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Abstract

The management of occlusal caries still remains a major
challenge for researchers as well as for general practitioners.
The present paper reviews and discusses the most up-to-
date knowledge and evidence of the biological principles
guiding diagnosis, risk assessment, and management of the
caries process on occlusal surfaces. In addition, it considers
the whole spectrum of the caries process on occlusal sur-
faces, ranging from the molecular ecology of occlusal bio-
films to the management of deep occlusal caries lesions.
Studies using molecular methods with focus on biofilms in
relation to occlusal caries should explore the relationship be-
tween the function and the structural composition of these
biofilms to understand the role of occlusal biofilms in caries
development. State-of-the-art measures to evaluate risk for
occlusal caries lesion activity, caries incidence, and progres-
sion should include the assessment of the occlusal biofilm
and the stage of tooth eruption. Careful clinical examination
of non-cavitated lesions, including assessment of the lesion

activity status, remains the major tool to determine the im-
mediate treatment need and to follow on the non-operative
treatment outcome. Even medium occlusal caries lesions in
the permanent dentition may be treated by non-invasive fis-
sure sealing. By extending the criteria for non-invasive treat-
ments, traditional restoration of occlusal surfaces can be
postponed or even avoided, and the dental health in chil-
dren and adolescents can be improved. Selective removal
(incomplete) to soft dentin in deep carious lesions has great-
er success rates than stepwise excavation. Selective (com-
plete) removal to firm dentin has a lower success rate due to
increased pulp exposure. ©2016S. Karger AG, Basel

Changes in the overall pattern of dental caries in dif-
ferent populations and age groups have manifested them-
selves as a significant decline in caries prevalence since
the mid-1970s [Marthaler, 2004; Bernabé and Sheiham,
2014; Lagerweij and van Loveren, 2015; WHO, 2015].
This decline has been followed by a reduction in the rate
of caries progression, favoring early diagnosis and man-
agement of the caries process. Currently, the major chal-
lenge in the management of the caries process is to con-

© 2016 S. Karger AG, Basel
0008-6568/16/0506-0527$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/cre

J.C. Carvalho, Associate Professor

Faculty of Medicine and Dentistry

Catholic University of Louvain

Av. Hippocrate 10, BE-1200 Brussels (Belgium)
E-Mail joana.carvalho @ uclouvain.be

2 de Louvain

017 1:12:50 PM



trol its progression by non-operative treatments and by
limiting the number of individuals in a population sub-
jected to operative treatments.

Epidemiological studies in contemporary populations
have shown the extent to which occlusal caries contrib-
uted to the caries experience of individuals in the perma-
nent dentition. In children and adolescents, occlusal sur-
faces are the sites most likely to have caries experience
from the beginning of tooth eruption. The tooth types
with the highest caries experience are first molars fol-
lowed by second molars. Concerning the groups of teeth,
molars are often and premolars are seldom attacked by
dental caries [Carvalho et al., 2001; Van Nieuwenhuysen
et al., 2002; Batchelor and Sheiham, 2004; Carvalho,
2014]. A recent Danish study has shown that half of the
caries experience in 18-year-olds is located occlusally, al-
though the occlusal surfaces constitute less than 15% of
all surfaces in the dentition [Norrisgaard et al., 2016].

In young adults, occlusal and proximal surfaces show
similar caries experience measured both clinically and/or
at bite-wing radiographs. However, occlusal surfaces are
more severely attacked than proximal surfaces when con-
sidering the degree of severity of the caries lesions [Me-
jare et al.,, 2004; Van Nieuwenhuysen et al., 2004; Car-
valho etal., 2015]. Therefore, the management of occlusal
caries still remains a major challenge for researchers as
well as for general practitioners.

In July 2015, the 62nd Congress of the European As-
sociation for Caries Research was held in Brussels, Bel-
gium. The theme of the ORCA Saturday Afternoon Sym-
posium was occlusal caries, which was presented in five
abridged lectures. This paper is based on these lectures
and discusses the most up-to-date knowledge and evi-
dence of the biological principles guiding diagnosis, risk
assessment, and management of the caries process on oc-
clusal surfaces. In doing so, it considers the whole spec-
trum of the caries process on occlusal surfaces, ranging
from the molecular ecology of biofilms on occlusal sur-
faces to the management of deep occlusal caries lesions.

Molecular Ecology of Biofilms on Occlusal Surfaces

Diagnosis, risk assessment, and optimal management
of occlusal caries lesions require an understanding of the
factors causing the caries lesion to develop and progress.
It is well established that the biofilm on occlusal surfaces
is the key etiological factor in the development of occlusal
caries. The macromorphology of the occlusal surface fa-
vors the adherence of bacteria because of its groove-fossa-
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system together with a relatively long eruption period
with reduced mechanical oral function [Carvalho et al,,
1992]. These mechanically protected sites may facilitate
accumulation and maturation of biofilms that can poten-
tially develop into cariogenic biofilms if an imbalance of
metabolic activity occurs due to changes in the local en-
vironmental conditions [Marsh, 1994; Takahashi and
Nyvad, 2008]. Therefore, for many years numerous re-
search studies have aimed to investigate the bacterial
composition and structure of dental biofilms.

There are a variety of methods available for studies of
dental biofilms. An overview of molecular microbiologi-
cal and metabolomic techniques and how they have been
used in caries research was given in a recent review by
Nyvad et al. [2013]. For studies of oral microbial commu-
nities, the methods can be divided into either descriptive
or functional approaches, providing information about
microbial composition and function of the microbial
community, respectively. Molecular techniques have al-
lowed the identification of more than 600 oral bacterial
species, many of which have not yet been cultured [Aas et
al., 2005; Dewhirst et al., 2010; Peterson et al., 2013], and
Keijser et al. [2008] have estimated that 19,000 phylotypes
contribute to the ultimate oral species diversity. Detailed
characterization of the oral microbiome in patients with
or without caries has thus been performed using these
newer molecular techniques, most of which are based on
16S rRNA sequencing data [Aas et al., 2008; Peterson et
al., 2013]. The distinction between the microbiota from
caries-freeindividuals and caries-active individuals seems
to be related to a shift in abundance of groups of bacte-
rial species during the caries process. Thus, several stud-
ies suggest that the bacterial composition is more diverse
in the caries-free individuals compared with individuals
presenting caries [Li et al., 2007; Aas et al., 2008; Jiang et
al., 2011; Peterson et al., 2013]. However, there are large
variations in the distribution of prevalent species between
studies. These variations could be ascribes to inter-indi-
vidual variation, different sampling methods, and even
differences in categorizing patients into the two groups.

