
The Journal of Pediatric Dentistry      Volume 31, Number 3/2007 187

Chemical Versus Conventional Caries Removal Techniques in Primary Teeth: A Microhardness Study

INTRODUCTION

Although there has been a substantial reduction of the preva-
lence of caries in industrialized countries, this disease con-
tinues to be widespread in the world. Once it has become

installed, it is of fundamental importance to use conservative proce-
dures that simultaneously prevent lesion progress and minimize
healthy tooth structure wear. Ideally, the methods used to remove
carious tissue should be capable of distinguishing the internal cari-
ous tissue layer from the more superficial and highly infected tissue,
in which collagen fibers can no longer be remineralized.1,2,3 In addi-
tion, these methods must be comfortable for the patient, easy to use,
noiseless, painless and must not cause vibration. 

The following are among the main disadvantages of the tradition-
al method using a rotary instrument: the possibility of overextending
the cavity, healthy tissue removal, pressure and heat on the pulp,
vibration, noise, pain stimulus and the need of local anesthetic, a
procedure that causes aversion in many patients, specially children.
New methods of carious tissue removal have been developed as an
alternative to traditional treatment, among which one may mention
laser, air abrasion, ultrasound, and chemomechanical removal. 

The objective of chemomechanical substances is to remove the
most external portion (infected layer), leaving the affected deminer-
alized dentin that is capable of being remineralized and repaired.5

Chemomechanical methods are said to remove only the infected
dentin where collagen is degraded, maintaining the demineralized

portion.
Innumerable studies have been conducted to assess the efficacy

and clinical safety of Carisolv®, many of which have pointed out
that the majority of patients felt no discomfort during treatment,5,6,7 it
was hardly ever necessary to use local anesthesia 8,9 and carious tis-
sue removal was efficient.10,11 As a disadvantage, this method was
less efficient in comparison with the traditional method for carious
tissue removal, making it necessary to spend more clinical
time.4,7,11,12,13 In addition, the high selling price to the consumer was
an obstacle to the regular use of the method in clinical routine.

With the intention of presenting a chemomechanical caries
removal product that cost less than Carisolv®, in 2003 Papacárie®,
a material composed of papain, chloramin and toluidine blue, was
launched. Papain is an endoprotein, with bacteriostatic, bactericide
and anti-inflammatory activity.5 Chloramin, a compound that con-
tains chlorine and ammonia, presents bactericide and disinfectant
properties, is used to irrigate root canals and to chemically soften
carious dentin, so that the degraded portion of the carious dentin col-
lagen is chlorinated by the solution used for chemical and mechan-
ical caries removal.9

Thus, the purpose of this study was to compare the Knoop micro-
hardness of sound dentin before and after carious tissue removal
using the two chemical-mechanical methods, and the conventional
method.

MATERIAL AND METHODS
This research protocol received previous consent from the

Research Ethics Committee, School of Dentistry, University of São
Paulo (protocol number 167/04).     

Thirty extracted central primary incisors, with active carious cav-
ities on one proximal surface, were divided into three experimental
groups as follows, in accordance with the carious tissue removal
method: conventional mechanical treatment – slow speed rotary
instrument – and two chemomechanical methods - PapacárieTM
and Carisolv®.

Carious tissue removal using the conventional technique was per-
formed with a spherical steel bur (Wilcos do Brasil, Petrópolis-
Brazil) with the largest diameter compatible with the cavity size, at
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low speed, under  water cooling, by a single operator. In order to
gauge carious tissue removal, a dental explorer was used to check,
until hard dentin was obtained.

For the PapacárieTM (Fórmula & Ação, São Paulo, Brazil) and
Carisolv® (Medi Team, Gothemburg, Sweden) groups, the product
was applied and left in the cavity for 30 seconds, and carious dentin
was afterwards removed with a blunt Maileffer curette (Bailagues,
Switzerland) that comes with the Carisolv® system kit. The gel was
reapplied until it presented a light coloring, indicative of non-exis-
tence of softened carious tissue, and confirmed with the use of the
dental explorer, to assess the remaining dentin hardness.

Preparing test specimens for microhardness test
After carious tissue removal, the teeth were longitudinally sec-

tioned – under cooling - in the mesio distal direction of the crown,
using a precision cutting machine (Labcut 1010 - Extec Corp.
Enfield, USA), at the center of the cavity, until two sections were
obtained. One of the sections was embedded in epoxy resin (Resigel
– Redefibra de São Paulo), so that the area to be analyzed remained
exposed. Polishing was done in a rotary polisher (Ecomet 4,
Buehler, Lake Bluff, USA), with   600, 1000, 1200, 2000 and 4000
grit abrasive paper, and final polishing was done with a felt disk and
diamond paste of 1µm and 1/4µm (Arotec, São Paulo, Brazil). The
600 grit abrasive paper was used for a period of 30 seconds, and the
remainder for 60 seconds under water cooling, and the polishing
obtained was checked before going on to a finer grit.   This prepara-
tion was considered ideal when, under optic microscopy, the speci-
mens were shown to be shiny and without presence of scratches. At
the last stage of polishing, the test specimens were placed in ultra-
sound (Thoron) for 12 minutes, to remove eventual residues.

