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Objective To assess the strength of the evidence describing the effectiveness
of alternative strategies to the detection and management of early occlusal
caries and suspected occlusal dentinal caries.
Methods Nine detection and intervention decision points were identified as
being central to the management of early occlusal caries and suspected
occlusal dentinal caries, or suspicious areas. For each decision point, the
evidence for effectiveness was assessed, using existing systematic reviews
when available, and nonsystematic review methods when necessary.
Results For the 2 detection decisions (early occlusal caries and suspicious
areas) the strength of the evidence was weak. Accuracy in detecting early
occlusal caries was extremely variable within and across detection methods.
Approximately 50% of suspicious areas identified had dentinal caries. The
strength of the evidence for effectiveness of nonsurgical approaches for the
management of early occlusal caries was weak for all 3 management strategies
examined (doing nothing, sealants, remineralization). This evidence suggested
that sealants were highly effective, with remineralization reflecting moderate
effectiveness. For the management of suspicious areas, the strength of the
evidence was still weaker and reflected the same relative effectiveness. For
the surgical management strategy for suspicious areas, operative treatment,
the evidence was strong and reflected high effectiveness for preventive resin
restorations, but no evidence was available for minimally invasive techniques.
Conclusion Identification methods for early occlusal caries are not accurate.
The strength of the evidence for effectiveness of nonsurgical management
strategies for early occlusal caries is at best, weak. The available evidence
suggests that sealing both enamel caries and suspected occlusal dentinal caries
is the most effective management approach if subsequent maintenance of the
sealed surfaces can be assured.

INTRODUCTION

The dental profession’s approach to the treatment of caries
has been evolving in recent years. A generation ago, it would
have been fair to characterize the predominant treatment
philosophy as being reactive and focusing on operative

intervention. When lesions were detected, and often when
they were suspected, they were restored, and the earlier the
better. Prevention was important for children and Bone size
fit all.[ Over the past several decades, advances in materials
and technology and changes in caries epidemiology have all
contributed to the emergence of a more proactive, tailored
preventive and conservative treatment philosophy character-
ized by greater attention to the individual and his or her
disease, with reduced emphasis on universal immediate
surgical intervention.

J Evid Base Dent Pract 2006;6:91-100
1532-3382/$35.00
� 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.jebdp.2005.12.004

PUSHING THE BOUNDARIES OF DENTAL TREATMENT

http://dx.doi.org/10.1016/j.jebdp.2005.12.004


The profession is slowly progressing from Bfinding and
filling[ to Bearly detection and management.[ Dentists
adopting this treatment philosophy have fewer cavities to
fill, and more surfaces to save. But, progress has not been
rapid. This conservative approach first achieved wide
visibility with the publication of a supplement to the Journal
of the American Dental Association in 1995.1 The 2001 NIH
Consensus Development Conference on the Diagnosis and
Management of Dental Caries Throughout Life adopted the
caries management paradigm in structuring its Conference
Statement,2 and adoption by clinicians has been urged
frequently.3-5 Nevertheless, indirect evidence suggests that a
large segment of the profession may not employ recom-
mended caries management strategies in their practices.6-8

The management of noncavitated lesions on occlusal surfaces
seems in particular to attract recommendations for surgical
intervention in the absence of evidence of caries progression
into the dentin.9,10

In all likelihood there are several reasons why recom-
mended conservative, noninvasive strategies to managing
early occlusal lesions are not being adopted rapidly by
clinicians. One of those possible reasons is that clinicians
have found the strategies to be ineffective in actual practice.
Thus, it is entirely appropriate to examine the strength of the
evidence that underlies current recommendations for the
management of early occlusal caries lesions.

Figure 1 illustrates the context within which decisions
about early caries occur. First is a decision concerning
whether an early caries lesion is present. An examination of
any given occlusal surface can have 4 possible outcomes
ordered in increasing severity of caries involvement: (a) the
surface is sound, ie, no lesion is detected; (b) it has Bearly
caries,[ ie, a non-cavitated caries lesion that is assumed to be
confined to the enamel is detected; (c) it has a Bsuspicious
area[ or suspected occlusal dentinal caries, ie, visual, tactile,
and radiographic signs are insufficient to definitively indicate
the presence of dentin caries but some of these signs are
presentVthe area may or may not show definite signs of
noncavitated enamel caries; or (d) it has a definitive cavitated
caries lesion detected visually or radiographically. The
following discussion will not address outcomes a and d
because management strategies are straightforward in these
instances. If a decision is made that the surface exhibits early
occlusal caries or is suspicious, however, clinicians have a
variety of management options. For early lesions these
options include waiting (doing nothing), sealing the occlusal
surface, and attempting to halt progression and remineralize
the lesion through use of antimicrobials and fluorides. For
suspicious areas these same 3 options are available, as well as
a fourth, placing a restoration.

