Vrije Universiteit Brussel

Secondary caries: what is it, and how it can be controlled, detected, and managed?
Askar, Haitham; Krois, Joachim; Göstemeyer, Gerd; Bottenberg, Peter; Zero, Domenick;
Banerjee, Avijid; Schwendicke, Falk
Published in:
Clinical Oral Investigations
DOI:
10.1007/s00784-020-03268-7
Publication date:
2020
License:
CC BY
Document Version:
Final published version
Link to publication

Citation for published version (APA):
Askar, H., Krois, J., Göstemeyer, G., Bottenberg, P., Zero, D., Banerjee, A., & Schwendicke, F. (2020).
Secondary caries: what is it, and how it can be controlled, detected, and managed? Clinical Oral Investigations,
24(5), 1869-1876. https://doi.org/10.1007/s00784-020-03268-7

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 29. Nov. 2021

Clinical Oral Investigations (2020) 24:1869–1876
https://doi.org/10.1007/s00784-020-03268-7

DISCUSSION PAPER

Secondary caries: what is it, and how it can be controlled, detected,
and managed?
Haitham Askar 1 & Joachim Krois 1 & Gerd Göstemeyer 1 & Peter Bottenberg 2 & Domenick Zero 3 & Avijit Banerjee 4 &
Falk Schwendicke 1
Received: 10 September 2019 / Accepted: 26 March 2020 / Published online: 17 April 2020
# The Author(s) 2020

Abstract
Objectives To assess how to control, detect, and treat secondary caries. This review serves to inform a joint ORCA/EFCD
consensus process.
Methods Systematic and non-systematic reviews were performed or consulted and narratively synthesized.
Results Secondary (or recurrent) caries is defined as a lesion associated with restorations or sealants. While the restorative
material itself has some influence on secondary caries, further factors like the presence and size of restoration gaps, patients’
caries risk, and the placing dentist’s experience seem more relevant. Current detection methods for secondary caries are only
sparsely validated and likely prone for the risk of over-detection. In many patients, it might be prudent to prioritize specific
detection methods to avoid invasive overtreatment. Detected secondary caries can be managed either by repair of the defective
part of the restoration or its complete replacement.
Conclusions There is sparse data towards the nature of secondary caries and how to control, detect, and treat it.
Clinical significance Despite often claimed to be a major complication of restorations, there is surprisingly little data on secondary
caries. Longer-term studies may be needed to identify differences in secondary caries risk between materials and to identify
characteristic features of progressive lesions (i.e., those in need of treatment).
Keywords Detection . Secondary caries . Evidence-based medicine . Restorations . Systematic review

Introduction
Secondary (or recurrent) caries [1] has been defined as “lesions at the margins of existing restorations” [2] or “caries
associated with restorations or sealants” (CARS). Secondary
caries is a complex, multifactorial process, interweaving the
various causes of “conventional” caries with the specific
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characteristics of the restoration and restorative material involved, i.e., secondary caries pathogenesis follows the same
concept for any other caries lesions, involving demineralization and, in case of dentin secondary caries, enzymatic dissolution of the organic component, but is modified by the presence of a restoration or sealant margin. This specific modification and its relevance is a matter of active debate.
Secondary caries may be (1) causally associated with a
defective restoration (mainly via gaps between the restoration
and the tooth allowing acidic fluids or biofilm to enter the
interface) or (2) causally associated with an intact restoration
(e.g., via a lower buffering capacity of the restoration compared with the tooth hard tissue) or (3) not causally associated
with the restoration at all, but mere primary caries adjacent to
existing restorations (mainly when the caries process has not
been sufficiently addressed on a patient level and the surface
next to the restoration becomes carious as a result of this
ongoing caries activity) [3–5]. For all three cases, though,
the known factors relevant for caries development (presence
of a cariogenic biofilm, supply with fermentable
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carbohydrates, imbalance in mineral loss, and loss of dental
hard tissue) are required.
The result of these different pathogenic pathways may be
demineralization on the tooth surface, as typically occurs in
primary carious lesions, as well as along the interface (Fig. 1),
with a surface and a so-called wall lesion [5–8]. There is some
debate around the nature and size of a restoration defect required to allow formation of such wall lesions. A number of
in vitro studies, using various secondary caries models, have
been performed, yielding threshold gap sizes of the defect
between 60 and 1000 μm [9, 10]. In situ studies confirmed
the range of these gap sizes. More recent studies found masticatory loading on the restoration to enhance wall lesion formation, enabling such formation also along relatively small
gap sizes, possibly as the cyclic loading facilitates fluid (and
dysbiotic biofilm) penetration along the interface [11–13].
Findings from in vivo studies, however, could not necessarily
confirm such threshold gaps sizes or effects of loading, mainly
due to methodological limitations [5]. The presence of gaps
may be the result of an imperfect initial placement of the
restoration, for example by non-compensated polymerization
shrinkage or insufficient light-curing of the material (with a
subsequent wash-out of un-cured components) [14]. Longterm defects and gaps may also form by hydrolytic degradation of the hybrid layer and hence the interface in case of
adhesive (resin-based) restorations [15, 16].
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The most frequent ones, synthesized in a recent review
[17], are the following:
&

