properties and low solubility, it is applied as the main barrier and
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Direct pulp treatment is a procedure in which the exposed
vital pulp is treated with a therapeutic material to promote
healing, maintain pulp vitality, and protect the pulp ™. There
are a variety of non-invasive, micro-invasive and minimally
invasive treatments for primary and permanent teeth. The
management of deep caries, with exposed pulp, should be
treated using direct pulp treatment . Vital pulp therapy is
designed to preserve and maintain pulp health in teeth that
have been exposed to trauma, caries, restorative procedures or
anatomical abnormalities [,

Mineral Trioxide Aggregate (MTA) has been used in direct
pulp treatment, with excellent clinical results reported,
compared to the results of conventional use of calcium
hydroxide [ . Biodentine exhibits rapid results, no
discoloration and similar results are obtained compared to
MTA, so it is considered an appropriate veneering material to
replace MTA Bl Calcium silicate-based cements have
achieved remarkable results as predictable, safe and
successful therapies . TheraCal LC is a calcium silicate-
based material that is designed as a direct/indirect pulp
capping material. It is resin-based and does not require any
dentin surface conditions ™. It has been reported to enhance
the formation of apatite and secondary dentin. Due to its high
physical properties and low solubility, it is applied as the
main barrier and protection of the dental pulp complex 1, It is
evident that in the dental area there has been a constant
evolution in the different treatments, consequently, new
procedures and new materials are emerging, or even materials
that already existed, but are being adapted to the new existing
needs. TheraCal is a relatively recent material that is being
widely used.

Therefore, the objective of this review is to prove that
TheraCal is the material of choice as a coating for direct pulp
treatment in terms of biocompatibility and cytotoxicity,
effects on the pulp, solubility and clinical manipulation,
clinical and radiographic success in comparison with the
current materials used; MTA and Biodentine.

2. Materials and methods

Articles on the subject published through the PubMed,
SCOPUS and Google Scholar databases were analyzed, with
emphasis on the last 5 years. The quality of the articles was
evaluated using PRISMA guidelines, i.e., identification,
review, choice and inclusion. The quality of the reviews was
assessed using the measurement tool for evaluating systematic
reviews (AMSTAR-2). The search was performed using
Boolean logical operators AND, OR and NOT. It was realized
with the words "TheraCal", "MTA", "Biodentine",
"Biocompatibility", “Clinical success”. The keywords were
used individually, as well as each of them related to each
other.

3. Results & Discussion

3.1 Biocompatibility and Cytotoxicity

3.1.1 TheraCal

The result revealed that the bioactive cements and CPP-ACP
had bioactivity capability for one week [, TheraCal LC and
Activa exhibited a low degree of conversion, low calcium ion
release, acceptable  biocompatibility —and  moderate
antibacterial activity [,

3.1.2 MTA
Calcium silicate cement containing synthesized gypsum
showed minimal cytotoxicity and did not inhibit in human
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dental pulp stem cells (hDPSC) proliferation 2%, The highest
cell viability was demonstrated by Biodentine, MTA and
Repair HP, in descending order. Bio-C Repair and Bio-C
Repair fon+ showed moderate cytotoxicity, similar to MTA
Repair HP in the 7-day analysis (4,

3.1.3 Biodentine

Biodentine tends to promote the formation of dentin bridges
and this may result in a combination of biocompatibility,
alkalinity and sealing ability 2, Using the CBCT system, it
was found that Biodentine can induce this reparative dentin
formation in a direct pulp capping ™31,

