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abstract

Aim The elaboration of an experimental system to obtain 
reproducible and comparable photographs of the occlusal 
surface to monitor sealants retention. 
Materials and methods An intraoral camera 
connected to a computer was used to obtain photos of 
the occlusal surfaces. A specific software was utilized 
to perform measurements on archived pictures. An 
experimental two-part system, consisting of a dental 
arch support and a camera support, connected to each 
other through holes and pins, was made to obtain a 
standardised and reproducible placement of the camera 
in the mouth. In the first part, to test the degree of 
reliability of the procedure and the percentage of image 
distortion, 120 first molars were sealed and for each molar 
ten photographs were taken, using the intraoral camera 
connected with the dental arch support, the camera 
support and the dedicated software. In the second part, 
165 first molars were sealed and photographed, as above 
described, immediately after sealing (T0), 6 months 
(T1) and 1 year later (T2). With the software, the sealed 
areas were measured. The comparison of the selected 
sealed areas between T0 and T1, T0 and T2, T1 and T2 
determined the percentage of sealant loss.
Results In the first part, the experimental procedure 
showed a reliability of 96.85%. In the second part, the 
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Introduction

Despite an increased awareness of the importance 
of oral health and the progress of preventive measures 
[Giannattasio et al., 2015], such as improved oral hygiene 
[Ferrazzano et al., 2008; Re et al., 2015], use of fluoride-
containing toothpaste, fluoride content in drinking water, 
prevalence of dental caries remains unacceptably high in 
many industrialised countries [Corrêa-Faria et al., 2016; 
Ferrazzano et al., 2006; Ferrazzano et al., 2016] and 
in people affected by systemic diseases [Ferrazzano et 
al., 2012]. Dental caries is particularly common on the 
pits and fissures of occlusal surfaces, whose complex 
morphology allows for plaque accumulation and makes 
mechanical cleaning difficult [Oba et al., 2012]. Pit and 
fissure sealants are a proven and effective method for 
these surfaces, since they act as a physical barrier that 
restrains the exchange of metabolic products between 
fissure microorganisms and the oral environment [Braz 
et al., 2011; Haznedaroglu et al., 2014]. A number of 
clinical studies indicate that the success of fissure sealants 
depends on the level of sealant retention, maintenance of 
sealant integrity, and the properties of the sealant material. 
Over the past 30 years, various materials and techniques 
have been studied to enhance the longevity of pit-and-
fissure sealants. Definitely, the type of sealant material, its 
viscosity and flow, as well as the wear resistance of the 
material, are major factors contributing to retention and 
caries prevention. Most of the sealants used today are 
resin-based composite adhesives with a main component 
of Bis-GMA, which allows the addition of filler particles to 
the sealant composition, considerably increasing their wear 
resistance [Erdemir et al., 2014]. Mechanical preparation 
has been suggested to provide better access to the deeper 
fissure areas, thus enabling removal of debris, deeper 
sealant penetration, and improved retention [Geiger et al., 
2000]. 

Many studies have suggested that bur preparation and 
air abrasion [Bevilacqua et al., 2007; Mazzoleni et al., 2007] 
enhance sealant penetration and adaptation, providing a 
greater surface area for retention as well as an increase 
in the bulk of sealant that improves wear resistance. 

Keywords Dental caries prevention; Pit and fissure 
sealants; Sealants retention.

difference in the rate of lost sealant between T0-T1 and 
T1-T2 was statistically significant (p<0.001). Statistics: 
ANOVA analysis was made.
Conclusions Photographs, obtained through the 
experimental two-part system, allowing a reproducible 
positioning of the intraoral camera in oral cavity, could 
represent a standardised and useful method to monitor 
sealants retention over time. 
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It has also been suggested that a combination of these 
measures could lead to increased clinical longevity. On 
the other hand, a number of investigators have reported 
no significant  difference between conventional acid etch 
alone, and bur preparation followed by acid etching of pits 
and fissures [Ansari et al., 2004]. 

