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Evaluation of Residual Dentin after Conventional and
Chemomechanical Caries Removal Using SEM
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The purpose of this in vitro study was to analyze the residual dentinal surfaces following caries removal
using rotatory instruments and two chemomechanical methods (Papacdrie® and Carisolv®), by scanning
electron microscopy (SEM). Thirty primary incisors were divided into three groups, according to the caries
removal method used, and their residual dentin was examined under SEM (15). After caries removal, 15 of
these teeth were restored with Single Bond (3M) adhesive system and Z100 Filtek composite resin (3M). The
tags of the replicas were observed under SEM. The chemomechanical caries removal methods (Papacdrie®
and Carisolv®) formed an amorphous layer, similar to the smear layer and few exposed dentinal tubules;
the conventional caries removal method produced a smooth and regular dentinal surface, with typical smear
layer and exposed dentinal tubules. All groups showed abundant tag formation. Scanning electron
microscopy analysis revealed a difference between dentin treated with rotatory instruments and that treated
with chemomechanical methods in spite of the occurrence of a similar tag formation in both groups.
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INTRODUCTION

Although the evolution of adhesive materials has led to a
decrease in the amount of healthy dental tissue that is
removed during cavity preparation, low and high speed rota-
tory instruments have long been the main instruments used
by dentists who, when in doubt, used to open up the cavity
or remove a great part of healthy dental structure.

The main disadvantages of the traditional treatment are:
The possibility of overextending the cavity and removing
healthy tissue, which may lead to pulp exposure; heating;
pressure exerted on the pulp; vibration; noise; pain stimulus
and the need for local anesthesia, which causes aversion in
many patients, especially in children.

New methods of carious tissue removal have been devel-
oped as an alternative to conventional treatment: Laser abla-
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tion, air abrasion, ultrasound, chemomechanical removal,
as well as new restorative techniques like Atraumatic
Restorative Treatment. Such techniques may serve as a way
to win over fearful patients, enabling good behavior man-
agement, diminishing discomfort, and minimizing the need
of anesthesia.

The main objective of chemomechanical caries removal
is to eliminate the outermost portion (infected layer), leaving
behind the affected demineralized dentin that can be rem-
ineralized and repaired."* Countless studies have been car-
ried out in order to evaluate the clinical efficacy and safety
of Carisolv®, many of which have pointed out that the
majority of patients did not report discomfort during the
treatment'**’ and local anesthesia was rarely needed.®’
Tamay et al. (2001) have pondered that Carisolv® is a
promising material, especially for the treatment of primary
teeth since it offers more comfort to the patient than the con-
ventional method of caries removal.”"’ As a disadvantage,
authors who have assessed this product point out that caries
removal takes longer than the conventional method with
burs'4‘10‘ll‘12.l3

In 2003, with the purpose of presenting a chemomechan-
ical caries removal product less costly than Carisolv®, a
material composed of papain, chloramine, and toluidine blue
called Papacarie® was launched. Papain is an endoprotein
with bacteriostatic, bactericide, and anti-inflammatory prop-
erties." Chloramine contains chloride and ammonia, pos-
sesses bactericidal and disinfectant properties, and it is used
for root canal irrigation or chemical softening of carious
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dentin, chlorinating the degraded collagen portion of the
dentin during the chemical and mechanical process of caries
removal.’

After carious tissue removal, the characteristics of the
dental substrate are fundamental to the adhesion of the mate-
rial and they should suit the restorative system chosen, so as
not to hinder adhesive procedures that will restore the shape
and function of the lost structure.

The dentin substrate is a hydrated biological complex
with different regional characteristics that may be altered by
physiological processes, age and diseases”. Significant vari-
ations in its architecture may occur according to the depth
and to the response to previous aggressions such as carious
lesions, cavity preparations, and possible aggressive effects
of restorative materials.'®

Any method used for caries removal will yield a different
pattern of dentin substrate. Thus, a great variety of studies
can be found in literature evaluating the remnant tooth struc-
ture after caries removal using mechanical and chemome-
chanical methods.'*""*

The adhesion between restorative materials and dental
tissues is one of the study objects that have captured the
interest of scientists lately. A stable adhesion between com-
posite resin and dental structure is fundamental to the clini-
cal success of restorations because an adhesion failure
allows the infiltration of bacteria and oral fluids that may
lead to the development of a secondary carious lesion.** In
the operative treatment of dentinal carious lesions, the sur-
face resulting after cavity preparation exerts an important
function in the adhesion of restorative materials.”

