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ABSTRACT

Over the years, Dentistry has
improved caries removal tech-
niques to facilitate clinical rou-
fine, preserve healthy dental
fissue, avoid pain and restore
function and aesthetics. Among
the recommended techniques
are chemical-mechanical re-
moval agents, a non-invasive
technique that consists in the
application of a proteolytic sub-
stance that smooths the infected
fissue and preserves the affected
one. Thus, the objective of this
study was to conduct a review
on the chemical and mechan-
ical removal agents, indicating
advantages and disadvantag-
es, comparing caries removal

fime, amount of fissue removed

(hardness), microbial flora reduction and whether or
not anesthesia during lesion removal is necessary,
in comparison with the conventional method of ro-
tating instruments. This review was conducted by
means of a search in PubMed and SciELO databas-
es, using the following keywords, alone or in combi-
nation: “carious lesions”, “dentine carious”, “dental

»

carious”, “Minimal Intervention Dentistry,” “selective

caries removal”, “caries removal partial”, “excava-

fion dentin”, “chemomechanical cavity preparation”,
“chemomechanical caries removal”, in English and
Portuguese. As a rule, the use of chemical-mechan-
ical removal agents requires more time for caries
removal and greater hardness of the residual den-
fin, compared with conventional removal technique,
but these disadvantages are offset by the excellent
acceptance of patients and less dependence of
anesthesia. Moreover, the use of such agents exhibit

effectiveness in reducing cariogenic microflora and

no pain during freatment.
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INTRODUCTION

Dental carie

he first foundation found to elucidate the concept of car-
ies disease, since your initiation and progression, occurred
in the years 1980 through the studies of Miller, chemical
parasite theory. According to this theory, all species of a bacte-
ria a found on the surfaces of the teeth were able to contribute to
an acid attack on the tooth enamel, and the amount of bacterial
plate was determined the process of disease.! The theory recogniz-
es that the metabolism of carbohydrate by the oral bacterium with
the acid generation, was the central event of the demineralization

process of dental structure, leaving a unicausal process.

The concept of dental caries like an infectious and transmissible
disease, grew out of studies in early 1950,2 by isolation some bac-
terium found in hamsters carious lesions.® This way, the “Discovery”
of microorganism responsible by the carious lesion, come scientif-

ically support the idea of unicasuality.’

From this microbial model, the Keyes Triad arose in 1960, which
advocated that the etiology of caries was due to the intersection
of some primary factors such as susceptible host, microbiota
and cariogenic substrates.?®* The model was based on the ab-
sence of caries production if one of the primary factors cited
was removed.* This thought was characterized as a multi-causal
etiological model. This conception, which was present in the mid
70’s and 80’s, still has significant employment and acceptance

in the XXI century.™7

In 1983, Ernest Newbrun modified the explanato-
ry model proposed by Keyes, including a fourth
circle in the triad, time as an etiological factor,
which must act simultaneously with the other
factors to develop the lesion.®® This diagram was

called the modified Keyes model.

Since the 1990s, research has shown that the car-
jous process depended not only on the frequent
consumption of carbohydrates and the accumu-
lation of acidogenic bacteria but also on the inter-
action with other host-modifying factors (genetic
and environmental) saliva, bacterial flora, eating
habits, exposure to fluoride, oral hygiene, salivary

flow, salivary composition and tooth structure.?

Current concepts show that caries disease is mul-
tifactorial, resulting in a localized mineral loss in
hard dental tissues caused by organic acids from
the fermentation of dietary carbohydrates by a
specific microbiota.”” From the ecological point
of view, it represents an imbalance in bacterial
homeostasis, caused by the exacerbation of an
environmental factor - excessive carbohydrate
consumption (considered a behavioral disease) -
which favors the predominance of specific cario-
genic microorganisms.”” The caries, therefore, is
the result of the imbalance of a dynamic process
of loss and mineral gain that occurs at the tooth /

biofilm / plagque / saliva interface.’*™
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Carious lesion on enamel

The enamel lesions at the beginning are not clin-
ically or radiographically perceptible. The out-
er layer of the enamel is usually more resistant
to dissolution than the subsurface layer, mainly
due to a supersaturation of the enamel with the
formation of fluorapatite as well as the mineral
exchanges of the enamel with the saliva, which

works with a protection for this layer.®

The mechanical control of plaque, in its total re-
moval, potentiates the remineralizing function of
the saliva, keeping the lesion of the enamel in the
reversible stage for an indeterminate period. If
the period of periodic plaque control is insuffi-
cient or the intake of cariogenic diet is more fre-
quent, irreversible demineralizations may occur,
but at the subclinical level, and caries lesions are
not considered since they occur without signs. If
under these subclinical lesion conditions there is
a rebalancing of demineralization and reminer-
alization, by means of sufficient periodic control
or a less frequent cariogenic diet, this lesion may
be paralyzed for a time, without being diagnosed