Thus there are a total of 9 decision points within the
context of the management of early occlusal caries and
suspected occlusal dentinal caries (2 concerning the identifi-
cation of the condition, and 7 related to the treatment
intervention) where the evidence can be assessed. This
discussion does not present original systematic reviews of the

evidence for each of these decision points. Rather, existing
systematic reviews are summarized, and when no such
review is available, the readily available evidence, ie, relevant
English language literature identified through MEDLINE
searches, is surveyed. The purposes of this examination are
to assess the strength of the readily available evidence and to
summarize the conclusions that can be drawn from that
evidence for each of the 9 decision points.

1. Detection of Early Occlusal Caries
A systematic review of methods for the detection of dental
caries was prepared for the 2001 NIH Consensus Develop-
ment Conference on caries management.11 The review
included studies reporting the sensitivity and specificity of
detection methods for occlusal enamel caries in permanent
teeth as determined through comparison to a histological
reference standard. Only 3 studies of the visual method of
detection, and none of the visual-tactile methods were
included. Four studies of radiographic methods, 2 of laser
fluorescence, and 1 each of fiber-optic transillumination
(FOTI) and electrical conductance were included. A subse-
quent systematic review of the DIAGNOdent laser fluores-
cence device included 5 studies, 2 of which also contributed
observations for other methods.12

Table 1 summarizes the results reported in the 2 systematic
reviews. Studies of visual identification methods show a
striking diversity of performance, with 2 studies reporting
very low sensitivity coupled with extremely high specificity,
and the other 2 reporting moderate levels of both sensitivity
and specificity. This difference is due to differences in the
criteria used to identify the lesions, and neatly illustrates the
tradeoff inherent in all diagnostic tests, where increasing the
sensitivity of the test (the ability to correctly identify lesions
that are present) results in degradation in the test’s ability to
correctly rule out disease. When sensitivity is improved, the
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Figure 1. Context of caries management decisions for
early occlusal caries and suspicious areas (numbers refer
to subheadings in this article).
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rate of false positives increases, and when specificity is
improved, the rate of false negatives (missed lesions) increases.

Studies of radiographic identification methods generally
report low sensitivity and moderately high to very high
specificity, with the 6 available studies showing a range of
values within these general parameters. Studies of the laser
fluorescence identification method show somewhat more
consistent performance, with high specificity and moderate
and more variable sensitivity. The limited information
available suggests that the performance of electrical conduc-
tance identification resembles that of laser fluorescence, and
FOTI identification performs at levels similar to radiographs.

The number of available studies is quite small, and within
each method there is enough variation in performance that it
is not possible to predict what an Baverage[ clinician might
expect to achieve. In the systematic reviews from which these
results are summarized, no syntheses of results were
attempted due extreme heterogeneity in both criteria for
lesion identification and reported performance. At best, these
studies can be considered as establishing broad ranges for

expected performance in dentists’ practices. Notably, no
studies of the performance of combined methods have been
reported where one of the methods is used as an initial
detection method, with positive results followed up with a
second method. In sum, the available evidence is weak, and it
indicates that the diagnostic performances of available
methods for detecting early occlusal caries tend to be variable
across operators and are generally substantially less than
perfect.