The microhardness test was performed on sound dentin and on
healthy dentin of the same specimen. For this analysis, a microhard-
ness meter Shimadzu HMV II (Kyoto, Japan) was used, with a
Knoop indenter using a static load of 25 grams applied for 30 sec-
onds on the sound dentin and 10 grams for 30 seconds on treated
dentin. On the dentin submitted to carious tissue removal, 21 inden-
tations were made - three at each distance – starting from 50, 100,
150, 200, 300, 400 and 500µm from the base of the carious cavity,
and on the sound dentin 24 indentations were made – three at each
distance – from 100, 150, 200, 300, 400, 500, 1000, 1500µm from
the amelodentinal junction. The indentations were made with a dis-
tance of 100µm between them.

RESULTS
The factors analyzed in this study were: “type of treatment” (rota-

tory instrument and chemomechanical methods), “indentation inter-
vals”, and "type of tissue” (sound and carious). 

Results of microhardness values were presented separately
because the indentations were made at different points on each side
of the tooth (from the cavity’s pulpal wall on treated dentin and from
the amelodentinal junction on sound dentin). 

Regarding treated dentin, the microhardness values obtained for
the different  types of treatment (rotary instrument and chemome-
chanical methods) did not show statistically significant differences
(p>0.05). Similarly, values obtained at the assessment intervals were
not significantly different either (p>0.05). This indicates that micro-
hardness values were similar for the different treatments and for the
different intervals used. However, the interaction between “treat-
ment” and “intervals” was significant, showing that the variation in
microhardness was different for the different intervals used in
respect to the treatment group (Table 1).

On Table 1, it is possible to observe that the rotatory instrument
group (bur) showed a small reduction in microhardness value as the
depth increased, while the PapacárieTM group was homogeneous at
all intervals. In the Carisolv® group a lower microhardness value is
observed immediately below the cavity floor, increasing at the deep-
er intervals. Yet, for this group, the difference was only significant
between the intervals of 50 and 500 µm. 

On sound dentin, the microhardness values were similar for all

Figure 1: Points and intervals of microhardness assessment, in
dentin submitted to caries removal at a location where dentin was
submitted to caries removal. 

Figure 2: Points and intervals of microhardness assessment, in
sound dentin.
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treatment groups and were only statistically different for the
“Interval” (p<0.05) variable. 

The mean microhardness values for the treatment groups, as well
as the Tukey contrast value are presented on Table 2.

There was no difference between the microhardness values at the
first intervals (100, 150, 200, 300, 400 µm) but a statistically significant
difference was obtained between the intervals of 100µm and 500µm, as
well as between intervals of 500, 1000 and 1500µm. As expected, on
the sound side of the tooth, no factor influenced the dentinal hard-
ness as there were no differences between the treatment groups or
for the interaction “treatment” and “interval”; thus confirming that
all of the teeth used in this study presented with a similar hardness
characteristic.  

Afterwards, a comparison was made between the microhardness
values of the different types of dental tissue (sound side and carious
side after caries removal), and this analysis was done in two ways.
In the first assessment, the mean values of each tooth on both sides
were considered. No statistical difference was observed between the
different treatment methods (p>0.05) but there was a difference
between the sound side and the side submitted to carious tissue
removal, with the latter presenting a lower value (p<0.05).

For the second comparison, microhardness hardness value of the
dentin treated with different methods was considered, at the point of
50µm from the cavity, that is, the measurement obtained closest to
the cavity floor. The microhardness at the equivalent point on the
sound side was calculated, using a regression curve with the best fit.
As in the previous analysis, a statistically significant difference was

found between the sound side and the carious side (p<0.05). The
sound and carious sides’ means are presented on Table 4.

DISCUSSION
Caries is a disease that presents high incidence from the earliest

ages and promotes tooth structure loss, harming the individual’s oral
and general health. Generally speaking, when the dentin is compro-
mised and it is difficult to control biofilm formation on the lesion, it
is necessary to remove the tissue involved to control the develop-
ment of the disease.  In addition, removal of the softened dentin, or
part of it, is a basic condition for supporting the future restoration. 