&

&

Can we control secondary caries risk?
A number of factors have been evaluated for their association
with secondary caries risk. If they were to be controlled, the
risk for secondary caries could be controlled, too.

&

&

Fig. 1 Typical cross-section (derived from a micro-radiograph) through a
secondary caries, with a surface lesion (yellow) and a wall lesion (red)
being present. The wall lesion extends along the interface between tooth
and restoration material

&

Surface location. The vast majority of secondary carious
lesions (up to 90%) are found at the gingival margin of
restorations, regardless of the restoration material [18, 19].
It was further speculated that “deeper” proximal restorations, i.e., those extending to the cementum-enamel junction or beyond, show higher risks of secondary caries, as
the dental substrate is not enamel, but cementum and dentin in this case [20], but also as restoration placement may
be more challenging for these deeper restorations (see
above). The sparse data available does not necessarily
confirm this hypothesis, though [21]. Moreover, most data
are collected from posterior restorations; in anterior regions, secondary caries is less likely to occur [22].
Patients’ caries risk/susceptibility. The risk of restoration
failure due to secondary caries is significantly increased in
high-risk caries patients compared with low-risk ones [23,
24]. Such patients usually also show limited adherence,
which needs to be considered during diagnostic and treatment decisions.
Patients’ age. It remains unclear if age mainly serves as
proxy for caries susceptibility (being higher in very young
and the older patient) or if there is truly an association
between secondary caries susceptibility and age. It is also
conceivable that the placement of restorations will come
with different challenges in different age groups, which
may be reflected in the risk of secondary caries, as
discussed.
Socioeconomic status. While the socioeconomic status
may, indirectly via behavioral traits, affect caries susceptibility (see above), it remains unclear if it is also associated with “different” restorations (placed differently, using
different materials or protocols). There is evidence that
socioeconomic status is associated with longevity of restorations and secondary caries [25, 26].
Operator skill variability. As discussed, secondary caries
is partially associated with the quality of the restoration
placed. Besides the patient as one main factor, the operator
is often seen as the second main factor impacting on restoration longevity and risk of secondary caries (both being
possibly more relevant than the specific restorative protocol or material, see below). Operator’s experience and care
during placing the restoration will affect its integrity and
long-term survival. Practice-based studies demonstrate the
impact of operators on restoration longevity [25–28].
Operator skills also affect how detections are handled
and transformed into treatment decisions (see below).
Detection methods and criteria. As discussed below, detecting secondary caries is a challenge. Most detection
methods and criteria have limited accuracy [29]. While,
of course, detection methods and criteria will not affect the
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“development” of secondary caries, they will determine
how often a finding will be defined as secondary caries
or not. Detection methods and criteria will, for example,
impact on the reported incidence rates of secondary caries.
In this sense, it is unclear at present if the high incidence
rates reported from long-term data, mainly stemming from
non-controlled cohorts, are fully ascribable to secondary
caries. In many instances, discolorations or clinically irrelevant imperfections may have been identified as secondary caries [19, 30, 31]. At present, there is sparse evidence
demonstrating what kind of characteristics an identified
defect needs to progress into a state where care is undoubtedly needed, or to remain in the status quo in the long
term, possibly never progressing and hence never needing
care [32].