Another important factor to consider in the success 
of sealants is the prevention of microleakage: it has 
been shown that the application of the intermediate 
adhesive bonding agent between enamel and sealant 
could increase sealant retention and contribute to 
prevent the development of microleakage [McCafferty 
and O’Connell, 2016]. Therefore, the retention rate 
becomes a determinant of sealant effectiveness as a 
caries prevention measure. Otherwise, a partial loss of 
the sealant material leads to the occurrence of marginal 
leakage and, hence, to caries development underneath 
the sealant [Vijayaraghavan et al., 2012].

The most commonly used method to assess sealant 
retention is a visual clinical examination, in which the 
sealant is recorded as intact, partially lost, or completely 
lost. Despite being conducted by qualified and calibrated 
examiners,  using artificial light and  mirrors, visual clinical 
examination is far from being an optimal technique, 
depending on visual and memory skills of the operator 
and being poorly reproducible [Hu et al., 2014]. Other 
procedures consist of the standard color photograph 
and the replica: these methods may be more sensitive 
than visual clinical examination in measuring the levels 
of retention and degradation, but reflect the difficulty in 
judging clinically the retention of degraded or worn-out 
sealant. Furthermore, no studies can demonstrate the 
efficacy and precise reliability of these procedures [Braz 
et al., 2011]. 

Researchers also suggest the use of the optical 
coherence tomography (OCT) in monitoring sealant 
application and retention in the long term. OTC is a non-
invasive imaging technique that produces high resolution, 
cross-sectional images of biological tissue at a micrometer 
scale, but it is widely far from being clinically used as a 
conventional method to assess sealant retention [Ito et 
al., 2016]. Therefore, the aims of the present study were: 
the elaboration of an experimental system to obtain 
reproducible and comparable photographs of the occlusal 
surfaces, and the use of this experimental system to 
monitor sealants retention over time.

Materials and methods

 Subjects recruitment 
The study was conducted in accordance with the 

Declaration of Helsinki, and the protocol was approved 
by the Ethics Committee of the “Federico II” University of 
Naples (Italy). The subjects were recruited from patients 
of the Department of Neuroscience, Reproductive and 
Oral Sciences, Section of Paediatric Dentistry, University 

of Naples, “Federico II”, Naples, Italy. Parents or guardians 
of all included subjects had received and signed the 
informed consent form that explained the nature and the 
aim of the study.

Ninety seven patients aged 12 to 16 years in good 
general health with caries-free, completely erupted first 
permanent molars with deep and retentive pits and 
fissures were included in the study.

Exclusion criteria were: known allergy to any of the 
resins used; previously placed sealants or restorations; 
presence of orthodontic bands over the first permanent 
molars; bruxism; unwillingness to return at fixed study 
intervals for follow-up examinations.

Sealing procedures
Three specially trained and calibrated researchers 

performed the operative procedures. For fissure sealant 
application, teeth were isolated with rubber dam and 
clamp. The occlusal surfaces were cleaned with pumice 
powder, applied with a bristle brush to remove salivary 
pellicles and any remaining plaque. After prophylaxis, 
teeth were washed to remove pumice residues. Occlusal 
fissures were slightly opened using a fissurotomy 
diamond bur (D1 Intesiv, Dental Trey, Italy). Then, teeth 
were acid-etched using Scotchbond etchant (3M ESPE, St. 
Paul, MN, USA) for 30 s, rinsed for 15 s and dried until 
the surface was chalky white.  A layer of bond (Adper™ 
Scotchbond™ 1 XT, 3M ESPE, St. Paul, MN, USA) was 
placed on occlusal surfaces and photopolymerised. 

The next step consisted of applying a resin-based sealant 
(Clinpro, 3M ESPE, St. Paul, MN, USA). The material was 
carefully placed in the pits and fissures, manipulated with 
an explorer in order to prevent voids, air entrapment or 
bubbles and cured for 30 s with a LED curing light. 

