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ABSTRACT
Thorough reviews of pit and fissure sealant are available in the literature. It is the intent of this paper to focus on the clinical
aspects of pit and fissure sealant application and the most recent publications that support an evidence-based clinical
application technique.
Pit and fissure sealants were introduced in 1971 based on the pioneering studies of Buonocore. Additional work initiated by
Handelman in 1972 looked specifically at what happens to the bacteria trapped underneath a sealant. Concerns that such
entrapment could lead to propagation, or continued development, of caries under a well-sealed area, were mitigated by this
and many other succeeding studies.
It remains clear that the application of pit and fissure sealant to newly-erupted posterior (and occasionally, anterior) teeth is
the best method we have in dentistry to prevent pit and fissure caries, and ⁄ or to prevent the continued development of
incipient caries into frank caries when the incipient lesion is sealed over with resin.
Keywords: sealant, pit and fissure sealant, review.
Abbreviation: RMGI = resin-modified glass-ionomer.

INTRODUCTION
The term ‘pit and fissure sealant’ is used to describe a
chemically-active liquid material that is introduced into
the occlusal pits and fissures of caries-susceptible teeth,
that after application, either cures chemically (autopolymerizing), or is cured with a visible light source (lightcured), thus forming a micromechanically bonded
protective layer that prevents the invasion of cariesproducing bacteria, and simultaneously cuts off the
access of surviving caries-producing bacteria from their
source of nutrients.1
Pit and fissure sealants were introduced in 1971
based on the pioneering studies of Buonocore.2,3
Buonocore’s 1955 paper2 was the start of the acid etch
technique in dentistry, and the technique of sealing pits
and fissures to prevent caries was the first clinical
manifestation of the acid etch technique. While
Buonocore’s initial work was necessarily limited
by the materials science of the times, the technique
for preventing caries with a bonded resin sealant
was documented very early on by Cueto and
Buonocore in an early clinical trial of a pit and fissure
sealant.3
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We have moved from the use of ultraviolet lights for
curing the first commercially available sealant, to the
use of visible lights, autopolymerizing sealants, coloured sealants, sealants containing fluoride, and the
proposal for possibly using an intermediate resin layer,
in an effort to improve retention. This paper will refer
to previous literature reviews, but will focus mainly on
the clinical aspects of pit and fissure sealant application
and more recent publications discussing such clinical
technique. It remains clear that the application of pit
and fissure sealant to newly-erupted posterior (and
occasionally, anterior) teeth is the best method we have
in dentistry to prevent pit and fissure caries, or to
prevent the continued progression of incipient caries to
frank caries when incipient lesions are sealed over with
resin.
REVIEW OF THE LITERATURE
For clinicians, a recent report published in the Journal
of the American Dental Association (JADA),4 by the
American Dental Association (ADA) Council on
Scientific Affairs provides an invaluable review of all
the literature on pit and fissure sealant published prior
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to 2008. The study is the result of an expert panel’s
analysis of systematic reviews on the topic of pit and
fissure sealants, and the clinical implications of sealant
application. Taken together with the review of the
literature published in 2002,5 these papers provide a
wealth of information on the literature related to the
clinical success of pit and fissure sealants.
Four clinical questions were addressed by the ADA
expert panel (on which author RJS served). These
questions are very significant issues with which all
clinicians need to be comfortable:
(1) Under what circumstances should sealants be
placed to prevent caries?
(2) Does placing sealants over early (non-cavitated)
lesions prevent progression of the lesion?
(3) Are there conditions that favour the placement of
resin-based versus glass-ionomer cement sealants in
terms of retention or caries prevention?
(4) Are there any techniques that could improve
sealants’ retention and effectiveness in caries prevention?
