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Abstract

Management of the caries process on occlusal surfaces of
permanent molars has proven a major challenge. The onset
of caries on these surfaces takes place soon after their erup-
tion, and the permanent first molars, followed by the second
molars, remain the sites in the dentition which show the
highest caries prevalence. This paper is structured in the
form of questions and answers in which traditional concepts
of caries susceptibility of occlusal surfaces are appraised and
confronted with the current evidence. Then, research stud-
ies examining the role of biological determinants on the de-
velopment and arrest of occlusal caries in young permanent
teeth are discussed. Finally, the contribution of these studies
in terms of developing the available scientific evidence and
our understanding of the caries process on occlusal surfaces
is analyzed. The current evidence does not support the con-
cept that the early onset and high prevalence of occlusal car-
ies in young permanent teeth are due to a particularly low
inherent resistance of the occlusal surface or due to the pres-
ence of inaccessible fissure-like structures on these surfaces.
Evidence is provided to show that the most influential bio-
logical determinants of the development and arrest of oc-
clusal caries are thick plaque accumulation on the groove-
fossa system and the stage of tooth eruption limiting me-
chanical oral function. Consequently, active occlusal lesions

are significantly more prevalent in erupting than in fully
erupted teeth. The major contribution of this review is to
provide updated knowledge about the biological principles
determining the development and arrest of caries on occlu-
sal surfaces of erupting teeth. ©2014 S. Karger AG, Basel

In the last 50 years, the combination of intensive lab-
oratory and clinical research in the field of cariology and
the observed improvement in oral heath in different
populations has provided a deeper understanding of the
initiation, development and arrest of the caries process
at subclinical and clinical levels [Thylstrup and Fejer-
skov, 1994; Thylstrup et al., 1994; Carvalho et al., 2004;
Marsh, 2004; Mejare et al., 2004; Nyvad, 2004; ten Cate
et al., 2008]. Dental caries is a process resulting from
complex interactions between microbial deposits and
oral fluids in relation to subsequent changes in dental
hard tissues [Fejerskov and Thylstrup, 1994]. This pro-
cess may take place on any tooth surface where meta-
bolically active microbial deposits, i.e. dental biofilm, are
allowed to accumulate and mature over a period of time.
It is important to appreciate that the presence of dental
biofilm itself does not necessarily result in the develop-
ment of caries lesions which can be clinically and/or ra-
diographically identified [Carvalho et al., 2004]. In order
words, whenever the acid produced by bacteria is neu-
tralized by saliva or other metabolic events in the dental
biofilm, tooth demineralization and remineralization

© 2014 S. Karger AG, Basel
0008-6568/14/0484-0339$39.50/0

KARGER

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

Joana Carvalho

School of Medicine and Dentistry, Catholic University of Louvain
Avenue Hippocrate 10

BE-1200 Brussels (Belgium)

E-Mail joana.carvalho @ uclouvain.be


http://dx.doi.org/10.1159%2F000356307

may compensate one another [Takahashi and Nyvad,
2008]. Such episodes are observed in low cariogenic
challenges like those produced by the metabolism of
salivary glycoproteins or of fermentable carbohydrates
consumed at low frequency.

However, with increased consumption of fermentable
carbohydrates, acid production is more intense and the
events of demineralization may no longer be compensat-
ed by remineralization, resulting in a net loss of minerals
from the tooth. The signs of enamel porosity can be iden-
tified at subclinical or clinical levels, depending on the
extent and frequency of the cariogenic challenges.

Currently, dental caries is considered a natural process
as the formation of dental biofilm and its metabolic activ-
ity cannot be prevented [Baelum et al., 2008]. Neverthe-
less, caries progression may be controlled in such a way
that visible lesions at clinical and/or radiographic levels
never form. Achieving this is probably the main challenge
to the dental professional perspective on oral health pro-
motion in 21st-century populations.

Recently, it has been suggested that the control of oral
conditions such as the caries process should be based on
management models of chronic diseases, in which mul-
tiple strategies are applied to target determinants at indi-
vidual, family and community levels [Ismail et al., 2009].
While nonbiological determinants have increasingly
been studied for their influence on oral health [Mattila et
al., 2005; Watt, 2007; Carvalho et al., 2009a, b; Ismail et
al., 2009; Skeie et al., 2010; Fontana et al., 2011], the role
of biological determinants is of the utmost importance to
control caries progression at the level of populations and
individuals. Management of the caries process still re-
mains the foremost problem in daily practice for general
practitioners as well as for the international scientific
community. The major challenge in the management of
the caries process is to control caries progression mainly
by non-operative treatments and by limiting the number
of individuals in a population subject to operative treat-
ments.

