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Introduction

Dental caries is the most globally pervasive disease affecting
general health along with impairing the quality of life of
billions worldwide.1 The adequate use of fluoride and me-

chanical plaque control has reduced the dental caries preva-
lence.1However, these preventive regimens are less effective
on the occlusal part of the tooth where the complex natural
morphology, pits, and fissures easily accumulate food debris
and dental plaque.2
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Abstract Objectives The aim of this study was to evaluate and compare the clinical retention
rate between hydrophilic and hydrophobic resin-based sealant placed under field
setting and related factors.
Materials and Methods Sixty-six children with 106 pairs of teeth in the same arch
with matching International Caries Detection and Assessment System (ICDAS) scores
ranging from 0 to 2 were recruited. This study was a split-mouth design with each tooth
in the pair randomly assigned into either hydrophobic resin-based sealant group
(Concise white sealant, 3M. EPSE, St. Paul, Minnesota, USA) or hydrophilic resin-based
sealant group (UltraSeal XT hydro sealant, Ultradent Products, South Jordan, Utah,
USA). A dental therapist performed all procedures in a field setting on a mobile dental
unit with a mobile saliva ejector. The retention rate was evaluated by two calibrated
dentists and classified as fully retained, partially retained, and total loss.
Statistical Analysis The outcomes were analyzed using McNemar’s, chi-squared, and
Fisher’s exact test with a significance level of 0.05.
Results After 12months, 65 childrenwith 105 pairs of teeth remained in this study. At
8-month follow-up, fully retained, partially retained, and total loss of material were
found at 82.9, 15.2, and 1.9% in the hydrophobic group and 70.5, 26.7, and 2.9% in the
hydrophilic group, respectively. At the 12-month follow-up, the outcomes were
reduced, respectively, to 80, 17.1, and 2.9% in the hydrophobic group and 68.6,
27.6, and 3.8% in the hydrophilic group. There was no significant difference between
the two groups (p>0.05). Arch type was associated with the retention rate (p<0.05),
whereas ICDAS scores showed no correlation (p>0.05).
Conclusion Both hydrophilic and hydrophobic resin-based sealant can be used under
field conditions, with no significant difference in terms of retention rate.

DOI https://doi.org/
10.1055/s-0043-1777052.
ISSN 1305-7456.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article

Article published online: 2024-02-22

https://orcid.org/0000-0002-4685-607X
https://orcid.org/0000-0001-8670-0259
mailto:siriruk.nak@mahidol.ac.th
https://doi.org/10.1055/s-0043-1777052
https://doi.org/10.1055/s-0043-1777052


Sealant is typically a resin-based or glass ionomer-based
material that flows into and seals pits and fissures.2 Placing a
sealant physically blocks cariogenic substances and bacterial
build-up in these deep grooves.2 Sealant has long been used
and reduces the riskofdevelopingnewcarious lesionsby76%.2

Placing a sealant is effective on sound tooth surface and can be
used on early noncavitated caries to inhibit its progression.3

The clinical retention of sealant material has been used to
evaluate its efficacy.2 This is because the barricade between
the caries-related factors and the protected surface is due to
the tight sealing quality of the material. The first marketed
sealants, which are resin-based materials, have the highest
retention rates among sealant types.4However, this material
is highly technique sensitive due to its hydrophobicity.4

Therefore, in conditions where adequate moisture control
cannot be achieved, the retention rate is reduced.4 Partially
erupted teeth with soft tissue impingement, uncooperative
children, or those with special needs, and not having the
appropriate moisture-control equipment can result in un-
satisfactory sealant retention.5

A novel resin-based sealant was fabricated by modifying
the chemical part of the monomer, which converted the
hydrophobic sealant into a moisture-friendly material.6 This
material has been commercially available but is not widely
used clinically. In vitro studies have demonstrated that the
hydrophilic sealant has physical properties similar to the
hydrophobic resin-based sealant, for example, low viscosity,
long resin tag formation, andgoodmarginal integritywith low
microleakage.7 However, the clinical comparison results are
disparate and limited in number. A study found a significantly
higher retention rate for hydrophilic sealant compared with a
hydrophobic sealant.8A study in2013 found the retention rate
to be similar compared with a hydrophobic sealant, but
superior compared with a glass ionomer sealant.6 Moreover,
a study found that a hydrophilic sealant had apoorer retention
performance and surface quality.9 According to its physical
properties, a hydrophilic sealant has the potential to overcome
challengingclinical situations. Thismaybebeneficial totheuse
of sealant in less-than-ideal situations, such as the school-
based sealant programs that are commonly performed in a
field setting that is a challenging clinical environment.