as a caries lesion*

Thus, if the imbalance continues for longer, due
to a periodic control with a longer time interval

or lack of control and a frequent cariogenic diet,

this irreversible lesion may progress to clinical level, with lesions of
enamel, presenting signs, determining a lesion of caries, in the case

of white spot.*

Lesions active in enamel are clinically characterized by being
whitish, opaque, with generally poorly defined and porous borders.
When the white spot begins to reach the amelo-dentin junction, a
brown discoloration already begins to appear in the dentin, repre-
senting the reaction of the dental tissues, transmitted through the
enamel prisms in response to the cariogenic biofilm activity.'® When
the white spot becomes clinically visible this lesion probably al-

ready has a dentin involvement.®

Dentin caries lesion

Although the enamel is formed almost entirely by inorganic com-
ponents (96%), and devoid of significant intrinsic moisture, the
inorganic dentin phase accounts for only 70% of its weight. The
organic phase of this tissue, 20% by weight, consists mainly of col-
lagen type | (90%), and the other organic components present are
represented by non-collagenous and proteoglycan proteins. The
dentin is permeated by thousands of tubules that run through it
in its entire extension (from the surface of the coronary chamber
to the amelo-dentin junction). Among other components, such as
odontoblastic extensions, these tubules are filled by fluid, which

gives this tissue a natural intrinsic moisture (10% by weight). ™

Due to the development of caries disease, two distinct layers
can be identified in the lesion of dentin, macroscopically dif-

ferentiated by their characteristics of cut resistance and stain-
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ing.”"” Microstructurally, the more superficial layer (external,
called infected dentin) presents extensive demineralization, de-
natured collagen fibrils, and absence of viable odontoblastic
extensions, and, consequently, is not remineralized. The second
layer, immediately below (internal, called the affected dentin), is
characterized by moderate demineralization, healthy collagen
fibrils, and presence of viable odontoblastic extensions, being

biologically recoverable.’”-2

As for the type of lesions, they can be active or inactive. The active
ones are usually more sensitive lesions, with a softer consistency,
with a higher humidity and with a lower pH (more acidic). Inactive
lesions usually show no pain and a more rigid, leather-like con-
sistency and a relatively higher pH, almost normal compared to
active ones. Large dentures can present both active and inactive
areas simultaneously. This is possible depending on the shape of
the cavity, undermined cusps with greater accumulation of biofilm
are usually active and regions that have greater access to brushing
are more open and suffer a greater impact from mastication and

may be inactive.”

Minimally invasive intervention

The philosophy of minimally invasive intervention was incorporated
into the dentistry scenario as a result of the association between
knowledge of karyology and the improvement of adhesive restor-
ative materials, thus obtaining a less invasive cavity preparation
and preservation of the healthy dental structure. It is used to des-
ignate a philosophy of health care based on the triad: diagnosis,

risk assessment and disease control (paralysis and prevention).?®

Lesions restricted to the enamel or dentin that
does not prevent the patient from removing or
disorganizing the biofilm can be controlled by
controlling plaque, regulating the diet and us-
ing fluoride, not requiring restoration as a treat-
ment.24-2¢ On the other hand, if the patient can not
remove or disorganized the biofilm, if the carious
process extends to the dentin and results in a re-
tentive cavitation, if there is a compromise to the
pulp health by the depth of the cavity and the re-
maining dental structure is compromised, impair-
ing the function or presenting risks of fracture of
the dental element or having damage to the peri-
odontium and affecting aesthetics, the indication
of restorative treatment is essential?.

For a long time, the recommended treatment for
dentin caries consisted of the removal of all den-
fin, better known as total carious fissue removal
(RTTC), in order to avoid future cariogenic activi-
fies and to provide a well-mineralized dentin base
for the restoration. However, the major disadvan-
tage of this technique is the risk of pulpal expo-
sure during treatment in deep cavities.?®=*' Due to
the high risk of pulp exposure during the RTCC,?
there was a search for more conservative (atrau-
matic) treatments in order to decrease and prevent

13,32-34

pulpal exposure supported by the knowledge
that RTTC is not necessarily an indicator for the

successful treatment of carious lesions.**%
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Minimally invasive denfistry comprises the maxi-
mum preservation of the healthy dental substrate
in all dental procedures.'®™3¢ This vision of minimal
intervention and maximum preservation of fissues
makes important and indispensable the clinical
distinction between infected dentin (necrosed)
and affected dentin (mineralizable), since these
characteristics are of fundamental importance
and have a decisive character between what must
be removed and what can or should be preserved

during the removal of carious tissue.”

