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Abstract The aim of this study was to assess the possibility
to arrest occlusal caries lesions in adults by sealant as well as
to assess the presence of radiographic progression, arrest, and
regression of the sealed lesions. Seventy-two occlusal caries
lesions in 52 adult patients referred to restorative treatment by
senior lecturers at School of Dentistry, Copenhagen, Denmark
were included. In case the patient had more than one occlusal
caries lesion, randomization between sealing and restoration
was made; otherwise, the lesion was sealed. In total, 60 resin
sealants and 12 composite restorations were made. Follow-up
period was 25–38 months (mean=33 months). Data were
analyzed using non-parametric statistics including kappa
statistics. After 2–3 years, the dropout rate was 15%; two
patients did not show up for control and nine previously
sealed lesions were restored by the patients' general practi-
tioners. All 12 restorations and 39 of the remaining 49
sealants were well functioning, seven (14%) sealants were
repaired/replaced due to failure, and three (6%) sealed lesions
were restored due to caries progression (p>0.05). The
radiographic assessment showed caries progression beneath
five (10%) sealants, caries regression beneath one (2%)
sealant, and unchanged depth beneath 43 (88%) sealants and
all restorations (p>0.05). The majority of the referred lesions
were successfully arrested by sealants, indicating the possi-
bility for extending the criteria for sealing occlusal caries
lesions in adults. However, a longer observation period is
needed for final conclusion. Extending the criteria of
therapeutic sealing of occlusal caries lesions in adults will
lead to increased dental health.
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Introduction

Treatment strategies for primary occlusal caries lesions on
permanent teeth have generally changed during the past
decades from operative treatment towards non-operative
strategies [1–6]. This development has occurred primarily
due to the concern about saving tooth substance, the increased
knowledge about the efficiency of non-operative strategies,
and the general decrease in the rate of caries progression [2,
7]. In addition, there is an increased understanding that the
long-term prognosis for survival of the carious tooth is
critically affected by choosing restorative treatment of the
lesion [8]. Caries progression can be arrested through several
non-operative methods such as plaque control, by motivation
and instruction of the patients in optimal oral hygiene, by
fluoride application, and by sealing [5, 6]. The indication for
using resin sealants to prevent caries progression on occlusal
surfaces in permanent molars and premolars has changed
during the last 10–15 years [9]. Previously, occlusal surfaces
were sealed preventively. Today, sealants are mostly used
therapeutically on indication, attempting to arrest active non-
cavitated lesions [10–12]. Previous studies indicate that the
caries beneath the sealant do not progress as long as the
sealant is intact and tight [13–15]. It has even been stated that
number and viability of microorganisms in infected dentin
will be highly reduced because of the lacking access to the
oral environment [16, 17].

It is worth noticing that great variations in treatment
philosophies and strategies of carious lesions exist all
around the world, also in Scandinavia. In a survey by
Espelid et al., it was found that 70% of the dentists in
Scandinavia would not choose restorative treatments until
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the caries progression led to clinical formation of cavity
and/or any radiolucency was seen in the dentin. However,
30% indicated that they might use operative treatment for
enamel caries lesions [18]. Accordingly, a recent Danish
clinical study on children and adolescents showed that
around 25% of the occlusal caries lesions restored were
enamel lesions with or without initial cavitation; additionally,
43% of the lesions were restored when lesion progression was
limited to the outer one third of dentin [19]. Thus, on one side
previous studies indicate that sealing might be an appropriate
treatment for occlusal lesions even with dentin penetration,
while on the other hand most dentists still prefer to make
restorative treatment of such lesions. It is well known that
restorations can stop caries progression. The idea of the
present study is to examine the possibilities of extending the
usage of non-operative treatment strategy in occlusal caries
lesions in adults.

Our objectives were:

– to assess whether progression of occlusal caries lesions in
the outer and middle third of the dentin in adults referred
for restorative treatment may be arrested by sealants.

– to assess the presence of radiographic progression,
arrest, and regression of the sealed lesions.

In order to assess the clinical efficacy of sealing occlusal
lesions located in the outer and middle third of the dentin, a
minor number of restorations are included in the study for
comparison.

