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ABSTRACT
Objective: Selective and non-selective methods for caries removal were controversial so far, thus we
aimed to compare the efficacy of selective and non-selective caries removal by conducting meta-ana-
lysis of randomized controlled trials (RCTs).
Materials and methods: Eligible RCTs studies comparing selective caries removal with non-selective
caries removal were retrieved by searching PubMed, EMBASE and Cochrane Library till 15 July 2017.
The pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for outcome indictors,
including pulpal exposure, pulpal symptoms and failure using Inverse variance-random effects or
Mantel-Haenszel-fixed effects models.
Results: Totally, seven studies were eligible for the meta-analysis. Compared with the non-selective
caries removal group, the risk of pulpal exposure was significantly reduced in the selective caries
removal group (OR¼ 0.11, 95% CI: 0.04–0.30). No significant difference was observed in pulpal symp-
toms (OR¼ 0.79, 95% CI: 0.30–2.12) and failure (OR¼ 1.40, 95% CI: 0.69–2.84) between the groups.
Conclusions: The efficacy of selective caries removal appears comparable to that of non-selective car-
ies removal in children, with similar pulpal symptoms and failure, but selective caries removal may
result in a low incidence of pulpal exposure. However, larger-scale RCTs with long-term follow-up are
required to confirm this conclusion.
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Introduction

Dental caries, one of the most common chronic oral diseases
worldwide, is characterized by acid demineralization and
degeneration of organic matrix on the tooth surface that can
result in the cavities formation [1,2]. Caries can cause pain
and chewing difficulties, as well as decrease the overall
health and quality of life [3]. Global epidemiological data
have demonstrated that despite a decline in the prevalence
of dental caries over the last four decades, it is a prominent
oral health problem in all age groups [4]. Therefore, the
treatment of dental caries is of importance.

The interventions for dental caries mainly involve both
non-operative measures (e.g. plaque and diet control, and
fluoride application) and operative techniques (e.g. selective
caries removal, stepwise removal and non-selective caries
removal). Operative techniques are effective in facilitating
plaque control and restoring tooth form and function if
decay progresses [5]. The traditional management strategy
for carious lesions is non-selective caries removal, which aims
to avoid further cariogenic activity and to offer a well-miner-
alized base of dentin for restoration [6]. However, there are
several disadvantages to non-selective caries removal, such
as the risk of injury to the tooth nerve, toothache or

weakening of the tooth structure [5,7]. A growing body of
evidence suggests that selective caries removal is preferable
to non-selective caries removal [8,9].

Although several meta-analyses regarding caries removal
have been reported, only one has compared the effects of
selective caries removal with non-selective caries removal for
the management of dentinal caries, but its sample size was
limited [5]. Therefore, an updated meta-analysis with larger
sample size was performed to compare the efficacy of select-
ive caries removal compared with non-selective caries
removal.

Materials and methods

The present meta-analysis was designed and conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA, http://www.prisma-
statement.org/) guidelines [10]. The Population, Intervention,
Comparison, Outcome (PICO) framework was used to illumin-
ate our clinical questions. Population with carious teeth that
underwent selective caries removal or non-selective caries
removal was evaluated, and the outcome indicators, such as
pulpal exposure, pulpal symptoms and failure were com-
pared between the two groups.
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Search strategy

A systematic literature search was conducted using PubMed,
Excerpta Medica Database (EMBASE) and Cochrane Library to
identify relevant articles published in English till 15 July 2017.
The search terms were as follows: (‘selective OR non-selective
OR partial OR complete’) AND (‘excavation OR remove OR
removal’) AND (‘caries OR carious OR decayed tooth’) AND
(‘controlled clinical trial OR randomized OR randomly’).
Reference lists of included trials were also screened. Two
authors (ZXK and SFF) independently retrieved the studies
while screening the citations, and disagreements were
resolved by discussion.