A variety of factors that influence the quality of adhesion
between dental surface and restoration, include the presence
of a smear layer produced by the process of excavation and
the hybrid layer resulting from the interaction between the
adhesive resin systems and the etched surface.'

Different methods may be used for the removal of carious
tissue. The decision to use one method or another is based on
professional preference and on the indication for each indi-
vidual case. Dentin adhesion depends not only on the adhe-
sive system used but also on the dentinal substrate remain-
ing after carious tissue removal.

Therefore, given the relevance of this subject, the emer-
gence of new caries removal materials, and the scarcity of
studies regarding this issue on primary teeth, the present
research aimed at evaluating remaining dentin and tag for-
mation in primary teeth using three different methods of car-
ious tissue removal.

MATERIAL AND METHODS

This research protocol received previous consent from the
Research Ethics Committee, School of Dentistry, University
of Sdo Paulo (protocol number 167/04).

Thirty extracted central primary incisors, with an active
carious lesion in a single interproximal surface, were divided
into three experimental groups as follows: Conventional
mechanical treatment — low speed rotary instrument — and
two chemomechanical methods - Papacarie™ and Carisolv®.
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Carious tissue removal using the conventional technique
was performed with a spherical steel bur (Wilcos do Brasil,
Petropolis- Brazil) with the largest diameter compatible with
the cavity size, at low speed, under cooling, by a single oper-
ator. In order to gauge carious tissue removal, an exploratory
probe was used to check, until hard dentin was obtained.

For the Papacarie™ (Formula & Ag8o, Sao Paulo, Brazil)
and Carisolv® (Medi Team, Goteborg, Sweden) groups, the
product was applied and left in the cavity for 30 seconds, and
carious dentin was afterwards removed with a blunt Mailef-
fer curette (Ballaigues, Switzerland) that belonged to the
Carisolv® system. The gel was reapplied until it presented a
light coloring, indicative of non-existence of softened cari-
ous tissue. This was substantiated with the use of the
exploratory probe, to assess the remaining dentin hardness.

Immediately after treatment, the samples were prepared
for scanning electron microscopy analysis, according to
Perdigdo1995.

For tags and microtags evaluation, another 15 similar pri-
mary central incisors with dentinal caries lesion were
obtained from the Human Tooth Bank of the School of Den-
tistry of the University of Sdo Paulo and were randomly
divided into three groups of five elements according to the
type of caries removal to be used. The procedures were done
as aforementioned.

After obtaining dentinal surfaces treated with the three
different methods, teeth were acid etched using 37% phos-
phoric acid (Etchant 3M ESPE) for 15 seconds followed by
rinsing, drying, and application of the Single Bond adhesive
system strictly following manufacturer’s instructions. A
composite resin (Filtek 2100, 3M ESPE) block, A4 color,
approximately Smm in height was built using Imm thick
increments that were light-cured for 20 seconds each with an
Elipar curing light (3M ESPE) of approximately
500mW/cm? light intensity.

Teeth from each study group were then immersed in 18%
HCI during 48 hours in order to completely remove the
dentin. They were washed in an ultrasound unit for 15 min-
utes using distilled water”’ then processed following all the
steps described for SEM analyses.*

All specimens were kept in a vacuum chamber (Pelco-
2251) in order to prevent the oxidation of the metallized sur-
faces for posterior morphological analysis using scanning
electron microscopy (JEOL-JXA 6400).

RESULTS

Two aspects were assessed through scanning electron
microscopy analysis: the dentinal substrate resulting from
each method of caries removal and the observation of the
replicas obtained using an adhesive system and composite
resin on surfaces that had been previously submitted to the
three different caries removal methods.

The morphological aspect of the dentinal substrate
remaining after carious tissue removal using low speed rota-
tory instruments can be observed on Figure 1, showing a
smooth and uniform surface with a typical smear layer and
where exposed dentinal tubules can be seen.
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The surfaces treated with Papacarie® exhibited two differ-
ent patterns of remaining dentin. On Figure 2 a regular and
“cracked” surface can be observed, with little smear layer
and exposed dentinal tubules in some regions. On Figure 3,
chemomechanical removal using Papacarie” resulted in a
very irregular and rough surface covered by an amorphic
layer indicating the presence of smear layer obliterating the
dentinal tubules.