Many studies applying molecular techniques for stud-
ies of the bacterial composition of dental biofilms do not
differentiate between biofilms deriving from occlusal sur-
faces or other surfaces such as smooth and approximal
surfaces. In fact, most molecular studies are based on sa-
liva samples or pooled plaque samples. A study by Simén-
Soro et al. [2013] aimed to determine the bacterial diver-
sity of different oral microniches and to assess whether
saliva and plaque samples are representative of oral micro-
bial composition. Of particular interest, the authors found
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that saliva samples, especially non-stimulated saliva, were
not representative of supra- and subgingival plaque but
also that differences in the microbial composition were
observed between buccal and lingual surfaces. Therefore,
it could be speculated that a similar difference exists be-
tween occlusal surfaces and other tooth surfaces. This sup-
ports the view that a site-specific sampling method is of
great importance to achieve a better understanding of the
role of bacterial composition in relation to both site and
stage of caries lesion progression [Nyvad et al., 2013].
Site-specific sampling of occlusal caries lesions has al-
ready been performed and analyzed by the newer mo-
lecular techniques, but the studies have been limited to
only include more advanced stages of caries lesions in-
volving the dentin [Munson et al., 2004; Aas et al., 2008;
Arif et al., 2008; Mantzourani et al., 2009; Lima et al.,
2011]. These studies have shown that numerous bacterial
species are present, but in particular Lactobacillus spp.,
Bifidobacterium spp., Atopobium spp., Propionibacteri-
um spp., and Veillonella spp. were regularly isolated from
occlusal dentin lesions. To our knowledge, detailed site-
specific information about the composition of biofilm in
earlier stages of occlusal caries progression without in-
volvement of the dentin is still limited to results based on
traditionally culture-dependent techniques. Such studies
of samples from natural fissures have demonstrated Acti-
nomyces spp., Streptococcus spp., and Lactobacillus spp. to
be prevalent [Loesche et al., 1984; Meiers and Schachtele,
1984]. However, these studies have also demonstrated
that narrow fissures are particular difficult to sample due
to the inaccessible morphology of the fissures [Meiers
and Schachtele, 1984]. To overcome this problem, re-
searchers have used in situ models or artificial fissure
models in the past [Loe et al., 1973; Theilade et al., 1976].
Whether sampling is possible or not, the natural struc-
ture of the biofilms will always be destroyed, thus loosing
information about the architecture of the biofilm. Previ-
ously, transmission electron microscopy was the pre-
ferred method for studying biofilm organization and the
structure of occlusal biofilms [Theilade et al., 1976;
Ekstrand and Bjerndal, 1997]. These studies elegantly
demonstrated differences in the biofilm structure de-
pending on the location within the groove-fossa-system
of occlusal surfaces. However, it was not until recently
that the spatial distribution of different bacterial taxa in
various stages of occlusal caries was demonstrated using
a molecular methodology based on fluorescence in situ
hybridization (FISH) [Dige et al., 2014]. This method was
originally introduced by Amann et al. [1990] and later
used to describe colonization patterns of both in situ
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grown dental biofilms [Al-Ahmad et al., 2009; Dige et al.,
2009] and in vivo supra- and subgingival biofilms [Zijnge
etal., 2010]. The FISH methodology used to study occlu-
sal biofilm was based on demineralized and reembedded
hard dental tissue slices prepared from extracted teeth
and was shown to represent a valuable supplement to pre-
vious methods for the study of microbial ecology in caries
because it allowed analysis of the three-dimensional dis-
tribution of abundant species and genera in dental caries
lesions in vivo [Dige et al., 2014]. The study showed the
presence of ecological niches in occlusal caries with dis-
tinct different bacterial compositions. For example, a di-
verse bacterial composition was demonstrated above the
entrance of fissures showing similar features to supragin-
gival biofilms (examples in fig. 1a). In contrast, the bio-
film within fissures was less diverse and seemed less met-
abolically active - a finding that is in accordance with
previous studies [Theilade et al., 1976; Ekstrand and
Bjorndal, 1997]. The presence of mineralization in shal-
low fissures has been speculated to influence the ecologi-
cal environment in those areas [Galil and Gwinnett, 1975;
Theilade et al., 1976; Ekstrand and Bjerndal, 1997]. Re-
duced availability of nutrients from saliva and food may
be another reason for a less metabolic active biofilm with-
in the fissure proper compared with the outer areas of the
biofilm at the entrance of the fissure. When cavitation of
enamel was observed, aciduric bacteria such as Strepto-
coccus mutans, Lactobacillus spp., and Bifidobacterium
spp. were observed (examples in fig. 1b, ¢). The previous
finding of bacteria in dentin only in stages with manifest
cavity formation [Edwardsson, 1974; Hoshino, 1985;
Thylstrup and Qvist, 1987] was verified in the FISH study
by the presence of Lactobacillus spp. and Bifidobacterium
spp. within the dentinal tubules.

While FISH methods can give information about the
three-dimensional arrangement of bacteria within intact
biofilms in caries lesions, it has shortcomings like any
other method. The most obvious disadvantage is that the
caries-associated biofilm can only be evaluated at the time
of tooth extraction so that population dynamic as well as
intervention studies cannot be analyzed. Other method-
ological considerations have previously been discussed
[Dige et al., 2014]. However, in future it could be interest-
ing to investigate further the relationship between clini-
cally diagnosed lesion activity and the microbial ecology
of the dentin that presents radiographic signs of demin-
eralization. Pilot studies of excavated demineralized den-
tin using the FISH technique with confocal microscopy
have confirmed the presence of bacteria within dentinal
tubules with characteristic coalescence and breakdown of
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Fig. 1. Confocal images after FISH of in vivo biofilms from teeth
with occlusal caries. a Biofilm at the entrance of occlusal fissures
from an extracted tooth; yellow-green, purple-blue and red repre-
sent Streptococcus spp., Actinomyces spp., and the remaining bac-
teria, respectively. b, ¢ Biofilm from cavitated caries lesion; green,
purple, and red represent Streptococcus spp., Lactobacillus spp., and

adjacent dentinal tubules filled with bacteria-forming lig-
uefaction foci (example in fig. 1d).