3.1.4 Comparison of Materials

The biocompatibility of TheraCal was first evaluated after
exhibiting slow cell migration at 2-4 days. Alkaline
phosphatase enzyme activity was highest with Biodentine at
days 10 and 14, with TheraCal having the lowest activity.
Human dental pulp stem cells cultured in ProRoot MTA and
TheraCal LC eluates showed a significant increase in
mineralized nodule formation on day 21 compared to
Biodentine. These results indicate that MTA, Biodentine and
TheraCal exhibit good biocompatibility . Theracal LC and
MTA were tolerated in experimental use in rats in connective
tissue. Histologically, no problems were demonstrated by
direct contact of Theracal and MTA when mixed with 25%
bioactive G3 glas with connective tissue [*°1. After one and
three  months, TheraCal LC demonstrated a higher
inflammatory response and frequency of radiolucent
distribution followed by Biodentine and MTA, respectively.
Meanwhile, the highest cell migration was observed in the
presence of calcium-enriched mixture (CEM) and Biodentine
(P< 0.05). The biological compatibility associated with CEM
and Biodentine indicates promising applications in the field of
vital pulp therapy. The biomaterials of MTA, CEM and
Biodentine at different dilutions had no cytotoxic effects on
hDPSCs at different times; however, the undiluted extract of
TheraCal showed toxic effects after 24, 48 and 72 h 6. A
comparison made In vitro for cytotoxicity and genotoxicity on
these three materials revealed that none proved to have either
of these two characteristics. Therefore, TheraCal LC,
Biodentine and ProRoot MTA can be used for vital pulp
capping 7. In vitro biocompatibility and bioactive properties
of MTA and Biodentine in HDPS suggest their superior
regenerative potential compared to Dycal and TheraCal [8],
Theracal LC had a heterogeneous structure with large non-
hydrated particles because there was insufficient moisture to
allow hydration to continue. The composition of Biodentine
was shown to be optimized and environmental conditions did
not affect the microstructure of the material *°. Of all the
study groups, MTA demonstrated biocompatibility at a level
close to that of the control groups. Inflammation was
observed to be more severe in resin-containing materials 2%,
Several pulp capping materials, except Dycal, exhibited
biological properties favorable to hDPSC viability. ProRoot
MTA and TheraCal LC promoted higher Runx2 expression
than Biodentine 3. The recently introduced TheraCal PT
offers improved In vitro mineralization and cytocompatibility
potential in hDPSC compared to its predecessor, TheraCal
LC, and biological properties comparable to Biodentine 22,
Only one article was found that discussed toxic effects of
TheraCal, however, all others discussed positive
biocompatibility.
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3.2 Effect on Pulp

3.2.1 TheraCal

The degree of monomer conversion and fluoride release of
both F1 and F2 were significantly lower than those of VB. F1
showed biaxial flexural strength comparable to VB, but
higher strength than TC 231, TheraCal LC showed the lowest
temperature rise in the pulp chamber 241,

3.2.2 MTA

MTA induces a pulp healing process; activation of cell
proliferation occurred within 1 week, followed by odontoblast
differentiation within 2 weeks [, One study revealed that
MTA can synergize with osteostatin and showed that more
mineralized dentin bridge was formed [8, MTA-based
products show discrete antimicrobial activity compared to
calcium hydroxide-based materials, which show higher
antimicrobial activity @, One study showed that the
application of PRGF-rich and PRGF-poor fraction as pulp
capping material, stimulated dentin formation more strongly
than MTA and untreated negative control [?8. A study
compared MTA and HA / B-TCP / C local action, being
similar to that of MTA, when used as a vital pulp treatment
agent in terms of absence of inflammation and maintenance of
pulp vitality, although there are significant differences
between the two materials in terms of dentin bridging 2%,

3.2.3 Biodentine

In an animal study it was demonstrated that Biodentine
allowed the synthesis at the lesion site of a mineralized bridge
formed from mineralized tissue secreted by cells exhibiting
odontoblastic characteristics %, It was concluded that, on
clinical and histological evaluation, Biodentine performed
better as a direct pulp capping treatment agent. Subsequently,
Biodentine is more reliable for long-term protection of dental
pulp than Dycal B,

3.2.4 Comparison of Materials

A gene ontology functional enrichment analysis revealed
results for TheraCal of (P< 0.001) and inflammatory response
(P< 0.01) compared to MTA. TheraCal showed enriched
positive regulation of cell migration at 72 h (P< 0.001). Thus,
differentially expressed genes in TheraCal may be involved in
pathways associated with osteoclastogenesis and osteoclast
differentiation 2. The adhesion of THP-1 cells to endothelial
cells and their activation were reduced by Biodentine and
TheraCal. In the same article, Biodentine is shown to have the
highest anti-inflammatory and pulp-healing potential
compared to resin-containing materials B3, Mild or no
inflammatory responses were observed in all groups. Initial
MTF was observed except for DY. No inflammation with
complete MTF, including the presence of odontoblast-like
cells, was observed in the MTAPPL, NX and TH groups on
day 70 34,

TheraCal has very favorable effects on the pulp, since, if it
could be observed that it induced dentin formation, which is
one of the main outcomes sought in indirect and direct pulp
capping, however, these effects are to some extent limited.

3.3 Solubility and Clinical Handling

3.3.1 TheraCal

Gandolfi et al. (2014). Reported that the material showed
lower solubility and higher calcium ion release. Unlike
Biodentine, TheraCal LC is unable to alternate MTA in
furcation perforation repair due to its poor biocompatibility
and poor marginal adaptation.

http://www.oraljournal.com

3.32 MTA

MTA Plus showed enhanced reactivity and prolonged ability
to release calcium. These pronounced ion releasing properties
are related to its remarkable porosity, water absorption and
solubility and to the formation of calcium and phosphorus
minerals %1, The radiopacity of the three new MTAs was
considerably lower than that of PR 3],

3.3.3 Biodentine

Experimental materials were used in an investigation that
showed higher viscosity and microhardness, but similar dentin
shear bond strength compared to commercial resin-modified
glass ionomer cements. All direct pulp capping materials
showed low solubility; the pH of the materials tested ranged
from 10 to 12 and showed a non-significant increase/decrease
after 24 hours 1.

