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ABSTRACT

The main part of dentists’ work is associated with the operative treatment of dental caries, aiming at the sta-
bilization of the process and restoration of the natural anatomy and function of the teeth with artificial ma-
terials. With the emergence of restorative dental medicine came the questions related to the survival rate of
the restorations, the reasons for their replacement and the possibilities for control and management of the
factors, leading to activation and progression of the carious process.

The aim of the literature overview is to study the most common reasons, leading to a decrease of the surviv-
al rate of different restorations within the conditions of the mouth cavity. It analyzes factors with direct and
indirect importance for the development of secondary caries and the longevity of obturations, such as po-
lymerization shrinkage, accumulation of dental biofilm, micropermeability, marginal adaptation, micro-

gap, etc.
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The replacement of restorations is the most
common operative approach, used for both stabili-
zation of the carious process, and prevention of its
progress (1). When the operative treatment is accept-
ed without control of the etiological factors, new car-
ies lesions may be developed around the restorations,
leading to re-restoration of the tooth (1). In the pres-
ence of different marginal defects about three quar-
ters of all restorations are replaced in order to prevent
further damage (2). The reasons for operative treat-
ment are of great interest, and demonstrate the ne-
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cessity of reevaluation of the expenses for operative
treatment of dental caries, which accumulate during
the lifetime of the patient, compared to the expens-
es for individual preventive non-operative treatment
A3).

Regarding the occurrence and the development
of caries adjacent to obturation or sealant, in the lit-
erature there are discussions of different factors re-
lated to the obturation materials and the restorations
(4). Every obturation has limited time of functional
suitability and could be compromised by different
objective factors, associated with the obturation ma-
terials, the condition of the adjacent hard tissues, af-
fected surfaces, the skills and the equipment of the
dentist, general and/or oral health of the patient, etc.
®).

Marginal Adaptation, Microgap

It has been discussed for a long time that mar-
ginal gaps lead to the development of secondary car-
ies, and that the marginal adaptation of the restorative
material to the cavity wall is very important (6). It is
suggested that if there is a marginal gap, the dentin-
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al tubules are not closed, the bacteria can easily pen-
etrate, the dissemination of secondary caries is high-
er, and the survival of the restorations is short. The
most common location of caries along the obturation
margins is the gingival edge in class II to class V ob-
turations, where plaque is accumulated, as well as at
the border obturation - cavity wall. The occlusal mar-
ginal edges, even overcontoured and with plaque re-
tention, rarely develop caries, probably because of the
better capacity for plaque control (7,8). The main fac-
tors affecting the occurence of secondary caries along
the gingival margin of the obturations are: the restor-
ative technique, the quality of the obturation materi-
al and the plaque control by the patient (9), as it large-
ly depends on the preparatory technique (5,10). The
gingival marginal edge of the cavity is considered to
be susceptible to contamination from infiltration of
gingival fluid and saliva between the obturation and
the cavity wall, especially if it has subgingival location
and no rubber dam is used for isolation. The pres-
ence of defects resulting from the adaptation of obtu-
ration creates preconditions for subsequent retention
and accumulation of dental plaque, and respectively
for appearance and development of secondary caries
(3,7,11). The larger the subgingival depth (2), and the
wider the cavity, the smaller the possibility to guaran-
tee precise marginal adaptation is, and the more often
generalized attrition, fractures and microgaps occur
(10,12). Another significant moment is the lack or the
underestimation of the moisture control. It is known
that contamination with fluids has much more serious
consequences for the composite than for the amalgam
obturations. A number of researchers report that no
more than 15% of the dentists use rubber dam and
without it the clinical protocol, focusing on dry oper-
ative field, cannot be followed successtully (5,12). Ma-
rinova reports that, during their in vitro study, none
of the materials demonstrated complete lack of micro-
gaps and micropermeability, which is more expressed
at the borders of the dentin (13). Goldberg et al. report
increased probability for secondary caries with dete-
rioration of the quality of the margin on smooth sur-
faces, but also that oral hygiene is an important fac-
tor for the risk of secondary caries (14). According to
Hamilton et al. (15), however, the margin deteriora-
tion is not a predictor of the lifespan of the restoration.
In a later literature review, Goldberg (16) speaks of the
complexity of finding a clear connection between the