Although many molecular methods are available today
and have provided valuable information about biofilm
composition and structure, only few studies have focused
on occlusal surfaces, and in particular the early stages of
caries have not been examined in detail. In future, it would
be interesting to combine the findings from the descrip-
tive molecular methods with new approaches determining
biological function. The functions of oral biofilms are still
poorly understood and rely on the measurement of meta-
bolic activity, which is difficult to analyze [Takahashi,
2015]. However, recent advances in metabolomic technol-
ogy make it possible to investigate in detail the relation-
ship between metabolic activity and biofilm-associated
diseases [Takahashi, 2015]. This would contribute to a
better understanding of the role of (cariogenic) biofilms in
occlusal caries development, with possible contributions
to caries risk assessment and monitoring of caries activity
at individual and tooth surface levels [Nyvad et al., 2013].

Risk Assessment for Occlusal Caries Lesion Activity,
Incidence and Progression

In parallel with research on (cariogenic) biofilms by
molecular methods, clinical studies investigating the oc-
currence and distribution of the occlusal biofilm are of
interest for assessing the risk of occlusal caries incidence
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the remaining bacteria, respectively (b), and purple and red repre-
sent Bifidobacterium spp. and the remaining bacteria, respectively
(c). d Excavated demineralized dentin (green autofluorescence)
from occlusal caries lesion with the presence of bacteria (red) with-
in the dentinal tubules. a—c Previously unpublished images from
the study by Dige et al. [2014]. Scale bars: 25 pum.

and progression, supporting treatment decisions, and
managing the caries process in daily practice.

Few indices are available in the literature for research
on occlusal biofilm [Carvalho et al., 1989; Addy et al,,
1998; Levinkind et al., 1999; Nourallah and Splieth, 2004].
The Visible Occlusal Plaque Index (VOPI) was developed
to assess the occurrence and distribution of occlusal bio-
film in relation to caries [Carvalho et al., 1989], while oth-
er indices were developed to measure the occurrence of
occlusal biofilm before and after the performance of oral
hygiene procedures by mechanical or chemical means
[Addy et al., 1998; Levinkind et al., 1999; Nourallah and
Splieth, 2004].

Longitudinal studies investigating the occurrence and
distribution of the occlusal biofilm during tooth eruption
in relation to caries by means of the VOPI showed that
erupting occlusal surfaces favored the accumulation of
thick and heavy plaque due to their limited mechanical oral
function and difficulties associated with toothbrushing. Si-
multaneously, a higher incidence of active lesions was ob-
served in erupting occlusal surfaces in contrast with fully
erupted surfaces that mainly presented no or thin plaque
scores and inactive lesions [Carvalho et al., 1991, 1992,
2009, 2014]. These findings were further confirmed by oth-
er clinical trials on occlusal caries [Ekstrand et al., 2000;
Maltz et al., 2003; Farzio, 2011; Vermaire et al., 2014].

Modern approaches of caries management include
risk assessment and prediction as these tools are consid-
ered essential for treatment decisions in daily practice
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[Twetman and Fontana, 2009; Fontana et al., 2011]. The
underlying assumption in caries risk assessment is that in
some individuals or tooth surfaces/sites the caries process
is more likely to develop than others. Risk factors are de-
fined as environmental, behavioral, or biological factors
confirmed by a temporal sequence, usually in longitudi-
nal studies, which, if present, directly increase the prob-
ability of a disease occurring and, if absent or removed,
reduce the probability. Risk factors are part of the causal
chain [Beck, 1998]. According to this definition, occlusal
biofilm is a risk factor for the occurrence of occlusal caries
[Carvalho, 2014]. However, the question of interest is
how accurately can we identify individuals or tooth sur-
faces/sites at risk by assessing risk factors?

Limited evidence on the validity of available methods
used for risk assessments has been reported in the litera-
ture [Tellez et al., 2013; Twetman et al., 2013; Mejare et
al., 2014; Senneby et al., 2015; Divaris, 2016]. The ability
of multivariable or single determinant models to predict
caries in children and adolescents was recently investi-
gated in a systematic review [Mejare et al., 2014]. The fol-
lowing non-biological and biological determinants were
included in these models: sociodemographic, age, sex,
mother’s education, behavior, oral hygiene, dental plaque,
dietary habits, baseline caries prevalence, salivary flow,
salivary buffer, salivary microbial tests, fissure morphol-
ogy, cariogram, incipient lesions, enamel hypoplasia, and
posteruptive age. The accuracy was better for multivari-
able models than for single predictors. Among the single
predictors, baseline caries experience had from good to
limited accuracy in preschool children and adolescents,
respectively. The highest risk period for caries incidence
in permanent teeth was the first 3-4 posteruptive years.
However, longitudinal studies carried out from the very
beginning of tooth eruption showed that the period of
tooth eruption was of highest risk [Carvalho, 2014].
While risk predictors are useful to identify who or which
site/surface is at risk, they are not useful in identifying
likely interventions [Beck, 1998].

Caries activity is determined by lesion characteristics
which indicate whether or not there is ongoing net min-
eralloss [Thylstrup etal., 1994]. Thus, caries lesions with-
in the dentition of individuals may be designated as active
or inactive, and individuals may be categorized as caries
active or caries inactive. The main concern about caries-
active patients (those with at least one active lesion) is that
the caries process is likely to develop unless effective mea-
sures are implemented to interfere with its progression.
On the other hand, in caries-inactive patients (those with
only inactive lesions) the caries process has evolved to a
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Fig. 2. Clinical pictures illustrating the VOPI scores: 0 = no visible
plaque identified but carefully running a dental probe on the
groove-fossa-system; 1 = thin plaque identified by carefully run-
ning a dental probe on the groove-fossa-system; 2 = thick plaque
identifiable with the naked eye; 3 = heavy plaque covering partial-
ly or totally the occlusal surface.

certain extent, but its further development is unlikely un-
less changes in the oral environment take place. The latter
also applies to patients with a history of no caries experi-
ence for extended periods of time.