Particularly the management of occlusal caries on per-
manent molars has proven a great challenge, as the onset
of caries takes place soon after their eruption into the oral
cavity [Carvalho et al., 1989; Ekstrand et al., 2000; Maltz
et al., 2003; Ferreira Zandona et al., 2012]. In spite of the
remarkable decline in caries observed since the 1970s in
different countries and populations, the occlusal surfaces
of permanent first molars, followed by the second molars,
remain the sites in the dentition which are most frequent-
ly attacked by dental caries [Carvalho et al., 2001; Mar-
thaler, 2004].
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This paper is structured in the form of questions and
answers in which traditional concepts of caries suscepti-
bility of occlusal surfaces are appraised and confronted
with the current evidence. Then, research studies exam-
ining the role of biological determinants for the develop-
ment and arrest of occlusal caries in young permanent
teeth are discussed. The discussion of these research stud-
ies is presented in the form of hypotheses which were test-
ed. Finally, the contribution of these studies in terms of
developing the available scientific evidence and our un-
derstanding of the caries process on occlusal surface is
analyzed.

How Does One Explain the Early Onset and the High
Prevalence of Occlusal Caries?

Traditionally, occlusal surfaces have been regarded as
susceptible to dental caries as a result of their incomplete
posteruptive maturation, i.e. their reduced mineral con-
tent in the enamel [Kotsanos and Darling, 1991; Schulte
et al., 1999; Kataoka et al., 2007], and due to the presence
of narrow and deep fissures on the occlusal surfaces which
harbor bacteria that initiate the caries process [Muller-
Bollaetal.,2009; Hevinga, 2011; Kithnisch et al., 2012; Liu
etal., 2012; Wangetal., 2012]. In order to appreciate how
incomplete posteruptive maturation and the presence of
deep fissures could be related to the early onset and high
prevalence of caries on occlusal surfaces, further explana-
tion is warranted.

What Is the Underlying Rationale for the Concept of
Incomplete Posteruptive Maturation?

The concept of immature teeth is based, on the one
hand, on the observation that porosity has been identified
in the enamel of erupting teeth and, on the other hand,
on the fact that an increased fluoride concentration has
been identified in surface enamel after eruption. This ob-
servation suggested by analogy that enamel undergoes a
period of posteruptive maturation following tooth erup-
tion [Kotsanos and Darling, 1991; Schulte et al., 1999;
Kataoka et al., 2007]. A mechanism of action in the matu-
ration process mediated by neutral pH conditions has
never been explained - in particular, how the fluoride
would be incorporated into the enamel. In fact, a matura-
tion process, understood in the traditional way, is unlike-
ly to take place. A more logical explanation is that during
the eruption period, the enamel surface is undergoing
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several cycles of de- and remineralization, and fluoride
present in the oral environment is leading to a gradual
increase in fluoride in the outermost part of the surface
enamel [Fejerskov et al., 1981; Fejerskov, 2004; Wang et
al., 2005; ten Cate et al., 2008]. When the enamel is ex-
posed to low concentrations of ionic fluoride in an acid
environment, fluorapatite is formed and deposited as part
of the enamel tissue [Tenuta and Cury, 2010; ten Cate,
2013]. It should, however, be appreciated that the overall
substitution of hydroxyl ions by fluoride on surface
enamel is limited, and that fluoride in the enamel plays a
minor role in caries reduction [Fejerskov et al., 1981;
Aoba and Fejerskov, 2002].

As a rule, when a tooth erupts into the oral cavity, the
enamel is fully mineralized. A certain percentage of teeth
may present qualitative and/or quantitative hypominer-
alization such as non-fluorotic opacities, fluorotic opaci-
ties or hypoplasia. Non-fluorotic opacities and fluorotic
opacities are not associated with an increased risk of car-
ies development [Carvalho et al., 2011]. Hypoplasia may
cause concerns regarding the risk of caries, tooth sensitiv-
ity, the placing of restorations and esthetics; however, a
large population-based study showed that the prevalence
of molar-incisor hypomineralisation in the permanent
dentition was only 8.7% at child level and 5.4% at tooth
level [Elfrink et al., 2012]. On this basis, the early onset of
caries on occlusal surfaces and its high prevalence should
not be explained by the concept of erupting teeth being
immature and thus more prone to caries.

