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Papain-based gel for biochemical caries
removal: influence on microtensile bond
strength to dentin

Abstract: This study investigated the influence of a papain-based gel
(Papacarie) for chemo-mechanical caries removal on bond strength to
dentin. Human molars were assigned to the following groups: Group 1:
sound teeth were flattened to expose dentin; Group 2: after flattening of
surfaces, the papain-based gel was applied on the sound dentin; Group
3: overlying enamel from carious teeth was removed and mechanical ex-
cavation of dentin was conducted; Group 4: chemo-mechanical excava-
tion of carious dentin was conducted using the papain-based gel. The
Prime&Bond NT or Clearfil SE Bond adhesive systems were used for
restorative procedures. A microtensile bond strength test was performed,
and the modes of failure were determined under SEM. The data were
submitted to two-way ANOVA and Tukey’s test (p <0.05). No signifi-
cant differences were observed between the sound dentin groups. For
both excavation methods, Clearfil presented a significantly higher bond
strength than Prime&Bond NT. Also, for Clearfil, the mechanically ex-
cavated samples disclosed a significantly higher bond strength than the
chemo-mechanically ones. For Prime&Bond NT, no significant differ-
ences were detected between the excavation methods. Predominance of
mixed failures for the sound substrate and of adhesive failures for the
carious dentin one was detected. The bond strength to carious dentin
of the self-etching system was negatively affected by chemo-mechanical
excavation using the papain-based gel.

Descriptors: Dental caries; Tissue adhesives; Papain; Dentistry,
operative; Tensile strength.
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Introduction

Excavation of carious tooth tissue plays an im-
portant role in restorative approaches. The main ob-
jectives of this process are the elimination of infected
tissue, to control the progression of the lesion, and
the removal of necrotic, softened dentin, to allow
proper support for the filling.! Although the advent
of adhesive materials has allowed developments in
minimal cavity design, the amount of carious tissue
that needs to be excavated in order to successfully
treat a lesion is still a challenge, as is the criteria that
should be used to guide tissue removal.?

In 2003, a Brazilian formulation was introduced*
and commercially denominated “Papacarie” (For-
mula e A¢do, Sao Paulo, SP, Brazil). The product is
a gel based on papain, a proteolytic cisteine enzyme
which presents antibacterial and anti-inflammatory
properties.>® Papain acts as a debris-removing agent,
with no harmful effect on sound tissues because of
the enzyme’s specificity. It acts only on affected tis-
sues, which lack the al-antitripsine plasmatic anti-
protease that inhibits proteolysis in healthy tissues.”

In addition to papain, the chloramines present
in the product have the potential of dissolving cari-
ous dentin by means of chlorination of the partially
degraded collagen. This mechanism affects the col-
lagen structure, dissolving hydrogen bonds and thus
facilitating tissue removal.®> However, because the
outcome of the bonding between tooth and filling
material depends on the surface properties of the re-
maining dentin, it is unknown whether the action
mechanism of the product could interfere with the
bonding to dentin. Nonetheless, there is no report
in the related literature regarding the influence of
this product on restoratives. Therefore, the aim of
this study was to evaluate the effect of the applica-
tion of a papain-based gel on the microtensile bond
strength (WTBS) of a total-etch and of a self-etching
adhesive system to sound and carious dentin. The
conventional hand excavation method was used for
comparison.

Materials and Methods

The research project (protocol n. 33/2005) was
approved by the Ethical Research Committee,
School of Dentistry, Federal University of Pelotas

(UFPel), Brazil. Forty human molar teeth were ob-
tained. Half of them were sound teeth, whereas the
remaining half was composed of molars with coro-
nal caries extending approximately halfway through
the dentin, with no indication of pulp exposure. Af-
ter disinfection for a week in 0.5% chloramine T,
the teeth were stored in distilled water at 4°C for no
more than 90 days. The specimens were randomly
assigned to the following groups:
® Group 1 (control): the occlusal surfaces of sound
molars were removed, and the dentin was ground
using 220-, 400- and 600-grit SiC papers under
running water, in order to create a smooth, flat
medium-depth dentin surface, with a standard-
ized smear layer;
® Group 2: the same procedures for group 1 were
performed. However, after flattening the surfac-
es, the papain-based gel was applied. The mate-
rial remained for 60 s in contact with the dentin
and, then, the gel was removed using a stainless
steel small spoon hand excavator, up to the point
that no remnants of the gel could be detected.

