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ABSTRACT
Purpose: The aim of this study was to assess the shear bond strength of an adhesive restor-
ative system on sound and demineralized dentin after the use of a papain-based agent.
Methods: Forty human dentin slabs were randomly distributed into 4 groups: (1) sound 
dentin slabs that received an application of papain-based gel (N=10); (2) sound dentin 
slabs that did not receive a papain-based gel application (N=10); (3) demineralized slabs 
that received an application of the agent (N=10); and (4) demineralized slabs that did not 
receive an application of the agent (N=10). 
After manual excavation and use of the chemomechanical agent, the slabs were restored 
with a total etch adhesive system and microhybrid resin composite. The test specimens were 
individually stored in a damp environment for 7 days, and the shear bond strength test was 
performed using a universal test machine at a speed of 0.5 mm/min. The fragments were 
observed under a stereoscopic microscope to assess the fracture mode. 
Results: Fracture mode assessment showed adhesive and cohesive type fractures in resin 
for all the groups. The analysis of variance and the Tukey test showed that there were no 
differences in the shear bond strength means among the groups (P>.05).P>.05).P
Conclusions: The use of a papain-based gel to remove dental caries did not interfere in the 
bond strength of restorative materials to dentin. (J Dent Child 2007;74:93-7)

KEYWORDS: SHEAR BOND STRENGTH, CHEMOMECHANICAL CARIES REMOVAL, 
TOTAL ETCH ADHESIVE SYSTEM

One of the challenges in dentistry is to reduce caries 
lesions.1 This disease still presents a high preva-
lence in some groups, however, characterizing a 

group polarization.1-3

Several chemomechanical methods for dental caries 
removal have been developed, beginning with the use of 
5% sodium hypochlorite (NaOCl), which was shown to 
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be an easily way to remove carious lesions.4,5 The solution 
was called GK-101 or n-monochloroglycine composed 
of: sodium hydroxide (NaOH), sodium chloride (NaCl), 
glycine, and 0.05% of NaOCl was effi cient at removing 
carious lesions.4,6 and later modifi ed by the addition of an 
ethyl group renamed GK-101E or N-monochloro-D,L-2-
aminobutyrate, which was shown to be more effi cient. 

It was given the brand name Caridex and applied using 
the same technique used for GK-101.5,7 The Caridex system 
was proposed to: 
 1. minimize the need for anesthesia; 
 2. reduce the use of rotary instruments; and 
 3. preserve the remaining dental structure by removing 

only the carious lesion.8,9

In the 1980s, because of the chemomechanical agent’s 
advantages, Swedish researchers tried to eliminate the dis-
advantages of Caridex.10 They patented the product, which 
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was initially called “Demex” and, later, “Carisolv.”9 This 
product is composed of amino acids and NaOCl, developed 
in the form of gel and used in small quantities (0.5-1 ml) 
per carious lesion.9,11 It is presented in the form of 2 gels: 
 1. one gel is transparent and contains 5% NaOCl; and 
 2. the other gel is red and composed of 3 amino 

acids (glutamic acid, leucine, and lysine), NaCl, 
and water. 

Considering the advantages of Carisolv due to its lon-
ger action time,12 a gel was developed in Brazil in 2003. It 
was based on papain, chloramines, and toluidine blue and 
called “Papacárie” (a word that means “eating caries”). This 
development allowed a reduction in costs, due to the use of 
low-cost Brazilian raw materials.13 The gel is applied to the 
contaminated dentin and its proteolytic, chlorinating, and 
oxidating properties act on the affected collagen,14 without 
acting on the sound dentin.

There are few studies, however, that relate its clinical ef-
fectiveness in removing caries from dentin.15,16 It is known 
when Carisolv is used, that it will lead to the removal of 
organic material as well as the smear layer. Consequently, 
the dentin becomes more permeable, which facilitates 
adhesive system penetration and may increase resin 
composite bonding to the tooth.17 The effectiveness of 
adhesive material bonding after the use of papain-based gel, 
however, is unknown.