All of these questions are relevant in today’s clinical
world. Additionally, there are recent studies that have
addressed the question of how teeth should be cleaned
prior to sealant application; the performance of laser
fluorescence in detecting incipient caries; studies
looking at four-handed delivery of sealants; and the
caries risk of formerly-sealed teeth. All of these issues
will be addressed in this paper. Additionally, we will
discuss the somewhat controversial role of applying
sealants over incipient lesions, a technique that was
anticipated by Handelman in the early 1970s with his
publication on the effect of sealant placement on the
bacterial progression of incipient lesions.6
The ADA expert panel concluded, based on all the
evidence reviewed and presented, that:4
(1) placement of resin-based sealants on the permanent
molars of children and adolescents is effective for
caries reduction;
(2) reduction of caries incidence in children and
adolescents after placement of resin-based sealants
ranged from 86% at 1 year to 78.6% at 2 years and
58.6% at 4 years;
(3) sealants are effective in reducing occlusal caries
incidence in permanent first molars of children,
with caries reductions of 76.3% at 4 years, when
sealants were reapplied as needed. Caries reduction
was 65% at 9 years from initial placement with no
reapplication during the last 5 years;
(4) pit and fissure sealants are retained on primary
molars at a rate of 74.0 to 96.3% at 1 year and
70.6 to 76.5% at 2.8 years;
(5) there is consistent evidence from private dental
insurance and federal dental plan (Medicaid) databases that placement of sealants on first and second
permanent molars in children and adolescents is
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associated with reductions in the subsequent provision of restorative services;
(6) evidence from Medicaid claims for children who
were continuously enrolled for 4 years indicates
that sealed permanent molars are less likely to
receive restorative treatment, that the time between
receiving sealants and restorative treatment is
greater, and that the restorations were less extensive than those in permanent molars that were
unsealed.
A wealth of literature over almost 40 years, combined
with systematic reviews of recent studies, shows that
pit and fissure sealant is an effective treatment for
preventing the initiation of caries on sound, susceptible
pit and fissure surfaces in children and adolescents,
particularly in children at high risk for caries. The first
three conclusions of the JADA paper4 support the
application of pit and fissure sealant on permanent
molars, while the fourth conclusion supports application to primary molars where appropriate (i.e. primary
molars frequently have fissures that are more coalesced
than permanent molars and thus are less cariessusceptible). Although for primary molars the data
for caries reduction from pit and fissure sealant
application are not complete (in terms of systematic
reviews), the data are clear for caries prevention in
permanent teeth. What is clear is that for both primary
molars and permanent premolars (which were not
mentioned in the JADA4 report) the high retention of
resin-based sealant will lead to caries prevention
(Fig 1). The fifth and sixth conclusions of the JADA
paper4 relate to the provision of dental services on teeth
that have been sealed. The evidence shows that children
who had sealants placed needed less restorative work in
the future than those who did not have sealants placed
(Fig 2). Also, the time between restorative treatments is
greater in the sealed children, and restorations did not
need to be so extensive. These are key findings that
support the application of pit and fissure sealant to
caries susceptible pits and fissures.
In a 15-year report on pit and fissure sealant
retention and caries prevention,7 a single application
of sealant was studied, comparing a test group (sealed)
and a control group that did not have sealant applied.
In a matched pair analysis after 15 years, carious or
restored surfaces made up 31.3% of the surfaces in the
sealed group, and 82.8% in the unsealed group. It was
speculated that ‘practitioners could approach 100%
caries prevention in pit and fissure surfaces’ with
reapplication of sealant as appropriate in teeth undergoing partial or full sealant loss. This study also found
that it is 7.5 times more likely that a pit and fissure
surface on a permanent first molar will become carious
or restored after 15 years if it is not sealed. In terms of
benefit-to-effort ratio, it was calculated that for the
effort of every two surfaces sealed, the children in the
ª 2011 Australian Dental Association
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Fig 1. Four photographs showing pit and ﬁssure sealant retention on premolars sealed from 8 years to over 19 years.

study were benefited by one surface saved from caries
or restoration (Fig 3).