Experimental standardised system 
development

A high definition intraoral camera connected to a 
computer was used to obtain photos of the occlusal 
surfaces. A dedicated software (VixWin Platinum 3.3, 
Digital Imaging Software, Dentsply, Gendex Division, 
Milan, Italy) was used to perform measurements on 
archived pictures. 

In order to obtain a stable, standardised and 
reproducible placement of the camera in the oral cavity, an 
experimental two-part system (a dental arch support and 
a camera support) was made. The dental arch support was 
constructed in Plexiglas (Fig. 1). It consists of a central body, 
which is the most mesial portion, and two wings, which 
extended mesio-distally. The central body is characterised 
by a wide hollow area, in which the incisor group is placed, 
while the two wings are positioned buccally and lingually 
to the occlusal surfaces of premolars and molars. On each 
wing there are two lines of 10 holes of 1 mm diameter, 
distant 3 mm from each other. This support can be used 
both for the upper and for the lower arch. The camera 
support was constructed in resin. It consists of a stabilisation 
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fig. 1 Dental arch 
support. fig. 2 
Stabilisation casing. 
fig. 3 Stabilisation 
casing with the camera 
located and locked. 
fig. 4 Connection 
between the camera 
support and the dental 
arch support.

fig. 5 Illustrative sequence: linear measurements from T1 to T10.

casing in which the head of the camera is placed and locked 
(Fig. 2, 3). On the stabilisation casing there are two lines of 
5 pins, having the same size of the holes present on the 
dental arch support. In this way, the camera support and 
the dental arch support can be connected to each other 
through the holes and pins (Fig. 4). 

 
 Experimental procedure (Part 1)
Degree of reliability and images distortion 

assessment
To test the reliability of the experimental procedure in 

performing standardised and comparable photographs 
of the occlusal surfaces and the percentage of image 
distortion, 120 first molars (30 first maxillary right 
permanent molars, 30 first maxillary left permanent 
molars, 30  first mandibular right permanent molars, 
30 first mandibular  left permanent molars) from 42 
patients were sealed as described above. For each molar 
ten photographs were taken (from T1 to T10), using the 
intraoral camera connected with the dental arch support 
and the camera support, once a month for 10 months.

The experimental two-part system described above, 
thanks to the connection between pins and holes, 
allowed to take photographs in the oral cavity in the same 
spatial position. To calculate the degree of reliability, on 
the occlusal surface of each molar 3 anatomical fixed 
identifiable reference points (called A, B, C) were  detected. 
With the software, the lengths of the three segments 
(defined AB; AC; BC), connecting the 3 anatomical fixed 
reference points in the photos, performed at different 
times on the same molars, were measured. These lengths 
were calculated at T1 (AB1; AC1; BC1) and compared 
with the lengths obtained at T2 (AB2; AC2; BC2) up to 

the last control at T10 (AB10; AC10; BC10) (Fig.5). The 
comparison between the values of linear measurements 
allowed the calculation of the degree of reliability of the 
experimental procedure.

Experimental procedure (Part  2) 
Sealant retention assessment 
In this part of the study the system was used to monitor 

sealants retention over time. In this stage, 165 teeth, 82 
maxillary (40 right and 42 left) and 83 mandibular (45 
right and 38 left) first molars from 55 patients, were 
sealed and photographed. For  each  tooth, one  photo  
was  taken after sealing (T0), 6 months (T1) and 1 year  
later (T2). With the software, the sealed area on each 
occlusal surface was measured (Fig. 6). The comparison 
of the identified sealed areas between T0 and T1, T0 and 
T2, T1 and T2 determined the  percentage of sealant loss 
after 6 months, after 1 year, and between six months 
and 1 year, respectively (Fig. 7, 8). Data were submitted 
to statistic elaboration through SPSS (Statistical Package 
For Social Science, Inc, Chicago IL). ANOVA analysis was 
made and the kappa statistic was used to evaluate inter-
examiners calibration.
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Results

Inter-examiners calibration 
For the use of the intraoral camera connected with 

the dental arch support, the kappa score was 0.82 when 
comparing examiners 1 and 2, 0.89 when comparing 
examiners 2 and 3, and 0.87 when comparing examiners 
1 and 3. The kappa score for sealing procedure was 
0.74 when comparing examiners 1 and 2, 0.72 when 
comparing examiners 2 and 3, and 0.79 when comparing 
examiners 1 and 3.