What Is the Role of Narrow and Deep Fissures in
Occlusal Caries Development?

For dental plaque to be cariogenic, i.e. to produce
quantities of organic acids sufficient to dissolve the
enamel, a protected environment is needed. In the oral
cavity, protected environments are found in the so-called
‘stagnation areas’ such as the cervical third of smooth
and interproximal surfaces as well as on occlusal surfaces
[Thylstrup et al., 1994]. These stagnation areas are pro-
tected from mechanical oral function, which comprises
mastication and muscular movements of the tongue, lips
and cheeks as well as those involved in the swallowing
reflex. On occlusal surfaces, most attention has been de-
voted to stagnation of dental biofilm in fissure-like struc-
tures and the possible events taking place in their deepest
part.

Few studies investigated the contribution of the mac-
romorphology of the groove-fossa system to the develop-
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ment of caries on occlusal surfaces [Thylstrup et al., 1989;
Ekstrand and Bjerndal, 1997; Pearce et al., 1999]. The
groove-fossa system is defined as the system that con-
nects every single groove and fossa on the occlusal sur-
face. A ‘fossa’ is a depression on an occlusal surface where
two or more grooves meet. An ‘interlobal groove’ is a
groove located between two or more lobes. An ‘interseg-
mental groove’ is a groove located between two lobe seg-
ments. Together, the fossae and the interlobal and inter-
segmental grooves are referred to as ‘anatomical sites” of
the groove-fossa system. These fundamental macroscop-
ic units are considered positive structures which may well
present negative structures that have a fissure-like mor-
phology [Carlsen, 1987]. Interlobal grooves with struc-
ture angles equal to or less than 25° are considered as hav-
ing a fissure-like morphology [Ekstrand and Bjerndal,
1997]. In this paper, the terminology ‘narrow and inac-
cessible fissures” will henceforth be replaced by ‘fissure-
like structures’, as recommended by Carlsen [1987] and
Ekstrand and Bjerndal [1997].

In order to improve our knowledge about the role of
fissure-like structures in caries development on occlusal
surfaces, the correlation between morphology of the
groove-fossa system, plaque accumulation and caries de-
velopment on occlusal surfaces was investigated in a
clinical study. The first hypothesis to be tested was the
following.

Hypothesis 1:

The Anatomical Sites of the Groove-Fossa System

with Inaccessible Fissure-Like Structures Accumulate

More Plaque and Consequently Present More Carious

Lesions than Morphologically Accessible Sites

In this clinical study [Carvalho et al., 1989], two inde-
pendent examiners recorded the occurrence and distri-
bution of plaque as well as the localization of caries le-
sions on occlusal surfaces of permanent first molars in
6- to 8-year-old children. Mouth impression with silicone
putty was taken and stone models were prepared. The
models were used for a simple visual classification of the
macromorphology of the anatomical sites and to verify
whether the antagonizing first molars were partly erupted
or in full occlusion. The individual anatomical sites were
classified as either accessible or inaccessible. If the bottom
of the individual anatomic sites was clinically visible, they
were classified as accessible, whereas if the bottom of
these sites was not visible with the naked eye, they were
recorded as inaccessible. A clear association between the
visual diagnosis of inaccessibility of the groove-fossa sys-
tem with plaque accumulation and dental caries was not

Caries Res 2014;48:339-346

DOI: 1.150/000356307

341


http://dx.doi.org/10.1159%2F000356307

shown. However, occlusal caries and plaque accumula-
tion in specific anatomical sites were closely related (p <
0.001). Since the results showed that the identification of
caries-susceptible sites on occlusal surfaces should be
based on actual plaque accumulation rather than on the
presence of fissure-like structures, the hypothesis tested
could not be accepted.