Do different materials affect secondary caries
risk?
While a patient’s caries risk or susceptibility seems to be the
most relevant factor for secondary caries development, the
relevance of the restorative material has been evaluated most
frequently. A large number of studies comparing different materials have assessed secondary caries, either in vitro, in situ,
or clinically.
In vitro studies offer the opportunity to evaluate different
factors under cariogenic environment (chemical demineralization or biofilm model) with direct correlation to the histological changes. The effect of an interfacial gap between the
restoration and tooth structure was evaluated by a large number of studies, with gap size and the used filling materials
being the mostly tested factors. The available studies found
no significant difference between various resin materials on
the mineral loss of both surface and wall lesions. However,
amalgam and fluoride-containing materials (e.g., glass
ionomers) were able to reduce secondary caries progression
in some studies [11, 33, 34]. It is unclear how these findings
relate to clinical settings, e.g., patients using fluoridated toothpaste, etc. Generally, large methodological heterogeneity applies to these in vitro studies, with various restorative protocols, methods to simulate caries, and techniques to evaluate
mineral loss having been used [35–37].
In situ studies, where samples composed of dental hard
tissues and restorative materials are worn in fixed or removable dental appliances for some days or weeks, have the advantage of testing different materials under natural oral environment. A recent systematic review could not identify significant and consistent differences in secondary caries development next to different restorations [38]. The authors of the
review included nine studies (132 patients, 8 materials) and
performed network meta-analysis for synthesizing the results.
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They found that any material rankings come with uncertainty
and identified ambiguity or even contradiction between studies. A wide range of materials and materials combinations
(composites-adhesive combination, glass ionomer, resinmodified glass ionomer, amalgam) was used; the majority of
studies compared 2–3 materials [38]. The specimens were
placed in three positions: palatal, buccal, and, rarely, proximal.
A split-mouth design was the most frequently used; in case of
fluoride-releasing materials, the cross-over design was also
frequent to avoid a carry-over effect. Also, different substrates
(bovine or human enamel and/or dentin) and patients (low vs.
high caries) were found [38]. The progression of secondary
caries in in situ studies was remarkably higher than in a clinical situation, mainly by intentionally accelerating lesion progression by creating highly cariogenic environment (e.g., covering the specimens with a mesh to allow a non-disturbed
development of the biofilm, frequent application of sucrose)
[38, 39]. Overall, there are doubts as to the validity, consistency, and transferability of the in situ evidence to clinical settings. Especially the results of single in situ studies seem to be
closely related to methodological decisions rather than replicable differences between materials.
Clinical studies compared a range of materials for their risk
of secondary caries. The former “standard” dental material,
amalgam, seems to come with lower risk of secondary caries,
especially in high caries risk patients, as confirmed by randomized controlled studies [40, 41]. Notably, though, and
considering the phase-down or phase-out in many countries
worldwide which have signed the Minamata agreement [42],
more recent studies assessed amalgam alternatives, like incrementally placed composites, bulk-fill composites, or glass
ionomers (GI), for their risk of secondary caries [43].
Surprisingly, only a very limited body of evidence, at least
from randomized controlled trials, is available for this comparison. Composites show good performance if placed in lowrisk patients, and also for rather extended cavities, without a
clear difference between incremental and bulk placement.
Notable, many studies included in the available reviews did
not place “bulk-fill composites” in bulk, and from those which
did, there is no clear indication that such bulk placement
comes with increased risk of failure (possibly, though, as the
follow-up period of these studies was low, below 5 years)
[43]. GIs show similar performance with regard to secondary
caries when compared with composites but may come with
higher risk of fracture in extended cavities. Notably, the most
recent developments of GIs have only very sparsely been
assessed clinically. Some countries have adopted GIs as the
standard amalgam alternative given its applicability and placement costs [44].
Overall and based on randomized controlled trials, the impact of the restorative material on secondary caries risk seems
to be limited. Notably, though, the follow-up period of these
trials was short, and most were performed in low-risk patients
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under controlled (university) settings. Hence, the overall number of lesions which developed was low. Longer-term practice-based studies reported on higher number of developed
secondary caries lesions, while the overall conclusions of
these studies point into a similar direction [45, 46].
In summary, patient- and operator-level factors seem to be
decisive for controlling secondary caries. Especially the caries
risk or susceptibility of a patient is associated with secondary
caries development.