2. Doing Nothing for Early Occlusal Caries
The Bwait and watch[ approach to the management of early
occlusal caries might be appropriate if there is substantial
doubt surrounding the identification of the lesion, or if
efficient and effective preventive treatments are unavailable.
Any such decision to do nothing should be made with
knowledge of the probability of progression of these lesions
over time. Unfortunately, only a few studies are available
that report on the progression of early caries on occlusal
surfaces. Table 2 lists 6 such studies in which the information

Table 1. Performance of detection methods for enamel caries on occlusal surfaces

Study,
First Author Method* No. of Sites

No. of
Examiners

Lesion
Prevalence, % Sensitivity Specificity

Visual
Examination

Wenzel 9014 �10 photos 46 4 17 0.72 0.66
Ashley 9813 direct visual 103 1 25 0.60 0.73
Fyffe 2015 direct visual 421 20 35 0.10 0.98
Costa 0216 direct visual 49 nr 35 0.19 1.00
Radiographic
Examination

Wenzel 9014 D speed 46 4 17 0.44 0.70
Wenzel 9014 Digitized D 46 2 17 0.31 0.72
Ashley 9813 Digora 103 1 25 0.24 0.80
Ashley 9813 E speed 103 1 25 0.19 0.80
Costa 0216 D speed 49 nr 35 0.00 1.00
Costa 0216 Sensor (digital) 49 nr 35 0.14 0.64
Laser
Fluoresence

Lussi 9917 4-10, D2 105 nr 44 0.64 0.87
Shi 0018 6.8-22.1, D1-D2 76 nr 35 0.42 0.95
Tonioli 0219 6-20, D1-D2 143 4 35 0.38 0.82
Costa 0216 6-20, D1-D2 49 nr 35 0.79 0.94
Bazeren 0320 912, D2 31 2 19 0.67 0.80
Electrical
Conductance

Ashley 9813 ECMII 103 1 24 0.65 0.73
Lussi 9917 ECMII 105 nr 44 0.64 0.87
FOTI
Ashley 9813 V 103 1 25 0.21 0.95
*For radiographs = type of film; for laser fluorescence = cut points for identification, type of lesion being identified; for electrical conductance =
equipment type.
nr = not reported.
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is obtained from the experience of the control groups in
comparative trials.21-26 The subjects in these groups were all
young children, and 2 studies included only deciduous
molars.23,24 Observation periods range from 9 to 60 months,
and 2 groups received fluoride therapy as a part of the trial.
Preventive treatment from other sources was not examined
in these studies. The percentage of lesions in permanent teeth
that progressed (either to dentin caries or filled status) was
loosely associated with the duration of the observation
period, with 6% in 1 year, 25% and 35% in 2 to 3 years, and
52% in 5 years. The criteria for both early occlusal caries at
baseline and for lesion progression were different across the
studies. Thus the strength of evidence describing the
progression of early occlusal caries must be considered
weak. Although it would be presumptuous to assume that
these results suggest a progression rate of approximately 10%
per year in permanent teeth, the findings do suggest that the
identification of early occlusal caries does not carry with it
the implication of immediate, inevitable progression of all
such lesions to identifiable dentinal caries, at least in
permanent teeth.

3. Sealing Early Occlusal Caries
Despite the likelihood that among the many millions of
occlusal sealants placed in the past decades some proportion
were inadvertently placed over existing early caries lesions,
the outcome of such treatment has not been closely
examined. Seven studies report the results of intentional
sealant placement over noncavitated enamel caries on
occlusal surfaces evaluated after 1,25 2,27,28 3,29-31 and 5

years.22 No progression was observed in the 1-year and one
of the 2-year studies,27 which involved 29 and 12 teeth
respectively. In another 2-year study,28 2% of 232 sealants
Bfailed,[ a category that included lost sealant and caries
requiring restoration. In the 3-year studies, 8% of 392,29 4%
of 95,30and 2% of 19131 occlusal surfaces with early lesions
had become cavitated after being sealed in field studies using
glass ionomer sealant and a Bpress-finger[ technique. In the
5-year study, 11% of 380 occlusal surfaces with early lesions
that were sealed with glass ionomer sealants had become
frankly carious (41%) or were filled (59%). In the 1-year and
the 3-year studies no repairs were performed. Some but not
all lost sealants were repaired in one of the 2-year studies27,
and repairs were performed routinely in the 5-year study.
The evidence from these studies must be considered weak
due to small numbers of studies, small numbers of teeth
within some studies, differences in criteria for enamel caries
at baseline and for progression, the accuracy of these
identifications, opportunities for bias in the assessments,
and evaluation of infrequently used materials and techniques.
Within these constraints, the results suggest that sealing
enamel caries reduces the likelihood of lesion progression.
Collateral evidence from an examination of sealants placed
over dentinal caries (see section 7) adds some support for this
necessarily tenuous conclusion.