This present study’s aim was to assess the shear bond 
strength of an adhesive restorative system on sound and 
demineralized dentin after the use of a papain-based gel.

METHODOLOGY
EXPERIMENTAL DESIGN
The factors studied in this experiment were:
 1. the dentin caries removal method: 
  a.  chemomechanical removal—use of a papain-based 

gel called Papacárie for chemomechanical removal 
of dentin caries, which is composed of papain, 
chloramine, toluidine blue, salts, conservative, and 
thickener associated with removal using manual 
excavators; 

  b.  mechanical removal—removal with manual exca-
vators only; and 

 2. degree of dentin mineralization: 
  a. healthy dentin slabs; and
  b. demineralized dentin slabs. 

The experimental units consisted of 40 human dentin 
slabs randomly distributed (N=10) into 4 groups: 
 1. sound slabs that received an application of a papain-

based gel (N=10); 
 2. sound slabs that did not receive an application of a 

papain-based gel (N=10);
 3. demineralized slabs that received an application of the 

agent (N=10); or 
 4. demineralized slabs that did not received an application 

of the agent (N=10). 
Shear bond strength was quantitatively assessed and 

expressed in MPa. The 3 experimental design principles, 

according to Montgomery (2003)18–repetition, randomiza-
tion, and blockage–were complied with.

PREPARATION OF SLABS
After approval by the Research Ethics Committee of Her-
mínio Ometto University Center (Uniararas), (protocol no. 
05/232), human third molars—extracted for reasons not 
related to those of the research and stored in thymol (0.1%; 
pH=7.0) after extraction—were used in this experiment. 
The teeth were cleaned with scalpel blades and periodontal 
curettes. A cross section was made, separating the root and 
coronal portions. The apical third of the root was discarded, 
and only the cervical region was used. Longitudinal cuts al-
lowed slabs measuring 4 mm x 4 mm to be obtained. Those 
presenting cracks or stains were excluded, resulting in 40 
dentin slabs being obtained.

The slabs were embedded in polystyrene resin with PVC 
molds, leaving the external dentin uncovered by the resin. 
After 24 hours, the test specimens were removed from 
the molds for fl attening to obtain smooth surfaces needed 
for making test specimens for the shear bond strength 
tests. The slabs were fl attened with decreasing granulations 
(400, 600, and 1200) of water abrasive paper under 
constant water cooling and then randomly distributed 
(N=10) into 4 groups.

OBTAINING THE DEMINERALIZED SLABS
To obtain artifi cial caries lesions (demineralized slabs), a 
dynamic model similar to that used by Hara et al (2004),19

was used. Each slab was individually immersed in de-
mineralizing solution for 1 hour. Next, each slab it was 
washed in distilled and deionized water and placed in a 
remineralizing solution to complete a 23-hour cycle. After 
this time, the slabs were washed again, dried and immersed 
in the demineralizing solution to start a new cycle. Three 
cycles were performed, maintaining a temperature of 37°C 
during the procedures. 

CHEMOMECHANICAL AGENT APPLICATION AND 
DENTIN CARIES REMOVAL
For Groups 1 and 3, the dentin slabs received an application 
of the chemical agent. The manufacturer’s recommendations 
were followed, and the product was placed on the dentin 
surface and allowed to act for 30 seconds (acute lesions). 
The dentin was scraped with the noncutting edge of the 
curette, and 5 to-and-fro movements were made. The gel 
was applied again, and manual excavation was repeated with 
another 5 to-and-fro movements. Residual gel was removed 
with absorbent paper. 

For Groups 2 and 4, the dentin slabs did not receive 
any application of the chemical agent. The demineralized 
dentin was submitted to manual excavation only with the 
noncutting edge of the curette, and 5 to-and-fro move-
ments were made. Manual excavation was repeated with 
another 5 to-and-fro movements. The cleaned dentin was 
then washed with water. 