The aim of this study was to evaluate and compare the
clinical retention rate between hydrophilic resin-based seal-
ant and hydrophobic resin-based sealant placed in a field
setting after 8 and 12 months. The associated factors related
to material retention were also assessed.

Materials and Methods

Sample Size Estimation
The McNemar’s test of equality of paired proportions was
applied considering that the test is two-sided with a signifi-
cance level of 0.05 and power of 80%. The proportion of
hydrophilic sealant was calculated at 80% in a similar study
by Prabakar et al.8 The expected proportion of the hydro-
phobic resin-based sealant was 70% according to Tianviwat
et al, which concluded a difference in the proportion of 10%
between both groups.10 The proportion of discordant pairs

was calculated at 14%. The calculation revealed that a sample
size of 96 pairs was required. By adding 10% as the possible
drop-out rate, the sample size was finalized at 106 pairs.

Inclusion and Exclusion Criteria
The inclusion criteria were healthy, cooperative 6 to 9-year-
old participants with bilateral fully erupted permanent first
molars with deep pits and fissures and the same carious
condition. The included molars were sound to noncavitated
distinct visual change in enamel lesions or graded as 0, 1, or 2
according to the International Caries Detection and Assess-
ment System (ICDAS).

Patients who did not fully cooperate throughout the
procedure on both teeth along with teeth with enamel
defects, proximal carious lesions, or restorations were ex-
cluded from the study.

Sample Recruitment
The samples were recruited from a list of over 298 early
elementary students in three public schools who were
already participating in the school-based sealant program.
The dental check-up was performed at school by a dental
nurse. Informed consent was provided by the parents of the
eligible participants.

Clinical Procedure
This study was a prospective, randomized controlled with a
split-mouth design. It was conducted in a field setting. This
study protocol was approved by an Institutional Review
Board (COA.No.MU-DT/PY-IRB 2021/024.2202). This study
was registered in the Clinical Trial Registry (identification
number: TCTR20230412003).

A total of 106 pairs of teethwere included and one tooth in
each pair was assigned into two groups, hydrophobic or
hydrophilic sealant, by computer-generated randomization.
Both materials were equally divided into left-side teeth and
right-side teeth groups.

The randomization process was done again within each
group to determinewhich side of the arch the operator began
applying the sealants. One half of the group, 26 pairs, was
assigned to have the operator start on the right side followed
by the left side and vice versa.

The operator was a skilled dental nurse who routinely
conducted the school-based sealant program in the area. The
operator was blinded to the type of material and the order in
which the different materials were placed. The participants
and the examiners who assessed the outcomes were also
blinded to this information. Due to the similar opaque,
slightly yellowish-white color of both materials, before and
after polymerization, were indistinguishable post-setting.

This study was performed in a field setting on a mobile
dental unit with a mobile saliva ejector. The sealant appli-
cations were performed by a single operator with the same
assistant at the same operatory. Every step of the procedure
with a specific time length was recorded by a research
assistant using a digital timer.

The tooth was cleaned with a slow-speed rubber cup and
pumice. The pumice was washed out with a copious stream
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of water with a gentle probing action using a dental explorer
along the grooves to remove any remaining debris. Cotton
rolls were placed on the buccal and lingual vestibule of the
lower tooth and the buccal vestibule for the upper tooth. The
tooth was dried with the triple syringe for 10 seconds to
remove excess water that might affect the concentration of
the subsequent acid etching procedure. The dried tooth was
applied with either 37% phosphoric acid (Scotchbond Etch-
ant, 3M-ESPE, St. Paul, Minnesota, United States) or 35%
phosphoric acid (Ultra-etch Etchant, Ultradent, South Jordan,
Utah, United States) for 20 seconds and rinsed with water for
20 seconds. The isolation procedure was performed with a
new set of cotton rolls and dried with a triple syringe for
10 seconds. A fully dry surface without any visible film of
moisture was expected.

