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Conventional method for removal of carious tissue using low speed drills usually induce

noise and vibration, in addition to thermal and pressure effects that can be harmful to

the pulp tissue and cause fear in children. Therefore, several alternative methods are

being developed to try to minimize the unpleasant perception of the patient during

caries removal. Chemical-mechanical removal of carious tissue goal is to selectively

remove the carious lesion, which reduces the amount of bacteria inside the cavity without

removing the tissue susceptible to remineralization. This method is also able to minimize

the tactile perception by the patient during the manipulation of the lesion compared to

the conventional method, and, therefore, it has been widely accepted among phobic

patients, children and special needs patients. Due to the close relationship between

dentin and pulp tissue, all injuries imposed on this dentin may have repercussions on

the underlying pulp connective tissue. The morphological aspects of remaining dentin

favor the diffusion of chemical components of dental materials, which can be toxic to the

pulp tissue or even negatively interfere in the reparative process. Thus, considering the

proximity between the applied material and the underlying pulp tissue, especially in deep

cavities, there is a need to assess the biological behavior of dental materials against pulp

cells, since aggressions to the pulp tissue can be caused not only by metabolites from

microorganisms involved in dental caries but also by components that are released from

these products. This subject was explored in this narrative literature review.

Keywords: caries removal, chemical-mechanical methods, biocompatibility, dental pulp, dentin

INTRODUCTION

Dental caries is a multifactorial disease caused by the imbalance between the processes
of tooth demineralization and remineralization, which induces the progressive destruction
of the mineralized structure by the microorganisms in the adhered biofilm. Bacteria in
dental biofilm can be characterized as acidogenic and aciduric according to their abitily to
produce, survive and proliferate under acidic conditions. The development of a cariogenic
microbiota is associated with the consumption of fermentable carbohydrates, essential for colony
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development, not removed from the mouth by routine oral
hygiene methods. The treatment of the disease depends on
reducing the population of cariogenic bacteria through the
control of diet and oral hygiene, associated with the control of
sequelae—caries lesions (1).

In recent decades, scientific research has enabled a greater
understanding of the functional and structural biology of dental
tissues and caries disease, leading to a less invasive approach
and focusing on disease prevention and health promotion (2–
4). Minimal intervention dentistry is an approach aimed at
maximum preservation of dental structures with a focus on
diagnosis, prevention and less invasive interventions (2).

Conventional methods of caries removal, using low speed
drills, usually induce pain, noise and vibration, in addition to
thermal and pressure effects that can be harmful to the pulp
tissue (5). Therefore, several alternatives are being developed to
try to minimize the unpleasant perception of the patient during
caries removal, in addition to an attempt to better preserve
healthy tissues. In view of the vision of minimal intervention
and maximum preservation of dental tissues, it is necessary to
clinically distinguish the dentin that should be removed (infected
dentin) from the remineralizable dentin that can be preserved
(affected dentin) (6). Infected dentin can be defined as the
outermost layer of the lesion and is characterized as soft, necrotic
and extremely contaminated. On the other hand, the affected
dentin is located more internally, below the necrotic dentin,
and is less contaminated and disorganized, with a capacity for
remineralization (7, 8). Some methods that selectively remove
decayed dentin are: chemical-mechanical removal, atraumatic
restorative treatment (ART), polymer drills and laser irradiation.
The success of these therapies is based on the selectivity of carious
dentin removal, which reduces the amount of bacteria inside the
cavity and keeps the tissue susceptible to remineralization (9, 10).

The chemical-mechanical removal of caries has been studied
and the success of this therapy is based on the selective removal of
the lesion, which reduces the amount of bacteria inside the cavity
without removing the tissue susceptible to remineralization
(7, 9). This method is also able to minimize the unpleasant
perception by the patient during the manipulation of the lesion
by the conventional method, and, therefore, it has been widely
accepted among phobic patients, children and special needs
patients (11–13). In a research carried out recently in Egypt, the
effectiveness of the treatment was evaluated in terms of stopping
the caries activity and controlling pain, fear and anxiety during
dental care. The public chosen for the research was a group of
pregnant women who, due to pregnancy, had not received dental
treatment for some time, a condition that could make them
more susceptible to pain and risk of infection. In this scenario,
the use chemical-mechanical removal of caries was effective in
reducing pain and offered more satisfactory results compared
to the excavation performed, comparatively, in the conventional
method (14). In addition, this method promotes less generation
of aerosols, which reduces the chances of transmitting viral
infections, such as contamination by the SARS-CoV-2 (15).

