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Selective, stepwise, or nonselective removal of carious tissue:
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Abstract
Objectives This study aimed to systematically review the literature regarding the risk of selective removal—in comparison with
stepwise and nonselective removal—of carious tissue in permanent teeth.
Materials and methods Controlled clinical trials and cohort studies involving patients with dental caries in permanent
teeth were included. Databases used were PubMed, Embase, and Scopus. The test group should be composed of
patients undergoing selective removal of carious tissues, and the control group should comprise patients undergoing
nonselective removal and/or stepwise removal of carious tissue. Laboratory tests, studies on primary teeth, and
studies that used temporary restorations were excluded, as were literature reviews. The primary outcome was overall
success of maintaining pulpal health (both clinically and radiographically). Quality of the restoration, pulp exposure,
dentin deposition, and microbiological examination were also assessed. A meta-analysis, using the pooled risk ratio
(RR) and its 95% confidence interval (CI), was performed to assess the success of maintaining pulpal health, using
the different control treatments as a subgroup analysis.
Results A total of 2333 articles were retrieved, of which 10 were included in the systematic review and four in the
meta-analysis. In the qualitative evaluation, the control groups presented a higher risk of pulp exposure in relation to
the selective removal. In the meta-analysis, the selective carious tissue removal showed significantly higher overall
success (RR, 95% CI 1.11, 1.02–1.21).

Conclusions The selective carious tissue removal presented
higher success of maintaining pulpal health.
Clinical relevance In permanent teeth, selective carious tissue
removal should be performed, as this technique results in low-
er numbers of pulp complications, such as pulp exposure, as
compared with nonselective removal.

Keywords Selective caries removal . Dentine caries .

Permanent dentition . Survival analysis

Introduction

When carious lesions progress and become cavitated,mechanical
removal of carious tissue becomes part of the treatment. For a
long time, complete surgical excision or nonselective removal of
carious tissue was recommended. In this technique, all
demineralized dentine is removed in order to reach hard dentine,
where no part of the visible carious tissue is left [1, 2].
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In recent years, excessive removal of sound tooth tis-
sue was no longer recommended. However, nonselective
removal of carious tissue, which consists of the removal
of all softened dentin, not only from the surrounding walls
but also from the cavity bottom, is the technique most
used and preferred by dental surgeons [3, 4]. It is hypoth-
esized that this technique completely eliminates bacteria,
but it is has been reported that 25–50% of bacteria persist
after nonselective removal of carious tissue [4, 5].
Moreover, in deep lesions, nonselective removal of cari-
ous tissue can lead to accidental pulpal exposure and/or
postoperative symptoms. In relation to this, stepwise re-
moval and selective removal of carious tissue are proce-
dures based on the concept of minimal intervention den-
tistry, which aims at maintaining as much healthy tooth
structure as possible, hence keeping teeth functional,
supporting an up-to-date way to manage dental carious
lesions. Consequently, nonselective removal of hard den-
tin (earlier recognized as complete excavation or total car-
ious tissue removal) is considered overtreatment, with
substantial risks for the pulp if deep carious lesions are
treated, as pulp exposure and complications are numerous,
frequently demanding supplementary longstanding end-
odontic interventions [4, 6, 7].

Although the paradigm in dentinal carious lesion treatment
shifted when it was accepted that only infected, and not affect-
ed, dentine needs to be removed [8], recognition of the rela-
tionship between visual appearance of carious tooth tissue and
its histopathologic characteristics is not easy. In addition, there
have been reports of unnecessary removal of caries due to
misunderstanding of histopathology and the feeling that the
term “infected” could promote the obsolete and conveyed
conception that dental caries is a communicable disease [9].
Consequently, terms referring to the clinically detectable tac-
tile manifestations of carious dentine have been recommended
instead of using the terms “infected dentin” and “affected
dentin,” attempting to associate, as far as possible, the clinical
outcomes to the histologic conditions. A previous recommen-
dation reflected the consensus that the terms soft, leathery,
firm, and hard dentine are more helpful in describing the de-
gree to which carious tissues should be removed. For practical
reasons, verifying how “soft” or “hard” dentine is most likely
the best approach for guiding the clinical dentist in associating
the dentinal physical properties with different states of
dentine. It is important to remember that at one extreme of
carious lesions, soft dentine is related to the histologic terms of
necrotic and contaminated zones, with strong recommenda-
tion for removal, while at the other extreme, firm, and hard
dentine is more associated with sound dentine that must be
preserved [9].