Further, the clinical findings were supported by the
natural history of occlusal caries [Thylstrup et al., 1989].
In order to explore the natural interplay between the use
of teeth and occlusal caries, the authors considered it
necessary to study extracted teeth from a country like
Zimbabwe with limited oral health care. Teeth with in-
creasing surface wear and sparse bacterial deposits and
teeth with little wear and different degrees of undisturbed
bacterial deposits and carious destruction were exam-
ined. The teeth were serially sectioned and the sections
examined by stereopolarized light microscopes. Teeth
from the group with increasing surface wear and sparse
bacterial deposits showed different stages of arrested oc-
clusal caries irrespective of fissure-like structure depth.
The anatomical sites of the groove-fossa system associ-
ated with arrested lesions presented fissure-like struc-
tures, most often completely filled with calculus as identi-
fied in polarized light. The combined clinical and micro-
scopic examination of teeth with little wear and different
degrees of undisturbed bacterial deposits and carious de-
structions indicated that occlusal enamel breakdown was
always related to the deepest or most protected parts of
the surface profile.

Moreover, ultrastructural studies indicated that the
bacteria at the deepest part of the fissure-like structures
were not viable or even calcified, while at the entrance of
these fissure-like structures, the bacteria showed intense
metabolic activity characterized by multiple cell divisions
with morphologically intact microorganisms. Further, it
was shown that fissure-like interlobal grooves were not
more prone to caries than groove-like interlobal grooves
[Ekstrand and Bjerndal, 1997]. These findings indicated
that the macromorphology of the occlusal surface, and
not the fissure-like structures per se, had a major influ-
ence on plaque accumulation and further enamel demin-
eralization.

Accordingly, the early onset and high prevalence of
occlusal caries in young permanent teeth could be ex-
plained neither by a particularly low inherent resistance
of the occlusal surface, focusing on enamel mineraliza-
tion, nor by the presence of inaccessible fissure-like struc-
tures. However, additional evidence about biological de-
terminants associated with occlusal caries was warranted

342 Caries Res 2014;48:339-346

DO 10.1159/000336307

in order to provide a better understanding of the onset
and development of caries on occlusal surfaces of newly
erupted teeth. In this context, the influence of the erup-
tion stage on occlusal plaque formation and caries devel-
opment had never been investigated. It was considered
relevant to explore these biological phenomena as de-
scribed in the next section.

Which Are the Biological Determinants of Occlusal
Caries Development and Arrest?

To answer this question, four hypotheses (hypotheses
2-5) were sequentially put forward and tested in a series
of three clinical trials designed for children with perma-
nent first molars at different stages of eruption [Carvalho
etal., 1989,1991, 1992]. To test these hypotheses, the clin-
ical examinations recorded: (1) the stage of eruption of
permanent first molars; (2) the occurrence and distribu-
tion of occlusal plaque in the groove-fossa system; and
(3) the occurrence and localization of occlusal caries in
the groove-fossa system supplemented with bitewing
radiographs.

Hypothesis 2:

The Interaction between Occlusal Surface-Specific

Macromorphology, Stage of Eruption and Mechanical

Oral Function Determines the Distribution of Dental

Plaque on Occlusal Surfaces

Permanent first molars of the children participating in
a clinical trial [Carvalho et al., 1989] were classified ac-
cording to their stage of eruption, and two indices were
developed for the assessment of occlusal plaque. The first
index, called ‘visible occlusal plaque’, described the oc-
currence and accumulation of occlusal plaque indepen-
dently of its localization in the groove-fossa system. The
second index, called ‘detailed mapping of occlusal plaque’,
described the occurrence, accumulation and localization
of the occlusal plaque according to the individual ana-
tomical sites. All recordings were mapped on morphol-
ogy cards illustrating the occlusal surface of maxillary and
mandibular permanent first molars. The assessments
were made for the established plaque and repeated for
48-hour-old plaque. Comparisons between plaque scores
in partly and fully erupted teeth at both assessments
showed a clear trend indicating that microbial growth
conditions on occlusal surfaces were related to the degree
in which the individual tooth was participating in oral
function. Partly erupted teeth accumulated significantly
higher amounts of plaque than fully erupted teeth (p <
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0.001). The detailed mapping showed that distribution
and accumulation of dental plaque on occlusal surfaces
were highly related to tooth-specific occlusal macromor-
phology.

Subsequently, hypothesis 3 tested the relationship be-
tween plaque accumulation and caries development on
occlusal surfaces, as described below.