4. Fluorides and Antimicrobials
for Early Occlusal Caries
The evidence for the effectiveness of fluoride and other
antimicrobials in halting the progression and promoting the

Table 2. Progression of untreated enamel caries on occlusal surfaces

Study, First Author No. of Teeth Age Duration Exposure Reversal No Change Progression

de Liefde 8721 374 5 y 20-32 mo NaF, 6 mo nr 64% 36%
Heller 9522 56 1st grade 60 mo no F nr 48% 5%
Grindefjord 9523 166 2.5y 12 mo no F 17% 19% 64%
Autio-Gold 0124 177 3-5 y* 9 mo no F 36% 35% 27%
Florio 0125 33 6 y 12 mo NaF rinse nr 94% 06%
Maltz 0326 56 5-6 y 24 mo no F 55% 20% 25%
*Deciduous teeth.
nr = not reported.

Table 3. Effectiveness of fluoride for halting progression of enamel caries on occlusal surfaces

Study No. of Exp Teeth Age Duration
Fluoride
Treatment

Experimental
% progression

Control
% progression

de Liefde 8721 497 5 y 20-32 mo NaF solution 33% 36%†

Autio-Gold 0124 153 3-5 y* 9 mo NaF varnish 17% 27%
Florio 0125 36 6 y 12 mo NaF varnish 6% 6%†

Maltz 0326 64 5-6 y 24 mo NaF gel 16% 25%
*Deciduous teeth.
†Control group received fluoride.
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remineralization of early caries on occlusal surfaces is scant.
Four studies have been reported, all assessing the effective-
ness of fluorides (Table 3).21,24-26 No studies of other agents
were identified. Two of the studies assess fluoride varnish,
with one each assessing NaF gel and NaF solution. The
durations of the studies ranged from 9 months to 32 months,
and all subjects were young children. One study examined
lesion progression on primary molars, with the remainder
using first permanent molars. All 4 studies had comparison
groups, 2 of which were also exposed to fluoride treatment
for ethical reasons.21,25 Each study used different criteria for
identifying enamel caries at baseline, and for determining
lesion progression. Thus, the strength of the evidence is
considered to be weak. The experimental group was favored
in 3 of 4 studies, although statistical significance was achieved
in only 1study.25 The prevented fractions ranged from 0% to
37%, but due to generally low progression proportions in the
control groups, the clinical significance of these reductions is
somewhat reduced.

5. Identification of Suspicious Areas
Occlusal surfaces with suspicious areas or suspected occlusal
dentinal caries may also evince signs of enamel caries, but the
emphasis is on the suspicion that caries has penetrated into
the dentin in these areas, necessitating surgical intervention.
The criteria for suspicious areas that have been reported in
the extant literature typically include considerations of color,
shadow, and Bstickiness.[ Consideration of suspicious areas
is included in this discussion of early occlusal caries not only
because outcomes associated with early dentinal caries need
to be considered, but also because quite often, when the
suspicion is not supported, the actual clinical situation is an
enamel lesion. No systematic review of the accuracy of
clinicians in detecting suspicious areas has appeared, and a
search using the terms Bsuspicious,[ Bsuspected,[ Bdubious,[
Bdoubtful, [ and Bquestionable,[ crossed with Bdental caries[
identified only 3 pertinent studies.32-34 Each used different
criteria for what constituted a suspicious area. Two used
histological examination to determine caries status,32,33 and
one used excision of the suspicious area.34 The number of
examiners and inter-rater agreement were not indicated in
these reports.

The proportions of suspicious areas that actually involved
caries extending into the dentin were 41%, 44%, and 51% for
the 3 studies. The evidence, while not strong, is homoge-
neous despite the differences in criteria and in validation
method. Presumably, when dentists identify areas as
suspicious, they are indicating that they are unable to make
a firm decision about the likelihood of dentin involvement. In
fact, the available evidence shows that in these areas the
likelihood of dentin involvement is approximately the same
as the likelihood of no dentin involvement. Thus, within the
limitations of the small number of dissimilar studies, when
dentists express uncertainty about caries status on occlusal
surfaces, they are correctly interpreting the odds of dentin
involvement to be about B50/50.[

6. Doing Nothing for Suspicious Areas
One of the 3 studies cited above included a 2-year
observation period during which one half (n = 89) of the
original sample of suspicious occlusal surfaces was followed
with no intervention except when the suspicious area was
deemed to have progressed to a definitive caries lesion with
dentin involvement.34 During this period 16% of the
suspicious areas were deemed to have progressed. The
volume of the cavity preparations for these lesions was
reportedly not different than the volume of the cavity
preparation for lesions treated immediately, suggesting that
progression of these lesions was minimal.