An additional finding of the ADA Expert Panel was
that placement of pit and fissure sealants significantly
reduces the percentage of non-cavitated carious lesions
that progress in children, adolescents and young adults
that were sealed over, for as long as 5 years after sealant
placement compared with teeth containing noncavitated carious lesions that remained unsealed.4 This
was the first official (ADA) endorsement of sealant
application as a therapeutic, rather than simply

Fig 2. Photograph (1970s) showing the posterior dentition of a
teenager. It was not unusual to see small occlusal amalgams in every
posterior tooth, placed either for caries restoration, or prophylactically. With the advent of sealants, the ‘prophylactic odontotomy’
became obsolete.
ª 2011 Australian Dental Association

preventive, effect and it is the outgrowth of Handelman’s original work1 that has been repeated and
confirmed numerous times, and reviewed by Oong.8
This line of investigation was not initiated with a view
to using sealants therapeutically, however, it was
recognized that caries diagnostic procedures were
(and are) quite limited and variable in accuracy in the
occlusal pits and fissures. So much so, that one could be
certain that in a number of cases of a diagnosis of ‘no
caries’, there would in fact be some initial incipient
breakdown of at least the enamel surface. It was
necessary to be sure that sealing such areas would not
be harmful, thus the studies of sealing-over confirmed
incipient lesions. Clinicians, therefore, can feel comfortable that in the event they should inadvertently seal
over an incipient lesion, it will not progress as long as
the sealant remains intact and there is a seal to enamel
around the periphery of the lesion. The downside of
sealing over incipient lesions, whether intentionally or
not, is that when the sealant wears down to a point
where there could be communication between the oral
fluids and the previously diagnosed incipient lesion via
an exposed pit or fissure, the lesion is once again
susceptible to becoming active. Thus, sealants should
always be checked on re-examination appointments to
be certain that there is no pit or fissure area that is once
again caries-susceptible through wear of the sealant
(Fig 4).
Several studies have addressed the issues of caries
diagnostic methods, and a relatively new tool to
increase the information for clinicians upon which to
47
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Fig 3. The maxillary molar of one matched pair at 5 years and 15 years. The sealed patient has beneﬁted from sealant applied 5 years previously
(upper right) and 10 years later (15 years after application). The patient without sealant had two restorations placed before the 5-year check, and
experienced a cusp fracture from the weakening effect of tooth preparation and caries prior to the 15-year check.

base a decision of caries presence or absence has been
marketed. In a systematic review of the performance of
a laser fluorescence device for detecting caries, Bader
and Shugars9 found that the DIAGNOdent (KaVo
GmbH, Biberach, Germany) is more sensitive than
traditional diagnostic methods, but that the increased
likelihood of false-positive diagnoses compared with

Fig 4. This patient received sealant 12 years ago on the premolar, and
18 years ago on the ﬁrst permanent molar. The ﬁrst permanent molar
shows the typical loss seen after long periods of time. Parts of the
ﬁssure anatomy are still covered, but in other areas the sealant has
worn down or been lost. Particular attention must be paid to retained
sealant adjacent to areas where the oral ﬂuids can get into the ﬁssure
(and perhaps therefore under the adjacent sealant), potentially
initiating caries in these areas. See also Fig 5.
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traditional methods of caries detection, limits its
usefulness as a primary diagnostic tool. Another study10
found that while early caries detection methods, such as
laser fluorescence and transillumination, should be an
adjunct to clinical decision-making and should support
preventive treatment planning in conjunction with risk
assessment, they should not justify premature restorative intervention. It would appear wise at the current
state of development to use early detection tools such as
laser fluorescence as an adjunct to clinical decisions
made in the conventional manner. Such tools appear to
be a useful addition to the clinicians’ armamentarium
for early caries detection and caries risk assessment for
treatment planning. Such instruments should not,
however, be used as justification for early invasive
intervention where more conservative, preventive
options are available.