The material was handed to the operator according to the
order of treatment. In Group 1 hydrophobic sealant, the tooth
was applied with Concise white sealant (3M. EPSE, St. Paul,
Minnesota, United States). In Group 2, hydrophilic sealant, the
tooth was applied with UltraSeal XT hydro sealant (Ultradent
Products, South Jordan, Utah, United States). Both types of
sealants were polymerized using an LED light-curing unit
(Bluephase Style Ivoclar Vivadent Schaan, Liechtenstein) for
20 seconds with the tip placed directly over the applied
surface. A dental explorer was used to probe along the grooves
to detect any voids or roughness of the surface and reapplied if
needed. The occlusion was tested by having the participants
bite on articulating paper and adjusted with a slow-speed
polishing bur if needed. The participants rinsed their mouths
after the procedure was completed.

Recall and Evaluation
The participants were originally asked to come back for an
evaluation at follow-up periods of 6 and 12months. Due to the
pandemic lockdown, the follow-up periods were shifted to 8
and 12 months. The examination was done using the same
mobile unit and lighting in thefield setting. The process began
with having the patient thoroughly brush and rinse with 1%
hydrogen peroxide per the protocol for reducing the risk of
coronavirus disease 2019 transmission. Two dentists who
were blinded to the types of sealants applied were recruited
to examine the teeth. Calibration was done prior to the recall
dates. Recalibration of the two dentists on the recall dates was
done by re-examining 10 participants. The intrareliability
within the same examiner was tested by re-examining 10%
of the participants. The tactile and visual examinations were
performed by inspecting the sealant appearance undermobile
lighting and using a dental explorer to glide along the grooves.
The sealant quality was graded according to Simonsen’s crite-
ria; fully retained, partial loss, and total loss sealant.11

In the fully retained group, the tooth presented with
sealant on all primary grooves and no need to reseal. In
the partially retained group, the tooth retained some of the
material that was detected by a ledged margin indicating a
dislodged bulk of material or visual exposure of the previ-
ously sealed deep pits and fissures. In the total sealant loss
group, no evidence of sealant was detectable on any pits and
fissures of the tooth.

If at any time during the recall period the included teeth
were found to need immediate care, such as a progressing
carious lesion or traumatic injury, the patients were referred
to receive the appropriate dental treatments. However,
neither of these conditions was found throughout this study.

Statistical Analysis
The intrareliability of each examiner was tested by re-
examining 10% of the participants. The Kappa statistic was
calculated and accepted at Kappa more than 0.7. The inter-
reliability of the examiners was calibrated by re-examining
10 participants. The Kappa statistic was accepted at Kappa
more than 0.7.

The demographic data of the participants comprising sex,
age, tooth type, and the carious condition were collected as
descriptive data. The outcomes were analyzed using SPSS
Statistics for Windows, Version 28.0. (SPSS Inc., Chicago,
Illinois, United States). The retention rate between groups
was compared using McNemar’s test. The correlation of
sealant retention and arch type or ICDAS scorewere analyzed
using chi-squared and Fisher’s exact test. A p-value less than
0.05 was considered statistically significant.

Results

Sixty-six children with 106 pairs of teeth were recruited
according to the inclusion criteria. After 12months of follow-
up, one child dropped out due to relocation, thus, 65 children
with 105 pairs of teeth completed this study. The 65 children
(6–9 years old) comprised 36 males (55.4%) and 29 females
(44.6%) with an average age of 7.51 years old. The flow of the
participants in this study is presented in ►Fig. 1. Sixty-one
pairs of teeth were upper molars and 44 were lower molars.
The type of tooth arch and ICDAS score are shown in►Table 1

along with the equal distribution of materials on the left and
right side of the arch.

The intra- and inter-reliability of both examiners were in
good agreement with Kappa values of 0.84 and 0.81 for intra-
reliability and 0.80 for inter-reliability.

The sealant retention after 8 and 12 months is demon-
strated in ►Table 2. At the 8-month follow-up, the sealant
retention rate in each retention category between the two
materials was not significantly different (p¼0.051). For the
12-month follow-up, a slightly increased frequency was
found in the partially retained and missing groups of both
materials. However, there were no significant differences in
the sealant retention rate of the two materials (p¼0.140).

The factors associated with the retention rates were
distributed in►Table 3. In both groups, thematerials applied
in lower arch showed a superior retention rate compared
with thematerials on the upper arch (p<0.05). However, the
difference in ICDAS scores showed no relationship with the
retention rate in both groups.