Due to the close relationship between dentin and pulp tissue,
all injuries imposed on dentin may have repercussions on the
underlying pulp connective tissue. The morphological aspects

of the remaining dentin favor the diffusion of the chemical
components of the materials throughout the dentin, which can
be toxic to the pulp tissue or even negatively interfere in the
reparative process. Thus, considering the proximity between the
appliedmaterial and the underlying pulp tissue, especially in deep
cavities, there is a need to assess the biological behavior of dental
materials against pulp cells, since aggressions to the pulp tissue
can be caused not only by metabolites from microorganisms
involved in dental caries but also by components that are released
from these products. This will be the central theme of this
literature review.

Chemical-Mechanical Removal of Caries
Studies on the chemical-mechanical removal of caries emerged
in the United States of America in the 1970s when Goldman and
Kronman (16), studying the effects of 5% sodium hypochlorite,
found that it was capable of promote the dissolution of decayed
dentin (12). Later, however, this material was noted to be too
unstable and corrosive for use in healthy tissue (16). In an attempt
to minimize these problems, a solution known as Sorensen that
contained glycine, sodium chloride and sodium hydroxide was
incorporated into 5% sodium hypochlorite and the resulting
product, 0.05%N-monochloroglycine (NMG) also called GK101,
was shown to be effective in removing decayed tissue. Attempts
to improve this solution weremade and this was succeeded by the
GK101 E (12).

Solely in the 1980s, after advances in studies on chemical-
mechanical caries removal, was the use of the GK101 E solution
was authorized by regulation agencies, which became known as
CaridexTM (National Patent Medical Products Inc., New Jersey,
USA). However, due to disadvantages such as high cost, short
clinical validity and the need for large volumes of material
(making it impractical), this product is no longer found in the
market (12).

Trying to overcome the disadvantages of the CaridexTM

system, CarisolvTM (MediTeam Dentalutveckling AB,
Savedelen Sweden) was developed in the 1990s in Sweden.
It consisted of two tubes, one containing a gel of lysine,
glycine, leucine, acid glutamic, sodium chloride, erythrosine
and carboxymethylcellulose, and one containing 0.5% sodium
hypochlorite (11). Later, CarisolvTM was commercially available
in a single syringe, with the same components, making its use
easier and increasing its durability. Despite its effectiveness
in removing decayed tissue, CarisolvTM requires specific
instruments, increasing the cost of the product (9).

Faced with the need for a more accessible product for the
application of the chemical- mechanical method to remove
caries, a new formula was developed in 2003 in Brazil (5) and
improved over the years. Papacárie Duo R© is a successor to
the CaridexTM and CarisolvTM system and its composition is
basically a proteolytic enzyme that interacts with the partially
degraded collagen of the necrotic carious tissue (5). Papacárie
Duo R© (Formula & Ação, São Paulo, SP, Brazil) is composed
of papain, chloramine, toluidine blue, salts and thickening
vehicle, which provides anti-inflammatory, bactericidal and
bacteriostatic actions to the product (5). The main component,
papain, comes from the latex of papaya leaves and fruits
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(Carica papaya) and is widely used in food, beverages, medicines
and in industries in general (17, 18). It has long been used
in wound healing due to its chemical debridement capacity,
stimulation of granulation tissue formation and superficial
epithelialization (19). Chloramine is a fundamental component
due to its bactericidal and antiseptic properties (20), in addition
to its important ability to chemically smooth decayed dentin,
facilitating its removal (21). Papacárie Duo R© does not require
specific instruments for its use, thus being a practical, accessible
and low-cost product that has been shown to be effective for
caries removal with less painful stimuli and superior patient
acceptance when compared to conventional treatments (22). It
is noteworthy that, currently, we have a wide variety of products
available on the market in addition to those mentioned above.
Among them, we can mention Brix3000 (Santa Fé, Argentina)
and Carie-careTM (Uni-Biotech Pharmaceuticals Private Limited,
Chennai, India in collaboration with Vittal Mallya Scientific
Research Foundation). Brix3000 presents a higher papain
concentration (3000 U/mg) and bioencapsulation by buffer
emulsion (EBE) technology (23, 24). These characteristics allows
to remove the compromised tissue more easily without causing
damage or pulp cytotoxicity. In addition Brix3000 presents
anti-inflammatory properties which may favor the recovery
of pulp tissue (25). Carie-careTM is composed of papain and
clove oil, it acts paralyzing the activity of localized caries and
preventing the advancement of lesions to the dental pulp.
In addition, the clove oil has analgesic, antiseptic and anti-
inflammatory properties, which acts preventing the dental pulp
damage (26).