3.3.4 Comparison of Materials

A correlation of In vitro and in vivo data revealed that,
currently, the most validated material for pulp capping
procedures remains MTA, despite the superiority of
Biodentine in relatively easier handling, competitive pricing
and predictable clinical outcomes [B7, TheraCal LC
demonstrated the highest frequency of gap distribution
followed by MTA and Biodentine respectively. The least
soluble material after one week was TheraCal LC, followed
by MTA and Biodentine. TheraCal had a depth of cure of 1.7
mm. The solubility of TheraCal (A-1.58%) was low and
significantly lower than that of Dycal (A-4.58%) and ProRoot
MTA (A-18.34%) 381, Calcium silicate materials showed high
porosity values: the capped Tech Biosealer, MTA Plus gel
and MTA Angelus showed the highest values of porosity,
water absorption and solubility, while TheraCal the lowest.
The solubility of the water-containing materials was higher
and correlated with the ratio of liquid to powder [,

It is easy to conclude that the solubility of TheraCal is one of
its strongest characteristics and very useful in indirect pulp
coatings, but not very useful in direct ones.

3.4 Clinical and Radiographic Success

3.4.1 TheraCal

Thera Cal LC has a low bond strength to dentin, and stability
may be affected when restorative material is placed and
condensed on it. Its bond to dentin could be significantly
improved by using dentin adhesives or resin cements.
TheraCal LC bonded significantly more strongly than MTA
Angelous (AMTA) regardless of the bonding agents tested.
Resin-modified calcium silicate showed higher bond strength
than AMTA in terms of composite bonding to these materials
with different bonding systems 401,

3.42 MTA

The combination of diode laser and MTA yielded better
clinical and radiographic success rates over pulpotomy
procedures performed with the aid of MTA alone 4. The 12
articles reviewed reported favorable results of vital pulp
therapy performed with hydraulic calcium silicate cementson
permanent mature posterior teeth with symptomatic
irreversible pulpitis, with radiographic success in the range of
81 to 90% 2,

3.4.3 Biodentine

In a Class Il restoration the largest gaps appeared for
Geristore (first) and Biodentine (not significantly lower),
while the gaps of the composite controls were smaller, the
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lowest being the two-step self-etch system relative to the
three-step etch-and-bond system, but without statistical
significance [*31. The most clinically acceptable bond strength
between Biodentine and the overlay composite restoration is
14 days after maturation of Biodentine 14, One clinical case
in which Biodentine was used, at 2-year follow-up, the teeth
were asymptomatic. Radiographs showed healing of the
periapical lesion and periodontal ligament. Biodentine TM
complete pulpotomy of mature permanent teeth with
irreversible pulpitis and apical periodontitis may be an
alternative option to root canal therapy 31,

3.4.4 Comparison of Materials

In a comparison of radiographic and clinical first molars, it
was revealed that TheraCal exhibited comparable results to
MTA in direct pulp treatment after 12 months. The overall
success rates of MTA and TheraCal were 94.5% and 91.8%,
respectively [“61. Another study revealed high success rates for
MTA (86.3%-85.4%), Biodentine (79.4%-80.1%), and
TheraCal (72.1%-73.6%). Therefore, it was concluded that
both MTA and Biodentine were suitable direct pulp capping
materials for permanent teeth. And TheraCal-LC facilitates
the use of calcium silicates, but there is a lower success rate
71 ProRoot MTA and Biodentine were shown to be
biocompatible and possess antibiofilm properties. Their
clinical application in vital pulp therapy provided successful
results after 2 years of follow-up. TheraCal causes moderate
discoloration, greater than that caused by Biodentine and
TotalFill @81,

Compared to other materials, Theracal CL shows good results
that are considerably successful, however, the MTA variants
and Biodentine show better percentages and higher
probabilities of success.

4. Conclusion

TheraCal LC is a material whose properties are quite useful
for indirect pulp capping. However, despite its good
biocompatibility and achieving certain effects on the pulp, it
cannot be considered as a first-choice material for direct pulp
treatment, as it does not have a sufficient success rate due to
its low solubility, which consequently does not have sufficient
effects on the pulp.
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