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INTRODUCTION

Caries continues to affect a significant portion of
the world population and treatment of the
decay is associated with pain by many patients.

Conventional caries removal and cavity preparation
entail the use of burs. Disadvantages of this system
include (i) the perception by patients that drilling is
unpleasant, (ii) local anesthesia is frequently required,
(iii) drilling can cause deleterious thermal effects, (iv)
drilling can also cause pressure effects on the pulp, and
(v) the use of a handpiece may result in removal of soft-
ened, but uninfected dentin, resulting in an excessive
loss of sound tooth tissue. As a result, there is a grow-
ing demand for procedures or materials that facilitate
caries management.

The chemo-mechanical method for caries removal
was developed to overcome these shortcomings. It is
not only more comfortable for the patient but also able
to better preserve the healthy tissue.

According to Banerjee et al., the chemo-mechanical
method is an effective alternative for caries removal
because it brings together (i) atraumatic characteristics
and (ii) bactericide and bacteriostatic action. The
method was created so as that an active ingredient

would soften the pre degraded collagen of the lesion
without pain or undesirable effects to adjacent healthy
tissues.1

In 1975, Habib et al introduced a method using 5%
sodium hypochlorite to remove carious tissues.2 Since
then, many studies have attempted to improve this
early technique. The sole use of 5% sodium hypochlo-
rite was known to be toxic and aggressive to adjacent
healthy tissues. Therefore, a new solution was devel-
oped adding sodium hydroxide, sodium chloride and
glycine to the 5% sodium hypochlorite. This modified
formula was known as GK-101 and it was comprised by
N- monochloroglycine.3 It was more effective than the
hypochlorite alone but was very slow in carious tissue
removal. Also, at the time of the introduction of GK-
101, the use of adhesive dental materials was not com-
mon, and dentists still prepared teeth according to
Black’s cavity design. Therefore, the use of a method
that only removed carious dentin could not signifi-
cantly reduce the need of drilling to create mechanical
retention.

Caridex™ was later developed from a formula made
of N-monochloroglycine and amino butyric acid.4

Caridex™ disrupted the carious dentin collagen mak-
ing it easier to remove. Despite its effectiveness,
Caridex™ had certain clinical limitations, among them,
(i) it was expensive, (ii) it required a large reservoir
with pump, (iii) it required large quantities of solution,
(iv) it presented several problems during heating, and
(v) it had a short shelf life.5

Recently, Carisolv™ was introduced to the Euro-
pean market as a successor to the Caridex™ system.
Carisolv™ reached the market promising to be more
effective and easy to manipulate. Carisolv™ key differ-
ence to other products already in the market was the
use of three amino acids – lysine, leucine, and glutamic
acid – instead of the amino butyric acid. These amino
acids counteracted the sodium hypochlorite aggressive
behavior at the oral healthy tissues.6 Despite its effec-
tiveness, Carisolv™ was not a blockbuster mainly
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because it required (i) extensive training and registra-
tion of professionals and (ii) customized instruments
which increased the cost of the solution.As a result, few
people had access to the Carisolv™ solution.

In 2003, a research project in Brazil led to the devel-
opment of a new formula to universalize the use of
chemo-mechanical method for caries removal and pro-
mote its use in public health. The new formula was
commercially known as Papacarie®.

Papacarie® is basically comprised of papain, chlo-
ramines, toluidine blue, salts, thickening vehicle, which
together are responsible for the Papacarie’s bacteri-
cide, bacteriostatic and antiinflammatory characteris-
tics.

PAPAIN
Papain is a proteolytic enzyme. It has bactericide, bac-
teriostatic and antiinflammatory characteristics.7,8,9 Sim-
ilarly to the human pepsin, papain acts as a debridant
anti inflammatory agent which does not damage the
healthy tissue and accelerates the cicatricial process.
Papain comes from the latex of the leaves and fruits of
the green adult papaya.10,11 Carica papaya, for instance,

is cultivated in tropical regions such as Brazil, India,
South Africa, and Hawaii, and is largely used in the
food, beverage, and drug industries.