Many studies have looked at different methods of
enamel surface preparation prior to acid etching and
sealant application. The accepted application technique
for pit and fissure sealant application in the early years
consisted of cleaning the enamel surface to be treated
with a pumice and water mixture using a rotary brush,
either pointed or flat-ended. Some operators would
simply use a pointed dry bristle brush, perhaps followed
by dragging an explorer tine through the fissure
anatomy, rather than using any pumice (avoiding any
oil-based commercial pumice mix so as not to leave any
oily residue on the enamel surface which may hinder
etching of the enamel surface).
ª 2011 Australian Dental Association
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In one study comparing dry brushing with a rotary
brush and paste, the tooth-cleaning technique of dry
brushing with a toothbrush as a preparatory step in the
sealant procedure yielded high clinical sealant retention
at 12 months. This retention was comparable to that
observed with rotary instrumentation. The results suggest that dry brushing by the operator may be an
equivalent alternative to using a rotary brush and paste.11
Various other cleaning methods have been tested, one
of the most successful being the Prophy-Jet (Dentsply
International, York, PA, USA), an early air-abrasion
system, more properly called an air polishing system,
utilizing sodium bicarbonate particles instead of the
more abrasive aluminum oxide particles common in the
more recently-developed air abrasion systems. The
tensile bond strength of sealants prepared with various
techniques was measured in a study by De Craene and
co-workers.12 Air polishing with the Prophy-Jet followed by acid etching produced the highest bond
strength of all groups tested. A statistically significant
higher mean bond strength was found by De Craene
and co-workers12 after air polishing and acid etching
compared to no cleansing prior to acid etching.
In the early years of air abrasion with aluminum
oxide, some of the manufacturers claimed that roughening of the enamel surface with air abrasion could be a
substitute for acid etching of enamel prior to sealant
and other procedures. This claim could not be substantiated by independent studies which found that tensile
bond strengths of resin composite to air-abraded, acid
etched enamel were significantly greater than were
those to air-abraded, unetched enamel.13 The claim of
using air abrasion instead of acid etching was attractive
from the perspective of selling air abrasion units, but it
was merely a marketing ploy that failed when the data
were examined. Brown and Barkmeier showed that
37% phosphoric acid treatment of intact enamel, or a
combination of air abrasion with sodium bicarbonate
or aluminium oxide followed by phosphoric acid,
provides significantly higher bond strengths of a sealant
material than simply using air abrasion with sodium
bicarbonate or aluminium oxide.14
In a recent systematic review of controlled clinical
trials that compared surface cleaning methods directly
(surfaces cleaned with a handpiece and prophylaxis
brush with pumice, compared to surfaces cleaned
simply by running an explorer along the fissures and
cleaning with an air-water syringe) found no difference
in sealant retention.15 Similarly, in a comparison of the
effects of supervised toothbrushing versus handpiece
prophylaxis on the retention of sealants, Gray et al.
showed that a supervised cleaning by the patient was at
least as effective in terms of retention of the sealant as a
traditional handpiece prophylaxis. This could have an
implication in reducing costs of school-based or public
health sealant programmes.16
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Regarding the more aggressive tooth preparation
methods prior to sealant application, the ADA expert
panel found ‘limited and conflicting evidence that
mechanical preparation with a bur results in higher
retention rates in children’. In view of this finding and
in view of the accepted benefit of minimally-invasive
approaches and the conservation of tooth structure, it is
inadvisable to utilize tooth preparation, albeit minimal,
prior to sealant application unless caries has been
definitively diagnosed, in which case it should be
mechanically removed and a preventive resin restoration can be placed.17,18 The techniques of invasively
exploring suspicious fissures for caries, or using
mechanical preparation as preparation for sealant
application, should be replaced with conservative
sealing of such areas, or utilizing remineralization
techniques where appropriate in areas of incipient
lesions.