Materials and methods

Sample size

Sample size was based on 5-year follow-up and the
following premise: the size of the non-operative, therapeu-
tic sealing group to be five times the size of operative
restoration group, an annual failure rate for sealants at 10%
and for restorations 1.5%, α=5%, 1−β=80% [20]. Using a
formula for testing differences in proportions, a sample size
of 58 sealants and 12 restorative treatments at the beginning
of the study was needed. Less than 58 patients could satisfy
the requirement regarding number of sealed and restored
teeth if patients with a restoration also received a sealant. In
case of 5% annual dropouts, the sample should consist of
77 sealants and 16 restorations.

Inclusion and exclusion criteria

Adult patients (≥18 years of age) with one or more occlusal
lesions in need of restoration were included in the study.
The patients were referred by senior teachers at the School
of Dentistry to one of the authors (AB), who performed all

baseline assessments and treatments. The lesions were
registered to be in need of restorative treatment either
clinically and/or radiographically by the referring dentist.
The maximum depth of the lesions, radiographically assessed,
was limited to the middle third of the dentin. Patients with
serious chronic diseases, affecting their caries experience and
activity, were not included in the project. Neither should the
patient have stimulated or un-stimulated symptoms in the
included teeth. Patients were also excluded from the study if
the caries lesion was limited to enamel clinically and
radiographically, lesions had penetrated to the inner third of
the dentin, lesion communicated with the approximal or with a
restoration, or the lesion was located at the cusp top.

The studywas approved by The Research Ethics Committee
for Copenhagen and Frederiksberg municipalities [J.nr. (KF)
03 324580] and The Danish Data Protection Agency (J.nr.
2006-41-7099). Signed informed consent from all patients was
obtained before initiating the treatments.

Baseline assessments

Clinical The occlusal surface of teeth referred for the study
was professionally cleaned with toothpaste and rotating
brushes, and air-dried before assessment of the severity of the
caries lesion (Table 1). The patient’s caries experience was
classified as low, average, and high according to age-related
DMFT values (decayed, missed, filled teeth) for Scandinavia
[21]. DMFT values outside the upper and lower limits of the
67% confidence interval of the average were classified as
high and low caries experience, respectively. The patients’
oral hygiene and caries risk was subjectively assessed as
being low, average, and high based on amount of plaque, oral
hygiene habits, caries experience, eating and drinking habits,
regular visit to the dentist and so on (Table 2).

Radiographic To obtain multiple intraoral radiographs in the
same position over time of the selected lesions, E-speed film
was fixed to an alignment made of vinyl polysiloxane bite
registration material (Occlufast®; Zenith Dental Aps, Italy) of
each patient (and automatically processed Dürr Dental®, XR
24 Nova, Germany; 65 kV, 7.5 mA, exposure time 0.32 s).
Assessment of radiographs was made after scanning and
digitalizing the conventional radiographs into a computer
(Fig. 1). The scoring system is described in Table 1. The six
scores ranged from no radiolucency to radiolucency with
obvious spread in the inner third of the dentin using modified
classification scores by Ekstrand et al. [22].

Clinical procedures

The lesion was sealed if only one lesion was present in the
patient. For patients with more than one occlusal caries
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lesion, randomization between sealing and restorative
treatment was made; consequently, one lesion was restored
and all the other lesions were sealed.

Sealing After clinical and radiographical assessments, the
tooth was isolated with rubber dam. The occlusal surface
was etched with 38% phosphoric acid for 60 s, rinsed with
water spray for 20 s, air-dried, dehydrated twice by 99.6%
ethanol, and air-dried. The light curing resin sealant
(Delton®; Dentsply, PA, USA) was applied with an
applicator, and after 20 s the sealant was light cured for
40 s. Adaptation, occlusion, and articulation were con-
trolled and adjusted after removing the rubber dam.