Papain accelerates the cicatricial process. According
to Mandelbaum, papain is indicated in all phases of the
cicatricial process; dry or exudative wounds, colonized
or infected, with or without areas of necrosis. Papain
promotes (i) chemical debridement, (ii) granulation
and epithelialization, which hastens the phases of cica-
trization, and (iii) stimulation of the tensile strength of
the scars.8

Studies reported by Starley et al showed that Carica
papaya was used at the pediatric unit of the Royal Vic-
toria Hospital (Banjul). It demonstrated to be the
major component of burn dressings. Cheap and widely
available, the pulp of the papaya fruit was mashed and
daily applied to full thickness and infected burns. It
appeared to be effective in removing necrotic tissue,
preventing burn wound infection, and providing a gran-
ulating wound suitable for the application of a split
thickness skin graft.12

When the treatment with papain is initiated, it (i)
increases the local reparative secretion, (ii) softens the
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Figure 1. Initial Radiography Figure 3. Rinsing with air/water spray

Figure 2. Prophylaxis of the tooth Figure 4. Application of Papacarie
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necrotic tissue, (iii) slacks the border of the lesion, and
(iv) promotes a small increase in the hyperemic halo
diameter. A period after the beginning of the process,
the necrotic tissue breaks loose and the hyperemic halo
diameter slowly starts to decrease. Therefore, the cica-
tricial process is accelerated, which reduces the time
required for the recovery of the patient’s lesion. The
topical use of papain softens scabs of lesions and can
cause borders to break loose.13

Flindt demonstrated that papain acts only in
infected tissues because infected tissues lack a plas-
matic anti protease called a1-anti-trypisin. The a1-anti-
trypisin is only present in sound tissues and it inhibits
protein digestion. The absence of the a1-anti-trypisin in
infected tissues allows papain to break the partially
degraded collagen molecules.14,15

Papain facilitates the cleaning of both necrotic tis-
sues and secretions. As a result, it decreases the time
required for tissue recovery and does not damage the
sound tissues around the lesion.16

Dawkins showed that Carica papaya has bactericide
and bacteriostatic properties. He investigated antibac-
terial activity of ripe and unripe Carica papaya on

selected microorganisms. They concluded that Carica
papaya contain anti-bacterial activity that inhibits
growth of gram-positive and gram-negative organisms.
Observed activity was independent of fruit maturity.17

Studies conducted by Emeruwa also showed signifi-
cant antibacterial activity of Carica papaya fruit against
both gram-positive and gram-negative bacteria (S.
aureus, E. coli, B. cereus, P. aeruginosa and S. flexneri).18

CHLORAMINES
Chloramines are formed during a reaction between
chlorine and ammonia. Chloramines are amines which
contain at least one chlorine atom, which is directly
bonded to nitrogen atoms.

Chloramines have bactericide and disinfectant prop-
erties. The disinfectant chloramines T, a well known
active chlorine compound, have been demonstrated to
inactivate Gram-positive and Gram-negative bacteria
in vitro, and are also bactericidal in vivo when applied
to contaminated wounds.19

The antiseptic efficacy of chloramines T was recently
documented in an in vitro study. Fuursted et al com-
pared the lag of regrowth and the bactericidal activity

Figure 5. Removal of the softened carious dentin Figure 7. Restoration 

Figure 6. Vitrous aspect of the cavity Figure 8. Final Radiography
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of five antiseptics (chloramines T, chlorhexidine, povi-
done-iodine, phenoxyethanol and mandelic-lactic acid)
against nine bacterial pathogens. Results showed that
the chloramines T and mandelic-lactic acid induced a
significantly longer lag as compared with the other
agents. Therefore, information on bactericidal activity,
as well as the lag of regrowth, could be a useful screen-
ing method for efficacy of antiseptics.20

Pitten et al did an in vivo study that showed the
antimicrobial efficacy of different mouth rinse solu-
tions. Results allowed them to classify four categories
of mouthrinse solutions according to their antimicro-
bial properties: (i) products without any active antimi-
crobial effect (sterile water, sage tea, fluormint-lyso-
form), (ii) products with a weak and temporary effect
(hydrogen peroxide, meridol, Listerine, lavasept), (iii)
products with a strong immediate effect, but no pro-
longed activity (betaisodone solution, acriflavine) and
finally, (iv) products that exert a sustained effect after
application (chloramines T, gurfix, dobendan).21