In a preventive clinical practice, it is sometimes the
routine for the patient to be seen for a prophylaxis and
fluoride treatment prior to the examination by the
dentist. In cases where patients may be diagnosed after
the fluoride treatment as needing a small touch-up
sealant application to a partially missing sealant, it was
of concern that the recently-applied fluoride application
could render the enamel somewhat more resistant to an
adequate acid etching procedure. Studies, therefore,
looked at the effect of various fluoride treatments on
the subsequent etching of enamel.
Koh and co-workers showed that topical fluoride
treatment has no clinical effect on retention of pit and
fissure sealants.19 In a follow up study, Koh et al.
showed that exposure of enamel to NaF, SnF2, or APF
prior to placement of unfilled or filled sealants has no
effect on laboratory bond strengths between the enamel
and the sealants.20 Finally, Warren and co-workers
confirmed that sealant retention may not be adversely
affected by a topical fluoride treatment applied immediately prior to placement.21 All of these studies seem to
confirm the logical assumption that it is unlikely that a
topical fluoride treatment, applied some time prior to
acid etching for a sealant, would negatively effect the
ability of phosphoric acid to provide an adequate etch
of enamel.
Many different ways of cleaning an enamel surface
prior to sealant application have been used and studied.
There does not appear to be one clear ‘winner’ and
clinicians should feel comfortable in knowing that
providing the enamel surface is well-cleaned with their
technique of choice, retention should be optimal.
Regarding auxiliary application, and two-handed
versus four-handed application techniques, it has been
known for some time that a well-trained auxiliary is
equally proficient at the application of pit and fissure
sealant as a dentist, and it has long been thought that a
four-handed application procedure was beneficial in
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terms of sealant retention. As long ago as the mid
1970s, Stiles et al. reported that there was ‘no
difference in the retention of the sealant when applied
by a dentist or a trained dental auxiliary’.22 Ismail and
co-workers reported in an evaluation of the Saskatchewan dental programme, that about 79% of the
sealants applied by dental therapists were retained 3
years after application.23 Rock et al. noted that when
resin was applied by a dental therapist, and all recall
examinations were carried out by the same dentist,
resin was fully retained on 77% of teeth at the end of 3
years.24 In a study using US Air Force dental technicians, sealant retention over a 2-year period was
analysed. The results suggest that pit and fissure
sealants can be placed by dental auxiliaries in a costeffective manner with a relatively high retention rate.25
In a 5-year evaluation of fissure sealants applied by
appropriately trained dental assistants without any
additional assistance and with no previous experience
of fissure sealant application, Holst et al. reported that
sealing of fissures is a method well-suited for delegation
to dental assistants after proper education but should be
followed up, as the success rate showed a great
variation.26 Another study, a 10-year retrospective
study, was performed to determine the longevity of
sealants placed by dentists, dental hygienists and dental
assistants. The study concluded that placement of
sealants should be assigned to auxiliaries because they
had sealant success rates equal to or greater than the
dentists.27 Additionally, of course, the use of auxiliaries
should reduce the cost of sealant application from lower
labour costs. All of these studies support the delegation
of sealant application to well-trained auxiliaries. However, the question of two-handed, versus four-handed,
application was not addressed in these studies.
A study by Griffin et al. examining four-handed
delivery of sealants determined that it is associated with
an increased retention rate. In comparison to twohanded dentistry, four-handed delivery is associated
with a 9% increase in the retention rate.28 While sealant
application is, inherently, a simple procedure, the details
of the application procedure must be meticulously
adhered to, particularly in terms of isolation of the teeth
to be sealed. Failure to do so will result in sealant loss and
a failure of the preventive procedure. Maintenance of a
dry field is much simplified with a four-handed procedure, but a technique using a combined mouth prop, light
source and high-volume suction device, such as the
Isolite or Isodry (Isolite without the internal lighting)
(Isolite Systems, Santa Barbara, CA, USA).