No other recent studies of the progression of suspected
occlusal dentinal lesions have appeared. However, a review
of reports from an earlier era (when progression rates may
have been higher) identified 4 studies reporting that between
47% and 77% of questionable occlusal fissures progressed to
caries in periods ranging from 24 to 41 months.35 Another
study identified Bdoubtfully carious[ areas in first permanent
molars at public health clinic examinations in New Zealand,
and found that 34% required surgical intervention at
subsequent examinations, according to clinic protocols and
criteria.36 Unfortunately, the interval between examinations
was not stated.

Thus the strength of the evidence describing progression
of suspicious areas in the absence of any intervention is weak.
It is characterized by a small number of older studies with
relatively high proportions of lesions showing signs of
progression in periods of 2 to 4 years, and one recent study
identifying a far lower proportion in a similar time period.
No conclusions can be reached from this evidence. It is
disquieting to note that in the past 20 years, only 1 study has
reported outcomes associated with areas deemed suspicious
despite dentists’ frequent use of this designation.

7. Sealing Suspicious Areas
One study of the outcomes of placing occlusal sealants on
suspicious areas has been reported.37 Among 12 teeth, 2
(17%) were judged to have progressed upon removal of the
sealant at the end of 5 years. There are several reports
assessing clinical outcomes associated with the placement of
sealants over Bcarious lesions[ without overt cavitation. In
these studies,37-43 the criteria for caries was the presence of an
occlusal Bcatch[ or Bsticky fissures,[ and in those studies
where baseline radiographs were available, the maximum
extent of permissible progression for inclusion was one half
of the distance to the pulp.41-43 Thus, these studies probably
examined outcomes of more advanced lesions than those
comprising the 50% of suspicious areas that are assumed
to be dentinal caries lesions. The results of these studies
are summarized in Table 4. In the studies by Handelman
et al42,43 where progression was assessed only through
radiographs and reported only as an aggregated assess-
ment, there was either no change or a perceived decrease
in the radiolucency when sealants remained intact, and an
increase in the radiolucency when sealants were judged to
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be defective. A similar pattern of regression or low rates
of progression associated with intact sealants and greater
progression associated with defective sealants is also
reflected in the remaining studies, where results were
reported for individual lesions. The outcome assessments
in these studies were subjective and nonquantitative, and
criteria for caries at baseline and for progression and
regression varied extensively among the studies. Thus the
evidence must be considered as weak. Nevertheless, the
available studies do reflect a general pattern suggesting
that sealing suspicious areas may slow or halt progression
for up to 5 years if the sealant remains intact.

8. Fluorides and
Antimicrobials for Suspicious Areas
No studies of the effectiveness of fluorides or chemical
antimicrobial treatments specifically for suspicious occlusal
areas have been reported. The only treatment specifically
touted to be effective in arresting dentinal caries on these
surfaces is ozone therapy.44 However, a recent systematic
review of ozone therapy found Bno good evidence[ that
ozone therapy was effective in arresting or reversing the
progression of dental caries (including some cavitated
lesions) in pits and fissures.45

9. Operative Treatment for Suspicious Areas.
The final alternative treatment approach to be considered for
suspicious areas is surgical intervention with placement of a
restoration. A variety of restorative techniques can be used
ranging from traditional composite or amalgam restorations,
through more conservative preventive resin restorations,
which are now frequently recommended as the most
appropriate conservative surgical approach for small occlusal
lesions that extend into dentin,46 to Bminimally invasive[
methods to enlarge and debride fissures using air abrasion
and/or special burs with subsequent placement of sealant or
resin-based flowable composite.47 Clinical studies of the latter

approach have yet to be reported. A systematic review of
preventive resin restorations found the evidence for effec-
tiveness (survival) of preventive resin restorations to be
strong.46 The evidence indicated that preventive resin
restorations have Bgenerally favorable outcomes[ at periods
ranging from 2 to 9 years, with failures (caries) ranging from
0% to 24%, but the review authors also noted that all studies
reported sealant loss to be a major problem.48

DISCUSSION

The general clinical issue that led to this assessment was why
conservative, noninvasive management strategies for early
occlusal caries and suspected dentinal occlusal caries were
not being widely and rapidly adopted by US clinicians. It is
immediately clear that one possible reason for the slow pace
of adoption may be the lack of strong evidence supporting
most of these management strategies. In fact, the only
strategy shown to be effective by evidence that could be rated
as strong is the strategy that features surgical intervention,
which is an anathema to many proponents of conservative
management.