Stepwise caries removal consists of the nonselective
removal of carious tissue over two sessions. In the first
session, all carious dentin is removed from the

surrounding walls of the cavity, and then, only the most
necrotic and contaminated dentin is removed from the
pulp wall, with a temporary sealing (2–6 months) then
applied [6, 10, 11]. After this period, the cavity is
reopened, remineralization is evaluated, the softened re-
maining carious tissue is completely removed, and the
final restoration is performed. The purpose of this treat-
ment is to reduce the risk of pulpal exposure by stimulat-
ing the deposition of tertiary dentin. It is important to
consider that stepwise excavation can also be executed
selectively, in cases where, during the reopening proce-
dure, a central amount of so far not completely re-
hardened dentin is purposely left. However, it is not pos-
sible to assume that most stepwise excavations are treated
this way, and complications of this treatment include the
need for patient return, temporary restoration failure, and
accidental pulp exposure during the second intervention
[10–13].

Based on the limitations of the stepwise removal technique
and the fact that the presence of leathery carious tissue does
not interfere in the inactivation of the carious lesion, the need
for cavity reopening has been questioned [4, 5], and selective
carious tissue removal has being proposed. This technique is
less invasive, consisting of nonselective removal of carious
tissue from the surrounding cavity walls, allowing the possi-
bility of remineralizing the affected dentin in the pulpal wall,
after a definitive cavity sealing is executed in the same session
[4, 13].

Most of the published clinical studies focusing on selective
carious removal were performed in deciduous teeth.
Furthermore, published systematic reviews did not distinguish
the impact of selective removal in permanent or primary teeth
[3, 14, 15], and some have suggested that stepwise removal is
a type of selective removal [3, 14, 15], which seems inappro-
priate, since stepwise removal is considered a two-step type of
nonselective removal of carious tissue [10–12]. For these rea-
sons, further scientific evidence for using selective carious
removal in permanent teeth is still necessary.

The focused question of this systematic review is “In
permanent teeth, does selective removal of carious tissue
for the treatment of dentinal caries present lower risks
when compared with nonselective or stepwise removal?
Therefore, the PICO question includes dentinal caries in
permanent teeth (P), selective removal of carious tissue
(I), nonselective or stepwise removal of carious tissue
(C), and pulp exposure, dentin deposition, microbiologi-
cal examination, quality of the restoration, and success of
maintaining pulpal health (O).

Therefore, this study aimed to systematically review the
literature with meta-analysis regarding the risk of selective
removal, in comparison with stepwise and/or nonselective re-
moval, of carious tissue for treating carious permanent teeth
with dentinal lesions.
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Materials and methods

Search strategy

The databases searched were PubMed, Embase, and Scopus.
The search strategy for Pubmed was performed as follows:

#1 - partial caries removal[Title/abstract] OR partial car-
ious dentin removal[Title/abstract] OR Partial Removal
of Carious Dentine[Title/abstract] OR Incomplete
excavation[Title/abstract] OR Partial excavation[Title/
abstract] OR Selective caries removal[Title/abstract]
OR Selective carious tissue removal[Title/abstract] OR
Selective removal[Title/abstract] OR indirect pulp
therapy[Title/abstract] OR Partial Removal of carious
dentin[Title/abstract] OR Partial* remov*[Title/
abstract]
#2 - Dental Caries[Mesh Terms] OR Decay,
Dental[Title/abstract] OR Dentin, Carious[Title/ab-
stract] OR Carious lesions [Title/abstract] OR Caries
[Title/abstract] OR Stepwise[Title/abstract] OR
Nonselective removal[Title/abstract] OR Complete
removal[Title/abstract] OR Complete excavation[Title/
abstract]
#3 - #1 AND #2

An adaptation of the abovementioned search strategy was
used for the Embase and Scopus databases. The search for
available literature was carried out until August 24th, 2018.