Inclusion and exclusion criteria

Studies were included if they met all the following criteria:
(1) the studies were randomized controlled trials (RCTs); (2)
the studies had compared selective caries removal (a one-
step procedure also referred to as incomplete or selective
excavation seals carious dentin, with the aim of leaving cari-
ous dentin until the definitive restoration) with non-selective
caries removal (one-step/direct complete caries removal)
techniques in humans with dentin caries; (3) evaluated any
of clinical outcomes, such as pulpal exposure during treat-
ment; postoperative pulpal symptoms (clinical or radiological
pulp symptoms such as pain, irreversible pulpitis and loss of
vitality), and failure (technical or biological complications
demanding intervention such as restorations lost, need for
replacement, pulpitis and non-restorable teeth); and (4) the
study could provide the case numbers for pulpal exposure,
pulpal symptoms and failure of the above approaches.

Exclusion criteria were as follows: (1) articles lack the
aforementioned data, including numbers of participants,
treated teeth and analysed teeth in each group, as well as
data about pulp exposure, pulp symptoms and follow-up in
both group; (2) the studies were retrospective studies,
reviews, letters or animal studies.

Data extraction and quality assessment

Two investigators (LT and ZHG) independently extracted the
following data from all included studies: name of first author,
publication year, sample size, research region, caries exten-
sion, numbers of participants, treated teeth and analysed
teeth in each group, the relevant data about treatment in
each group including pulp exposure and pulp symptoms,
age of participants and follow-up duration. Any discrepancies
were resolved by discussion during the course of data extrac-
tion and literature quality assessment.

In addition, the risk of bias for each included study
was estimated using the Cochrane risk of bias assessment
tool [11].

Statistical analysis

Pooled odds ratio (OR) with its 95% confidence interval (CI)
for each effect indicator was calculated using a random

effects model or fixed effects model depending on the level
of heterogeneity. Heterogeneity among studies was exam-
ined using Cochrane’s Q statistic and the I2 statistic [12]. A
Mantel-Haenszel-fixed effects model was selected to calculate
the pooled effect size if the homogeneity test was not signifi-
cant for the outcomes (p� .05 and I2< 50%), otherwise an
inverse variance-random effects model was applied for sig-
nificant heterogeneous outcomes (p< .05 or I2� 50%). Data
analyses were performed with Review Manger 5.2 version
software (Cochrane Library Software, Oxford, UK). For all
tests, a p value of <.05 was considered statistically
significant.

Publication bias analysis

Begg’s test in statistical R software was employed to evaluate
publication bias. A p value less than .05 were deemed as
statistically significant, indicating obvious publication bias
among the studies.

Results

Eligible studies

The process of study selection is shown in Figure 1. A total
of 204 articles (Pubmed: 73, EMBASE: 64, Cochrane Library:
67) were retrieved by the search terms, 176 of which were
excluded as duplicates or obviously irrelevant, and total 28
articles were reminded. Subsequently, through reviewing the
abstract and full article of those 28 articles, eight reviews and
13 articles that did not compare selective caries removal with
non-selective caries removal were further excluded. Finally, a
total of seven RCTs were included in the present meta-
analysis [13–19].

Characteristics of included studies

The characteristics of included studies are summarized in
Table 1. Studies were conducted in Brazil, UK, Turkey or

Figure 1. Flowchart showing selection of the included studies.
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Switzerland from 1999 to 2014, with a follow-up ranging from 6
to 24 months. Patients were children or adolescents aged 3–17
years. Both primary and permanent teeth were treated.

Quality assessment of the selected studies

The risk of bias of included studies is summarized in Figure 2.
The majority of studies had a low risk of selection bias.
Meanwhile, six of seven studies had a relatively low risk of
reporting bias and attrition. However, the risk of performance
bias was high in four studies [14–17] and was unclear in two
studies [18,19]. Additionally, only two studies had a low risk of
detection bias [13,17]. Overall, the included studies appeared to
have a moderate risk of bias.

Outcome: pulpal exposure

A total of three included studies [13–15] compared pulpal
exposure between groups. No obvious heterogeneity was
detected among these studies (I2¼ 5%, p¼ .35), thus the

fixed effects model was used for analysis. The results
revealed that occurrence of pulpal exposure was significantly
lower in the selective caries removal group compared with
non-selective caries removal group (OR¼ 0.11, 95% CI:
0.04–0.30) (Figure 3).