Restoration After excavation of the caries lesion and
application of rubber dam, the deepest part of the cavity
was lined with a thin layer of calcium hydroxide base
material (Dycal Dentin®; Dentsply). The enamel was etched
for 30 s and the dentin for 10 s with phosphoric acid 38%
followed by water spraying the cavity for 20 s. The cavity
was gently dried with air for 5 s without dehydration of
dentin. The enamel and dentin were treated with primer
(Scotchbond Multi-Purpose Primer®; 3M ESPE, MN, USA)
for 10 s and gently air-dried for 5 s followed by application
of a thin layer of adhesive (Adper™ Scotchbond™ Multi-
Purpose Adhesive®; 3M ESPE) for 10 s. The adhesive was
light cured for 10 s. The light curing nanofill composite
(Filtek™ Supreme XT Universal Restorative®; 3M ESPE)
was inserted into the cavity in sloped layers of maximum

2 mm each and polymerized for 40 s. Adaptation,
occlusion, and articulation were controlled and adjusted
after removing the rubber dam. Finally, the restoration and
1 mm of the surrounding enamel was re-etched with the
phosphoric acid 38% for 10 s, water-sprayed, and air-dried
followed by dehydrating the surface twice with ethanol
99.6% and air-drying. The restoration and tooth was
covered with a layer of low viscous, non-filled resin
(Adper™ Scotchbond™ Multi-Purpose Plus Adhesive® +
Catalyst®, 3M ESPE) and after 20 s the resin was light
cured for 20 s.

Follow-up

Recall examinations of the treatments were performed
with 6–12-month intervals in a period of 25–38 months
(X=33 months). While the baseline radiographs were
made conventionally, the follow-up radiographs were
made by using digital X-ray phosphor plate and scanned
into the computer (DIGORA® Optime Classic, Finland),
however using the same alignment as used at baseline.

Reading of radiographs was done by scoring the lesion
as in progression, unchanged, or in regression. One of the
authors (KE) examined and scored paired radiographs from
baseline and final follow-up of each treated occlusal lesion.
Intra-examiner reproducibility assessment was obtained by
re-reading all of the paired radiographs a week after the first
reading.

Caries experience DMFT Oral hygiene Caries risk No. of patients

Low Average High Low Average High

Low 3 (1) 14 (4) 8 13 (2) 11 (2) 1 (1) 25

Average 5 (2) 9 (1) 9 (2) 3 (1) 14 (4) 6 23

High 0 2 (1) 2 0 3 1 (1) 4

No. of patients 8 25 19 16 28 8 52

Table 2 Baseline assessments of
52 patients’ caries experience,
oral hygiene, and caries risk

The number of drop-out patients
in the categories is enclosed in
parentheses

Clinical assessment of lesion, modified criteria [18]

0 No evidence of caries

1 No cavity + shadows

2 Cavitation in enamel ± shadows

3 Cavitation in dentin ± shadows

Radiographic assessment of lesion, modified criteria [22]

0 No radiolucency or radiolucency confined to the enamel

1 Radiolucency in the enamel up to but not beyond the enamel–dentin junction

2 Radiolucency in the dentin; broken enamel–dentin junction but without obvious spread in the dentin

3 Radiolucency with obvious spread in the outer third of dentin

4 Radiolucency with obvious spread in the middle third of dentin

5 Radiolucency with obvious spread in the inner third of dentin

Table 1 The clinical and radio-
graphic diagnostic criteria used
at baseline
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The clinical and radiographic assessments at the follow-ups
are summarized in Table 4. The sealant was re-sealed in cases
that the sealant was partly or totally lost, if primary
caries on the occlusal surface beside the sealed area was
assessed, or in cases with uncertainty or disagreement in
whether the lesion was progressed beneath the sealant or
not. The sealant was replaced by restoration when there
was a progression of the lesion assessed clinically or
radiographic. The restoration was replaced in case there
was a major failure as secondary caries assessed clinically or
radiographic (Fig. 1). Repair or replacements of sealants and
restorations were made by the same procedure as baseline.
The clinical follow-up examinations were performed by two

of the authors together (AB and VQ). The authors had to be in
agreement when comparing the extent of the lesions at
baseline and follow-ups.