After cleaning, the fragments were kept in their in-
dividual receptacles containing distilled water at relative 
humidity for 1 day.
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SHEAR BOND STRENGTH TESTS
The location of the shear bond strength tests was de-
marcated with adhesive paper, leaving an exposed area 
3.0 mm in diameter.

The test specimens were made in a random sequence—to 
which the investigators were blind—with a total etch adhe-
sive system (Single Bond, 3M ESPE, Saint Paul, Minn) and 
microhybrid resin composite (Filtek Z 100, 3M ESPE), in 
accordance with the manufacturers’ recommendations.

A Tefl on mold 5.0 mm high and 3.0 mm in diameter 
was placed over the fragment after the adhesive system had 
been applied to make a resin composite cylinder in 2 layers. 
The fi rst layer was placed into the mold with a thickness of 
approximately 2.0 mm and photocured for 20 seconds with 
a light curing unit (Ultralux EL, Dabi Atlante, Ribeirão 
Preto, São Paulo, Brazil). The second layer was placed and 
was also photocured for 20 seconds. The mold was removed 
and the resin cylinder was cured for 20 seconds on both 
sides. After every 5 test specimens made, the light curing 
unit was assessed with a radiometer (Newdent, São Carlos, 
São Paulo, Brazil).

The test specimens were stored in individual vials in 
a damp environment for a period of 7 days.

Shear bond strength tests were also performed blindly 
in a universal test machine (Emic DL 200, São José dos 
Pinhais, Paraná, Brazil) at a speed of 0.5 mm/minute. 
The active tip of the machine was placed close to the test 
specimen so that the shear strength force was directed 
toward the bond area. The shear strength values attained 
were expressed in Mpa.

The fractured test specimen surfaces were examined 
visually under a stereoscopic magnifying glass at X30 
magnifi cation to classify the fracture. The fractures were 
classifi ed as: (1) adhesive (lack of adhesion); (2) cohesive 
in dentin (failure of the tooth substrate); (3) cohesive in resin 
(failure of the resin composite); and (4) mixed (adhesive 
and cohesive failure).

The results obtained in MPa were statistically ana-
lyzed by analysis of variance (ANOVA) followed by the 
Tukey test (P<.05).P<.05).P

RESULTS
The ANOVA and the Tukey test showed that there were no 
differences in the mean shear bond strength values among 
groups, showing that this product did not affect the bond-
ing of different adhesive systems to dentin (Figure 1 and 
Table 1). Fracture mode assessment showed fractures of the 
adhesive and cohesive type in resin for all the groups (Table 
2), showing a preservation of dentin substrate followed by 
resistance fracture.

DISCUSSION
In view of the need for adopting conservative treatments to 
preserve a larger amount of sound structure in teeth affected 
by caries lesions, it is noted that conventional dentin caries 
removal with rotating instruments may cause unnecessary 
wear, leaving the tooth remainder fragile.20-22 Therefore, 
products were developed for chemical carious lesion removal, 
which would remove affected dentin and preserve demineral-
ized dentin.23

These systems do not eliminate the use of manual in-
struments, however, helped to reduce the patient’s stress 
regarding noise, as they almost completely eliminated the 
use of rotary instruments.24,25

Carisolv, a product that contains NaOCl, ruptures the 
cross links between the dentinal collagen fi brils, denaturing 
them and dissolving the necrotic tissue. The bond between 
NaOCl and the amino acid reduces the effect of whole 
collagen denaturing and rupturing only the link between 
the affected collagen fi brils, without any molecular altera-
tions occurring.11 According to Banerjee, et al (1999),26 the 
results with the use of Carisolv showed to be equivalent to 
those of the rotary system after 1 year of clinical follow-

Figure 1.  Means and standard deviations of the study groups.

Table 1. Means and Standard Deviations of the Study 
Groups

Group 1
(n=9)

Group 2
(n=10)

Group 3
(n=6)

Group 4
(n=9)

Mean±(SD) 8.78±3.67a 8.86±5.77a 10.87±5.97a 10.83±4.69a

*  Values followed by the same letters do not differ by 
ANOVA (P=.7128).