However, it is not the purpose of this assessment to
determine why practitioners have been slow to adopt
conservative management strategies. Rather, its first purpose
is to examine the strength of the evidence underlying the
strategies, and as noted, for the most part, the formal
evidence is weak. Its second purpose is to summarize the
conclusions that can be drawn from the available evidence
about the effectiveness of the strategies, if possible.

When clinicians examine for early occlusal caries, regard-
less of the method or methods they use, they will miss a
substantial proportion of these lesions, and will also misiden-
tify a smaller proportion of sites as being lesions when, in fact,
they are not. Unfortunately, the evidence does not allow
much more precise estimates of these inaccuracies. Even
though there are some indications of general differences in the

Table 4. Outcomes of sealing over suspicious areas or dentin caries

Study No. of
Surfaces

Age Lesion
Type*

Sealant
Type†

Diagnostic Method Progression/Regression
Duration Sound

Sealant
Defective
Sealant

Handelman 7639 19 n/r catch UV clinical w/ final radiographic 1-2 y 15%/25% V
Harris 7638 113 6-14 stick UV clinical 3 y 0%/nr 66%/nr
Going 7837 12 10-14 SS UV clinical 5 y nr/83% V
Going 7837 18 10-14 stick UV clinical 5 y nr/89% V
Gibson 8040 58 7-8 stick auto radiograph 2.5 y 19%/nr V
Handelman 8141 108 6-9 catch UV radiographic 1.5-4 y 14%/58% 47%/44%
Handelman 8542‡ 167 6-9 catch UV radiographic 3 y decrease§ increase§
Handelman 8643 113 12-15 catch auto & UV radiographic 2 y decrease§ decrease§
*Criteria for lesion identification. SS = suspicious area; stick = sticky fissure; catch = explorer catches on definite lesion; nr = not reported; V = no data
available.
†Type of polymerization initiation.
‡Contains some observations from 1981 study.
§Overall summary, results not disaggregated to individual lesion.
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relative performance of various methods for detecting lesions
(sensitivity) and ruling them out (specificity), the available
evidence makes it clear that enough opportunities for
variation in the application of any given diagnostic method
exist to render even these relative rankings of performance
dependent on an individual clinician’s behaviors.

The knowledge that the identification of early caries is
subject to error heightens the need for accurate information
about progression of these lesions, if only because the
probability of false-positive identifications suggests that
immediate surgical intervention will be inappropriate in
some instances. This need is not fully met by the available
evidence describing the probability of progression of early
occlusal caries. The problem lies more with the strength of
the evidence than it does with the lack of homogeneity of the
evidence. There are only a few studies, as a group they do
not define lesions or the progression of lesions similarly, and
individually they have design weaknesses. The results of
these studies do reflect a reasonably congruent general
picture of progression of early occlusal caries; perhaps no
more than 10% to 20% of these lesions will progress to
dentinal caries in the course of a year in the absence of any
intervention. Thus the majority of these lesions are either not
progressing, or progressing only slowly.

The effectiveness of methods to arrest and/or reverse early
occlusal lesions obviously bears on the overall success of the
nonsurgical intervention strategy. Here again, the quantity of
studies examining the effectiveness of sealant, fluorides, and
other antimicrobials in preventing progression of enamel
caries is disappointingly small, and the study quality is
generally low, rendering the evidence weak. Again, however,
the evidence tends to be homogeneous, suggesting that
sealants are effective in the short term if they remain intact,
while fluorides offer small reductions in the proportion of
lesions progressing. It is important to note that no sealant
studies assessed outcomes longer than 5 years. The long-
er-term effectiveness of intact sealants in halting the
progression of enamel caries is unknown.