Chloramines are broadly used to chemically soften
the carious dentin. According to Maragakis et al the
partially degraded collagen in carious dentin was chlo-
rinated by chemo-mechanical caries removal solutions.
This chlorination affects the secondary and/or quater-
nary structure of the collagen, by disrupting hydrogen
bonding and thus facilitating the carious tissue
removal.22

Tonami’s study reported that (i) the application of
chloramines resulted in the opening of dentinal tubules
in the outer layer of carious dentin and (ii) occluded
dentinal tubules were seen after sodium hypochlorite
application. The presence of chloramines and amino
acids had some effect on the carious dentin outer layer.
However, chloramines activity was supposed to be
influenced by the pH of the solution, types of amino
acids and proportion of amino acids and sodium
hypochlorite.23

PAPACARIE®
Before the clinical use of Papacarie®, we conducted
several in vitro and in vivo studies, and considerations
regarding materials and procedures must be noted.

Silva et al conducted a research in which they con-
cluded that Papacarie® is safe, not citotoxic in vitro
fibroblast culture, and it is biocompatible to the oral tis-
sues.24

Pereira et al used samples of infected dentin culti-
vated in BHI broth in Petri dish to assess the
Papacarie’antimicrobial activity.The samples were ana-
lyzed using Kruskall test and Anova complemented by
Turkey. The results showed the largest papacarie’activ-
ity in streptococcus and lactobacillus. Authors con-
cluded that papacarie® was antimicrobial.25

Reda et al. distributed 200 questionnaires to profes-

sionals and graduate students to verify their opinion
regarding Papacarie’s effectiveness, action time, consis-
tency, oxygen liberation, and patient symptom. Using
the Siegel test to analyze the relationship among the
above mentioned variables, the researchers found out
that the gel showed (i) fast action, (ii) ideal consistency,
(iii) effectiveness, (iv) no sensitivity, and (v) almost no
bubbling during the oxygen liberation.26

Mechanism of action
Anti-trypisin inhibits protein digestion but infected tis-
sues do not usually show anti-trypisin. Since papain
can digest only dead cells, it acts breaking the partially
degraded collagen molecules, contributing to the
degradation and elimination of the fibrin “mantle”
formed by the carious process.

Right after the degradation, oxygen is freed, bubbles
appear on the surface, and a blearing of the gel is thus
noted. These signs demonstrate that the removal
process can be started. For removal, we recommend
the use of the opposite side of an excavator, like a pen-
dulum movement and without cutting. The instrument
should scrap the carious tissue without promoting any
kind of stimulus or pressure.

The main characteristic of the complete removal of
the infected dentinal tissue is the vitreous aspect of the
cavity which appears after using Papacarie®.

Material Presentation
Papacarie® is a gel syringes that have 3 ml of solution.

Instructions for Use 
The use of Papacarie® for  carious tissue removal  must
be done in accordance with the following methodology:

• Radiograph of the target tooth;
• Prophylaxis of the region using rubber cup and

slurry of pumice;
• Rinsing with air/water spray or cotton pellet with

water;
• Isolation of target tooth
• Application of Papacarie®, allowing the chemistry

to work for 30 to 40 seconds
• Removal of the softened carious dentin using the

opposite side of the excavator and promoting a
pendulum movement. The softened tissue must be
scraped, but not cut 

• Application of gel, if necessary. There is no need
for rinsing the cavity between applications.

• The vitrous aspect of the cavity appears when the
cavity feels free from caries

• Rinsing 0.12%, 1% or 2% chlorhexidine or water
spray

• Drying with moisture-free and oil-free air 
• Restoration with a suitable filling material accord-

ing to manufacturer’s instructions
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Final Considerations
The chemo-mechanical removal method has been a
solution for the treatment of patients seeking alterna-
tives to conventional methods. The key advantages
offered by the chemo-mechanical method are (i) its
proven effectiveness, (ii) the method’s safety, (iii) the
elimination of local anesthesia and bur, (iv) the lower
anxiety built in patients, and (v) the conservation of the
sound tissue. Among different kinds of chemo-
mechanical caries removal systems, Papacarie® has
been found to be easy to manipulate, simple and cheap,
as well as effective in removing infected tissues. More-
over, its use can be afforded by unprivileged people
which otherwise would have no other option.
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