Fluoride used with sealants and fluoride-containing
sealant
Several studies have looked at the benefits of combining
pit and fissure sealant application with a fluoride
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treatment of one kind or another, or of adding fluoride
to a sealant. In an evaluation after 4 years of the
combined use of fluoride and dental sealants, the
overall proportion of sealants retained on occlusal
surfaces of first molars after an average of 2 years was
92%.29 This study suggests, as would be expected, that
pit and fissure sealants confer additional cariespreventive benefits beyond those of fluoride therapy
alone.
Early in the development of sealants, it was recognized that the addition of fluoride to a sealant, or
perhaps to the enamel prior to sealant application,
could have the potential benefit of additional caries
protection. Reduced solubility of enamel without
compromising the properties of the sealant were found
in a study by Swartz et al.30 However, no studies have
documented a clinical benefit with fluoride-releasing
resin sealant and while one can contemplate the
potential benefit, the short time duration of very low
level fluoride release from resin sealant would raise
doubts about whether any clinical benefit is likely. The
addition of fluoride to resin sealant seems to be more of
a marketing benefit than a clinical benefit. Additionally,
attempts to treat etched enamel with acidulated phosphate fluoride prior to, and as a part of, the sealant
application resulted in a reduction in bond strengths
with all sealants tested.31
In a 2-year clinical evaluation of a fluoridecontaining fissure sealant (Helioseal-F; Ivoclar; Schaan,
Liechtenstein) in young schoolchildren at risk for caries,
a total of 431 fissure sealants were placed at baseline.
Complete retention was found in 77% during the study
period while 22% were partially lost. Six sealants (1%)
were completely lost.32 Another clinical evaluation of
Helioseal F fissure sealant found after 1 year of clinical
testing, that a sealant containing fluoride-releasing
particles did not show a significant difference in
retention rate compared to an unfilled conventional
sealant.33
Two-year retention and caries rates of UltraSeal XT
(Ultradent, South Jordan, UT, USA) and FluroShield
(Dentsply International, York, PA, USA) light-cured pit
and fissure sealants were assessed in a Canadian study.
After 2 years, 74% of the sample was available for
recall. The total retention rate was 96% for UltraSeal
XT and 91% for FluroShield. There were no new pit
and fissure carious lesions over the 2 years of the study
and the addition of fluoride to the sealant conveyed no
benefit.34
In a study comparing retention rates and caries
increments between a fluoride-containing filled sealant
(FluroShield) and a conventional sealant (not containing fluoride or filler) (Delton, Dentsply International)
over 4 years in a regular biannual preventive programme including topical gel application, the fluoridecontaining filled sealant (FluroShield) appeared to have
ª 2011 Australian Dental Association
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a lower complete retention rate when compared with
Delton. However, total sealant loss and caries increment was similar in both groups.35
Finnish researchers have looked carefully at treatment of high-risk groups with various combinations of
intensive anti-caries therapies. Surprisingly, two studies
came up with contradictory conclusions. Hausen et al.
looked at children who were regarded as being at high
risk of developing caries and randomized them into two
groups; half were offered intensive prevention consisting of preventive counselling, fluoride varnish applications, fluoride lozenges, sealants and chlorhexidine
applications, and the other half were provided the same
basic prevention given to low-risk children (counselling
and one fluoride varnish application per year). There
was a negligible difference between the two groups,
implying that intensive prevention treatments produced
practically no additional benefit over routine prevention. This study concluded that by offering all children
only basic prevention, virtually the same preventive
effect could have been obtained with substantially less
effort and lower costs.36
The logical assumption that a material that releases
fluoride, such as a glass-ionomer cement, would
provide an added benefit to the retentive blocking of
the fissure by a resin sealant, has been tested many
times with various glass-ionomer materials, sometimes
in direct comparison with resin materials. There are no
data that support the use of glass-ionomer sealant in
preference to resin sealant, mainly due to the poorer
retention of the glass-ionomer materials. In fact, the
recent report of the ADA Council of Scientific Affairs
reported that ‘Resin-based sealants are the first choice
of material for dental sealants’ and that ‘Glass-ionomer
cement may be used as an interim preventive agent
where there are indications for placement of a resinbased sealant but [where] concerns about moisture
control may compromise such placement’.4
In 1996, Simonsen reviewed the literature on glassionomer sealants for a symposium at an Annual Session
of the International Association for Dental Research.