Statistical analysis

PASW (SPSS) 18.0 software for Windows was used for the
statistical analyses [23]. Non-parametric statistics including
Fisher’s exact test, chi-square test, and kappa statistics were
used for analyzing the significance of correlation between
background variables, need for re-treatments and intra-
examiner agreement in the radiographic assessments.
Differences between sealants and restorations in the 12

Year Case I Tooth #16 Case II  Tooth #36 & #37 Case III Tooth #45 

2007 

2010 

2007 

2010 

54#73#63#61#no.Tooth

Baseline Clinical assessment  Shadow CE+Shadow Shadow CE+Shadow 

Baseline Radiographic assessment 1/3–2/3D <1/3 D <1/3 D <1/3 D 

Follow-up Clinical assessment  No change No change No change No change 

Follow-up Radiographic assessment  No change No change No change No change 

Action at Baseline Sealant Sealant Restoration Sealant 

Action at Follow-up None None None None 

CE: Cavity in enamel; D: Dentin  

Fig. 1 Clinical and radiographic examples on three patients with four lesions at baseline and at 3-year follow-up
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patients with more than one lesion were analyzed by
McNemar change test [24]. The significance level was set
at 5% (p<0.05).

Results

During the recruiting period of 10months, 52 referred patients
(26 men; 26 women) aged 21–68 years (mean=28 years) with
72 occlusal caries lesions in five premolars and 67 molars (38
in the upper jaw; 34 in the lower jaw) were included in the
study. Further, 14 referred patients had to be excluded from
the study according to the exclusion criteria. Overall, 39 of the
52 included patients had one occlusal lesion; eight patients
had two lesions; three patients had three lesions; and two
patients had four lesions.

The decision making of the treatment was based on clinical
assessment only in 40 cases, clinical and radiographic
assessment in 31 cases, and radiographic appearance only in
one lesion. Nearly half of the 52 patients were assessed to
have average caries experience (44%), oral hygiene (48%),
and caries risk (54%) (Table 2). Caries risk assessment was
slightly higher in patients with more than one lesion
included, while no differences were found in oral hygiene
and previous caries experience compared to patients with a
single lesion.

A total of 16 lesions (22%) were assessed to be with
shadows but no cavitations; 47 lesions (65%) were
clinically scored to have cavitation in enamel with or
without shadows, and nine lesions showed cavitation in
dentin with or without shadows (13%) (Table 3). Furthermore,
15 (21%) lesions were radiographically assessed to be in the
middle third of dentin, 48 (67%) lesions were in the outer
third of dentin, eight (11%) lesions were progressed to the
enamel–dentin junction, and one (1%) lesion was in enamel,
exclusively (Table 3).

A total of 32 lesions were sealed locally (53%) and 28
lesions were sealed over the total fissure system (47%)
because of extended lesions or presence of more than one
lesion on the occlusal surface.

After 2–3 years, the dropout rate was 15%; two patients
did not show up for the follow-up, and nine sealants in nine
patients were restored by the patients’ general practitioners,
and data on clinical and radiographic appearance of the
lesions prior to restorative treatment were missing.

As shown in Table 4, all 12 restorations and 39 (80%) of
the remaining 49 sealants were still well functioning, giving
an annual failure rate of 0% for restorations and 7.4% (CI,
0.08–14.7%) for sealants. Seven sealants (14%) in seven
patients were repaired or replaced and three sealants (6%)
in three patients were replaced by restorations, one after
4 months, another after 11 and yet another after 13 months.
The extent and location of the sealant did not influence the
frequency of re-treatments: 14% of the 29 locally sealed
teeth and 30% of the 20 totally sealed teeth (p=0.31); 12%
of the 26 upper jaw teeth and 24% of the 29 lower jaw teeth
(p=0.23); 0% of the five premolars; 14% of the 22 first
molars, 25% of the 20 second molars, and 40% of the five
third molars were re-treated (p=0.33). No association was
found between the need for re-treatment of sealants and
patients’ oral hygiene level (p=0.79), previous caries
experience (p=0.67), or estimated caries risk (p=0.80).
No significant difference was found concerning the need
for re-treatments of sealants and restorations in the 12
patients with both types of treatments (p=0.25), and only
one of these patients received two re-treatments of sealants;
one by the patient’s general practitioner and one by AB.