Hypothesis 3:

During Tooth Eruption, the Mechanical Oral Function

Is Reduced, Favoring Caries Initiation on Occlusal

Surfaces

The presence of active and inactive lesions at non-cav-
itated as well as cavitated levels on occlusal surfaces was
recorded [Carvalho et al., 1989]. The locations of these
lesions were mapped on morphology cards. Location and
activity of caries lesions were highly correlated with oc-
clusal plaque distribution and accumulation, which was
in turn determined by mechanical function (p < 0.010).
On this basis, the influence of oral mechanical forces on
occlusal plaque formation and caries development was
verified. In order to further evaluate this assumption (hy-
pothesis 4), a longitudinal study was required.

Hypothesis 4:

Intensive Mechanical Plaque Control during Tooth

Eruption Prevents Occlusal Caries Progression

A non-operative caries treatment was implemented
based on a combination of educating children and their
parents on home-based plaque control and professional
plaque control [Carvalho et al, 1991]. Home-based
plaque control during tooth eruption was a very impor-
tant tool of the nonoperative treatment, particularly the
self-performed/parental brushing of erupting teeth. Top-
ical fluoride application was performed on non-cavitated
active lesions, sealants were applied where non-cavitated
active lesions were not arrested or had progressed at a
non-cavitated level after 2-3 subsequent control visits,
and fillings were placed when these previous treatments
had failed and lesions had progressed to cavitation. Con-
trol visits were scheduled according to individual needs.

A control group with the same sociodemographic
characteristics as the test group was formed based on ex-
amination of the records of children who were treated at
the same child oral health care service [Christiansen,
2011]. Children in the control group received traditional
preventive and restorative treatments which included a
brushing instruction, regular topical fluoride application,
systematic sealant application, fillings and regular visits
according to individual needs.

Caries Process on Occlusal Surfaces

After 1 year, two examiners not involved in the treat-
ment of the children carried out the examinations for
plaque and caries. The results of the visible occlusal plaque
index showed a significant reduction in plaque (p <
0.004). The results of the detailed mapping of occlusal
plaque index highlighted that a majority of the anatomi-
cal sites of the groove-fossa system had a significant re-
duction in plaque (p <0.05). Simultaneously, a significant
reduction in the number of active non-cavitated lesions
was observed. The evaluation of the lesions at individual
anatomic sites showed whether the lesions had pro-
gressed, had not changed or had regressed. No changes
and regression accounted for 80% of all observations. In
the test group, fissure sealing was applied on 2 teeth, in
contrast to 80 teeth in the control group. It was possible
to control caries progression on emerging teeth by fo-
cused mechanical disturbance. Thus, hypotheses 3 and 4
were accepted. By taking this argument one step further,
hypothesis 5 was tested.

Hypothesis 5:

Fully Erupted Teeth Require Less Intensive Control

of Plaque to Prevent Caries Progression on Occlusal

Surfaces

During a period of 3 years, the most dominant ob-
servation was the gradual decrease in plaque scores in
all anatomical sites of the groove-fossa system [Carv-
alho et al,, 1992]. Analyses of the individual enamel
changes showed that 90% of the observations were re-
lated to no change and regression. This was mainly ob-
served in the central and distal fossae of maxillary mo-
lars and in all anatomical sites of mandibular molars
(p < 0.05). All teeth were radiographically recorded as
sound. Moreover, less intensive mechanical plaque con-
trol measures were needed to control caries progression
in fully erupted teeth over the study period. The need
for control visits was reduced dramatically after the
teeth had reached the last stage of eruption in compari-
son with the control group. Moreover, less professional
resources were required compared with those previous-
ly used in connection with a traditional treatment strat-
egy. In the test group, fissure sealing was applied to 10
teeth in contrast to 80 teeth in the control group. Ac-
cordingly, 7 teeth in the control group and 1 tooth in
the test group were filled. It was therefore possible to
accept hypothesis 5.

These findings were complemented by testing hypoth-
esis 6 on the influence of variations in sagittal molar oc-
clusion on occlusal plaque formation and caries develop-
ment in children.
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Hypothesis 6:

Variations in Sagittal Molar Occlusion Might

Interfere with the Growth Pattern of Occlusal Plaque

Formation and Caries Development on Fully Erupted

Permanent Molars

The clinical trial included children aged 7-10 years
with permanent first molars which were clinically sound
and at the final establishment of interdigitation [Ekstrand
et al., 1993]. The results showed that maxillary molars
with normal occlusion had the lowest number of sites
with dental plaque and active caries (p < 0.010). In addi-
tion, mandibular molars in normal and with one cusp dis-
tal occlusion had a lower number of sites with plaque and
caries than all other occlusion types (p < 0.025). Thus,
incomplete occlusal interdigitation before physiologic
adjustment played a significant role in plaque accumula-
tion, which was also related to occlusal caries activity.