Nyvad et al. [2003] validated caries lesion activity ac-
cording to surface characteristics in terms of reflection
and texture - chalky and rough non-cavitated lesions
generally covered with plaque being active and smooth,
shiny, and hard non-cavitated lesions being inactive
[Nyvad et al., 1999]. Overall, these surface characteristics
match well with the presence of active or inactive non-
cavitated lesions. However, on occlusal surfaces the dis-
tinction between active non-cavitated lesions and active
non-cavitated lesions in the process of inactivation may
be challenging.

Recently, the VOPI was examined for its ability to es-
timate caries lesion activity status on occlusal surfaces.
Figure 2 illustrates the four possible scores of the VOPI as
follows: 0 = no visible plaque identified when carefully
running a dental probe on the groove-fossa-system; 1 =
thin plaque: hardly detectable plaque which is restricted
to the groove-fossa-system and identified by carefully
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Fig. 3. Dental caries profile of the occlusal
surfaces of the permanent molars of 5- to
6-year-old Lithuanian children (mean val-
ues with SD). A total of 39% of the occlusal
surfaces in this group were affected by car-
ies.

0.09 (0.64)

M Filled

0.61 (1.24)

O Active non-cavitated
O Inactive non-cavitated

W Active cavitated
O Inactive cavitated

0.89 (1.98) 0.17

(0.84)

0.02 (0.24)

running a dental probe on the groove-fossa-system; 2 =
thick plaque: easily detectable plaque on the groove-fos-
sa-system identifiable with the naked eye; and 3 = heavy
plaque: occlusal surfaces partially or totally covered with
heavy plaque accumulation identifiable with the naked
eye [Carvalho et al., 1989]. The underlying principle of
examining this index for its ability to estimate caries le-
sion activity status was that different plaque scores were
likely to be related to particular caries lesion activity sta-
tus [Carvalho et al., 1989, 1991, 1992, 2014].

The likelihood that the scores of the VOPI were associ-
ated with caries lesion activity status was examined in
Brazilian adolescents (n = 618) enrolled in a comprehen-
sive controlled clinical trial designed to control caries
incidence and progression (Brazilian register number
1.096.882). The VOPI, measured on 4,506 molars, was
included in a model with multiple non-biological and bi-
ological determinants and analyzed by means of a gen-
eral linear model, fitted using generalized estimation
equations. The analyses showed that different scores of
the VOPI were the most influential determinants for oc-
clusal surfaces status. Sound occlusal surfaces (p < 0.001)
and occlusal surfaces with inactive non-cavitated lesions
(p = 0.019) were significantly associated with no plaque
or thin plaque (scores 0 and 1). In contrast, occlusal sur-
faces with active non-cavitated lesions (p < 0.001) and
cavitated lesions (p < 0.001) were associated with thick or
heavy plaque (scores 2 and 3, respectively). Age (13-15
years), stage of eruption (fully erupted molars), and type
of molars (first molars) were significant determinants for
inactive lesions (p < 0.012). Fully erupted first molars
limit the accumulation of occlusal biofilm by their me-
chanical oral function, offer better conditions for tooth-
brushing, and have been in the oral environment for a
long period of time allowing inactivation of lesions. In
contrast, second molars were significant determinants for
sound occlusal surfaces (p < 0.001), which is consistent
with the teeth having been exposed to the oral environ-
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ment for a shorter period of time and less likely to devel-
op caries lesions provided regular removal of the dental
biofilm was performed. On the other hand, second mo-
lars were also significant determinants for active occlusal
lesions (p < 0.001) as partially erupted second molars fa-
vored accumulation of the occlusal biofilm with cario-
genic potential and were likely to develop caries lesions if
the dental biofilm was not regularly and sufficiently re-
moved. The use of the VOPI is recommended as an ad-
ditional clinical tool to estimate caries lesion activity
along with the clinical characteristics of the lesions and to
support treatment decisions in daily practice.

In this context, the implementation of measures inter-
fering with surface net mineral loss should result in le-
sions being maintained at subclinical levels. Lack of im-
plementation of these measures might have as conse-
quence many lesions progressing to clinical level - in the
early stages as non-cavitated lesions.

Challenges in Diagnosing and Managing
Non-Cavitated Occlusal Lesions

It is well known that including non-cavitated lesions
in the measurements of caries prevalence considerably
changes the caries profile in populations. As an example,
the data from the recent national survey in Lithuania
showed that about 50% of the newly erupted first perma-
nent molars presented non-cavitated lesions, and the ma-
jority of those lesions were active. The dental caries pro-
file of the occlusal surfaces of the permanent molars of
5- to 6-year-old Lithuanian children is illustrated in fig-
ure 3 [Razmiene, 2013]. This is a ‘call for attention’, an
indicator of a significant risk of disease progression. If the
non-cavitated lesions had been omitted, a very important
message about the disease prevalence and severity in this
population would have been missing.
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The proportion of non-cavitated occlusal lesions can
constitute up to two thirds of all occlusal lesions recorded.
The differences in the proportions are even more promi-
nent in populations with low caries prevalence as most of
the lesions found would still be at the non-cavitated stage
of development [Ismail, 2004].

The overall reliability of recording dental caries at the
non-cavitated threshold of diagnosis is generally reported
as good or excellent. There is a trend to observe somewhat
lower levels of reliability in populations with high caries
prevalence — possibly because there are fewer sound sur-
faces and, thus, more chances of recording errors. When
examiners have been extensively trained and calibrated,
reliability of caries lesion detection at the non-cavitated
level of diagnosis is not affected to a significant degree
[Fytfe et al., 2000]. Intra-examiner reliability is often
higher than inter-examiner reliability [Machiulskiene et
al., 2009; Carvalho and Mestrinho, 2014].

As observed in the series of clinical testings of the
Nyvad criteria, the reliability of clinical caries lesion diag-
nosis in the occlusal surfaces was comparable with that in
the approximal surfaces. While the total percentage of
disagreements was slightly higher for the occlusal than for
approximal surfaces, generally, there was a tendency to
make more errors for non-cavitated lesions on approxi-
mal than on occlusal surfaces. Thus, the number of errors
for approximal surfaces increased 4 times, while in the
occlusal surfaces it increased twice when the clinical car-
ies diagnostic threshold was changed from the cavitated
to the non-cavitated level [Machiulskiene, 1999].