5pm)

Scanning electron microscopy of the Carisolv® group
specimens revealed an irregular surface with the presence of
an amorphic layer similar to a smear layer and, in a few
areas, there were exposed dentinal tubules. It can also be
observed, the presence of bacterias on the dentinal surface
(Figure 4).

Figure 5 represents the specimens from the rotatory
instruments group showing the tooth-resin adhesive inter-
face, where the presence of innumerable tags throughout the
entire extension of the specimen can be observed. On Figure
6, the base of the tags is seen to be tapering in the tubules
region and scarce microtags can be observed.

In the Papacarie® chemomechanical removal group, the
formation of a great entanglement of tags occurred (Figure
7) and microtags with tapered bases could be seen as well as
a few collagen fibrils infiltrated in the region where the
tubules narrow down (Figure 8).

In the Carisolv® chemomechanical removal group, the
formation of tags was observed throughout the whole exten-
sion of the specimen (Figure 9). On Figure 10, the tags
exhibited a tapered base and, at a greater magnification, one
can notice the presence of microtags at the base of the tags.
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Figure 2. Dentin after chemomechanical removal (Papacarie®)
(3000X, 5pm)

Figure 3. Dentin after chemomechanical removal (Papacarie®)
(3000X, 5um)
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Figure 4. Dentin after chemomechanical removal (Carisolv®)
(3000X, 5pm)
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Figure 5. Electronic micrograph of a specimen from the rotatory
instrument group (500X, 50pm)
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Figure 6. Electronic micrograph of the rotatory instrument group.
Tapered tag base and presence of collagen fibrils (3000X, 5Im).

Figure 7. Electronic micrograph of a specimen from the Papacarie®
group (500X, 50um)

Figure 8. Electronic micrograph of a specimen from the Papacarie®
group (3000X, 5um)

Figure 10. Electronic micrograph of a specimen from the (Cari-
solv®) group (3000X, 5um)

DISCUSSION
Regarding the morphological analysis of the substrate using
the micrographs obtained, it was possible to verify that dif-
ferent methods of carious tissue removal yielded different
dentinal surfaces.

In the cutting rotatory instruments group, a smooth and
uniform surface was observed — with a typical smear layer —
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Figure 9. Electronic micrograph of a specimen from the (Carisolv®)
group (500X, 50um)

and exposed dentinal tubules, Such observations are in
accordance with various reports.*>!72122242

In contrast, the Carisolv® group had a dentinal substrate
with an irregular surface, amorphic layer, and a small num-
ber of dentinal tubules.”****** Such findings were not in
agreement with some authors'****' who confirmed that the
Carisolv® chemomechanical method of caries removal was
able to remove the smear layer and expose dentinal tubules,
making the dentinal surface more receptive to adhesive
systems.

In the Papacarie® group micrographs, two patterns of
dentinal substrates were discerned. The first pattern pre-
sented an amorphic layer similar to the smear layer and little
presence of exposed dentinal tubules.” In another analysis, a
regular surface was observed, with minimum smear layer
and some regions showing exposed dentinal tubules.

The smear layer produced in dentin affected by caries
possesses acid-resistant crystals that may hinder the diffu-
sion of the primer into the intact underlying dentin. This
layer acts as a barrier, decreasing the dentin’s permeability
and is also considered to be an impediment to the establish-
ment of intimate contact between tooth and resin.”” On the
other hand, the presence of such deposits in the dentinal
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tubules may reduce the dentin’s permeability, constituting a
protective barrier for the pulp since it reduces the intrusion
of bacteria and bacterial products.

The treatment of the dentinal surface and the resulting
characteristics of the dentinal substrate will be important for
adhesion and will affect the performance of composite resin
restorations. All standards established for the preparation of
dentinal substrates for adhesion have, so far, been studied in
permanent teeth and the results were extrapolated to primary
teeth without taking into consideration the differences in
morphology and composition that may exist between these
two types of dentitions.* It is worth noting that primary teeth
dentin presents peculiarities such as a smaller number of
dentinal tubules — of smaller diameter — than permanent
dentin, thus making it less permeable.” Therefore, the diffu-
sion of adhesive into the tubules may be reduced in primary
teeth, leading to the formation of shorter tags.