The isolation of caries lesions through sealing of
the cavities promotes changes in the microenvi-
ronment, with a significant reduction of contam-
ination due to the reduction of the nutrients of
microorganisms,®~*? resulting in a less complex
surviving microbiota.*” The technique of selective
removal of carious tissue becomes interesting
and preferable when compared to total removal
of carious tissue, since healthy dental substrates
are preserved, promoting a lower risk of pulpal

45 and consequently the sealing of

exposure,
the cavity promotes the paralysis of the lesion,
stimulating the process of tubular sclerosis and
deposition of tertiary dentin, thus reducing the

permeability of the remaining dentin.**

The pain and discomfort associated with conventional methods of
cavity preparation by the use of rotary drills, alone or in conjunc-
tion with manual cutting tools* led to the development by 1985
of Atraumatic Restorative Treatment. It is internationally known by
the acronym ART (Atraumatic Restorative Treatment) and involves
a set of educational and preventive measures associated with at-

raumatic restorations.*®

The term atraumatic refers to the restorative technique employed in
denfinal lesions, which dispenses with the use of anesthesia, abso-
lute isolation and rotating instruments. Only manual instruments are
used to remove most of the infected dentinal tissue (softened, demin-
eralized, necrotic and irreversibly damaged) by caries disease,®#
allowing the maintenance of healthy dental structure (dentin affect-
ed), through the selective removal of caries with manual instruments
and restoration with high viscosity glass ionomer cement (CIV);* in
addition, it promotes a reduction in the number of pulp exposures,
thereby reducing endodontics and exodontia and lower stress and

anxiety in the patient, since it rarely causes pain.#3474#

It has been described as an economical and effective method in
the prevention and control of caries disease in vulnerable popula-
tions.*? In addition, the application of this technique in places of the
great demand for dental restorative treatment increases the num-
ber of discharges since the service is faster. The resolution of the
ART technique also has a positive impact on reducing treatment

costs when compared to conventional restorative treatments?®.
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Since it allows reduction of clinical time and is less painful, it be-
comes an excellent alternative in Pediatric Dentistry.*° It is considered
a solid strategy based on health promotion and prevention of caries

disease, allowing a large population to reach in public health.*®

The ART is indicated for both deciduous teeth and permanent teeth
in the following clinical situations: grooves and fissures adjacent to
ART restorations and teeth that have recently erupted or have deep
scarring and fissures in patients at high risk for caries and teeth
with restricted carious lesion to the enamel;* teeth with carious
lesions involving dentin whose cavity opening is at least 1.6 mm or
sufficient to be used freely by the smallest dentin digger,***' or that
can be opened using the opener (ART Kit/ Dentsply) or the enamel
ax, to allow the insertion of the lesser digger and the excavation of
the carious dentin and demonstrate absence of pulp involvement
determined by the presence of painful symptoms, abscess, fistula

or mobility.*®

The constant search for procedures that provide the patient with
a less traumatic and more conservative treatment during dental
procedures has led to the development of alternative technol-
ogies for cavitation preparation as a substitute for convention-
al rotary instruments in the high and low rotation. Such alterna-
fives are air abrasion, a technology that allows rapid removal of
enamel, dentin, carious tissue, and unsatisfactory restorations by
bombarding the dental surface with high-speed aluminum oxide
particles.®? These particles are driven by a stream of compressed
air at high speed against the dental surface, with sufficient en-
ergy to produce cut.®%® The aluminum oxide is a non-toxic and

cost-effective substance.®®

The Ultrasonic abrasion with CDV (Chemical Va-
por Deposition) technology (CVDentus®), which
produces wear due to the oscillatory movement,
in which diamond-coated tips are coupled to the
ultrasound device. This technique consists of using
enamel and dentin, not by mechanical cutting ac-

fion as in high-rotation systems, but by vibration.®®

The laser; low and high energy intensity. The
low-intensity ones are used for therapeutic pur-
poses, as they have an analgesic, anti-inflamma-
tory and tissue repairing action. High-intensity ra-
diation emits high-power radiation, that is, it has
a photothermal cutting action.®®*” Currently, two
types of erbium laser are available in the market:
the Er: YAG (erbium: yttrium-aluminum-garnet)
laser with wavelength 2940 nm and the Er.Cr:YS-
GG (erbium, chromium: yttrium-scandium -galli-
um-garnet), which is the latest laser in dentistry
and has a wavelength of 2780 nm.**-*¢ The Er, Cr:
YSGG and Er: YAG lasers act by ablation, which
is a mechanism in which the water molecules on
the surface of the dentin absorb the incident ra-
diation, causing a rapid heating and increase of
volume, resulting in high internal pressures that
lead water vaporization and removal of the sub-
strate in the form of microexplosions.5¢%7-¢' The Er:
YAG laser provides a conservative caries remov-
al treatment since it has a great affinity with the

water molecule that is present in great quantity

©Dental Press Publishing - J Clin Dent Res. 2018 Sept-Dec;15(3):84-103

89



Felizardo KR, Guedes GF, Santos EA, Ferreira FCA, Lopes MB

Caries chemical-mechanical removal agents: a literature review

in the carious fissue. This allows the conservative
removal of caries without extending the prepara-

tion for a healthy dental structure.®?