The diagnostic process for the occlusal surfaces can
be impaired by various factors: the presence of dental
plaque, non-standardized examination process (poor
light, presence of saliva, difficult access, etc.), and the
presence of other enamel defects on the surface (dental
fluorosis, hypoplasia, MIH, etc.). In order to improve
the diagnostic process, the most commonly used clinical
caries scoring systems emphasize the need to perform
examinations on clean dental surfaces in standardized
clinical settings [Nyvad et al., 1999; Topping and Pitts,
2009]. However, a thorough clinical examination may
be performed even under field conditions provided that
the equipment includes all necessary armamentarium
[Carvalho and Mestrinho, 2014]. Concerning the differ-
ential aspects of non-cavitated caries lesions and other
defects of non-caries origin, lesion location is the major
decisive factor for the diagnosis of dental caries, along
with other clinical characteristics such as distribution in
the dentition, lesion shape, and morphology [Nyvad et
al., 2009].

Occlusal Caries: Biological Approach for
Its Diagnosis and Management

Generally, the diagnosis of non-cavitated lesions is
very important in the treatment planning process. Look-
ing from the patients’ perspective, the number of lesions
detected during examination is of less concern than the
treatment decisions based on what has been recorded.
The consequences of such decisions are closely related to
the expected oral health benefits as well as to the treat-
ment costs. However, caries diagnostic decisions as well
as decisions about when to intervene vary considerably
among dental practitioners. A tendency to overestimate
the presence and depth of caries lesions as well as to treat
enamel lesions invasively has been reported [Gordan et
al., 2010; Al-Khatrash et al., 2011], particularly when sev-
eral diagnostic tools were employed. Along with slight or
no improvement in the percentage of correctly diagnosed
sites, a drastic effect on the selection of treatment options,
most commonly invasive interventions, was observed
[Pereira et al., 2009; Baelum et al., 2012]. No doubt, a
careful clinical examination of the occlusal surfaces re-
mains the major tool in the decision-making process,
while other caries detection methods (such as radiogra-
phy or fluorescence-based methods) may not be suffi-
ciently sensitive for identifying early stages of caries le-
sion development and are more suitable for detecting ad-
vanced lesions [Gimenez et al., 2013; Schwendicke et al,,
2015c]. Thus, when the relative diagnostic yields of the
clinical and the radiographic examination were com-
pared at the non-cavitated level of caries diagnosis, the
radiographs added only 2% to the total number of caries
lesions on the occlusal surfaces, while the clinical exami-
nation alone revealed about 40% more lesions compared
with the radiographs [Machiulskiene et al., 1999]. Fur-
thermore, as demonstrated for occlusal lesions by Ber-
tella et al. [2013], no association was observed between
the presence of enamel breakdown and the presence or
depth of the radiolucent image.

Assessing the activity status of caries lesions is an es-
sential part of caries diagnosis as active lesions require
active management while arrested lesions do not need
any intervention [Nyvad and Fejerskov, 1997].The char-
acteristics of the lesion activity based on the surface fea-
tures were originally described by Thylstrup et al. [1994]
and later on designed into a criteria system and validated
during randomized clinical trials [Nyvad et al., 1999,
2003]. Lesion discrimination with respect to the activity
status allows continuous monitoring of the lesions and
improves the evaluation of the applied treatment. The
survival analysis of the caries lesion transitions over time
has shown that the occlusal surfaces, particularly during
the eruption period, seem to be at a significantly higher
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risk of developing into more severe stages than any other
surface types [Baelum et al., 2003; Fereira-Zandona et al.,
2012]. However, the occlusal caries lesions seem to re-
spond well to non-operative treatments [Carvalho et al.,
1991, 1992]. The lesion progression slows down in the
surfaces that have been regularly exposed to supervised
toothbrushing with fluoride toothpaste [Baelum et al.,
2003]. Moreover, the lesion regression rates in the occlu-
sal surfaces subjected to non-operative treatment were
found to be considerably higher than in other types of
surfaces [Baelum et al., 2003; Maltz et al., 2003]. Clinical
studies focusing on dental plaque removal and topical
fluoride application on the occlusal surfaces of erupting
permanent molars found significant differences in the
numbers of progressed lesions and sealed and filled sur-
faces between the test and control groups over time [Car-
valho et al., 1992; Ekstrand et al., 2000]. Interestingly, the
long-term effect of non-operative treatment was observed
up to 18 years after the implementation of the preventive
programs: the caries experience as well as the dental
plaque levels were lower in those individuals who had
participated in the preventive program than in those who
had not [Kuzmina and Ekstrand, 2015].

The major challenges for caries control on occlusal sur-
faces are related not to the detection of non-cavitated le-
sions per se but rather to the subsequent treatment strate-
gies. In order to bring most benefit to patients, the main
task of today is to control caries progression by non-oper-
ative means where possible. Therefore, evaluation of every
dental surface should be based first of all on the clinical
criteria that allow defining the immediate treatment needs
in accordance with the activity status of the detected le-
sions as well as following up the treatment outcomes.

The collaboration between dental professionals and
individual patients or populations should lead to a sce-
nario in which active non-cavitated lesions become inac-
tive. However, for some individuals or group of individu-
als the caries process may develop to an extent to which
operative treatment is required. Recent advances in op-
erative treatments of occlusal lesions related to their ac-
tivity and severity are presented and discussed in the fol-
lowing sections.

Management of Small and Medium Occlusal Caries
Lesions

Occlusal surfaces are continuously treated for caries
and its sequels, resulting in very few sound surfaces in
individuals during adulthood. Also, with the passage of

Caries Res 2016;50:527-542
DOI: 10.1159/000448662

534

time an increasing number of occlusal surfaces are regis-
tered as missing due to extractions [Kongstad et al., 2013].
In other words, dental caries and its traditional treatment
have an adverse effect on the dental health of the popula-
tion [Qvist, 2015].

After the introduction of the acid etch technique in the
late 1960s, fissure sealants have been used for preventive
measures with a high success rate [Ahovuo-Saloranta et
al., 2013]. The caries reduction in the young permanent
dentition is highly significant, even after several years [Si-
monsen, 2002; Beauchamp et al., 2008]. Moreover, sealed
permanent molar teeth will need restorative treatment
less frequently compared with unsealed molars, there will
be an increased time between tooth eruption and restora-
tion of sealed teeth, and the restorations will be less ex-
tensive, resulting in prolonged longevity [Beauchamp et
al., 2008; Schwendicke et al., 2015b].