The conclusion was as follows: ‘An objective assessment of the presently available scientific literature on
the use of glass-ionomer materials as pit and fissure
sealants is not encouraging in terms of retention, but
appears somewhat more positive for caries prevention.
At the time of this writing [1996], the published
literature indicates that retention for resin-based sealants is better than for glass-ionomer sealants, but
differences in caries prevention remain equivocal.’37
Two studies published after the above review concluded that the resin-based sealant is not only superior
in terms of retention, but also in caries prevention38,39
(in which, of course, retention plays the key role). Thus,
traditional glass-ionomer cements are sparingly used in
the United States as fissure sealants since their retention
ª 2011 Australian Dental Association

is poorer than the resin sealants. However, it has been
speculated, if not shown to be of statistical significance,
that the fluoride-releasing effect of the glass-ionomer
materials may infer some caries protective effect even
after the apparent loss of the material in the pits and
fissures, and this will be discussed further below.40,41
Glass-ionomer (polyalkenoate) cements have documented high levels of fluoride release.42 However, used
as a pit and fissure sealant, the traditional glassionomer cements have shown very poor retention
rates44–47 as well as leakage even when fully retained.48
One study suggested that etching of the enamel prior to
application of the glass-ionomer sealant enhances
bonding to enamel49 but that is contrary to most
manufacturers’ instructions.
In a study reported by Boksman et al., a comparison
of the study’s 6-month complete retention rates of 92%
for Concise (3M, St Paul, MN, USA) white lightinitiated sealant and 2% for the Fuji III (GC Corp,
Tokyo, Japan) glass-ionomer sealant, suggests, according to the authors, that the routine use of the Fuji III
glass-ionomer as a fissure sealant is unreliable.43
Torppa-Saarinen reported that after just 4 months,
75% of the Fuji III sealants were totally present, 22%
partially lost and 3% totally lost.44 Övrebo found that
not only is Fuji III poorly retained in the fissures, but
that the material permits leakage even when it is fully
retained.48
In the interesting study by Méjàre and Mjör, 61% of
the glass-ionomer sealants were lost within 6–12
months and 84% after 30–36 months. Although total
loss was recorded clinically for the majority of the
glass-ionomer sealants, some retained sealant was
observed in the tooth replicas in 93% of them. The
clinical evaluation of the resin-based sealants showed
an average complete retention rate of 90% after 4.5 to
5 years. The corresponding figure for glass-ionomer
sealants with the replica technique was 58%. Caries
was recorded in 5 per cent (n = 8) of the resin-based and
in none of the glass-ionomer sealed surfaces.40 In the
eight surfaces with caries, six were re-evaluated after
6–12 months, which is probably too soon to be certain
caries was not present at sealant application time. This
study is frequently quoted as ‘evidence’ that despite
poor retention, glass-ionomer sealants are beneficial
from a caries-prevention perspective. However, the
small numbers do not allow such a conclusion to be
drawn. As the authors themselves concluded, ‘Any
conclusions about a possible long term caries-preventive effect [of glass-ionomer sealant] cannot be drawn
from the present results . . .’.