The
(GK 101™, GK 101E or Caridex™, Carisolv™, Pa-

chemical-mechanical removal agents
pacdrie®, Brix-3000® and New Carisolv™), which
are characterized by the dissolving capacity of
organic matter, from action of chemical and / or
natural products that denature the collagen of

carious dentin, allowing its removal with the use

of dentine excavators®3-6®,

The objective of the present study was to car-
ry out a bibliographic review on the agents of
chemical and mechanical removal, pointing out
their advantages and disadvantages in relation
to the removal time of carious tissue, amount of
tissue removed (hardness), reduction of microbial
flora and need anesthesia during the removal of
the lesion, compared to the conventional method

by rotating instruments.

SEARCH STRATEGY

This review was performed through a search in the Pubmed and
Scielo databases, containing the following keywords isolated or
combined: “carious lesions”, “carious dentine”, “dental carious”,
“minimal intervention dentistry”, “Selective caries removal”, “car-

» <

ies removal partial”, “excavation dentin”, “chemomechanical cavity

» o«

preparation”, “chemomechanical caries removal®, in English and

Portuguese.

After the initial selection, all the articles were repeated; those who
did not contemplate at least two keywords in the title and/or ab-
stract. Finally, the pre-selected articles were read in full, thus se-

lecting the most relevant information among the study objective.

CHEMICAL-MECHANICAL REMOVAL AGENTS

The chemical-mechanical removal agents have appeared since
1972 and are characterized by the dissolution capacity of organic
matter, from the action of chemicals on carious dentin, resulting in

the dissolution of the soft tissue.®*¢?

The first published studies were in 1975 when a product called GK
101%"" appeared on the market. Such product removed the carious tis-
sue through sodium hypochlorite solution present in its formulation.
Habib, Goldman, and Kronmann (1975)° found that 5% sodium hy-
pochlorite solution in contact with dentin caused the removal of the
hypochlorite, but the hypochlorite at this concentration was unstable
and aggressive for healthy tissues. Thus, Mcnierney & Petruzillo in-

corporated sodium hydroxide, sodium chloride and glycine (Sorensen
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Buffer) into their formulation in order to improve the undesirable effects
of hypochlorite. Even with some changes, the GK 101 still had the dis-

advantage of removing the carious tissue very slowly.-697172

From this, the GK 101 manufacturers removed it from the market
and launched in 1985, a new product, the GK-101 E or Caridex”
(National Patent Dental Products, Inc., New Brunswick, NJ, USA), al-
though currently obsolete. It was developed from the formula made
of N-monochloroglycine and amino butyric acid.”* It was presented
as a two-tube system, where the first tube contained sodium hypo-
chlorite and the second glycine, aminobutyric acid, sodium chlo-
ride, and sodium hydroxide. The preheated solution led to collagen
falling on the carious dentin, softening the tissue and facilitating

its removal.4

Despite the improvements, Caridex” still had some limitations such
as: the need for large volumes of solution to remove infected tis-
sue (200-500mL), warming the product to its action, limited indi-
cations, prolonged treatment time (10-15 minutes), instability of the
solution, since it was stable for only 1 hour, maintaining a pH = 11,
requiring complex equipment to be used, thus generating a high

product cost./*7¢

At the end of 1997, Carisolv™ was launched by MediTeam Dental AB,
Sweden, whose main difference in relation to previously released
products was the presence of three amino acids in their composi-
tion (leucine, lysine and glutamic acid), instead of only one, which
would have a different effect on carious dentin, besides reducing
the toxic potential of sodium hypochlorite, which was still present,

but this is the concentration of 0.95%.68¢%77

This product has a single mixing or multiple mix-
ing systems (double syringes with two distinct
compartments containing two solutions). In the
single mixing system, 5 clear syringes contain-
ing a colorless gel and 5 white syringes contain-
ing clear liquid (0.95% sodium hypochlorite) are
found. In the colorless gel is present the amino
acids (glutamic acid, leucine, lysine) in addition
to sodium hydroxide. In the multiple blending
systems, a double syringe containing two gels is
found, one clear (sodium hypochlorite present),
and one white (present the three amino acids) in
addition to sodium hydroxide, sodium chloride,
carboxymethylcellulose, water and erythrosine,”®
which are mixed immediately prior to use through
the mixer and plunger. In addition to this prod-
uct, special non-cut curettes and blunt contact
surfaces were developed to reduce the risk of re-

moval of healthy dentin.