Although the conventional carious tissue removal method, with
the use of high and low speed burs, allows fast treatment, its cut may
promote unnecessary structure removal, with consequent weaken-
ing of the tooth remainder, as well as pulp injuries. 

As a result of the above-mentioned aspects, the use of chemome-
chanical carious tissue removal has grown considerably, not only
because of the advantages previously pointed out,5,6,7,18 but also
because some authors have mentioned that these techniques are
capable of removing only the infected, necrotic dentin, incapable of
being remineralized, thus guaranteeing the preservation of the lower,
non-infected layer.

The clinical methods for differentiating between these two layers
are subjective, and in the majority of cases, dentists find it difficult
to identify the ideal moment to stop removing dentinal tissue.

In this study, mechanical carious tissue removal was performed
until sound dentin was obtained, gauged by the test performed with
the exploratory probe.11,19,20,21 In chemomechanical removal, the man-
ufacturers’ instructions were adopted, and caries removal ceased
when the gel attained a clear (non-turbid) appearance. Although the
Papacárie™ manufacturer recommends the use of old, blunt
curettes, it was opted to use those supplied with the Carisolv® Kit
in order to obtain standardization.

Microhardness analysis has been used as a method to assess loss
and reincorporation of minerals to the dental tissue, because the
reduction in the numerical hardness value presents a linear relation
to mineral loss.16,17 Especially Knoop hardness, since it represents a
significant correlation with the amount of mineral loss from the
tooth structure.16,17

Literature clearly presents the microhardness values of permanent
teeth, but this is not the case for primary teeth. In spite of the differ-
ences existing between primary and permanent teeth as far as the
degree of mineralization, structure, mineral loss and reactivity to flu-
oride are concerned22,23 there are few studies that specifically deal
with primary tooth microhardness.  This scarcity of investigations
makes it difficult to compare studies that use this assessment
methodology, since only one study pointed out that the transversal
microhardness values of dentin are lower in primary than in perma-
nent teeth.24

There appears to be an agreement among the majority of authors
regarding the fact that the carious dentin microhardness values and
that of dentin remaining after carious tissue removal are lower than
those of sound dentin.2,11,25,26,27 The microhardness values (KHN) of
sound dentin and carious dentin – or after its removal - obtained in
the above-mentioned studies range from 30 to 70 and 4.3 to 26.4
respectively, from which one is able to notice a great variability
between the 2 types of dentin. When dentin is affected by the cari-
ous process, its structure is altered, the dentinal tubules become
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occluded with mineral content and their hardness diminishes in
comparison to that of sound dentin.26,28 Thus, since two types of tis-
sues with different structures were concerned, different loads were
used because it would not be possible to obtain indentations of a
similar quality otherwise. The Knoop indenter loads used were 10
grams for 30 seconds on carious dentin, as recommended by some
authors,29,30,31,32 and 25 grams for 30 seconds on sound dentin, such
loads are considered to be sufficient to permanently deform the
assessed structures, without the occurrence of elastic deformations
that could lead to any alteration.33 These loads resulted in defined
indentations with  minimized fractures around them.

The influence of load variation on the microhardness values is
also discussed in the literature. There are reports that variations in
microhardness occur when different loads are used,34,35 and that
increase in load involves the increase in enamel microhardness and
reduction in dentin microhardness.36  Contrary to these observations
is the report that the variation occurs in the size of the indentation,
theoretically not affecting the final Knoop microhardness result.37

This work was done with only one group of teeth (central inci-
sors) in an endeavor to homogenize the sample. Some authors
affirmed that there is no clear trend of variation in microhardness
between the different types of permanent teeth.34 It was demonstrat-
ed, however, that  primary molar enamel presents greater hardness
than canines and incisors,38 and the same could occur with dentin. In
the present study, incisors were also used because they were easier
to obtain, since the molars had a large number of lesions with pulp
chamber exposure. 

After carious tissue removal, dentin microhardness did not differ
between the treatment groups and at the different distances, and
were equivalent to a study that showed similar microhardness values
after mechanical and chemomechanical caries removal.11 Thus, from
the carious dentin tissue removal point of view, there was similarity
between the two methods – mechanical and chemomechanical, and
even between Carisolv® and PapacárieTM. On the other hand, there
was a report that stated that the microhardness value of dentin sub-
mitted to mechanical removal was statistically higher than that of
dentin submitted to chemomechanical removal (Carisolv®).30

The parameter most used for the carious tissue removal procedure
is the clinical one, in which the dentin hardness is assessed.39

However, this method is not considered to be precise because it is
empirical, it does not generate a safe diagnosis, and it does not pro-
vide accurate information about the amount of tissue to be removed.
On the other hand, it is believed that lesion hardness determination
is an acceptable parameter for assessing demineralization of the
affected dentin, as one study found a lower number of cariogenic
bacteria in harder dentin than in more softened dentin.40

It is interesting to find that, in the group treated with convention-
al bur, the values were similar at all depths and that the same
occurred for the Papacárie™ group. Whereas in the Carisolv®
group, the initial values were lower for the first indentations, slowly
rising as a result of increase in interval, although it was only between
the first and the last indentation that the difference was significant.
These findings may be associated with the composition of the prod-
uct, as it is reported that hypochlorite causes greater dentin soften-
ing, and was aggressive even in healthy tissues.32,41 Even though
these initial values were lower, they did not differ statistically from
the other two methods. 