Outcome: pulpal symptoms

Five studies examined the post-operative pulpal symptoms
(clinical or radiological) [13–17], and no striking heterogen-
eity (I2¼ 4%, p¼ .38) was detected between the studies.
Therefore, a fixed effects model was employed. In addition,
the results indicated that pulpal symptoms was similar in
selective and non-selective caries removal groups (OR¼ 0.79,
95% CI: 0.30–2.12) (Figure 4).

Outcome: failure

All seven studies performed clinical and radiographic follow-
up [13–19], and no obvious heterogeneity was detected

Table 1. Characteristics of studies included in the meta-analysis.

Study Country

No. of
participants (age)
and treated teeth

Caries
extension

No. of
analysed teeth
(PR vs. CR)

Follow-up
(months)

No. of outcomes (PR vs. CR)

PE PS F

Franzon 2014 [13] Brazil 51 (3–8)
124 primary molars

Deep caries 66 vs. 54 24 1 vs. 15 5 vs. 2 5 vs. 2

Lula 2009 [14] Brazil 30 (5–8)
36 primary molars

Caries >1/2
dentin

16 vs. 16 6 0 vs. 4 0 vs. 2 0 vs. 2

Orhan 2010 [15] Turkey 123 (4–15)
154 (94 deciduous and
60 permanent) molars

Caries >3/4
dentin

50 vs. 55 for PE
47 vs. 43 for
PS/F

12 3 vs. 12 0 vs. 2 0 vs. 2

Rando-Meirelles 2013 [16] Brazil 11 (12–17)
18 permanent molars

Caries �1/3
dentin

8 vs. 8 24 NA 1 vs. 0 0 vs. 0

Ribeiro 1999 [17] Brazil 38 (7–11)
48 primary molars

Dentin caries 24 vs. 24 12 NA 0 vs. 1 0 vs. 1

Foley 2004 [18] UK 6.8 (3.7–9.5)
86 molar pairs

Deep caries 59 vs. 27 24 NA NA 21 vs. 3

Phonghanyudh 2011 [19] Switzerland 6–11
179 primary molars

Deep caries 90 vs. 89 6 NA NA 1 vs. 2

PR: partial removal; CR: complete removal; PE: pulp exposure; PS: pulp symptoms; F: failure; NA: not available.

Figure 2. Quality assessments of the included studies. ‘þ’ indicates a low risk of bias; ‘?’ represents an unclear risk of bias; ‘–’ represents a high risk of bias.
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among them (I2¼ 39%, p¼ .15); thus, a fixed-effects model
was used. No significant difference was observed in the risk
of failure between selective and non-selective caries removal
groups (OR¼ 1.4, 95% CI: 0.69–2.84) (Figure 5).

Publication bias analysis

Begg’s test showed no obvious publication bias on the indi-
cators pulpal exposure (t¼ 0.2493, p¼ .8445) and pulpal
symptoms (t¼ 0.8930, p¼ .4377) among the studies.
However, there was obvious publication bias for failure
(t¼ 7.0502, p¼ .002134), thus, publication bias might have
influenced the results for failure.

Discussion

In the present study, we compared the efficacy of selective
caries removal with that of non-selective caries removal. The
overall risk of pulpal exposure was significantly reduced by
selective caries removal compared with that by non-selective
caries removal, whereas the risk of pulpal symptoms was
similar in the two caries removal groups. In addition, no obvi-
ous difference was observed in the risk of failure in between
the two groups.

Reportedly, non-selective (formerly named complete) car-
ies removal as conventional treatment for deep dental caries
focuses on the eradication of bacteria and all infected dental

Figure 3. Forest plot of pulpal exposure in the selective and non-selective caries removal groups. Squares denote study-specific outcome estimates, and the size of
the square represents the study-specific weight. Horizontal lines and figures in parentheses represent 95% CIs. Diamonds indicate the pooled effect sizes with corre-
sponding 95% CIs. CI: confidence interval.

Figure 4. Forest plot of pulpal symptoms in the selective and non-selective caries removal groups. Squares denote the study-specific outcome estimates, and the
size of the square represents the study-specific weight. Horizontal lines and figures in parentheses represent 95% CIs. Diamonds indicate the pooled effect size with
corresponding 95% CIs. CI: confidence interval.