BIOCOMPATIBILITY OF

CHEMICAL-MECHANICAL CARIES

REMOVAL AGENTS

Due to the close relationship between dentin and pulp tissue,
all injuries imposed on this dentin may have repercussions
on the underlying pulp connective tissue (27). Thus, materials
applied on the pulp-dentin complex can be biocompatible
if applied on shallow and medium depth cavities where the
dentin permeability is lower, but they may have undesirable
effects on the pulp tissue when in deeper cavities, because of
the thickness and characteristics of dentin tubules (28). Thus,
considering the proximity between the applied material and the
underlying pulp tissue, especially in deep cavities, there is a
need to assess the biological behavior of dental materials against
pulp cells.

In caries disease, the pulp balance can be disrupted
by inflammation (29). Once the bacteria demineralize
the enamel through their products and reach the
dentin, they can spread through the dentinal tubules
and reach the dental pulp. Lipopolysaccharide (LPS),
present in the cell wall of Gram-negative bacteria,
can penetrate the pulp and stimulate an inflammatory
response from a variety of tissue-resident cells, including
macrophages (30).

During an inflammatory process, macrophages are recruited
to participate in the defense reaction. Their function includes
phagocytosis of particles and release of biochemical mediators.
The main goal is to attract a cell-mediated defense supply to
achieve tissue repair. However, if their actions are exacerbated
or not controlled local tissue destruction occurs (31, 32).
When stimulated by external factors, such as lipopolysaccharide
(LPS) from the wall of gram- negative bacteria or by
endogenous factors such as interferon gamma (IFN), produced
by T lymphocytes, macrophages have their functions greatly
increased, becoming activated cells. An activated macrophage
increases in size and volume, adheres strongly to surfaces,
and produces large amounts of pro- and anti-inflammatory
biological mediators, increasing the capacity for phagocytosis (32,
33).

The pulp tissue, then, reveals itself as an environment
with capacity for repair, especially by presenting progenitor
cells and repair signaling pathways induced by the dissolution
of carious dentin, generating the secretion of mediators that
promote the deposition of reparative dentin, angiogenesis and
innervation (34).

Papacárie Duo R© has no cytotoxic effects on macrophages
and dental pulp cells at 0.5% concentration (35). At
same concentration when tested in stem cells from
human exfoliated deciduous teeth (SHED), CarisolvTM

and Papacarie caused no cytotoxic effects (36). For pulp
cells from deciduous teeth and Human pulp fibroblasts
(FP6), Papacarie Duo R© and Brix 3000 exhibited no
cytotoxic, however the viability of cells exposed to the
Papacarie Duo R© was considerably lower when compared
with cells exposed to Brix 3000 (25, 37). The viability of
cells exposed to the highest concentration of Papacárie
Duo R© was 19.8% in contrast to cells exposed to Brix 3000
which was 52.5% (37).

With regard to cell differentiation, Papacárie Duo R© inhibited
the expression of the Runx2 and Ibsp genes (35). Runx2
coordinates multiple signaling pathways, related to both
osteoblastic (38) and odontoblastic differentiation (39–41). In the
process of odontoblast differentiation, this factor is expressed
in odontoblast-like cells and in dental pulp stem cells in
the region of restorative dentin deposition, which makes it a
promoter of pulp stem cell differentiation (41, 42). On the
other hand, the Ibsp gene, which encodes a phosphorylated
glycoprotein, expressed mainly in mineralized connective tissues,
plays multiple and distinct roles in the development, volume and
mineralization of bone and dentin tissue. The induction of this
gene coincides with the initial formation of mineralized matrix,
and the maximum induction concentration is achieved during
bone formation (43, 44). Thus, considering the roles played in cell
differentiation by both genes, Runx2 and Ibsp, it appears that the
inhibition of their relative gene expression is capable, therefore,
of causing an inhibitory effect on the differentiation of dental
pulp cells.

Unlike these results found for Runx2 and Ibsp genes, Papacárie
Duo R© induced the expression of Spp1 (35), a gene that encodes
the osteopontin (OPN), a highly phosphorylated glycoprotein, a
component of the mineralized extracellular matrix of bone and
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important for inflammatory and mineralization events, as it is
able to regulate several physiological and pathological processes,
including wound healing, bone remodeling, tumorigenesis,
inflammation and immune responses (45). Immune response
cells such as macrophages and dendritic cells secrete OPN,
which is deposited at the dentin-predentin interface before
the differentiation of odontoblast-like cells, suggesting that
OPN has a role in the differentiation of these cells (46), in
addition to being involved in the organization and deposition
of mineralized tissue matrix (47). This, once deposited at the
pulp-dentin interface, then induces the formation of tertiary
dentin, as well as type I collagen, which is essential for the
mineralization process (48). Thus, further research must be
carried out, since the expression of Spp1 is related not only
to mineralization events, but also to inflammatory events (49,
50).