This procedure was carried out three times, with

no rinsing between each application. After the

last exposure, the dentin surface was cleaned
with a wet cotton pellet;

® Group 3: caries-affected teeth were used. Prior to
dentin excavation, the overlying carious enamel

and all surrounding walls were removed using a

water-cooled, tungsten carbide bur. This proto-

col was carried out to minimize variables related
to the cavity configuration factor during light-ac-
tivation of the restorative composite. Mechani-
cal removal of the carious dentin was conducted
with a hand excavator, using the combined cri-
teria of visual examination and dentin surface
hardness;

® Group 4: decayed teeth were used, and the same
preparation procedures for Group 3 were per-
formed. However, the caries excavation proce-
dure was conducted using the biochemical meth-

od, as described for Group 2.

Figure 1 displays the experimental design applied
in this study. In order to obtain homogeneity in the
substrate distribution, after mechanical or biochem-
ical excavation, the carious teeth were sectioned in
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Figure 1 - Schematic representation of the experimental design used in the study.

Table 1 - Materials

Material Manufacturer

Composition Batch Code

used in the study.
Clearfil SE

Primer: MDP, HEMA, water
Kuraray Adhesive: MDP, HEMA, bis-GMA, hydrophobic dimethacrylates, | 00330A

Bond submicron silica fillers, N,N-diethanol-p-toluidine, CQ

Prime&Bond NT | Dentsply Caulk | PENTA, UDMA, nanofiller, cethylamine hydrofluoride, acetone | 0304000270
Charisma Heraeus Kulzer | BisGMA, TEGDMA, silica, glass particles 030034
Papacdrie Laboratorio Papain, chloramine, toluidine blue, thickening 0005

Férmula e Acéo

two halves by means of a diamond saw, under run-
ning water, and each half was randomly assigned to
one adhesive system: Prime&Bond NT (Dentsply
Caulk, Milford, DE, USA), a two-step, total etch-
ing system, or Clearfil SE Bond (Kuraray, Osaka,
Japan), a self-etching one. The materials’ composi-
tions are presented in Table 1. For the sound molar
teeth, no additional preparation was carried out.
The bonding procedures followed the manu-
facturers’ instructions. Absorbent paper was used
to leave the dentin surface with minimum visible
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moisture. After bonding agent application, a 4 mm-
height crown of resin composite (Charisma, Herae-
us Kulzer, Hanau, Germany) was built on the dentin
surfaces, in 1.5 mm increments, each one of them
light-activated for 40 s (XL3000, 3M ESPE, St.
Paul, MN, USA, 450 mW/cm?2).

Following storage at 37°C in distilled water for
24 h, the samples were serially sectioned longitu-
dinally to the long axis of the tooth (Isomet 1000,
Buehler, Lake Bluff, IL, USA), yielding 0.7 mm-thick
slices, which were trimmed, under copious air/water
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cooling, to form hour-glass shaped specimens. For
the carious dentin, each molar half yielded an aver-
age of 3 slices, whereas an average of 5 slices per
tooth was obtained for the sound substrate. Mea-
surement of the constriction area was made using a
digital caliper (Mitutoyo, Tokyo, Japan). The WTBS
test was performed in a mechanical testing machine
(Model DL500, EMIC, Sao José dos Pinhais, PR,
Brazil), at a cross-head speed of 1 mm/min until
failure. Fifteen slices were tested for each surface
treatment vs. adhesive system subgroup.