Detecting secondary carious lesions
Early detection of secondary caries may allow provision
of less invasive treatment options like re-sealing or repair
instead of complete removal and replacement of restorations (see below). Detection of secondary caries can either
be highly sensitive, detecting nearly all lesions, but coming with a concomitant high risk of false-positive diagnoses, or highly specific, avoiding such false-positive diagnoses but consequentially missing many lesions. There
will always be, to some degree, a trade-off between sensitivity and specificity and the resulting over- and underdetection or over- and under-treatment [29].
A variety of methods are available to detect secondary caries, including visual, tactile, radiographic, laser fluorescence,
and quantitative light-induced fluorescence assessments [47].
A recent review [29] summarized the available evidence on
these detection methods and their accuracy. For this review,
clinical or in vitro studies investigating the accuracy of these
five detection methods on natural or artificially induced secondary lesions were included. A diagnostic accuracy metaanalysis was performed, and sensitivity, specificity, and positive and negative likelihood ratios were estimated. From 1179
screened studies, 23 were included; all but two were performed in vitro and all had high risk of bias. Lesions were
mainly assessed in permanent teeth (n = 21); two studies
assessed primary teeth. Lesions were adjacent to amalgam
(n = 13), resin composites, or other tooth-colored materials
(n = 7); three studies assessed both materials. Visual detection
included the assessment of discoloration, staining, or other
visually detectable changes. Tactile detection focused on the
assessment of ditching. Radiographic detection was used both
on its own and combined with visual assessment. Laser fluorescence and quantitative light-induced fluorescence were also investigated. Visual (n = 11 studies), radiographic (n = 13),
and laser fluorescence detection (n = 8) had similar sensitivities (0.50 to 0.59) and specificities (0.78 to 0.83). Tactile assessment (n = 7) had low accuracy. Light-induced fluorescence (n = 3) was sensitive but showed low specificity.
Recent in vitro data found near-infrared light transillumination
potentially useful to detect secondary lesions, with similar
accuracy as radiographic assessment and being superior to
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visual-tactile detection [48]. Overall, visual, radiographic,
and laser-fluorescence detection are potentially useful to detect secondary caries. Near-infrared transillumination may also be useful, but data remains scarce. For tactile and quantitative light-induced fluorescence assessment, data are both
sparse and not promising.
Given that secondary caries detection is performed as part
of a routine screening appointment and possibly applied repeatedly, there is some evidence indicating that specific measures should be prioritized, as secondary caries progresses
only slowly and missed lesions may be detected at the next
screening round. Alternatively, a sequential usage of sensitive
followed by specific methods seems advisable [32]. Avoiding
false-positive diagnoses, which lead to costly and invasive
overtreatment, seems especially relevant in most of today’s
low-risk populations.

Dealing with secondary caries: repair
or replace restorations?
If secondary caries is detected, dentists are faced with a number of treatment options. Conventionally, such defective restorations were completely removed and replaced. The repeated complete replacement of defective restorations results in
excessive removal of dental hard tissue and shortens the
lifespan of the tooth [49–51]. This is the reason why partial
correction, using repair or re-resealing partially defective restorations [52], has become popular [53–55]. Such partial corrections are accepted among dentists [53], and a wide range of
protocols of how to correct (mainly repair) such restorations
exists (see below). Repairs can also be performed for fractured
restorations, with fractures being the second main reason for
replacement of dental restorations [30].
Repairing restorations is not only considered to preserve
tooth structure and reduce the risk of treatment-related complications but also can be less time-consuming and less costly
compared with the complete replacement of partially defective
restorations. On the other hand, the survival probability of
repair restorations might be inferior to that of replaced restorations [56, 57] (Table 1). One aspect assessed by a recent
study was if this increase is acceptable given that the original
restoration did not need complete removal and replacement in
the first place from both an effectiveness and a cost perspective [58]. This study used a modeling methodology to follow
repaired or replaced restorations over a lifetime. For partially
defective resin composite restorations, the study found repair
to be long-term minimally costlier than replacement, but also
minimally more effective. For amalgam, repair was much
costlier (mainly as complete replacement of amalgam was
rather inexpensive) and minimally more effective. The larger
(extended) the partially failed restoration, the more costeffective was the repair, especially for resin composite.
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Annual failure rates (AFR) in repaired versus replaced restorations from [58]

Study
Composite
Opdam 2010, 2012 [46, 56]
Fernandez 2015 [65]
Martin 2013 [66]
Sample size weighted mean
Amalgam
Gordan 2011 [67]
Smales and Hawthorne 2004 [57]
Opdam 2010, 2012 [46, 56]
Martin 2013 [66]
Sample size weighted mean

Sample sizea

AFRb repair

AFR replacement

Relative risk (RR)