The results of the assessments of the strength of the
evidence for the detection and management strategies of
suspicious areas closely parallel the findings discussed for
enamel caries. Again, within the limits of weak evidence,
about one half of suspicious areas are actually dentinal caries,
for which surgical intervention may be appropriate. The
remainder are either enamel caries or sound sites, where
nonsurgical interventions would seem indicated. The rate of
progression of untreated suspicious areas simply cannot be
estimated based on the weak existing evidence, which, with
the exception of one recent study showing minimal
progression over 2 years, suggests progression by more
than one half of lesions over 2 to 4 years, based on a small
number of older studies.

The only evidence for effectiveness of any approach to
halting progression of suspicious areas involves sealants, and
consists of a single study reporting results for 12 occlusal
surfaces. Several other studies have examined effectiveness of

sealing noncavitated carious lesions in dentin, and the results
are similar to those for sealing enamel caries, although the
quality of the studies is lower. If sealants remained intact,
progression was reported to be low to nonexistent.

There can be little argument that the evidence supporting
conservative, nonsurgical management strategies for early
occlusal caries and suspicious areas is weak. While it is less
clear that further evidence will hasten clinicians’ adoption of
these strategies, such studies are needed simply to support
the appropriateness of continued promotion of the strategies.
The outcomes questions raised by these strategies do not all
require clinical trials. Carefully constructed observational
studies could contribute needed information about lesion
progression under the various management strategies. The
recently initiated National Institute for Dental and Cranio-
facial Research (NIDCR) Practice-Based Research Networks
would seem to be an excellent venue within which to
organize such studies, notwithstanding the expressed intent
of these networks to conduct short-term studies.49 Initial
observation periods of at least 2 years will be necessary, but
such durations should be achievable in these networks.
Evaluation of longer-term outcomes is also important, and
could also be accomplished among practices in the networks,
but short-term studies must first be planned to gain support,
with extensions envisioned if recruitment, retention, and
reliability are all favorable.

Perhaps the most troublesome aspect of any proposed new
studies, and certainly an Achilles’ heel of most of the existing
evidence, is the specification of criteria for Bearly occlusal
caries.[ The variety of criteria for identification of Bearly
lesions,[ Bincipient lesions,[ Bnoncavitated lesions,[
Bcatches,[ and Bslight sticks,[ all terms used to denote a
condition that this assessment has assumed to be noncavi-
tated caries lesions confined to enamel, is bewildering. A
single standardized set of criteria for identifying and staging
enamel caries is an essential perquisite for progress in this
area. Fortunately, such a criteria set, ICDAS, is currently
reaching the final stage of development.50 These criteria
appear to be face valid, histologically accurate, and perhaps,
most importantly, reasonably reliable following training and
calibration. If development is ultimately successful, this set of
criteria should be used in all further studies of early caries.
Development of standardized criteria for suspicious areas is
more problematic, if only because the condition is defined as
an equal probability of the presence and absence of disease.
Because individuals will vary in their degree of certainty, a
reliable index of uncertainty will be difficult to define.

CLINICAL IMPLICATIONS

If this, then, is the state of the science, what is the prudent
clinician to do? It would seem appropriate that clinicians first
reflect on the accuracy of identification of early lesions in
their day-to-day practices. A critical message contained in the
results assessed here is that no matter what method is used,
the accuracy of identification of early caries is quite variable,
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so attention to maximization of accuracy is a logical first step.
Clinicians might reflect on how frequently they open occlusal
pits or fissures and observe no sign of demineralization
beyond the dentoenamel junction, as well as how frequently
they observe demineralization well beyond what was
expected based on clinical signs. If either occurrence is
frequent, more diligent examinations, or perhaps recalibra-
tions of examination criteria are probably indicated. Cli-
nicians might also assess the extent they use radiographs to
identify Bhidden[ dentinal caries, as well as the use of
supplemental identification methods, such as DIAGNOdent,
to ensure that they are being used as supplements, rather
than replacements for visual methods. Additionally, cli-
nicians might evaluate the appropriateness of using probes in
caries examinations. There is no evidence demonstrating
greater accuracy of visual-tactile examinations compared to
visual examinations, while there is evidence to indicate that if
probe is used forcefully, the effect is to collapse what were
previously uncavitated demineralized areas at the bases of
fissures, thereby creating catches.51-53 Clinicians might wish
to consider carefully whether the undocumented benefits of
probing outweigh its potential to cause Bprogression.[
Finally, when patients present with multiple early lesions or
suspicious areas for which surgical intervention is planned,
the clinician should consider sequencing treatment starting at
the site with the highest likelihood for dentinal involvement,
with decisions regarding opening of subsequent teeth
predicated on the Bbiopsy[ of the preceding tooth.