marginal gaps and secondary caries, and Soderholm
etal. (17) do not find significant difference in the size
of the marginal distance on areas without second-
ary caries, compared to areas with secondary caries
in amalgam restorations. Kidd and Beighton report
that only gaps over 0.4 nm with composite obtura-
tions lead to an increased amount of microorganisms
in the dentin. Compared to areas with secondary car-
ies, the areas with large gaps have similar levels of mi-
croorganisms, but lower levels of Streptococcus mu-
tans (18). Gaengler et al. (19) come to the conclusion
that the imperfections in the integrity of the margin
of composite restorations do not increase the risk of
secondary caries, however, Hayashi et al. report that
the deterioration of the margin and the marginal col-
oration in composite restorations is associated with
more frequent future damages (20). The presence of a
microgap between the obturation and the cavity wall
is considered to be a positive indication for the devel-
opment of a wall lesion. This subject is still discussible,
as some studies find positive correlation between the
size of the gap and the appearance of secondary caries
(21,22), while others do not find such relation (8). The
microgaps at the margin obturation-tooth, which are
smaller than 35-50 pm, do not predispose to develop-
ment of secondary caries, unlike the larger ones (8).
The marginal gaps allow penetration of microorgan-
isms and accumulation of plaque, which will lead to
further demineralization of the cavity wall (21). In an
in-vitro study Nassar and Gonzalez-Cabezas (2011)
study the significance of the gap size and its geome-
try as a risk factor for the development of secondary
carious lesions, particularly wall lesions (23). Their
results completely confirm the above-mentioned and
demonstrate that the presence of an additional gap at
the dentinal wall area does not affect secondary car-
ies development, as long as the enamel gap is smaller
or about 30 pm. According to the authors, the prob-
able cause is the larger distance of the obturation in
the inner third of the dentin, which impairs the ex-
change and transfer of substrates for the microor-
ganisms, due to the larger distance, which they must
pass. On the other hand, due to the delayed exchange,
the extracted calcium ions during the demineraliza-
tion are held longer in the microgap, thus helping the
natural process of re-mineralization (23). Therefore,
we may conclude that secondary caries is not devel-
oped as a result of micropermeability around the ob-
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turation, but is a lesion, similar to primary caries on
smooth surfaces (9). The presence of overhanging ob-
turation margins, even small and difficult for clini-
cal detection, predispose to the appearance of second-
ary caries, which shows that accumulation of dental
plaque is an important factor in the etiology of caries
adjacent to obturation or sealant. The results of recent
studies show that the development of external lesion
is probably more significant than the development of
wall lesion (9). In their study Mjor and Qvist (1997)
have established that combined wall-adjacent and re-
sidual lesions are found more often if the preopera-
tive diagnostics finds external lesion in the obtura-
tion margin. At the same time, wall lesions, which are
found after the removal of the obturation, are not so
frequent when there is a marginal defect without car-
ies. These results confirm that the external lesions are
more indicative of presence of secondary caries, al-
though the use of external lesion as indication of wall
lesion is limited. For example, Grossman and Matej-
ka come to the conclusion that the presence of an out-
er lesion is a sure indicator for the presence of a wall
lesion. The absence of an outer lesion does not mean
the absence of a wall lesion; as well as the outer le-
sion is not an indicator for the size of the wall lesion
(24). Perhaps the best proof that the micropermeabil-
ity and the microgaps do not necessarily lead to sec-
ondary caries is the study of enamel cracks. Caries is
almost never observed in these cracks or in their ad-
jacent areas, although they also change color, similar-
ly to the margins of esthetic restorations. The color-
ation is due to the proteins in the cracks, similar to
those from the pellicle, which normally covers the
teeth and the obturations (11). These results suggest
that it is disputable whether there is correlation be-
tween the width of the microgap and the development
of secondary caries (14,15,16). The quality of the mar-
gins does not necessarily increase the risk of second-
ary caries, although their poor quality, in fact, can re-
duce the clinical duration of the restorations, due to
incorrect diagnosis (2).

Micropermeability, Nanopermeability

Micropermeability is considered to be one of
the main factors for the occurrence of secondary car-
ies, associated with the forming of a microgap (25).
A condition for the occurrence of micropermeabil-
ity is the rupture of the adhesive bond by the forces

of polymerization shrinkage of the composite mate-
rials, or occlusal load, and to a lesser extent is asso-
ciated with the impact of the chemical and thermal
factors (26,27,28). In theory, microfiltration is possi-
ble between all marginal surfaces in the adhesively
bonded obturations: dentinal tubule - plastic process
— hybrid layer — adhesive layer — composition mate-
rial. The question regarding which complex adhe-
sive area is most unstable, is debatable. Nakabayas-
hi (4), Pashley et al. (29) suggest that the collagen fi-
bers, completely proliferated, with plastic at the base
of the hybrid layer, are an initial location for disinte-
gration. Sano et al. (30) study the micropermeabil-
ity at the level of hybrid layer, and they did not es-
tablish a gap between the marginal layers. The dis-
integration between the hybrid and the adhesive lay-
er is found to be the weak point in the multi-com-
ponent bonding surface between the hard dental tis-
sues and the composite materials (31). There are sug-
gestions that the water absorption by the methacryl-
ic polymers of the primer and the hygroscopic ex-
pansion could compensate the initial gap. This ex-
pansion of the methacrylic polymers, however, is not
sufficient to restore the reduction volume of the ob-
turations, due to the polymerization shrinkage (26).
Once the gap appears, it is enlarged by the effect of
the mechanical factors, stress zones, and the chemi-
cal and thermal factors contribute further to the ex-
pansion of its size (26,27,28). The physical existence
of the gap, clinically and ultramicroscopically deter-
minable, is not pathognomically sufficient criteri-
on for diagnosis of micropermeability (31). The for-
mation of an inadequate hybrid layer, susceptible to
degradation, is a result of diffuse-dependent hydro-
lytic processes, and is called nanopermeability. The
presence of nanopermeability is associated with a
gap, whose enlargement in most of the cases is com-
bined with reduction of the strength of the bond (32).
It is proven that the factor with greatest importance
for opposition against the forces of the polymeriza-
tion shrinkage, is the strength of the adhesive bond
(26,27), which is still problematic (33).