Caries progression, judged radiographically, occurred
beneath five (10%) of the 49 controlled sealants but none of
the 12 restorations. Caries regression was recorded beneath
one (2%) of the sealed lesions, and unchanged depth
beneath 43 (88%) sealants. Tertiary dentin formation was
observed in nine (18%) sealants and one (8%) restoration.
Concerning the radiographic assessment of lesion changes,
the intra-examiner kappa was calculated to 0.75. The intra-
examiner kappa for tertiary dentin formation was 0.68.

Discussion

Most of the previous studies on the efficacy/effective-
ness of sealants to prevent or arrest occlusal caries have
been conducted in populations of children and adoles-
cents [9, 25–27], while the knowledge on the effect of
sealants in the permanent dentition of adults is sporadic.
A few clinical studies indicate that sealants placed on
fissure caries can prevent the caries progression in adults
as well as in children and adolescents, but there are
limitations with these studies, e.g., short evaluations

Table 3 The clinical and radiographic assessments of the lesions at
baseline

Radiographic
assessment

Clinical assessment Total

No cavity +
shadow

CE ±
shadow

CD ±
shadow

Caries in enamel 1 1

Caries at EDJ 2 6 (1) 8

Caries ≤1/3 D 11 (1) 32 (2) 5 (1) 48

Caries 1/3–2/3 D 3 (1) 8 (3) 4 (2) 15

Total 16 47 9 72

The number of drop-out patients in the categories is enclosed in
parentheses

CE cavity in enamel, CD cavity in dentin, EDJ enamel–dentin
junction, D dentin
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periods, unclear caries status of the fissures at baseline,
or large dropout frequencies [28, 29]. This led us to
conducting this study.

In the very first planning of the study, the authors aimed to
recruit only patients who had at least two occlusal lesions well
into the dentin, allowing a paired design, where one tooth

Table 4 The clinical and radiographic diagnostic criteria used at the control examination of 72 occlusal lesions (the numbers in each group are
indicated in parentheses)

a

a Nine sealed lesions were restored by the patients’ general practitioner
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would be restored and one sealed. However, during the 10-
month recruitment period, we realized that very few adult
patients fulfilled this inclusion criterion, and that it was
difficult to reach the calculated number of patients for optimal
comparison of the two treatments. As the main focus in this
study was to verify the possibility for extending the use of
non-operative sealant treatment, and several previous studies
have dealt with the clinical quality and longevity of occlusal
resin restorations in adults [30], we decided that patients with
a single lesion also could be included and that randomization
between sealing and restoration only should be made if more
than one lesion was found in the same patient. In order to
standardize the treatments, all sealants and restorations were
made by one of the authors (AB); however, re-examinations
were performed by two authors (AB/VQ), and in case of
disagreement, consensus was achieved.

The criteria used for restorative dentistry have changed in
Denmark and other Scandinavian countries. Restorative
treatment is chosen when the non-operative treatment
strategies are not sufficient to arrest the caries progression.
The enamel integrity is one important sign for the decision
making in performing the operative intervention due to the
close relationship between cavity formation and bacterial
invasion of the demineralized dentin part of the lesion [31,
32]. However, cavity formation with exposed dentin does
not make it mandatory to restore the lesion automatically.
Disparities among the referring senior lectures in indication
of lesions in need of restorations were observable in this
study. Of the 72 lesions referred to the study, 78% had
cavitations with or without shadows (Table 3); 56% of the
lesions were decided to be in need of restoration clinically
and 43% both clinically and radiographically. These findings
are consistent with recent results from the Danish Public
Health Service which showed that 66% of 1591 occlusal
caries lesions were assessed to be in need of restoration by
clinical appearance exclusively and 27% by clinical and
radiographic appearance [19].

The annual failure rate for resin sealants placed on initial
active enamel lesions is shown to be 0–10%. A number of
studies have shown that 85% of the sealants remain
completely intact after 1 year and at least 50% after 5 years;
however, the inclusion criteria vary in these studies and only
non-cavitated lesions were sealed [33, 34]. In the present
study, the annual failure rate for resin sealants was 7.4%. The
high frequency of lesions with cavitation is of clinical
importance for the failure rate because the penetration of
sealant can be hampered due to the irregular shapes of the
cavitated fissures leading to loss of the sealant. The presence
of the biofilm/dental plaque that might be left in the deeper
parts of the cavity might reduce the adaptation of the sealants
as well [35]. Previous studies have further shown that
demineralized and cavitated surfaces may decrease sealant
longevity because microleakage occurs more frequently

around sealed carious lesions than sealed sound surfaces as
the irregular shapes of the cavitated lesions might disturb the
penetration of the sealant in the carious fissure [36]. In the
present study, most of the re-treatments were performed in
case of the totally sealed fissures which often presented more
than one lesion on the surface. Furthermore, as shown in
another study, the more posterior teeth were placed, the
higher was the rate of re-treatment, i.e., re-treatments were
more frequent on second molars than first molars [37].