Selection criteria

The screening of titles and abstracts was performed inde-
pendently by two different reviewers (MMAFB and
MIQR). Disagreements were resolved through extensive
review and discussion by the two reviewers. A third re-
viewer (FWMGM) was involved when a consensus was
not possible.

For inclusion in each study, the following characteristics
had to be fulfilled:

Controlled clinical trials and cohort studies. No restric-
tion was imposed regarding the follow-up.
Patients with diagnosis of dental caries in permanent
teeth.
Studies in which the treatment was performed, making a
definitive restoration.
The test group should be composed of patients under-
going selective removal of carious tissue from perma-
nent teeth, with execution of definitive restoration in the
same session. However, in the test group, studies that
reopen the cavity could be included if this procedure did
not remove further carious tissue.

The control group may consist of nonselective removal
and/or stepwise removal of carious tissue.
The primary outcome was overall success of maintain-
ing pulpal health (both clinically and radiographically).
The secondary outcomes may be evaluation of the qual-
ity of the restoration, microbiological examinations, and
dentin deposition.
Overall success of maintaining pulpal health was de-
fined as simultaneous clinical (absence of pulp expo-
sure, presence of pulp sensitivity to cold and/or heat
tests, absence of spontaneous pain, soft tissue pathology,
or pathologic mobility) and radiographic favorable signs
(absence of internal/external root resorption, furcation
or periapical radiolucency).

No delimitation of language or date was included in the selec-
tion of studies for this systematic review:

Laboratory tests.
Studies on deciduous teeth.
Studies in which the treatment form was constituted by
temporary restorations.
Narrative or systematic reviews.

All references to related reviews [15, 16] and the list of refer-
ences of all included studies detected during the electronic
survey were searched for eligibility. During the screening of
the title/abstract, the agreement between reviewers resulted in
a kappa of 0.87; meanwhile, no disagreement was detected
during the full-text reading, resulting in a kappa of 1.

Risk of bias assessment

The risk of bias assessment was performed by two indepen-
dent reviewers (MMAFB and MIQR), following the criteria
defined by the Cochrane Collaboration tool for randomized
clinical trials [17]. The following criteria were assessed: ran-
dom sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcomes data, selective reporting, and other bias.
The risk of bias for the analyzed criteria was classified as low,
high, or uncertain.

The Newcastle–Ottawa Quality Assessment Scale was
used to evaluate the cohort studies, in which each study can
receive one star for each item. Only in the comparability cri-
terion can a maximum of two stars be received. This scale is
composed of eight criteria divided into three groups: selection,
comparability, and outcome [18]. The discrepancies in the
evaluations of the studywere solved after extensive discussion
between the two reviewers (MMAFB and MIQR). A third
reviewer (FWMGM) was involved only when a consensus
was not possible.
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Data extraction

Data extraction included the following variables: author(s),
year of publication, country of patients, number of individuals
in each group, mean age or age range, number of restorations
performed in all groups, number of teeth lost in the follow-up,
class and depth of restorations, number and time of evalua-
tions, and use of calcium hydroxide; and the results of overall
success of maintaining pulpal health, failure in restoration,
dentin deposition, microbiological analysis, and pulp expo-
sure were the outcomes evaluated. The data extraction was
also performed independently by two reviewers (MMAFB
and MIQR), and the third reviewer (FWMGM) was involved
only when a consensus was not possible.