Bond strength data (MPa) from sound and from
carious dentin were separately submitted to two-
way ANOVA (surface treatment x bonding agent),
followed by Tukey’s test, at a significance level of
p £0.05. The differences between the sound and the
caries-affected dentin were compared by the Mann
Whitney test. Premature failure samples were re-
corded but not included in the statistical analysis.
The fractured samples were examined under SEM
(JSM 5600LYV, Jeol Inc., Peabody, MA, USA) and the
modes of failure were classified as follows: adhesive
failure, cohesive failure (in dentin, adhesive or com-
posite) or mixed failure. Failure data comparisons
between carious and sound dentin, and between the
adhesive systems, were performed using the Mann-
Whitney rank sum tests.

Results

Results for the WTBS evaluation are summarized
in Table 2. The two-way ANOVA revealed that, for
the caries-affected dentin, both the adhesive system
(p<0.01) and the excavation method (p =0.01)
were significant factors, showing a significant in-
teraction as well (p = 0.03). For both caries excava-
tion methods, the Clearfil SE Bond system yielded
significantly higher bond strength values in com-
parison to the Prime&Bond NT one. However, for
Clearfil, mechanically excavated samples disclosed
significantly higher uTBS when compared to bio-
chemically treated ones. On the other hand, for the
Prime&Bond NT system, no significant differences
were detected between specimens submitted to me-
chanical or biochemical excavation (Table 2).

In addition, for the sound dentin, no significant
differences were detected between the specimens
exposed to the papain-based gel prior to bonding
procedures and the control samples. The Mann-
Whitney test comparing sound (32.9 +11.4) and
(10.4 + 3.3) showed that
sound dentin obtained statistically higher bond

caries-affected dentin

strength values (p < 0.001).

Regarding the fractographic analysis, the modes
of failure for the sound and caries-affected dentin
were also significantly different (p < 0.01). Predomi-

TObIe 2‘- Mean Sound dentin* Caries-affected dentin**
microtensile bond Adhesive
strength values + Control Exposure fo gel Mechanical Biochemical
standard deviation  Clearfil SE Bond 35.6+ 8.8[3] 31.6+12.5[2] A13.9 +2.4[8] a 810.9 +2.3[7] a
_ondpremature T, pond NT 31.1 £ 14.84] 28.8  14.0[3] 8.6 +1.8[9] b "8.3+2.9[7] b
failures (in brackets).

*No significant differences were detected. **Means preceded by different superscript capital letters in the same line, and followed
by different small letters in the same column, differ at p < 0.05.

Tublg 3.- Pgrcenfcge Sound dentin Caries-affected dentin
distribution of the Material

specimens’ modes of Control Exposure to gel Mechanical Biochemical

failure. Adhesive 7% 0% 80% 80%

Clearfil SE Bond Cohesive 20% 33% 20% 13%

Mixed 73% 67% 0% 7%

Adhesive 7% 0% 73% 87%

Prime&Bond NT Cohesive 20% 27% 20% 13%

Mixed 73% 73% 7% 0%

Significant differences were detected between the sound and the caries-affected dentin substrates (p < 0.01).
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nance of mixed failure was detected for the sound
substrate, whereas for the carious one there was pre-
dominance of adhesive failures (Table 3).

As shown in Table 2, premature failures were ob-
served mainly for the caries-affected dentin groups.

Discussion

According to the present outcomes, no significant
differences were detected in the uUTBS evaluation be-
tween the sound dentin group exposed to the pa-
pain-based gel and the control group. Compatibility
with the bonding procedure is an important require-
ment for any restorative technique which precedes
hybridization of the substrate. In general, after me-
chanical excavation, the surface topography of the
dentin enhances its micromechanical interlocking
with the filling material.> On the other hand, it has
been shown that the dentinal surfaces formed after
biochemical caries removal are very irregular with
many overhangs and undercuts.!’ In addition, the
biochemical method removes the smear layer com-
pletely and exposes dentinal tubules.!! Nonetheless,
no significant influence on bond strength to dentin
has been described so far.!2!3