Follow-up, restorations

113
23
14*

5.7
2.2
0.0

1.8
0.4
0.0

3.2
5.5
1
3.4

5 years, “large posterior”
10 years, class I and II
5 years, class I and II

27
24
133
17*

0.5
6.3
9.3
0.0

1.5
3.7
1.3
0.0

0.3
1.7
7.2
1.0
5.0

7 years, mainly class II
10 years, class II
5 years, “large posterior”
5 years, class I and II

*Martin et al. (2013) only reported overall numbers of followed composites and amalgams. As 34% were repaired (the rest was replaced or left
untreated), we reduced the sample size accordingly
a

Sample size of repair group only

b

The annual failure rate (AFR) was either used as reported or estimated based on USPHS scores, with only categories Charlie and Delta counting as
failure

Notably, the study assessed if repair was a good option in case
the original complication was secondary caries, which is of
relevance for the present review. In this case, repair was highly
cost-effective (the opposite was the case if fracture was the
reason of initial failure). The authors ascribed this to the fact
that in restorations failing due to fracture, high physical stress
may be the reason for failure and repairs may not be sufficiently suited to withstand this. In contrast, in case of secondary
caries, it may not matter too much if the restoration is replaced
or repaired as long as the margin integrity is provided. If accessible, repairing or resealing restorations partially defect due
to secondary caries seems advisable. More detailed criteria on
how to systematically assess the restoration and how to specifically decide between repair versus replacement have been
published by a recent review supported by the FDI [59].
The protocols for placement of repair restorations have
been discussed in detail elsewhere [60, 61]. Briefly, defective
parts of the restoration should be removed, and the restoration
surface of the cavity roughened by use of diamond burs. Then,
depending on the type of restorative material to repair, different surface pre-treatments can be recommended: Resin composite and amalgam surfaces should be air abraded with
Al2O3; silicate ceramic surfaces can also be air abraded with
Al2O3. Alternatively, acid etching using hydrofluoric acid can
be performed if contamination of gingiva, enamel, and dentin
can be avoided. Metallic and oxide ceramic surfaces should be
air abraded using either Al2O3.or silica-coated Al2O3 [62].
Areas of dental hard tissue in the cavity to be repaired should
be etched with phosphoric acid. Phosphoric acid etchant can
also be applied on composite or glass-based ceramic surfaces
to obtain a cleaning effect. However, contact of phosphoric
acid to metallic surfaces and zirconia should be avoided as this

might hamper the adhesion of 10-methacryloyloxydecyldihydrogen-phosphate (MDP) containing primers [63].
Then, silane coupling can be recommended; alternatively, universal primers containing components (e.g., silanes, MDP,
sulfur-containing monomers) for chemical bonding to a variety of surfaces can be used. Notably, clinical studies found
simplified approaches involving only conventional etching
and bonding procedure without air abrasion or further surface
treatment of the remaining restorations also effective for restoration repair [64].
Overall, repairing partially defective restorations seems to
have advantages for the longevity of the initial restoration, may
slow down the restorative spiral of ever escalating hard tissue
loss, and hence provides longer retention times for teeth. In case
secondary caries was the reason for repairs, these may come with
a high cost-effectiveness. However, performing repairs is challenging and requires a number of steps, which may be compromised given their high technical requirements. Moreover, only in
certain indications (area to be repaired accessible, remaining restoration intact, patients accept repair, repair steps can be performed as described), repairs should be attempted.

Gaps of knowledge
Overall, a wide range of knowledge gaps persist, as outlined
above. First, the nature of secondary caries, its pathogenesis,
and risk factors have not been fully and deeply been understood.
Causes, drivers, and facilitators of secondary caries development
need to be captured more deeply, using both in vitro and clinical
longitudinal research methodology, to derive diagnostic and therapeutic concepts. Second, detecting secondary caries lesions is
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dominated by concepts which are derived from primary caries
detection, while their validation is lacking. The number of diagnostic accuracy studies is limited, and studies testing any kind of
further validity (e.g., prognostic validity) and the impact of secondary caries detection on treatment decisions and the long-term
impact emanating from that are even scarcer. Third, for treating
secondary caries, most studies assessed different materials being
used for full replacement of the failed restoration. Alternative
treatment concepts like repair or, more so, reseal as well as further strategies for arresting secondary caries have only been
sparsely or not at all investigated.
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