Figure 5. Forest plot of the risk of failure in the selective and non-selective caries removal groups. Squares denote study-specific outcome estimates, and the size
of the square represents the study-specific weight. Horizontal lines and figures in parentheses represent 95% CIs. Diamonds indicate the pooled effect size with cor-
responding 95% CIs. CI: confidence interval.
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biomass, as well as restoration of the cavity, but it may result
in pulp exposure [20,21]. In recent years, with an improved
understanding of disease pathogenesis and the need to min-
imize the risk of pulp exposure, more conservative
approaches such as selective removal and stepwise excava-
tion have been developed, and complete removal of all cari-
ous teeth is no longer considered as the standard treatment
[22]. Accumulating evidence suggests that selective caries
removal is a preferable method with similar effectiveness
[6,23–25]. In addition, the selective caries removal is more
cost-effective than non-selective removal while retaining
deeply carious teeth and their vitality for longer [26]. In con-
trast to non-selective caries removal, selective caries removal
only eliminates part of the affected dentin before sealing the
cavity [27], thereby reducing the risk of pulp exposure, pulpal
symptoms [9] and postoperative pulpal complications [28].
However, compared with non-selective caries removal, it
does not cause any increased risk of failure [9]. In line with
previous studies, the results of current study also found that
the overall risk of pulp exposure was significantly reduced by
selective caries removal compared with non-selective caries
removal, without increased risk of pulpal symptoms. In add-
ition, no obvious difference was observed in the failure
between selective caries removal and non-selective caries
removal. However, in recent surveys, most of surveyed den-
tists have expressed skepticism about selective excavation
and have stated that they would first consider non-selective
caries removal for deep dentin caries to avoid lesion progres-
sion and remaining sealed bacteria, even though pulp expos-
ure is anticipated [29,30]. Notably, selective excavation is
proposed for children and adolescents [28]. Therefore, the
benefits of selective excavation should be emphasized to
encourage minimally invasive techniques. However, add-
itional clinical trials are needed to conclusively demonstrate
the routine applicability of selective caries removal.

Although selective caries removal is an option to avoid
pulp exposure, the tactile hardness test should be considered
along with the evaluation of lesion depth and clinical symp-
toms [31]. Additionally, the frequency of pulp exposure dur-
ing caries excavation may vary from caries with at least half
dentin remaining to deep caries [32]. However, of the three
included studies assessing pulp exposure in both groups,
one study included subjects with deep caries, second
included subjects with caries lesions >1/2 dentin and third
included subjects with caries �1/3 dentin [13–15], but these
studies still consistently found that the occurrence of pulpal
exposure was significantly low in the selective caries removal
group. Nonetheless, additional more future studies with large
sample permitting subgroup analysis of participants with dif-
ferent caries lesion depths are required to determine whether
this advantage of selective caries removal is limited or can
be broadly applied.

The results of this meta-analysis should be cautiously
interpreted owing to some limitations in this study. First, the
number of included studies was relatively small, which might
lead to unreliable results. Second, the follow-up duration var-
ied among enrolled studies from 6 to 24 months, the inci-
dence of failure might have increased with time. Therefore,
the authenticity of the results may be influenced. Third,

considerable risk of bias was found in most studies and pub-
lication bias was detected among studies that compared fail-
ure risk between groups. Fourth, we only included studies
involving children and adolescents, the subgroup analysis
with different age sections were not conducted, so it is
uncertain whether these conclusions will apply to adults.
Fifth, randomization procedures were not clarified, and allo-
cation was usually accomplished before caries excavation.
Thus, the operator was aware of the allocation and subse-
quently may have removed different amounts of caries.

In conclusion, results from this meta-analysis demon-
strated that the efficacy of selective caries removal might be
comparable to that of non-selective caries removal in chil-
dren and adolescents with no significant difference of pulpal
symptoms and failure, but a decreased pulp exposure risk,
even though pulp exposure can be accepted and treated.
However, larger-scale RCTs with long-term clinical trials fol-
low-up are required to confirm these conclusions.
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