Finally, the pattern of dental plaque formation, distri-
bution and maturation within the dentition (hypothesis
7) was investigated.

Hypothesis 7:

The Formation, Distribution and Maturation of

Dental Plaque within the Dentition Follow a Pattern

Modulated by the Stage of Tooth Eruption

Caries-free children who were 4-6 years of age and
with diastemata participated in the study [Carvalho et al.,
2009a]. The children received prophylaxis and refrained
from tooth brushing for 48 h. The occurrence and distri-
bution of dental plaque were assessed and pictures were
taken. Limited amounts of plaque accumulated on fully
erupted occlusal surfaces of primary molars in contrast to
buccal surfaces (p < 0.001). In the mixed and permanent
dentitions, 48-hour plaque scores from the age of 6 up to
15 years were recorded, 3 times during eruption of the
permanent first molars at the age of 6 years, then once
when the permanent fist molars had fully erupted, and
when the second molars had partly erupted at the age of
12 years. Finally, the last record was made when all per-
manent posterior teeth had fully erupted at the age of 15
years. At each visit, the observations were recorded pho-
tographically.

The difference in occlusal plaque accumulation be-
tween erupting first molars at the age of 6 years and fully
erupted first molars at the age of 12 years was significant,
with a marked reduction in thick plaque at the latter age.
The same pattern was observed when occlusal plaque
scores of permanent first molars in full occlusion were
compared with those of emerging second molars. Finally,
permanent first and second molars in full occlusion
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Fig. 1. Established plaque on erupting permanent first molar (a).
The limited mechanical oral function of the erupting tooth offers
good conditions for plaque accumulation and further develop-
ment of active noncavitated occlusal caries lesions in the groove-
fossa system (b).

showed limited accumulation of thin plaque on occlusal
surfaces at the age of 15 years. Thus, it was demonstrated
that the pattern of plaque accumulation and distribution
on occlusal surfaces was modulated by the stage of tooth
eruption. On the other hand, the formation and distribu-
tion of thick plaque on approximal and free smooth sur-
faces did not show changes in relation to stage of tooth
eruption.

Collectively, based on the results of these studies, it
was possible to elucidate the biological principles deter-
mining the development and arrest of caries on occlusal
surfaces. Clear evidence was provided to show that the
most influential biological determinants of the develop-
ment and arrest of occlusal caries were thick plaque ac-
cumulation on the groove-fossa system and the stage of
tooth eruption limiting mechanical oral function, as il-
lustrated in figure 1.

In a wider perspective, these principles were applied in
subsequent clinical trials aiming at controlling caries pro-
gression in populations of children and adolescents with
their permanent molars at different stages of eruption
[Ekstrand et al., 2000; Maltz et al., 2003; Frazdo, 2011;
Vermaire, 2013]. These studies had different designs and
conceptions of non-operative treatment programs, were
carried out in dissimilar countries and over a period of
time ranging from 18 months to 3 years. However, the
results of these studies had common features among
them and with those presented in this review.

The most common findings were related to a marked
reduction in occlusal plaque scores in fully erupted teeth
compared with erupting teeth. Also, significant differenc-
es were described between test and control groups re-
garding the occurrence of plaque and caries incidence on
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occlusal surfaces of permanent molars (p < 0.05). In the
studies by Ekstrand et al. [2000] and Maltz et al. [2003],
caries incidence was measured at the non-cavitated level,
and arrest of noncavitated active lesions was observed
during the study period. A significant reduction in caries
incidence, measured at the cavitated level, was observed
in the test groups of the studies by Frazao [2011] and by
Vermaire [2013]. All the studies observed that there was
a marked reduction in the number of visits for control of
caries progression in the test group after the molars had
reached functional occlusion.

Conclusion
The relevance of the present review lies in the new un-
derstanding of and insight into biological determinants

for caries development during tooth eruption and its
management. The most influential biological determi-
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