No significant differences were detected between
the adhesive systems when they were applied to the
sound substrate, which was expected according to a
previous investigation.!* Premature failures were ob-
served during sectioning and trimming of the sam-
ples mainly in the carious groups, probably due to
lower bond strength values. In addition, for Clearfil,
the biochemically treated samples presented signifi-
cantly lower bond strength values when compared
to the mechanically excavated ones. Hence, it could
be speculated that the papain-based gel could in-
terfere with the micromorphology of the collagen
fibrils. In general, the mechanism of biochemical
removal of caries involves cleavage of polypeptide
chains and/or hydrolysis of collagen cross-linkages.
These cross-linkages give stability to the collagen fi-
brils, which become weaker and thus more prone to
be removed when exposed to the gel.® Since these fi-
brils will later be a part of the resin-dentin interdif-
fusion zone, a hybridization of poor quality could
be a possible outcome. However, an influence on
bond strength was observed only for the self-etching
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system and, therefore, an explanation for this out-
come would probably rely on the characteristics of
the adhesive systems.

Etching with strong acids may result in the dis-
solution of the sclerotic cast and/or in the complete
removal of the surrounding peritubular carious den-
tin, and it can be decisive to an enhanced bonding
to sclerotic dentin.”* According to pH ranking,'® the
Clearfil self-etching primer can be regarded as being
one of mild aggressiveness, in comparison to other
self-etching systems. Although this primer presents
higher pH than the phosphoric acid gel, the bond
strength to carious dentin for the conventional two-
step system was significantly lower in comparison
to the self-etching one. Besides different pH levels,
distinct commercial adhesive systems present differ-
ent chemical components, like resin monomers and
solvents, and it is well-recognized that the composi-
tion of the bonding resin is directly related to its me-
chanical properties and to its bond strength to tooth
tissues.!”!8

In addition, the different steps taken to apply
each adhesive system could also be related to the
present results. After the acid-etching and the water
rinsing steps for the conventional system, complete
removal of the papain-based product from the tooth
surface can be expected. On the other hand, as the
self-etching system lacks the rinsing step and thus
the smear layer is not removed but only partially de-
mineralized, remnants of the gel could be stagnated
on the dentin surface, and could potentially inter-
fere with the bonding mechanism. In fact, under
SEM examination of gel-excavated dentin, Baner-
jee et al.? (2000) described the presence of surface
globules, which could be linked to remnants of the
gel that had not been washed away. Also, Arvids-
son et al." (2002) detected remnants of Carisolv
on excavated dentin using infrared spectroscopy
analysis. Moreover, during caries excavation using
the papain-based gel, an effervescent surface activ-
ity was observed, which could be an indication of
oxygen release, potentially affecting the polymer-
ization mechanism of the bonding resin.'” On the
other hand, similar findings were not observed for
the sound dentin exposed to the gel. This outcome
is probably related to the lower permeability of the
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healthy substrate in comparison to the caries-affect-
ed one,! making it more difficult for the gel to be
stagnated on sound surfaces.

The bond strength values for the carious dentin
were significantly lower in comparison to the ones
found for the sound substrate. There are several fac-
tors that influence the quality of adhesion, including
the smear layer produced by the excavation process,
the mineral and the organic content of the substrate
and the hybrid layer formed as a result of the inter-
action between the bonding agents and the dentin.?’
Although the intertubular carious dentin is general-
ly hypomineralized, the dentinal tubules of the cari-
ous substrate are in general occluded with mineral
deposits.?! In addition, due to the de- and re-miner-
alization cycles that occur during the caries process,
larger calcium phosphate crystals are formed, which
are less soluble than the healthy ones.! The organic
matrix of carious dentin is also different from that
of the normal substrate, as a result of the denatured
collagen fibrils that are still not well-recognized.
All of the characteristics above can also be linked
to the results of the fracture mode analysis, as the
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