Promising results have also been obtained for the ther-
apeutic sealing of active non-cavitated enamel lesions in
permanent teeth and the sealing in of caries enamel and
dentin [Simonsen, 2002; Griffin et al., 2008]. Studies have
shown a reduced frequency of caries progression for up to
5 years and that a tight sealing decreases the number of
viable bacteria in the lesions [Oong et al., 2008]. Sealing
the enamel surface may even reduce the amount of viable
bacteria in dentin caries lesions [Handelman et al., 1976;
Jensen and Handelman, 1980]. A major reduction in via-
ble microorganisms occurred during the first 2 weeks after
sealing, and after 1 year, there was a 100-fold decrease in
the number of cultivable microorganisms [Handelman et
al., 1976]. The same group reported that caries progres-
sion was restricted to less than 50% of the lesions and that
almost half of the lesions showed a decreased depth during
1-4 years of follow-up, indicating that remineralization of
manifest dentin caries lesions is possible in teeth with vital
pulps. Additionally, a study by Mertz-Fairhurst et al.
[1998] showed that occlusal dentin caries lesions could be
inactivated for up to 10 years without the removal of caries
dentin tissue by superficial resin restorations. The radio-
graphic basis for the positive conclusions by Handelman
etal. [1976] and Mertz-Fairhurst et al. [1998] was sparse-
ly illustrated in the papers, but the findings have subse-
quently been supported by Bakhshandeh et al. [2012],
demonstrating that manifest dentin lesions can be arrest-
ed by resin fissure sealing in adults provided that the seal-
ing is intact and tight [Bakhshandeh et al., 2012]. Except
for these and a few other studies, the present knowledge
of sealing dentin caries lesions is limited.

In Denmark and other European countries, the overall
indication for using fissure sealants in the young perma-
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Fig. 4. Cumulative survival distribution of 153 composite resin res-
torations and 368 resin fissure sealants in molar teeth with mani-
fest enamel and dentin caries lesions in Danish children and ado-
lescents.

nent dentition has been as a preventive treatment in the
case of deep fissures or a general caries risk [Welbury et
al., 2004; Kervanto-Seppala et al., 2009]. Sealing is also
used for the therapeutic treatment of active occlusal
enamel caries lesions in the young permanent dentition,
while the current strategy for active occlusal dentin caries
lesions is invasive restorative treatment. However, seal-
ants are seldom used in adults [Gore, 2010], and there has
been a tendency to treat even enamel caries lesions with
invasive therapy [Espelid et al., 2001; Fellows et al., 2014;
Kopperud et al., 2016].

It is still an open question whether fissure sealing of
caries lesions is an alternative treatment option for oc-
clusal caries lesions in dentin assessed to be in need of
restorative treatment. What we need is evidence-based
knowledge from randomized, controlled clinical studies
of the possibilities for inactivating occlusal caries pro-
gression without invasive intervention. The SEAL-DK
study from Denmark was designed to answer this ques-
tion. It was initiated in 2006 in cooperation with the Dan-
ish Public Dental Health Service as an RCT study on fis-
sure sealing versus restorative treatment of occlusal car-
ies lesions in permanent teeth in the young permanent
dentition. It is important to emphasize that all 521 caries
lesions included in the study were assessed, clinically
and/or radiographically, to be in need of restorative
treatment according to the current Danish treatment
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guidelines. Randomization was performed in 2/3 of the
lesions in the sealing group and only 1/3 in the restora-
tion group because we already had sufficient knowledge
of class I restorations [Hickel and Manhart, 2001; Qvist,
2015]. A total of 368 resin fissure sealings in 7 marketed
brands and 153 composite resin restorations in 8 brands
were performed by 68 dentists. The cumulative survival
analyses of longevity of the sealants and restorations
from SEAL-DK are shown in figure 4. As expected, the
curves illustrate the superior longevity of restorations
compared with sealants. After a 7-year observation pe-
riod, the success rate was 92% for the restorations and
42% for the resin sealings, with an annual failure rate of
1.1% for the restorations and 8.3% for the sealings. Al-
though all lesions were assessed to be in need of restor-
ative treatment at baseline, more than half of the sealed
lesions were still not restored after the first 7 years, and
retreatments such as repair and replacement comprised
half of the registered failures. The survival rates from
SEAL-DK supported the results from previous studies
which indicated a failure rate of 5-10% for resin fissure
sealants performed on sound or initial enamel lesions
and a failure rate of 1-2% for class I resin restorations
[Hickel and Manhart, 2001; Simonsen, 2002; Beauchamp
et al., 2008; Griffin et al., 2008; Ahovuo-Saloranta et al.,
2013; Qvist, 2015; Schwendicke et al., 2015b].

Previous studies have shown that the longevity of fis-
sure sealants can be influenced by factors such as the pa-
tient’s caries risk, the status of occlusal surface (sound/
demineralized/cavity formation), the tooth type, and the
fissure sealant (brand, procedure) [Poulsen et al., 2006;
Beauchamp et al., 2008; Griffin et al., 2008; Bakhshandeh
etal., 2012; Ahovuo-Saloranta et al., 2013]. The retention
rate of resin fissure sealants is lowest and the need for re-
treatments is highest in patients with moderate/high car-
ies risk at baseline, on demineralized or cavitated tooth
surfaces, and in the more posterior teeth. In order to ver-
ify the influence of these and other clinical relevant fac-
tors on the longevity of sealed and probably also restored
lesions in SEAL-DK, multivariate analyses are planned to
be performed.

The 7-year results from SEAL-DK have shown that the
criteria for non-invasive sealing of occlusal surfaces can
be extended to include small and medium occlusal caries
lesions in young permanent dentition. Thus, the first
placement of a traditional restoration on occlusal surfac-
es can be postponed for several years or even avoided. By
doing so dental health in children and adolescents will be
improved.
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Management of Deep Occlusal Caries Lesions

As previously highlighted, the inactivation of occlusal
caries lesions may occur at different stages of the disease
process. However, in cavitated lesions where the biofilm
control inside the cavity is not possible, as in deep carious
lesions, an operative treatment is necessary in order to
stop lesion progression. Nevertheless, infected dentin tu-
bules are frequently found after conventional caries re-
moval to hard dentin [Banerjee et al., 2002; Shovelton,
1968; Macgregor et al., 1956]. Therefore, leaving bacteria
during caries removal may be inevitable.