Chlorine reacts with the amine groups of den-
tin and the three amino acids with the protein
chains in the denatured collagen, which has the
capacity to neutralize the aggressive effect of
sodium hypochlorite, preventing the removal of
affected dentin.”® The carboxyl methyl cellulose
has the function of increasing the viscosity of
the gel, facilitating its application, besides re-
ducing the required quantity of the product in

each procedure.®®
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The disadvantage of Carisolv™ was, in addition
to its high cost, small shelf life, need to be kept
under refrigeration (after opened and mixed it
should be used for a maximum of two hours),
odor and unpleasant taste, longer time the need
to acquire a set of specific curettes, especially
for the removal of infected dentin, which further
increased the cost of the procedure and did not
completely eliminate the use of rotating instru-
ments, extensive training and professional reg-

istration 66:6779:80

In 2003, a research project in Brazil led to the
development of a new formula to universalize
the use of the chemical-mechanical method to
remove caries and promote their use in public
health. The new formula was commercially known

as Papacarie®.%478

It is a material that is easy to apply and does
not require the use of technological devices to
perform the atraumatic chemical-mechanical
removal of caries. It often eliminates the use of
anesthesia, thus helping patient comfort and is
indicated for patients who suffer from anxiety,
fear, tfraumatized patients, infants, and special

patients, is bactericidal and antiseptic.64¢#

It is commercially presented in the form of a gel

in a 3 ml syringe which basically contains papain

(10%), a proteolytic enzyme obtained from latex of leaves and fruits
of papaya (Carica Papaya) that acts as a chemical debridant,®®

chloramine-T (05%), thickeners and toluidine blue.*

The chemical debridement is the removal of the devitalized (ne-
crotic) tissue present in the cavity, which aims to promote cleaning
in the region, leaving it in adequate conditions to remineralize itself,
as well as reducing the bacterial content, preventing its prolifera-
tion.®® Thus, the papain interacts with the exposed collagen causing
the dissolution of the minerals of the dentin and bacteria, making
the infected dentin more softened, which facilitates its removal with
the use of non-cutting instruments without the use of anesthesia
and rotating instruments.®8 The chloramine T is a compound of
chlorine and ammonia that has bactericidal and disinfectant ac-
tivity: antiseptic action® and toluidine blue helps to visualize the

remaining carious tissue.®*

Papain acts only on necrotic tissue due to the occurrence of a
plasma antiprotease, 1-antitrypsin, which prevents the action of
proteolytic papain in normal tissues. Infected tissue does not con-
tain 1-antitrypsin, so papain acts to degrade denatured collagen
molecules. The application is made for the 30s in acute caries and
40-60s in chronic carious lesions. If all carious tissue has not been

removed, the gel is reapplied until the cavity is vitreous.®®”8

Some drawbacks have also been reported during its use as the ex-
ecution time of the technique (some authors report that it requires
more working time compared to the rotating instrument), gel con-
sistency (a little fluid), need to be kept under refrigeration, has short

durability and a little high cost.®®”3
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In 2012, BRIX-3000® (Brix Medical Science / Carcand / Argentina,
Ortodente / Belo Horizonte, MG), a chemical-mechanical agent
also based on papain. The differential of this product according
to manufacturers would be the amount of papain used (3,000 U /
mg in a concentration of 10%), thus facilitating the repair process,
by aligning the collagen fibers, acting as a healing agent® and the
bioencapsulation thereof by E.B.E. Technology, which gives the gel
the ideal pH to immobilize the enzyme and release it at the moment
of exerting its proteolysis on the collagen, providing a high proteo-
lytic activity and greater durability of the product, since there is no

need for refrigeration®.

The New Carisolv™ was launched in 2013 through an agreement
between the Komet (Komet, Dental-Gbr Brasseler GmbH & Co.,
Lemgo, Germany) and Carisolv™ manufacturers of drill bits to re-
duce excavation time of caries (Carisolv, 2015). This system con-
tains two types of drill bits, one ceramic (CeraBur K1SM) and one
plastic (Polybur p1), both at low speed, designed for the removal
of softened dentine dentin previously treated with New Carisolv™.
The CeraBur KISM Ceramic Drill helps distinguish healthy tissue
from carious tissue in a tactile way; the Polybur p1 plastic drill is
disposable and has as a characteristic to be softer than healthy
dentin and is therefore self-limited and suitable for treatments

near the pulp.t®

DISCUSSION

The conventional method of plate removal may
present as a drawback of abusive cavity move-
ment and healthy paper removal, which may
lead to pulp exposure, heating, exaggerated
pressure on a pulp, vibration, painful stimulus,
and a need for local anesthesia, which causes

aversion in many patients.®

In order to minimize such problems and to make
the restorative procedure more comfortable,
techniques were developed for the treatment of
the carious tissue, based on the concept of min-
imally invasive dentistry, through more conserva-
tive approaches such as partial removal of the