Discussion

The objective of this study was to evaluate and compare the
clinical retention rate between a hydrophilic resin-based
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sealant and hydrophobic resin-based sealant placed in a field
setting after 8 and 12 months. This study was conducted in a
field setting with a mobile dental unit. The field setting was
chosen to demonstrate the actual dental treatment done in

the school-based sealant program that has been performed
in Thailand for decades.10,12

The materials used in this study were UltraSeal XT hydro,
which is commercially available and Concise white sealant,

Fig. 1 Study flow diagram.

Table 1 Distribution of hydrophobic and hydrophilic resin-based sealant by arch type, side, and ICDAS score

Group (n¼105 pairs/210 teeth) Arch type (teeth) Right/left (teeth) ICDAS score (teeth)

Upper Lower Right Left 0 1 2

Hydrophobic sealant 61 44 52 53 50 31 24

Hydrophilic sealant 61 44 53 52 50 31 24

Total 122 88 110 110 100 62 48

Abbreviation: ICDAS, International Caries Detection and Assessment System.
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which is one of the oldest and widely used conventional
resin-based sealants in Thailand’s school-based sealant pro-
gram. The hydrophilic resin sealant was developed to ad-
dress themoisture-sensitive nature of the hydrophobic resin
sealant. The hydrophobic bisphenol A-glycidyl methacrylate
(bis-GMA) was replaced with di-, tri-, and multifunctional
acidic acrylate monomers. This formulation creates a resin-
based sealant that tolerates humidity and activates in the
presence of moisture.6

In our designed field settings, the retention rate in the
hydrophobic group was lower than the expected perfor-
mance of the hydrophobic resin-based sealant. The annual
loss of conventional hydrophobic resin-based sealant was
reported to be 5 to 10%.13 However, the retention rate of
this group was higher than a study by Tianviwat et al which
reported that the average retention rate of sealant in Thai-
land’s school-based sealant program was 20 to 63% at a 1-
year recall.10 The hydrophobic sealant group at the 12-
month recall demonstrated a 72% fully retained rate, which
aligned with a result of 73.1% from a study working in a
clinical setting.14

This study was conducted using a split-mouth design. The
different types of materials were placed on two sides of the
arch in the same patient. The advantage of this design is
the exclusion of the interindividual variability effect on the
outcomes. The carry-across effect, commonly found in the
split-mouth design, did not apply to this study because the

materials were placed and fixed on a specific site. Although
one type of sealant used in this study released fluoride while
the other did not, a study found that fluoride release did not
affect sealant retention.2,3,11

The recall period of this studywas originally planned to be
after 6 and 12 months. Studies indicated that sealant failure
wasmostly found immediately after application and at the 6-
month follow-up.9,11 However, due to the severe acute
respiratory syndrome coronavirus 2 pandemic, the research
location was under a long lockdown period. Access to the
participants and research facility was not possible. There-
fore, the recall period was extended to 8 months.

The field setting is a nonideal dental setting that can
present problems during the critical steps of dental treat-
ment.12 Sealant placement, whose clinical success depends
on moisture control, can be affected in this challenging
setting. Moreover, the oral cavity is 100% humid by nature.
Furthermore, the school-based sealant program was done
in elementary school students whose total cooperation
throughout the treatment cannot be expected. These factors
are the possible reasons for unsatisfactory retention rates,
along with the inadequate number of dental personnel.12

This study used cotton rolls together with a saliva ejector
and triple syringe as the moisture control procedure. The
triple syringe was used for the same amount of time in both
material groups. Although the desiccated etching pattern of
enamel was observed after moisture control, the nonideal

Table 2 The retention rate of hydrophobic and hydrophilic resin-based sealant at the 8- and 12-month follow-ups

Follow-up time (months) Types of sealant Retention, n (%) p-Value

Fully retained Partially retained Total loss

8 Hydrophobic 87 (82.9) 16 (15.2) 2 (1.9) 0.051

Hydrophilic 74 (70.5) 28 (26.7) 3 (2.9)

12 Hydrophobic 84 (80) 18 (17.1) 3 (2.9) 0.140

Hydrophilic 72 (68.6) 29 (27.6) 4 (3.8)

McNemar’s test.