Statistical analysis: meta-analysis

Initially, no minimum follow-up period was imposed on the
studies for inclusion in the present systematic review, since it
was intended to perform several meta-analyses according to
the different follow-up periods. However, this was not possi-
ble because sufficient information was available only for stud-
ies with at least 1-year follow-up, and consequently, only one
meta-analysis was performed. The pooled risk ratio for the
overall success of the pulp status, as previously described,
using the different techniques for carious tissue removal,
was calculated. Four studies present the same sample [6, 13,
19, 20], and from this sample, only the data from the 18-
month study was used, since the follow-up time was the most
similar to those periods applied in the other selected studies
[20]. In order to make comparisons easier, the data of these
individuals were included in the meta-analysis. Those studies
with follow-up of less than 1 year [5, 7, 21] were not included
in the meta-analysis.

The pooled risk ratio and its 95% confidence interval were
calculated for the primary outcome, and subgroups were cre-
ated, considering the different techniques for caries removal,
such as stepwise excavation and nonselective removal of car-
ious tissue. Heterogeneity was assessed by the Q test and
quantified by the I2 statistic. As a higher heterogeneity, deter-
mined as I2 > 40%, was detected, a random effect model was
applied. Meta-analysis was conducted using the software
Review Manager (version 5.3).

Results

Study selection

After elimination of the duplicates, 2333 articles were re-
trieved, and among them, only 10 studies were included in
the present systematic review (Fig. 1). However, just six of
these studies had clinical trials with different samples [4, 5, 7,

21–23], since four articles presented the same group of indi-
viduals analyzed at different follow-ups [6, 13, 19, 20]. All
studies selected for this systematic review were written in
English.

Characteristics of included studies

Of the selected studies, only one was not randomized [4].
Regarding the control group, four studies performed only
nonselective removal of carious tissue [4, 5, 7, 23], four
studies performed only stepwise removal [6, 13, 19, 20],
and two studies performed nonselective or stepwise re-
moval of carious tissue [21, 22]. All studies performed
definitive restorations after the interventions—six studies
used composite resin as the restorative material [4, 5, 7,
21–23], while the other four studies had also used amal-
gam [6, 13, 19, 20] (Table 1).

Risk of bias assessment

None of the nine randomized clinical trials presented low
risk of bias for all evaluated criteria. Four studies reported
that participant blinding was not possible [6, 13, 19, 20],
and two others did not mention blinding of participants or
personnel [21, 22]. One study presented five criteria as
having an unclear risk of bias [7], and another presented
three criteria as having unclear risk of bias [23]. All stud-
ies had a low risk of bias for incomplete outcome data and
selective reporting. Operator calibration was mentioned in
only four studies [6, 20, 22, 23]. The other five studies
did not report the calibration process, besides being con-
sidered as unclear for other bias criteria [5, 7, 13, 19, 21].
Therefore, the risk of bias assessment showed a moderate
heterogeneity among the included studies, ranging from
one point not mentioned (unclear risk) or a negative point
(low risk of bias) to four points not mentioned (unclear
risk) (Fig. 2).

Only one retrospective cohort study was included in this
systematic review [4], with one criterion regarding the repre-
sentativeness of the sample being considered inappropriate,
since the research consisted of a retrospective study and pre-
sented a convenience sample. All other criteria evaluated were
considered adequate (Fig. 3).

Qualitative analysis

Microbiological evaluation was performed in two studies by
counting the number of colony forming units (CFU) for total
viable microorganisms, Streptococcus species and
Lactobacillus species [5, 21]. In both studies, the selective
and nonselective removals of carious tissue were effective in
reducing the total microbial load, without statistically signifi-
cant differences between groups [5, 21].
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Only one study evaluated the quality of the restora-
tions after the treatments and concluded that no signif-
icant difference in the longevity of the restorations was
detected (p = 0.163). Additionally, a single study evalu-
ated the deposition of dentin after the treatments, using
mineral trioxide aggregate (MTA) as pulp protection
material. After 4 weeks, no significant difference in
the remineralization level was found between the groups
that performed nonselective or selective removal of car-
ious tissue [7].