In the management of deep caries lesions (those with
radiolucent image in more than half of the dentin thick-
ness) an important question arises: how clean should a
carious lesion be before the placement of a restoration? In
deep caries lesions the non-selective removal of carious
tissue to hard dentin (NSRHD; leaving only hard dentin)
or the selective removal to firm dentin (SRED; leaving
leathery or firm dentin) could lead to pulp exposure
[Magnusson and Sundell, 1977], consequently having a
bad prognosis for pulp vitality. In order to prevent this, a
caries removal in two steps — stepwise excavation (SW)
treatment — has been proposed [Bjorndal et al., 1997]. In
SW, the carious dentin is incompletely removed at the
bottom of the cavity floor and a temporary filling is
placed. This provides remineralization and the develop-
ment of tertiary dentin within the pulp chamber. In a sec-
ond visit some months later, a reentry procedure is per-
formed. At this time the dentin is usually harder and dri-
er with characteristics of an inactive lesion [Maltz et al.,
2002], and complete removal of all remaining carious tis-
sue is performed. The SW treatment is an NSRHD or
SRFD performed in two steps.

The covering of the innermost layer of carious dentin
with a protective lining material for remineralization in-
duction in the first step of the SW treatment has been
discussed. The modification of the dentin aspect after SW
reopening raises the question whether the arrest of the
progression of the lesion is related to the sealing effect or
to the sealing material chosen. Corralo and Maltz [2013]
showed that, after partial caries removal and a sealing pe-
riod, regardless of the liner used (calcium hydroxide,
glass ionomer cement, or wax), an organized dentin was
observed with total or partial obliteration of dentinal tu-
bules. All groups showed significant bacterial reduction
after the sealing period. These findings indicate that the
removal of superficial parts of the necrotic and deminer-
alized dentin and cavity sealing promotes dentin caries
inactivation, irrespective of the use of a liner. Other stud-
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ies in primary teeth corroborate these findings [Casa-
grande et al., 2010; Franzon et al., 2007]. A meta-analysis
about lining materials concluded that strong recommen-
dations for using cavity liners are unsubstantiated, but
firm evidence for omitting lining is also unavailable
[Schwendicke et al., 2015a].

The remarkable reduction of dentin infection was also
observed after selective removal to soft dentin (SRSD)
and sealing (for 6 months) in comparison with NSRHD
immediately after dentin caries removal (conventional
treatment) [Maltz et al., 2012b]. Significantly less anaero-
bic bacteria, aerobic bacteria, and mutans streptococci
growth was observed after SRSD compared with NSRHD.
Sealing of carious dentin results in lower levels of infec-
tion compared with traditional dentin caries removal.

Although we know that SRSD and sealing (a) turns the
caries lesion into one with characteristics of an inactive
lesion [Maltz et al., 2002; Pinto et al., 2006], and (b) shows
a decreased number of dentin infections compared with
conventional caries removal treatment [Maltz et al.,
2012b], many dentists still prefer SW in the treatment of
deep caries lesions or SRED/NSRHD [Weber et al., 2011].

A recent multicenter RCT [Bjorndal et al., 2010] com-
pared SW with direct complete excavation and evaluated
the pulp survival rate of teeth with exposed pulp treated
with direct pulp capping or partial pulpotomy. Teeth
treated with direct complete excavation presented a sig-
nificantly inferior survival rate (62.4%) compared with
SW (74%) after a 1-year follow-up period. A higher num-
ber of pulp exposures was observed after complete exca-
vation compared with SW. The survival rate of the ex-
posed pulp treated with direct pulp capping (31.8%) and
with partial pulpotomy (34.5%) was very low.

Although SW treatment has shown superior results
compared with NSRHD or SRFD for deep carious lesion,
some limitations could be pointed out in relation to SW
treatment [Maltz et al., 2012a, 2013]: (a) it requires two
sessions for treatment execution, (b) it results in addi-
tional costs, time, and discomfort to the patient, (c) it in-
creases the probability of pulp exposure during the reen-
try step, (d) it increases the rate of fracture or loss of tem-
porary filling, and (e) it introduces a risk of no return of
the patient for the second visit.

Due to the disadvantages of SW and the existing evi-
dence (microbiological, ultrastructural, clinical, and ra-
diographic), there is a concern about the necessity for
cavity reopening for SRFD as is done in SW treatment.

Permanent teeth with deep caries lesions, positive re-
sponse to cold test, no signs of periapical lesions, no ex-
posed pulp, and absence of spontaneous pain should re-
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ceive non-pulp-invasive treatment. To treat this type of
lesion 3 treatment options are presented here: SRFD, SW,
and SRSD. The advantages and limitations of each one are
discussed below:

Selective Removal to Firm Dentin. Pulp exposure is ex-
pected to occur when SRFD is performed in deep carious
lesions. The conventional treatment for pulp exposure is
direct pulp capping. A survival rate of 81.8% has been
found for short follow-up periods (3 months) [Matsuo et
al., 1996], decreasing to around 30% after 1 and 3 years of
follow-up [Bjorndal et al., 2010]. After 10 years, Barthel
et al. [2000] showed a survival rate of 13%. We can ob-
serve a decreasing survival rate over time for this treat-
ment, ending up with a very poor prognosis for tooth vi-
tality in longer periods.

Stepwise Excavation. In order to avoid pulp exposure
and consequently increase tooth vitality, SW is suggested.
Inarandomized clinical trial Bjerndal etal. [2010] showed
a survival rate of 74% after 1 year of follow-up compared
with 62.4% after SRFD.

Selective Removal to Soft Dentin. There are very few
studies of SRSD with long follow-up periods. Quantita-
tive and qualitative radiographic assessment over a 10-
year period of SRSD showed an increased radiopacity of
the carious dentin left in the cavity floor, showing min-
eral deposition [Alves et al., 2010]. The survival rate of the
therapy was 90% after 3 years, 82% after 5 years, and 63%
at 10 years of follow-up. When the failures caused by frac-
ture were disregarded, success rates increased to 93 and
80% at the 5- and 10-year recalls [Maltz etal.,2011]. Fran-
zon et al. [2007], studying deciduous teeth, showed a sur-
vival rate of 79% after 3 years and 88% after 5 years [Fran-
zon et al., 2009].