4 atraumatic restorative treatment

caries lesion,
and chemical removal agents™42646783 which
make the chemical softening of the disorganized
infected dentin, followed by manual removal
rather than the conventional removal of the le-

sion by the use of manual instruments associated

or not with the use of rotational instruments.
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The Atraumatic Restorative Treatment (ART) deals
with a non-invasive technique,* since it is only in-
tended to remove the infected disease by pro-
teolytic microorganisms, thus preserving the

7 use the con-

deep and remineralizing dentin;®
trol panels of decayed tissues, avoiding the use
of dental and electrical equipment;®® minimizing
the use of local anesthesia, avoiding the degree
of discomfort of the patient, maintaining this
high level of acceptance among users®®; causes
minimal operative and postoperative sensitivi-
ty;*4 increases the chances of early interven-
tion and preservation of affected dental struc-

tures, thus leading to an increase in the survival

of decayed teeth.®?

The low cost is one of the factors that makes this
treatment a viable alternative in health promo-
tion when compared to any conventional restor-
ative technique.”

The chemical-mechanical method advocates

minimizing the drawbacks of conventional
methods using drills, which induce discomfort
and pain, requiring as a consequence the local
application of anesthetic agents. This method is
based on the action of chemical agents on the
structure of the collagen, facilitating the me-
chanical removal of infected tissue with manu-

al instruments, which are applied with minimum

tension. It is considered a noninvasive technique, which consists in
the application of a proteolytic substance that softens the infect-
ed dentin tissue and preserves the healthy dental tissue, 3363568

One of the disadvantages of chemical-mechanical remov-
al of caries, reported in the literature, is the technical execution
time.”>?"-% Some authors have verified that this technique requires
a longer time to remove carious tissue compared to the conven-
tional removal technique’?, or equivalent to that required for the

rotational technique®®?.

Some studies conducted by Banerjee et al., 2000;”? Maragakis et
al., 2001;%* Ansari et al.,, 2003;°* Rafique et al., 2003;%° Azrak et
al., 2004;% Lozano-Chourio et al., 2006;%” Oliveira et al., 2009
and Pandit et al., 2007% showed that the chemical-mechanical
method of caries removal (CMCR) was more acceptable than
the conventional method, but the mean time required for carious
dentin was significantly higher when compared to the conven-

tional method.

Saliba et al., 2009'%° report that although the mechanical-me-
chanical treatment with Carisolv™ and Papacdrie® spent a long
tfime to remove carious tissue compared to the manual mechan-
ical method, there were no significant statistical differences (p >
0.05). In contrast, Kavvadia et al.,, 2004,°" when comparing the
mechanical to chemical-mechanical removal, with the use of Ca-
risolv™ obtained statistically significant differences probably due
to non-standardization of cavity size (medium and deep) before
the treatments were performed. One of the probable factors re-

sponsible for the longer removal time of the carious tissue with
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the chemical-mechanical method may be related to the time of
manipulation of the material and the wait for the action of the

product.

Jawa et al, 2010%° indicated that the mean fime for complete
caries excavation by the chemical-mechanical method using Pa-
pacdrie® was 328.5 seconds compared with 124.6 seconds with
the conventional caries excavation method. Similar studies con-
ducted by Chowdhry et al., 20152 found that the average proce-
dure time for removal of carious tissue by the conventional meth-
od was around 171.27 = 23.22 seconds, being significantly lower
in relation to Carisolv™ (375.33 = 41 seconds) and Papacdrie®

(387.83 + 38.563 seconds), respectively.

Some clinical trials Kochhan et al., 2011, Singh et al.,, 20114
evaluated the time decay of excavation by mechanical chemical
removal agents Papacdrie® Carisolv™ and rotatable relative to
the conventional method. All these studies reported no significant
difference between the time of excavation using chemical-me-

chanical and conventional removal agents.

Boob et al. (2014) ™% verified the efficiency of Carisolv ™ and Pa-
pacdrie® in relation to manual excavation as to the time required
to remove the caries lesion. The time spent with Carisolv™ and Pa-
pacdrie® were similar, but statistically higher when compared to

manual excavation.

Following the reasoning that the conventional re-
storative treatment can cause a “psychological
trauma” due to fear and anxiety, mainly in chil-
dren and some adults, being the aversion to the
noise of the rotating instruments and the anes-

%6 such

thesia the main triggers of this situation,
disadvantages are compensated by the patients’
excellent acceptance, efficiency in the removal of
carious fissue and less dependence on anesthe-

Si0'1077110

Motta et al. (2009)™ and Alfaya et al., 2013,
assessed pain and the need for local anesthe-
sia during the removal of carious tissue with the
conventional and Papacdrie® method in pedi-
atric patients. In both techniques, anesthesia
was not initially administered, and Facial Image
Scale was used to classify pain sensation during
the procedure. It was verified that the removal of
caries performed by the chemical-mechanical
method when using Papacdrie® provided a lower
degree of pain when compared to the conven-
tional method, and there was no need for local

anesthesia.
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Geetha Priya et al.,, 2014, conducted a random-
ized controlled trial to compare the behavioral
and physiological responses of caries removal
through the chemical-mechanical method (Cari-
solv™) and the conventional method in children
between 7-11 years of age with the presence of
bilateral caries lesions. Behavioral responses
were assessed using the FLACC Scale and Fa-
cial Image Scale. There was no significant differ-
ence in relation to the physiological parameters
evaluated between the two groups. Already the
discomfort was significantly higher in the group
where the conventional method was used and the
time spent was significantly lower in the group

where the conventional technique was used.