Table 3 The correlation of sealant retention at 12-month follow-up between arch type and ICDAS score

Sealant type/factors Fully retained,
n (%)

Partially retained,
n (%)

Total loss,
n (%)

Total,
n (%)

p-Value

Hydrophobic sealant Upper 43 (70.5) 15 (24.6) 3 (4.9) 61 (100) 0.009

Lower 41 (93.2) 3 (6.8) 0 (0.0) 44 (100)

Hydrophilic sealant Upper 35 (57.4) 22 (36.1) 4 (6.6) 61 (100) 0.007

Lower 37 (84.1) 7 (15.9) 0 (0.0) 44 (100)

Hydrophobic sealant ICDAS 0 36 (72) 12 (24) 2 (4) 50 (100) 0.149

ICDAS 1 29 (93.5) 2 (6.5) 0 (0.0) 31 (100)

ICDAS 2 19 (79.2) 4 (6.7) 1 (4.2) 24 (100)

Hydrophilic sealant ICDAS 0 32 (64) 14 (28) 4 (8) 50 (100) 0.360

ICDAS 1 21 (67.7) 10 (32.3) 0 (0.0) 31 (100)

ICDAS 2 19 (79.2) 5 (20.8) 0 (0.0) 24 (100)

Abbreviation: ICDAS, International Caries Detection and Assessment System.
Chi-squared and Fisher’s exact test.
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dental setting together with the humid nature of the oral
cavity suggests that some moisture could be present within
the fissures. These conditions favored the characteristic of
hydrophilic sealant implying that higher retention rate of
the sealant might be expected. However, the retention rate
of hydrophilic and hydrophobic sealant is not significantly
different. A similar field setting study with different form of
moisture control, that is, removing water with cotton pallet
to avoid desiccating the enamel, also found low retention
rates of hydrophilic sealant with only 10% of fully retained
material at the 12-month recall.15 A possible explanation
might be that the optimum level of moisture is inapplicable
in practice. The manufacturer suggested that hydrophilic
sealant works best on slightly moist teeth. However, the
ideal level of moisture that optimizes the adhesion strength
is challenging to replicate.

Sealants have the benefit of sealing and excluding the
rough morphology of the pits and fissures from the factors
leading to dental caries development and caries progres-
sion. Pit-and-fissure sealants provide primary prevention
for sound teeth and secondary prevention for teeth in which
signs of decalcification are present. The material’s retention
plays a critical role in clinical success because the protective
barrier is dependent on the material binding to the tooth
surface. Because the commonly used material is hydropho-
bic, moisture contamination jeopardizes sealant retention.
Hydrophilic materials were formulated to overcome the
moisture sensitive process of sealant placement and pro-
vide better retention. Our findings indicate that the hydro-
philic resin-based sealant (UltraSeal XT hydro) is similar to
the conventional hydrophobic resin-based sealant in main-
taining the sealant on the tooth surface.

The retention rate of the materials on the lower arch
group was significantly superior to the upper arch group.
However, the different arch contribution to the retention
rate of sealant is controversy.16,17 This study conforms with
a study by Ratnaditya et al that found higher retention rate
of sealants on the lower arch. The higher retention found in
lower arch may be from the easier access and direct
visualized application of the sealant, the gravitation force;
moreover, the better-defined pit and fissure anatomy of
mandibular molars may also contribute to the outcomes.17

This study included the molars with baseline surface
status ranging from ICDAS 0 to 2, sound surface to the early
visual changewithout enamel breakdown. The retention rate
between different ICDAS scores demonstrated no significant
difference after the 12-month recall. Another study found
higher probability to fail in the early carious lesions, ICDAS 1
to 3, than the sound surfaces, ICDAS 0.18However, it might be
influenced from the different inclusion criteria with another
study’s samples including ICDAS 3, the localized enamel
breakdown without dentinal involvement.18

Although the statistical analysis found no difference in the
retention ratesof the twomaterial types, theclinical significance
of the outcomes was notable. The conventional hydrophobic
groups demonstrated higher retention rates comparedwith the
hydrophilic sealant at both recall periods, 8 and 12 months.
Because the exact amount moisture in favor of the hydrophilic

sealant is still undetermined, replication of the profound mois-
ture level may yield a different result. This may provide a better
understanding of the material and indications for future re-
search. Further studies are needed to develop an alternative
moisture control strategy for pit and fissure sealant treatment.

Conclusion

The hydrophilic resin-based sealant presented no significant
different retention rate at the 8- and 12-month recalls
compared with the hydrophobic resin-based sealant under
field conditions.
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