Attention to an individual clinician’s accuracy of identifi-
cation of early occlusal caries is important because the clear
suggestion from the available evidence is that the usual
course for early caries lesions is slow, if any, progression to
dentinal caries. Thus, as the certainty that a noncavitated
enamel lesion has been detected increases, the need for
immediate intervention to avoid rapid progression of more
advanced lesions diminishes. For suspicious areas, the
message is less clear. Older studies suggest substantial
progression, while one recent study gives little indication
that immediate operative intervention is necessary. Never-
theless, with respect to the necessity for immediate operative
intervention, the key distinction would seem to lie between
overt dentinal caries, and both enamel caries and suspicious
areas. Of course, the individual clinical situation will
invariably be more complex, because individual patients
present additional information related to their caries risk
status such as past and current caries experience, current
dietary, oral, and caries preventive behaviors, and physio-
logical factors that may signal an increased likelihood for
departure from the usual course of progression.

A proposition raised in the introduction to this discussion
was that conservative nonsurgical management strategies for
early caries might be ineffective. From the evidence
summarized here, that proposition must be considered
invalid. The available evidence suggests that at least one of
the strategies, sealants, is effective for enamel caries, and
although the evidence is much weaker, for suspicious areas as

well. Thus, clinicians wishing to avoid surgical interventions
in an effort to preserve tooth tissue and avoid the onset of the
re-restoration cycle,54 should consider applying sealants to
occlusal surfaces with enamel lesions or suspicious areas.
This is not a new recommendation, it has been advanced as
early as 1984.55 However, when weighing this intervention,
the likelihood that the tooth will be evaluated periodically for
the foreseeable future should be considered. The evidence is
quite clear that only intact sealants confer maximum
preventive effects, so decayed surfaces that are sealed will
require periodic inspection and possible repair. Again, this
application of Bthe evidence[ must be tempered by consid-
eration of individual circumstances, and perceived risk of
progression may suggest either a more conservative or more
aggressive alternative treatment selection. Indeed, the indi-
vidualization of treatment based both on the evidence and a
patient’s particular circumstances is the very core of
evidence-based practice.56

These alternatives to sealing early caries and suspicious
areas all present both comparative advantages and dis-
advantages. The chief advantage of doing nothing, or of
using antimicrobial/fluoride remineralization treatments is
that the pit or fissure of interest remains accessible for
subsequent visual evaluations, whereas sealants interfere
with such assessment. Thus, the clinician has to weigh the
trade-off of uncertainty following sealant treatment with
less-effective performance from the alternatives of waiting or
antimicrobial treatment. The chief advantage of operative
intervention is the certainty that carious tissue is removed,
thus eliminating the possibility of progression. But the
tradeoffs here include opening the tooth despite a general
consensus on the inappropriateness of operative interven-
tion for enamel caries, and the necessity for maintenance of
the restored surface, which may be at elevated risk for
secondary caries. Currently, there is no evidence that the
long-term outcomes associated with minimally invasive
operative procedures are any different than for more
traditional restorations, where repair is necessary, and the
re-restoration cycle is a concern.

These general observations drawn from the available
evidence will not completely satisfy clinicians’ need for
answers to questions for individual patients. The problem
lies with the strength of the evidence, not the message that it
conveys. With so few studies of any strategy, it is difficult to
know the extent to which a given approach will be effective
in all possible situations. The key question for many
clinicians is not whether a given management strategy works
in general, but how well it will work for specific individuals.
To address that question, many more studies, incorporating
subjects with a variety of sociodemographic and risk factors
are needed. That is the power of evidence-based analysis, but
it needs more evidence than is currently available for early
occlusal caries management strategies. Currently, the evi-
dence only suggests that sealants are the most effective
noninvasive approach for the treatment of early occlusal
lesions and suspicious areas in populations undifferentiated
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by caries risk status. Clinicians must apply this evidence in
light of specific information that a patient presents.
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