Torresi, Bsereni, 2017%° compared the efficacy
and perception of pain in dentin caries remov-
al using the conventional method (rotary instru-
ments) and the chemical-mechanical method
(papaya enzyme BRIX3000®). A convenience
sample of 150 adult patients with at least 1tooth
with caries lesion was used, with no pulpal in-
volvement or pain symptomatology. The patients
were divided into two groups: 75 for the conven-
tional group in which the removal was done with
rotating instruments and 75 for the chemical-me-
chanical group in which the removal was done
with the enzymatic gel of papain. The treatment

with the enzymatic gel presented an efficiency

similar to the conventional rotational system and produced less

discomfort to the treated individuals.

Partial removal of the carious tissue, followed by sealing of the
cavity, has emerged as an alternative to paralyze the carious pro-
cess and also enable a possible remineralization of the remaining

carious fissue.'®

According to Banerjee, Kidd, Watson (2000a),”? to perform the
removal of carious tissue, the dentist is based on its consistency,
which is an inadequate parameter, since the affected dentin locat-
ed below the infected dentin, can be remineralized and can remain

on the floor of the cavity.

Several methodologies are used for the evaluation of the remaining
dentin, among which the microhardness tests. Since the advent of the
Knoop hardness unit,™ the surface microhardness analysis has been
used as a method to evaluate the loss and reincorporation of minerals
from the dental structure, since the reduction of the numerical value of

hardness presents a linear relation with the mineral loss.™

The normal dentin of permanent teeth presents variable hardness
values, according to the distance considered from the amelo-den-
fin junction to the ceiling of the pulp chamber. The mean dentin
hardness value was 70 KHN and decreased toward the pulp. Typi-
cally, carious dentin has lower hardness values than those of nor-
mal dentin. However, in areas close to the pulp, carious dentin may
show increased hardness compared to normal dentin. While the
chronic caries lesion presents hardness values of 61-68 KHN, the

acute caries lesion presents 4.3-17 KHN."®
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Therefore, the hardness of the remaining dentin after chemical-me-
chanical treatment with Carisolv™ was evaluated by Hossain et al.,
2003,"” and verified that the hardness values ranged from 58-62
KHN, similar to those of hard dentin hardness adjacent, ranging

from 59-64 KHN.

Reis, Bauer, and Loguércio (2003) "™ evaluated the Knoop hardness
of the remaining dentin of deciduous teeth after removal of caries
by 3 different methods (mechanical, with the use of drill in low rota-
tion, guided by hardness after drilling), mechanic, with use of caries
evidence) and chemical-mechanical (Carisolv™). They found that
the mean hardness of the dentin in the mechanical removal groups
was similar, and in these two groups, the mean dentin hardness

was statistically higher than in the chemical-mechanical removal

group.

Fluckiger et al. (2005)" compared dentin microhardness after the
use of the conventional caries removal method with curettes and
the chemical-mechanical method (Carisolv™). The mean values of
hardness were 51.04 in the Carisolv™ group, 51.74 in the manual

digging group and 20.26 in the control group (caries).

Hamama et al., 2013” and Boob et al., 2014,° reported that the
residual dentin microhardness after caries removal by the conven-
tional method was higher than the residual dentin microhardness
after the use of chemical-mechanical agents, which means a lower
amount of demineralized dentin after removal of caries when com-

pared to chemical-mechanical agents.

The clinical criteria used for removing carious le-
sions, such as hardness or color, do not ensure
the absence of bacteria in the cavity even af-
ter the complete removal of tissue cariado.*® As
shown in some clinical studies by Mertz-Fairhurst
et al., 1998;™° Bjorndal et al., 20008 and Oliveira
et al.,, 2006*° even when the total removal of car-
ious dentin is performed, microorganisms remain
within some dentinal tubules. However, when the
carious tissue is partially removed, a high number
of bacteria will still be present in the dentin left in
the deepest part of the cavity, which makes it im-
perative that the material applied on this dentin
presents antibacterial and antimicrobial proper-

ties.%0

An important feature in dental caries chemi-
cal removal systems is their bactericidal effect,
which acts directly on the bacteria destroying
them and consequently removing the etiological

agent of caries.