Table 2.  Fracture Modes of Test Specimens Submitted to Shear 
Bond Strength Test

Fracture 
mode 

GROUPS
Sound slabs Demineralized slabs 

Chemomechanical 
removal 

Mechanical 
removal 

Chemomechanical 
removal 

Mechanical 
removal 

Adhesive 60% 67% 44% 33%

Cohesive 
in dentin

0% 0% 0% 0%

Cohesive 
in resin

40% 33% 56% 67%

Mixed 0% 0% 0% 0%
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up. This product allows only the infected and necrotic 
dentin, no longer capable of being remineralized, to be 
removed, and allowed the bottom uninfected layer to be 
preserved. Thus, the technique is able to remove the smear 
layer, which facilitates penetration of substances such as 
adhesives,27 enhancing the adhesional properties of restor-
ative materials.17

Papacárie, a gel based on papain, chloramines, and tolu-
idine blue, however, is inexpensive compared with Carisolv 
and has a similar use, indication and chemomechanical 
caries removal effi ciency.13 Papain makes it easy to clean 
necrotic tissues and secretions, and reduces tissue repair 
time, in addition to not affecting sound tissues close to the 
lesion. This substance lacks a plasmatic antiprotease—anti-
trypsin—which prevents its proteolytic action on tissues 
that are considered normal. It is also considered a chemical 
debridement agent, which helps in the healing process and 
acts as an anti-infl ammatory agent.13,16 Chloramine helps 
to soften the carious dentin, thus facilitating its removal 
since the degraded portion of the carious dentin collagen 
is colored by the solution used in chemical and mechani-
cal caries removal.12 Results have been favorable after 1-
year clinical follow-up of 60 teeth in children from 5 to 9 
years old and of 30 molars in adolescents and adults up to 
23 years of age.16

Papacárie has been tested at various concentrations. It has 
not been shown to be cytotoxic and is biocompatible with 
oral tissues.28 This product has antimicrobial effectiveness, 
mainly regarding Streptococcus mutans and Lactobacillus.29

In the present study, Papacárie did not interfere in resin 
composite bonding, as there were no signifi cant differences 
between the tested groups or regarding fracture mode dis-
tribution. These data corroborate the studies conducted by 
Frankenberg et al30 and Haak et al (1999)31 with Carisolv, 
showing that this product did not affect the bonding of dif-
ferent adhesive systems to dentin. Hosoya et al,32 however, 
found that the application of Carisolv before acid etching 
might alter the bond strength of primary and permanent 
dentin, depending on the adhesive system.

It is suggested that changes in bond strength values after 
the use of chemical agents to remove carious lesion may oc-
cur due to micromorphologic alterations. Rodrigues et al33

assessed primary tooth dentin submitted to carious lesion 
removal with burs and with a chemomechanical agent. The 
dentin submitted to rotary instrument treatment presented 
a smooth, uniform appearance with the presence of a smear 
layer. The use of chemomechanical agents led to irregular 
surfaces, however, with the predominance of an amorphous 
layer in fl akes covering the dentinal tubules. In some areas, 
locations similar to the presence of a smear layer were ob-
served, but with microfractures. Nevertheless, the present 
study used an adhesive system that involves the application 
of phosphoric acid on all of the dental substrate.34 This may 
remove the entire smear layer, giving the dental substrate an 
irregular appearance after the use of the chemomechanical 
agent. Self-etching adhesive systems requiring the use of a 

weak acid, however, do not completely remove the smear 
layer to form the hybrid layer. When using these systems, 
different results can be expected than those found in this 
research.35,36

CONCLUSION
A papain-based chemomechanical agent does not interfere 
in the shear bond strength of restorative materials when a 
total etch adhesive system is required. Thus, this agent can 
safely be used as a method for caries removal when employing 
conventional adhesive systems. 
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