 Degree of reliability and images distortion 
assessment

In the first part of study 1200 images were obtained by 
photographing 120 sealed molars at 10 different times.

Therefore, in the pictures taken on the upper dental arch, 
the mean values of image distortion were 3.67±0.06%, 
and 2.57±0.08% for the right and left maxillary first 
molars, respectively. The maximum and minimum values 
of image distortion were  6.78% and 1.58%, respectively.

For the lower dental arch the mean values of image 
distortion were 3.33±0.04% and 3.01±0.05% for the 
right and left mandibular first molars, respectively. The 
maximum and minimum values of image distortion 
were 4.49% and 2.14%, respectively. The experimental 
procedure showed a reliability of 96.85%. 

Sealant retention assessment (Part 2)
In the second part of study 495 images were obtained 

by photographing 165 sealed molars at T0, T1, and T2. 
In maxillary first molars the rate of lost sealant at T0-T1 
was 5.17±3.10% with maximum and minimum values of 

12.87% and 0.12%, respectively; at T1-T2 it was 2.38 ± 
1.78% with maximum and minimum values of 6.77% 
and 0%, respectively; at T0-T2 it was 5.52 ± 3.33%  with 
maximum and minimum values of 14.50% and 0.36%,  
respectively. In mandibular first molars the rate of lost 
sealant  at T0-T1 was 4.26 ± 3.03% with maximum and 
minimum values of  14.5% and 0%, respectively; at T1-
T2 it was 2.55±2.49% with maximum and minimum 
values of 10.9% and 0%, respectively; and at T0-T2 it 
was 6.63±3.05% with maximum and minimum values 
of  14.75% and 0.49%,  respectively (Fig. 9). In addition, 
Table 1 shows the different rate of lost sealant at T0-
T1, T1-T2 and T0-T2 for first left and right maxillary and 
mandibular molars, respectively. The difference in the rate 
of lost sealant at T0-T1, at T1-T2 and at T0-T2 between 
the maxillary and mandibular teeth is not statistically 
significant. Furthermore, there is no statistical difference 
between left and right molars for the rate of lost sealant.

Finally, the difference in the rate of lost sealant between 
T0-T1 and T1-T2 is statistically significant (p<0.001).

Discussion

 Occlusal sealants are considered an effective caries-
preventive measure, particularly among young patients; 
their benefits in protecting teeth from caries have been 
demonstrated in several systematic reviews [Ahovuo-
Saloranta et al., 2008; Courson et al., 2011; Simonsen and 
Neal, 2011]. The effectiveness over time depends on the 
correct execution of the clinical protocol [Muller-Bolla et 
al., 2006]. For this reason, in the present study a resin-
based sealant was used, being the first choice material for 

tabLE 1 Rate of lost sealant a T0-T1, T1-T2 and T0-T2 for first left and right maxillary and mandibular molars.