SRSD in deep caries lesion was compared with SW in
an RCT [Maltz et al., 2012a, 2013]. The results showed
that there was no association between pulp necrosis and
gender, age, and filling material (amalgam or resin) after
5 years. Only an association between pulp necrosis and
the treatment (SW or SRSD) was observed. The pulp vi-
tality survival rate after 3 years was 78% for SRSD com-
pared with 53% for SW treatment (fig. 5a). The higher
number of incomplete SW treatments (only the first step
of the treatment was performed) may explain this differ-
ence between treatments. The comparison of survival
rates between teeth that had completed (n = 114) and in-
complete SW (n = 26) indicated 88 and 5% after 5 years
of follow-up (fig. 5b). Completed SW presented survival
rates similar to those of SRSD [unpubl. data]. Schwen-
dicke etal. [2013] performed a systematic review to assess
the failure of incomplete dentin caries removal (SRSD
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and SW) and to evaluate whether incompletely excavated
teeth fail due to pulpal or non-pulpal complications. After
incomplete removal of deep caries, pulpal failure was
more common than non-pulpal failure. SRSD compared
with SW reduces the risk of failure (OR = 0.21, 95% CI:
0.08-0.55). Growing evidence indicates that SRSD seems
to be the most appropriate treatment option for deep car-
ies lesions.

The report of the International Caries Consensus Col-
laboration (ICCC) meeting [Schwendicke et al., 2016]
states that ‘carious tissue is removed purely to create con-
ditions for long-lasting restorations. Bacterially contami-
nated or demineralized tissues close to the pulp do not
need to be removed’. One important guiding principle
during carious tissue removal in deep caries lesions is to
maintain pulpal health by preventing pulp exposure
(leave soft dentin in proximity to the pulp if required).
However, in order to achieve a good sealing and a long-
lasting restoration, NSRHD on the surrounding cavity
walls is recommended.

Recently, a question was raised about the relation be-
tween NSRHD/SRFED and SRSD and restorations longev-
ity. Hevinga et al. [2010] found in an in vitro study that
restored teeth after incomplete excavation have lower
fracture strengths than restored teeth after NSRHD.
Schwendicke et al. [2014], on the other hand, in an in vi-
tro study found that fracture resistance was not signifi-
cantly different between teeth with or without remaining
demineralized dentin. Itis important to be aware that car-
ious dentin that is adequately sealed will remineralize, re-
sulting in great hardness and stiffness [Alves et al., 2010;
Franzonetal.,2009] and probably higher fracture strength
over time. It does not seem that the remaining carious tis-
sue plays an important role in restoration longevity, as
can be observed comparing studies of restorations placed
over firm/hard or soft dentin. We can observe 70-92%
success rates after a 5-year follow-up [Kohler et al., 2000;
Opdam et al., 2004] and 50-79% success rates after a 10-
year follow-up of restorations placed on firm/hard dentin
[Gaengler et al.,, 2001; Lundin and Koch, 1999], with
mean annual failure rates for posterior direct restorations
varying between 1 and 3% [Heintze and Rousson, 2012;
Opdam et al., 2014]. Recently, Maltz et al. [2016, unpubl.
data] performed a study comparing survival rates of res-
torations placed in deep caries lesions with or without
decayed tissue beneath them over a 5-year period. This
study used data collected in a previous multicenter ran-
domized controlled clinical trial (Clinical Trial Registra-
tion NCT00887952) [Maltz et al., 2012a, 2013]. The sur-
vival analysis showed similar success rates for SW (76%)
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Fig. 5. Cumulative survival rates of SRSD and SW treatments (a)
and completed and uncompleted SW (b) considering pulp vitality
outcome at the 5-year follow-up. Cumulative survival rates of
SRSD and SW treatments (c) and the filling materials amalgam
and resin composite (d) considering restorative treatment longev-

and SRSD (79%) (fig. 5¢) and for amalgam and resin com-
posite (fig. 5d). The vast majority of the failures were
caused by restoration fracture. The most frequent reasons
for failures reported in clinical studies are fracture of the
restoration and secondary caries [Opdam et al., 2004;
Sunnegardh-Gronberg et al., 2009]. So far, the presence
of decayed tissue beneath restorations in deep caries le-
sions does not seem to affect the survival of the restora-
tions. SRSD seems not to affect restoration longevity.

Conclusions and Recommendations

Based on the evidence presented and discussed in the
above sections the following conclusions and recommen-
dations may be made concerning the biological approach
for the diagnosis and management of occlusal caries le-
sions:
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ity at the 5-year follow-up. AM = Amalgam; RC = resin composite;
SW completed = the two steps of the treatment were performed;
SW uncompleted = only the first step of the treatment was per-
formed.

1 Only few studies using molecular methods focus on
biofilms in relation to occlusal caries. Future studies
should explore the relationship between the function
and the structural composition of these biofilms to un-
derstand the role of occlusal biofilms in caries develop-
ment.

2 State-of-the-art measures to evaluate the risk for oc-
clusal caries lesion activity, incidence, and progression
should include the assessment of the visible occlusal
biofilm and the stage of tooth eruption. Thus, further
research should focus on the management of the oc-
clusal biofilm and its consequences for caries activity
and tooth survival.

3 When the non-cavitated caries lesions are of concern,
careful clinical examination, including assessment of
the lesion activity status, remains the major tool to de-
termine the immediate treatment need as well as to
follow up on the non-operative treatment outcome.
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4 Even medium occlusal caries lesions in the permanent
dentition may be treated by non-invasive fissure seal-
ing. By extending the criteria to include small and me-
dium occlusal caries lesions for non-invasive treat-
ments, traditional restoration of occlusal surfaces can
be postponed or even avoided, and the dental health of
children and adolescents can be improved.

5 SRSD is recommended in deep carious lesions. SRFD

has alower success rate due to increased pulp exposure
in the presence of infected dentin. SRSD has greater

success rates compared with SW.
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