Regarding the pulp exposure outcome, the three studies
in which the control group was represented by nonselec-
tive or stepwise removal of carious tissue treatments pre-
sented a greater risk of pulp exposure compared with the
selective removal [4, 6, 20]. However, stepwise removal
presented a lower risk of accidental pulp exposure when
compared with nonselective removal [22]. One of the
studies included in this review reported that pulp exposure
occurred during treatments, but these teeth were excluded
from the study, so it is not known to which group they
belonged [21].

Meta-analysis for success of maintaining pulpal
health

Four studies were included in the meta-analysis for overall
success of maintaining pulpal health [4, 6, 22, 23] (Fig. 4).
Statistically significant differences were found between
groups (risk ratio, 95% confidence interval 1.11, 1.02–1.21).
Selective removal proved to be more effective in preserving
pulpal health status. Analysis of the subgroups demonstrated
the same trend of results for the nonselective removal until
reaching hard dentine (RR, 95% CI 1.09, 1.02–1.17).
However, no statistically significant difference was detected
for the stepwise excavation (RR, 95% CI 1.10, 0.88–1.38).

Discussion

This study compared the risk difference of selective removal
of carious tissue in permanent teeth with stepwise excavation
and nonselective removal. The meta-analysis showed a statis-
tically significant difference, favoring selective removal of

Fig. 1 Flowchart of the studies
selection of this systematic review
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carious tissues for overall success of maintaining pulpal
health. Secondary outcomes, such as microbiological evalua-
tion [5, 21], restoration quality [4], and dentin deposition [7],
also did not differentiate the treatments. However, pulp expo-
sure is more frequent when techniques of nonselective remov-
al of carious tissue are used as compared with selective re-
moval [4, 6, 20, 22]. In addition, one of the selected articles
concluded that regardless of the caries removal technique,
multiple surface restorations, restorations performed with
glass ionomer cements, and poor oral hygiene are risk factors
for failure [4].

Previously published systematic reviews of selective re-
moval versus nonselective removal of carious tissue or step-
wise excavation did not differentiate between the success of
the technique for deciduous and permanent teeth [3, 14, 15].
However, it is known that deciduous teeth have a greater po-
tential for regeneration and greater capacity for self-renewal
and cellular proliferation [24], and thus, these results should
not be extrapolated to permanent dentition.

In addition, the present study is the first review to include
nonselective removal of carious tissue and stepwise excava-
tion treatments in the control group, since they are considered

one and two step, respectively, nonselective removals of car-
ious tissue. Previous reviews have compared only selective
removal and nonselective removal of carious tissue [15] or
further consider the stepwise excavation as a selective two-
step removal [3, 14].

One of the difficulties for all studies of caries removal is the
lack of standardization of the degree of excavation. This draw-
back is inherent in this type of study because an operator can
remove more or less carious tissue using the same technique,
making accurate comparisons more difficult. In addition, it is
still unclear whether leaving more carious dentin may be ben-
eficial (less exposure to pulp and symptoms) or harmful (in-
creased risk of failure for restorations) [3].

In the scientific literature, the term selective removal may
be presented as synonymous with partial or incomplete caries
removal. However, these terms are considered inappropriate,
since they give the idea of a negative association with treat-
ment, as if it were below ideal, being considered as a disad-
vantage in the support and acceptance of this procedure as a
reliable technique [25].

In the included studies, the follow-ups varied considerably
from 3 months to 5 years, preventing the inclusion of all

Fig. 2 Risk assessment of bias
from the included randomized
clinical trials
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studies in the meta-analysis regarding success of maintaining
pulpal health. Most studies reported that deep caries treat-
ments were performed, but the scientific literature describes
at least four parameters in the selected studies defining what
constitutes a deep caries (radiolucency in half or more of the
dentin, radiolucency in three quarters or more of the dentin, in
0.25 to 1 mm of the pulp, or equal to or greater than the middle
third of the dentin), making the comparisons more heteroge-
neous [6, 7, 20, 22, 23].

It was not possible to carry out the meta-analysis of the
microbiological results of the studies of this review, because
they collected carious dentin at different times, with one study
collecting the material for microbiological analysis before fi-
nal restoration and the other study collecting the material
months after restoration, after reopening the cavity. Despite
the methodological differences, both studies demonstrated

reductions in the microbial load for all the evaluated groups,
without statistical differences between the groups with selec-
tive removal or nonselective removal of carious tissue, or
stepwise excavation [5, 21].