Polymerization Shrinkage

The polymerization shrinkage (1.5 - 3% ac-
cording to McCabe, 2008) is suggested to cause sec-
ondary caries, due to defects of the margins, which
appear during contraction of the composite mate-
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rials (5,34). The presumption, that the shrinkage of
the polymer causes secondary caries is based on a
simplified model, according to which the contrac-
tion causes loss of adhesion and leads to gaps in the
margins, allowing the penetration of bacteria (5,25).
There is no solid evidence that the shrinkage of the
polymer has direct or indirect effect on the etiology
of the secondary caries, and it is arguable if its elim-
ination will have a significant effect on reducing the
risk of the secondary carious process (2). The colored
marginal distances may increase the possibility of in-
correct diagnosis and lead to unnecessary change of
restorations, thus the polymerization shrinkage may
have indirect negative effect on the clinical durability
of the composite restorations (2,12,34). The polymer-
ization shrinkage is also related to the C-factor (con-
tiguration factor), formed on the basis of the ratio be-
tween the bound and unbound surfaces of the cavi-
ty. It is assumed, that the incremental application of
the composites helps overcome the residual polym-
erization stress, proportionally related to the C-fac-
tor (5,26). The polymerization shrinkage may result
in appearance of cracks and retraction of the mate-
rial from the gingival margin, due to the weaker ad-
hesion of the bonding agents to the dentin and the
cement, than to the enamel and with occlusal direc-
tion of the light source (5,12). These gingival parts of
the obturation are also more difficult to clean by the
patient, compared to the other tooth surfaces, espe-
cially with approximal location (11). Unlike the ob-
turations with dental amalgam, the composite obtu-
rations allow no mistakes, and despite the intensive
studies, the problem with the marginal gaps, and re-
spectively the secondary caries of composite restora-
tions, is still unsolved (13). At the same time, other
authors report that the initial formation of plaque on
hard surfaces is mostly affected by the environment
in the oral cavity, than by the parameters of the ob-
turation materials.

Accumulation of Plaque Biofilm

Outer lesions with secondary caries are proven
to be associated with the presence of plaque biofilm
on the margins of the restorations, which depends on
the type of the obturation material (8,22). Microbio-
logical studies of secondary carious lesions do not es-
tablish significant differences in the microbial flora
between primary and secondary caries (18). Accord-

ing to different studies, composite materials accumu-
late more and more carious plaque, compared to den-
tal amalgam, silicate cements and glass-ionomer ce-
ments. It has been proven that the aging composites
become favorable environment for microorganisms
and contribute to the accumulation of more biofilm
than the other obturation materials (35,36), and the
acids from the biofilm increase the risk of develop-
ment of a carious process. Under composite restora-
tions with gaps, there have been found eight times
more anaerobic cariogenic microorganism than un-
der defective obturations with dental amalgam with
underlay from zinc-oxy-phosphate cement (8). Many
studies prove that composites, including composite
cements, have markedly weaker bacteriostatic poten-
tial than materials containing silver, gold, tin, cop-
per, zinc oxide, etc. Kidd and Beighton (18) studied
the connection between the marginal coloration of
composite obturations and the microbial levels in
the dentin. They established that 79.5% of the areas
with soft carious dentin were under colored margins,
and 55.5% of the areas with hard dentin were also
found under colored margins. Except for categori-
cally proven carious lesions, none of the clinical indi-
cators can predict the presence of soft carious dentin
under marginal coloration. On the other hand, sig-
nificant connections have been established between
microorganisms from the marginal biofilm, and mi-
croorganisms found in the dentin. There are more
microorganisms in the marginal plaque over areas
with soft carious dentin than areas with hard dentin.
These data show that the marginal gaps and the mar-
ginal coloration, which are not determined as cari-
ous lesions, do not suggest secondary caries, and the
microbial levels of the marginal plaque correlate with
the presence of carious dentin (2).
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