It is noteworthy that cytotoxicity tests are widely used (51, 52),
aiming to simulate in vitro the processes that occur in vivo
and thus allowing the response of a specific cell type specific
products can be investigated in this experimental approach (53).
The cytotoxicity of a material also depends on the thickness of the
remaining dentin and its permeability (54–56). Therefore, deeper
cavities require greater care regarding the use of some dental
materials, whose incorrect handling can result in significant
tissue and pulp damage.

In the study of García-Contreras (2014) (57), the authors
investigated the production of the pro-inflammatory lipid
mediator Prostaglandin E2 (PGE2) and found an increase
in its production in gingival fibroblasts, in addition to the
fact that PGE2 production was synergistically increased in
the presence of IL−1β. Bastos et al. (35) demonstrated that
Papacárie Duo R© increased Ptgs2 gene expression. The Ptgs2
gene encodes the enzyme cyclooxygenase-2 (COX-2), which
is responsible for the synthesis of prostaglandins involved
in the inflammatory response (58). IL-10, which is also
an anti-inflammatory cytokine and a modulating factor of
macrophage activation during an infection (59), was also
induced by Papacárie Duo R©, in the presence or not of
LPS (35).

Effectiveness of Agents for

Chemical-Mechanical Caries Removal
Studies which evaluated the materials CarisolvTM, Papacarie
Duo R© and Brix 3000 showed no statistical differences between
effectiveness of this materials and caries removal with rotary
instruments, when evaluated mean values of total viable
bacterial count after caries removal (22, 24, 60–62). However,
patients which were treated with chemical-mechanical materials
related better treatment experiences and less discomfort
during the consult (22, 63). Chemical-mechanical caries
removal material interacts with the collagen and acts on
the degradation of the infected dentin, which facilitates its
excavation (21), beside that they have bactericidal and anti-
inflammatory properties which might promote less pain during
treatments (22).

Regarding to effectiveness between the materials, Papacarie
and CarisolvTM demonstrated similar results in the reduction
of bacteria as Streptococcus mutans and Lactobacillus sp
(64). An in-vitro study showed that CarisolvTM is more
biocompatible to SHEDs than Papacarie and a clinical study
demonstrated that Papacarie was significantly more efficient
than CarisolvTM (36, 63). When compared to Carie Care
and Papacarie Duo R©, Brix-3000 reduced significantly the
bacterial count before caries excavation, and it was less
cytotoxic than Papacarie Duo R© to human pulp fibroblasts
(25, 65). This gel might be more effective due to the higher
papain concentration (30,000 IU/mg) and to the encapsulation
technology it uses.

According to Moimaz et al. (64), the meantime for
chemical-mechanical caries removal was slower when
compared to the conventional mechanical methods, however
it was not statistically significant (64). The differences
in time over the studies might be duo to the lack of
standardization and the time of action determinate by
each fabricant.

The chemical-mechanical removal of carious tissue
has received increasing attention in the literature, but
its use is still controversial, especially in more extensive
and deeper lesions, in addition to being unfeasible for
some techniques due to its high cost. The advantages of
this method are its speed, ease of execution and patient
comfort, as it does not generate anxiety and pain. These
materials can be an excellent alternative in the context
of the COVID-19 pandemics, as they reduce aerosols
in care.

Despite requiring greater investment compared to the
conventional method, these materials are being explored in
other functionalities and not just in the chemical removal
of decayed tissue. In recent research, the effectiveness of
the Papacárie Duo R© and CarisolvTM products has been
proven when used as an alternative irrigating solution in
cases of endodontic treatment with necrotic pulp, aiming
at reducing the bacterial contingent within the canal
system (66).

CONCLUSION

The chemical-mechanical removal of carious tissue has been
studied and the success of this therapy is based on the
selective removal of the lesion, which reduces the amount
of bacteria inside the cavity without removing the tissue
susceptible to remineralization. The proximity between the
applied material and the underlying pulp tissue should be
considered, especially in deep cavities, there is a need to
assess the biological behavior of dental materials against pulp
cells. Nonetheless, this method is also able to minimize the
perception by the patient during the manipulation of the
lesion by the conventional method, and, therefore, it has been
widely accepted among phobic patients, children and special
needs patients.
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