Selective removal, when compared with stepwise excava-
tion of carious tissue, presented similar and satisfactory results
regarding the maintenance of pulpal health. Selective removal
has several advantages, such as the maintenance of part of the
affected dentin, reduced risk of pulpal exposure, no need for
cavity reopening, less time wasted and a reduction in material
employed, and no need for patient collaboration for returning
[4, 10–13].

None of the studies included in this systematic review were
considered as having low risk of bias in all criteria, decreasing
the overall strength of evidence of these studies. However, most
studies presented several risk assessment criteria for bias as low

Fig. 3 Risk assessment of bias of the non-randomized study included
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risk. In addition, it is possible to define the methodological and
sample differences of the studied articles as limitations of this
study, rendering meta-analysis of all the outcomes impossible.

Furthermore, with regard to pulp status, the main outcome
examined in this study, the absence of differences between the
removal techniques may be also attributed to the limited num-
ber of teeth included, as well as other factors, such as the
material used for performing the indirect pulp capping as well
as cytotoxic effects of restorative materials (e.g., adhesive sys-
tems), which may be more important factors concerning long-
term success of maintaining pulpal health. Although the stud-
ies of this systematic review used different materials when
performing pulp capping, with the calcium hydroxide liner
the most reported, no evidence is provided that assures the
clinical success of treatment for deep caries lesions when the
calcium hydroxide liner is used [25].

Scientific evidence already advises the use of selective
removal over other techniques to achieve similar efficacy
[19, 26, 27]. This systematic review now confirms this
evidence in permanent teeth. In addition, one study con-
firmed that selective caries removal is more cost-effective,
and that teeth with deep caries may be kept longer in the
oral cavity [3]. All the studies included in the present
systematic review have demonstrated safety and efficacy
related to selective removal of carious tissue for perma-
nent teeth, because it leads to reduced pulp exposure [3,
27]. However, the adoption of selective removal

procedures does not appear to be a popular choice among
dentists, since the scientific literature shows that several
clinicians prefer more invasive techniques despite these
latter techniques being associated with an increased risk
of pulpal exposure and the absence of reduced bacteria
counts in the remaining dentin [27–29]. Accordingly, al-
though the proportion of dentists who prefer invasive in-
stead of evidence-based management strategies for deep
carious lesions in permanent teeth seems to have de-
creased in recent years, the majority of dentists in most
countries have rejected evidence-based carious tissue re-
moval strategies [28–30]. Furthermore, a previous study
showed that a significant association was found between
the use of evidence-based information in the English-
language scientific literature and Japanese dentists’ pref-
erence for selective removal procedures [29], rather than
those dentists opting for removal of all carious tissues and
proceeding with endodontic-related procedures. Thus, this
review may help in disseminating these important find-
ings to the dental community, reducing resistance among
clinicians regarding this conservative technique.

Conclusion

Selective removal resulted in greater success of maintaining
pulp vitality compared with both stepwise excavation and

Fig. 4 Meta-analysis for the overall success of the pulp status (success of
the pulp status was defined as simultaneous clinical (absence of pulp
exposure, presence of pulp sensitivity to cold and/or heat tests, absence
of spontaneous pain, soft tissue pathology, or pathologic mobility) and

radiographic success (absence of internal/external root resorption, furca-
tion, or periapical radiolucency) at the follow-up of at least 12 months.
The control group was composed by stepwise excavation or nonselective
removal of carious tissue removal
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nonselective removal. Secondary results, such asmicrobiolog-
ical evaluation, restoration quality, and dentin deposition, also
presented similar results among treatments. However, a higher
frequency of pulp exposure was found when using nonselec-
tive removal or stepwise excavation. Therefore, selective re-
moval should be performed in permanent teeth, since it is
performed in a single session and preserves a greater amount
of dental structure.
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