It is unfortunate that, in this study, 21 sealants (36%) were
repaired or replaced by sealant or restoration due to partial,
total loss of sealant or radiographic progression of the lesion
after an average of 33 months. However, nine of the sealed
lesions were restored by the patients’ general practitioners
with lacking data on the clinical and radiographic appearance
of the lesions at the time of re-treatment. These results confirm
that the included lesions in this study were in need of
restorations in the general practitioner’s current world. It is
notable that there are no systematic differences between
distributions of patients and lesions in the dropout group and
the total material (Tables 2 and 3).

Comparisons of the depth of the lesions at baseline and the
depth of the restorations (at the final radiograph) further
indicated unchanged depth in four cases and progression in
five lesions. The extended depth of the restorations may not be
caused of caries progression as restorations are often extended
beyond the caries lesions. However, when including the nine
dropout patients, the caries progression beneath sealants
would increase from 10% (5/49) to 17% (10/58).

The longevity of the restorations in the permanent dentition
is affected by factors such as the size of the cavity, the type of
the materials, the used technique, age of the patient, oral
hygiene and caries activity, caries experience, etc. [8].
Replacement of posterior resin restorations is made mostly
due to secondary caries and fracture of restorations or tooth
and pulpal complication [30, 38]. The annual failure rate for
posterior resin restorations in permanent dentition varies
between 0 and 8.7% with a median annual failure of 2% [8].
A 5-year follow-up study showed that the survival time for
occlusal restoration is better than for approximal restorations
in posterior teeth [39]. However, due to the small number, it
is not surprising that all 12 restorations in this study were
both clinically and radiographically scored as optimal during
the follow-up period.

In the present study, different radiographic systems
unfortunately had to be used at baseline and follow-ups as
the conventional films were not available at the follow-ups
due to digitalization of the radiographic system at the
University. However, the accuracy of digital radiograph
assessment has improved over time due to increased
familiarity of dentists with the new technology and the
majority of studies on the current digital intra-oral
radiography systems have shown that they are as accurate
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as conventional films for the detection of caries [40, 41].
Furthermore, the brightness and contrast were adjusted to a
more satisfying image in the present study, and the tooth of
interest was isolated by cutting away the surrounding
tissue, thus only the tooth of interest was visible to scoring.

Non-compliant patients who do not show up during the
follow-up examinations are of concern when extending the
criteria for non-operative intervention of caries lesions.
However, in the present study, all dropout patients were
examined by the patients’ general practitioners.

Conclusions

The results from the present study suggest that in adults, occlusal
caries lesions in need of restorative treatments according to
current treatment strategies can be arrested clinically and
radiographically by sealing the lesions with resin sealant even
in case of lesions with penetration into the dentin. Accordingly,
conventional excavation and restoring of occlusal lesions can be
postponed as long as the sealant is intact and tight. Individual-
ized and regular clinical and radiographic examination is
necessary to ensure that the sealant is sufficient and evaluate
the lesion extension during the observation period. It may be
necessary to restore the sealed lesion in future; nevertheless, the
prognosis for the individual tooth will be increased due to
postponing the restorative treatment. Long-term observation is
needed for generalizing the results from this study.

Clinical relevance

Once a permanent tooth has been restored, the filling is likely
to be replaced several times in the patient’s life, and repeated
replacements of restorations may compromise the survival of
the tooth. The results from the present study indicate the
possibility of arresting progression of occlusal caries lesions
by non-operative sealing instead of restorations. Extending
the criteria of non-operative sealing of occlusal caries lesions
in the permanent dentition will lead to increased dental health.
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