The results found suggest that the two chemomechanical caries

removal methods remove not only the infected dentin layer, but also
act on the affected dentin layer, removing it completely or partially,
in this case resulting in a very thin layer, less than 50µm, since it was
at this distance that the first indentation was made. It is postulated
that the interaction between the chloride and collagen does not occur
in the mineralized tissue and protects the collagen fibers from the
action of sodium hypochlorite, and is a selective and self-limiting
technique, with specificity for carious tissue.5,9,42 Other investiga-
tions have shown that the use of Carisolv® removes part of the
affected dentin and does not preserve the dentinal collagen19; and
there is no difference of microhardness between cavities treated with
Carisolv® and sound dentin, as the amounts of calcium and phos-
phate remaining in the two tissues are similar.10

The sound dentin microhardness values were higher closer to the
amelodentinal regions, and decreased in the direction of the pulp
chamber, being statistically lower at the intervals of 1000 and
1500_m from the  amelodentinal junction, when compared with the
values of the initial distances. These results are in agreement with
the findings of various authors,26,29,30,39 although some mention lower
hardness in the amelodentinal junction region.25,34

The reduction in microhardness could be associated with the dis-
tribution of the dentinal tubules, which are presented continuously
between the enamel and the pulp, and range in density from
15.000/mm2 – at the enamel and dentin interface - to 65.000/mm2
– close to the pulp chamber.43 Furthermore, it is believed that the
reduction in microhardness observed in the proximity of the pulp is
a result of the increased volume of the tubules and possible changes
in mineral density.44

Microhardness values of both dentin submitted to carious tissue
removal and sound dentin were lower than the values found in liter-
ature.  Such results may have occurred due to the low concentration
of calcium and phosphate in teeth used45 and because central incisors
enamel, which present lower microhardness values than canines and
molars in enamel were used.38 Also, another explanation may be that
the teeth were obtained from a bank were origin, age and storage
time were not registered.

A comparison between the microhardness values at the same dis-
tances, on both the sound side and the side submitted to some type
of treatment becomes difficult, due to tissue loss caused by the car-
ious process, the first indentation on the treated side would be clos-
er to the pulp, differently from that on the healthy side, which would
be at the  amelodentinal junction. The majority of studies correlate
these values, but certainly do not do so at the same distance.25,10

To compare the microhardness values between the tooth tissue
remaining after infected tissue removal and the sound tissue, two
types of analyses were performed: in the first analysis, the means of
the teeth on the side submitted to the treatments and those obtained
on the sound side were compared; in another analysis, the micro-
hardness value of treated dentin, at 50µm from the base of the cari-
ous cavity was compared with the estimated value on the sound side
at the same distance, obtained by regression analysis. Both analyses
showed statistically significant differences between the two sides,
with greater microhardness on the sound side, which corroborates
the findings in the literature.25,26,27 The microhardness values obtained
after caries removal were compared with the value found at the dis-
tance of 1000µm below the cavity, and no difference was found
between the two measurements.10 In the present investigation it was
opted not to make this comparison, since the microhardness value at
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the distance of 1000µm on the healthy side was significantly lower
than those at the initial distances, and also because there were differ-
ences in the distances from the cavities.

Many authors mention that the chemomechanical method
removes only the infected dentin, leaving the affected dentin that
would still be softened. In this study, the results showed that the
hardness of the remaining dentin was similar to that obtained with
the conventional burr removal method, probably removing all the
softened tissue. Obviously, with any method, the moment to stop
removing carious tissue is determined by the professional, but when
the manufacturer’s instructions – to remove the tissue while the gel
is turbid – were respected, the removal of all compromised structure
was observed.

CONCLUSIONS
In accordance with the results obtained in this study, it may be

concluded that:
1. The microhardness of the dentin remaining after removal with a
rotary cutting instrument and chemomechanical removal
(Carisolv® and Papacárie®) was similar. 
2. Sound dentin has a higher microhardness value than the dentin
that remains after being submitted to carious tissue removal.
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