T0-T 1 T1-T 2 T0-T 2

Right mandibular molars 3.94 ± 3.07
maximum value 11.50
minimum value   0.0

2.65 ± 2.55
maximum value 10.90
minimum value   0.0

6.31 ± 3.09
maximum value 12.98
minimum value   0.49

Left mandibular molars 4.65 ± 3.01
maximum value 10.87
minimum value   0.0

2.45 ± 2.27
maximum value 8.70
minimum value  0.0

7.01 ± 2.99
maximum value 14.75
minimum value   1.18

Right maxillary molars 5.17 ± 3.17
maximum value 12.87
minimum  value  0.23

2.50 ± 1.82
maximum value 6.77
minimum value  0.0

7.26 ± 3.34
maximum value 14.50
minimum value   0.36

Left maxillary molars 5.17 ± 3.07
maximum  value 11.70
minimum value    0.12

2.26 ± 1.74
maximum value 6.73
minimum value  0.0

7.40 ± 3.23
maximum value 13.35
minimum value   1.03

fig. 6 Sealed areas computer measurements at T0, T1 and T2, respectively. fig. 7 Comparison of the sealed areas between  T0 – T1. 
fig. 8 Comparison of the sealed areas between  T0 – T2.
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the sealing procedure [Kühnisch et al., 2012]. Furthermore, 
in order to avoid saliva contamination, which can lead to a 
reduction of the mechanical retention [Locker et al., 2003], 
a rubber dam was utilised to provide the best isolation. 
In addition, a bond layer was put on the occlusal surfaces 
between the previously acid-etched enamel surface and 
the sealant material with the aim of enhancing sealant 
retention [Crall and Donly, 2015]. Moreover, this innovative 
experimental study showed interesting points for discussion. 
In fact, even if researchers suggested various methods to 
assess the sealant retention on teeth [Braz et al., 2011; Hu 
et al., 2014; Ito et al., 2016], none of those demonstrated a 
valid reproducibility and a statistical significance. Presently, 
traditional methods for evaluating the integrity of the 
dental sealants, such as visual and probing inspection, 
are unable to identify gaps, failures into the internal 
structure of sealants, which can cause infiltration and 
loss of material [Kubo et al., 2004]. In addition, even if 
color photographs method has  demonstrated to ensure 
a higher level of validity than that performed through the 
use of the visual clinical examination and replica methods 
for the assessment of sealant retention [Hu et al., 2014], 
it is far from representing the best procedure, not being 
a standardised technique. By contrast, the first evidence 
of the present study demonstrates that it is possible to 
obtain a reproducible and stable placement of a camera 
device in the oral cavity, using this innovative dental 
support system; pictures taken using this new device, 
on maxillary and mandibular  right and left first molars, 
show values of distortion not statistically significant: this 
could possibly be due to the connection between pins and 
holes of the camera device, allowing to take photographs 
in the oral cavity in the same spatial position. Therefore, 
using 3 anatomical fixed identifiable reference points on 
the occlusal surface of each molar, it is possible to obtain 
a photographic analysis with a reliability of 96.85%, 
after 10 months, demonstrating that this first part of 
the experimental procedure is well reproducible and 
statistically powerful. Concerning the second part of the 
study, the results demonstrate that it is possible to monitor 
in a statistically significant manner the quantity of lost 
sealant 1 year after treatment: particularly, there is not 
statistical difference in the rate of lost sealant between the 
maxillary and mandibular teeth and between left and right 
molars; these results show that the position of the sealed 
tooth in the oral cavity does not  influence the quality 
and retention of the sealant. Moreover, the study shows 
that the difference in the rate of lost sealant between 
T0-T1 and T1-T2 is statistically significant,  indicating that 
the greater loss of sealant occurrs in the first six months. 
These results are in contrast with other studies, reporting 
that most sealing failures take place within 1 year from 
application [Erdemir et al., 2014]. Finally, concerning both 
the sealing method and the use of the intraoral camera 
connected with the dental arch support, although these 
procedures are operator-dependent, the kappa scores 
show high inter-examiners agreement.

Conclusion

The above mentioned points of discussion demonstrates 
that photographs, obtained through the experimental 
two-part system (a dental arch support and a camera 
support, which permits the reproducible positioning of 
the intraoral camera in the oral cavity, could represent a 
standardised and useful method  to observe and monitor 
dental occlusal sealants retention over time. 
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