Bortoletto et al. (2004),'” conducted a study in
vitro antimicrobial capacity as Papacdrie® by
agar diffusion technique and found that although
having components with antibacterial proper-
ties, it showed no anfimicrobial activity against
S. mutans. These results are similar to studies of

Pacheco et al., 2.005.%2
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A residual number of microorganisms 101 to 103
colony forming units (CFU) in the dentin after the
cavity preparation is considered acceptable and
not harmful to teeth.”®?* Thus, Azrak et al., 2004,7°
compared the efficacy of chemo-mechanical
method (Carisolv) and conventional method of
removing caries in reducing the cariogenic mi-
croorganisms, and found that both methods pro-
duced statistically significant bacterial reduction.
After removal of carious tissue 90.5% of the sam-
ples had bacterial count below 102 and 95.2%
had lactobacilli amount of less than 102. Accord-
ing to the results, the effectiveness of removal by
chemical-mechanical agents dentin carious in
primary teeth was similar to that obtained by the

conventional method.

Clinical research comparing the conventional
method with the chemical-mechanical meth-
od Carisolv™ concluded that both methods are
similar in terms of CFU reduction in the residual

d e nTI n 96,124,125

Motta et al. (2014)% examined the effectiveness
of Papacdrie® compared with the conventional
method in reducing the total count of bacteria,
Lactobacillus, and Streptococcus mutans whole
in a sample of 40 deciduous teeth. The infected
dentin was collected before the procedure and

the remaining dentin was collected immediately

after removal of carious tissue. The initial and final count of bacte-
rial colonies was performed to determine if there was a reduction
in the number of colonies forming units (CFU) of each of the micro-
organisms studied. As a result, there was a reduction in the number
of total bacteria, total Streptococcus and Streptococcus mutans in

both methods of caries removal.

A reduction in the number of CFU was also observed Lactobacillus,
but this difference was not statistically significant. From this study,
it was possible to conclude that Papacdrie® has the same effec-
tiveness as the conventional method and is an excellent option for
the minimally invasive removal of the carious tissue. Ammari et al.
(2014)%” found similar results when comparing the efficacy of Ca-
risolv™ and Papacdrie® with that of manual excavators in reduc-
ing the cariogenic microbial population in the primary teeth cavity.
Both Papacdrie® as Carisolv™ showed similar results to those ob-
tained by manual excavators. Some authors report that, when the
cavity is deep, the application of papain gel does not prevent the
occurrence of painful sensitivity and pulp exposure, indicating the

use of anesthesia.”

According to Saliba et al., 2009,"° when analyzing the presence of
pain regarding mechanical and chemical-mechanical treatment,
it was verified that in Group | (Mechanical and Carisolv™), 566% of
patients reported pain during the removal of carious tissue with the
mechanical treatment and of these, 33% reported as strong. In the
treatment with Carisolv™, 31% of the patients presented pain, of
which 40% indicated it as strong. However, this difference was not
statistically significant (p> 0.05); on the other hand, Nadanovsky et

al., 2001, when assessing the presence of pain during caries re-
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moval through the conventional mechanical method and Carisolv
™. observed a greater absence of pain in the chemical-mechani-
cal treatment, being statistically significant (p=0.05). As a result of
complaints of severe pain, it was necessary to use anesthesia in
14.1% of the treated teeth. Similar results were observed by Kav-
vadia et al., 2004, who underwent treatment using the chemi-
cal-mechanical method with Carisolv™, requiring anesthesia in 2%

of the patients.

Goyal et al., 2015,?? compared Papacarie® with the convention-
al method in terms of microbial flora reduction, pain, anxiety and
general patient acceptance. The time required to remove carious
tissue for each procedure was recorded with the help of a tim-
er, and the patients’ perception of pain was recorded through the
Wong-Baker Facial Scale before, during and at the end of each
procedure; the anxiety was recorded measured by the pulse rate.
The time required for caries removal with Papacdrie® was practi-
cally the same as with the conventional method (7.41 min and 6.99
min respectively). When Papacdrie® was used, the mean pulse rate
decreased during and after, whereas in the conventional group
there was a slight increase during the procedure. Reduction of mi-
crobial flora was significantly reduced in both methods. Regarding
the sensation of pain, there was a slight increase during and after
the procedure with the conventional method and a significant re-
duction with the use of Papacdrie® during and after the procedure.
After analyzing the results, it was concluded that Papacdrie® is a

safe and effective method.

CONCLUSION

The use of chemical-mechanical removal agents,
as a rule, requires a longer time to remove cari-
ous tissue and greater hardness of the residual
dentin, compared with the conventional remov-
al technique, but these disadvantages are com-
pensated by the patients’ excellent acceptance
and less anesthesia dependence. In addition, the
use of chemical-mechanical agents showed effi-
ciency in reducing the cariogenic microbiota and

a greater absence of pain during the freatment.
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