Adhesion of resins to dentin is considered to be mainly
based upon micromechanical retention. The formation of
resin tags inside dentinal tubules, branching or microtags,
and the formation of a hybrid layer or resin-dentin inter-dif-
fusion zone, which is a mixture of demineralized collagen
and monomers from the primer and adhesive.” Obtaining a
hybrid layer involves applying an acid etch to the dentin that
is able to completely remove the smear layer and smear
plugs, opening up the dentinal tubules and, thus, increasing
dentinal permeability as well as exposing the collagen net-
work of intertubular dentin due to mineral removal.”’

Adhesion to dentinal structure is difficult due to the het-
erogeneous characteristics of this tissue where 70% of its
composition in weight is made up of hydroxyapatite, 18% is
organic material (mainly collagen) and 12% is water.* More-
over, dentin is a living tissue and any stimulus exerted on it
reflects directly upon the pulp; its hydroxyapatite crystals
are irregularly arranged in an organic matrix constituted of
collagen fibers; dentinal tubules contain odontoblastic
processes and dentinal fluid that extend from the pulp across
to the amelodentinal junction, causing intrinsic humidity and
high permeability.”

Scanning electron microscopic analysis of the resin repli-
cas revealed innumerable elongated tags and a small amount
of microtags for all experimental groups. Samples from the
rotatory instrument group exhibited small fibril-like projec-
tions, indicating that mineralized collagen fibrils may have
been incorporated (infiltrated) by resin monomers.”

In samples from Carisolv® and Papacarie® chemomechan-
ical removal groups, a similar tag formation occurred but no
collagen fibrils were observed. This may be explained by the
ability that Carisolv® has to degrade collagen fibers."”

Although the treatment of dentinal surfaces with chemo-
mechanical methods has yielded a great amount of smear
layer in the present study, tag formation was present in both
Carisolv® and Papacarie® groups. This layer generally oblit-
erates the entrance of dentinal tubules, reducing dentinal
permeability approximately 40 times.*

In this study, tag formation probably occurred from to the
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use of acid etching removing the smear layer, allowing for
the infiltration of resin adhesives. Hypochlorite found in
Carisolv® removes the smear layer, making exposed dentin
permeable, and favoring the penetration of substances such
as adhesive materials and composite resins with the purpose
of improving properties of retention.”

The presence of tags and microtags has rarely been dis-
cussed in literature. Research has been made to assess the
formation of tags according to the type of adhesive system
used.””* However, there are no studies analyzing the forma-
tion of tags and microtags after using different methods of
caries removal. This situation is aggravated when it comes to
primary dentin due to a lack of studies regarding the specific
morphological characteristics of this type of tissue. Primary
dentin is different from permanent dentin in respect to thick-
ness and number of dentinal tubules at different depths and
the former has a smaller number of microcanals, thus pro-
moting a smaller adhesion force.*

It is important to emphasize that the development of tech-
niques for caries prevention, as well as the improvement of
restorative materials, have enabled dentists to opt for con-
servative tooth preparations in order to preserve dental struc-
ture. Conventional caries removal method involves the use of
rotatory instruments and may be unpleasant to the patient,
often making local anesthesia necessary, and at the risk of
removing healthy dental tissue. Such disadvantages have led
to the search for alternative methods that could guide the
removal of carious tissues while also providing greater com-
fort to patients.

The results of the present study indicate a similarity
between remaining dentinal substrates after different meth-
ods of caries removal were tested. Yet, further tests are nec-
essary for future evaluation and comparison.

CONCLUSIONS

According to the results obtained, it is concluded that scan-
ning electron microscopy analysis revealed a difference
between dentin treated with rotatory instruments and that
treated with chemomechanical methods in spite of the occur-
rence of a similar tag an microtag formation in both groups.
The group treated with low speed rotatory showed a smooth
and uniform surface with a typical smear layer and exposed
dentinal tubules. The surfaces treated with Papacarie® exhib-
ited two different patterns of remaining dentin: a regular sur-
face with little smear layer and exposed dentinal tubules and
a very irregular and rough surface covered by an amorphic
layer indicating the presence of smear layer obliterating the
dentinal tubules. The Carisolv* group specimens revealed an
irregular surface with the presence of an amorphic layer and
bacteria on the dentinal surface.
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