What is clear, is that the caries-preventive effect of
glass-ionomer sealant depends on both retention of the
sealant and fluoride release.50 Williams et al. concluded
that, ‘Polyalkenoate cements probably should be
regarded as ‘‘fluoride depot’’ materials rather than
51
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fissure sealants when used in this context’.51 Whether
the development of the resin-modified glass-ionomer
(RMGI) cements can challenge the resin sealants in
terms of retention remains to be seen, but early
indications are that RMGI wears markedly more than
resin sealant,52 even though higher fatigue bond
strength has been reported for the RMGI sealant.53 A
2-year report on the clinical performance of a RMGI
sealant compared to a light-initiated resin-based sealant
showed 0% complete retention and 38% complete loss
of the RMGI sealant, and 32% complete retention and
10% complete loss of the resin-based sealant.54
Hicks and Flaitz compared caries-like lesion formation in occlusal enamel adjacent to a light-cured RMGI
utilized as a pit and fissure sealant and a conventional
light-cured, fluoride-releasing sealant.55 While both the
RMGI and fluoride-releasing sealant materials
protected the pit and fissure enamel from caries
development, the RMGI reduced the extent of caries
involvement in the adjacent unsealed occlusal incline
enamel when compared with the resin sealant. Seppa
et al. suggested that fissures sealed with glass-ionomer
are more resistant to demineralization than unsealed
fissures, even after macroscopic sealant loss. This may
be the result of the combined effect of fluoride released
by glass-ionomer and residual material in the bottom of
the fissures.41 However, the previously reported study
by Méjàre and Mjör was not able to support this
hypothesis. A study that seems to be representative of
what most researchers find in regards to the retention
and caries-preventive effects of glass-ionomer sealants
showed that the retention of glass-ionomer sealants is
markedly inferior to the resin-based sealants. However,
in this study, no difference in caries increment on the
sealed surfaces was observed.45
One study showed better retention than most,
although still a high proportion of the glass-ionomer
sealant was lost. After 3 years, 21% of the resin and
35% of the glass-ionomer cement sealants were partially lost, and 0% and 38% respectively, were totally
lost. One tooth (1%) in the glass-ionomer cement group
and three teeth (4%) in the resin group developed
caries.47
As a result of the poor retention of the glass-ionomer
sealants, it has been suggested that polyalkenoate
cements probably should be regarded as ‘fluoride depot’
materials rather than fissure sealants when used in this
context.51 Additionally, other researchers have begun
to look at other glass-ionomer materials, like the
restorative materials, and the RMGI materials, as
sealant options. In a study56 comparing Fuji III sealant
versus Fuji IX restorative material after 4 months, 46%
of the Fuji III sealant and 72% of the Fuji IX showed
complete retention. In conclusion, the glass ionomer
restorative material Fuji IX was more retentive than the
sealant material Fuji III.56
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Using a RMGI as an occlusal sealant in a 1-year
clinical study the RMGI cement appeared to wear
markedly.52 An interesting study from Norway, comparing fissure sealing with a light-cured RMGI cement
(Vitrebond, 3M-ESPE) with a resin sealant, concluded
that the resin-based sealant is superior to the glassionomer cement in preventing caries, and that the
superior retention of the resin probably is an important
factor in this result.38
A 7-year study compared the retention and caries
preventive efficacy of a glass-ionomer sealant (Fuji III;
GIC) and light-cured resin-based sealant (Delton;
LCR). On the sealed occlusal surfaces, 10% of GIC
and 45% of LCR sealants were totally present, and 9%
of GIC and 20% of LCR sealants were partially
present. Twenty-three (24%) of the occlusal surfaces
sealed with GIC and 16 (17%) of those sealed with
LCR were carious or filled.39
In another study, retention failures requiring retreatment were 74% for the RMGI cement sealant and 11%
for the resin-based sealant, with one instance of fissure
caries being found for each material. The RMGI cement
sealant showed a slight darkening from its initial
placement, and was also more difficult to handle than
the resin-based sealant.57
A study to compare the 2-year clinical performance
of an experimental RMGI cement sealant (K-512;
equivalent to Fuji III LC) showed that K-512 exhibited
0% complete retention, 62% partial retention, and
38% complete loss (nil retention). The corresponding
percentages for Delton were 32%, 58% and 10%,
respectively. There was one instance of fissure caries for
K-512 and three for Delton. Sealants deemed to need
re-treatments because of retention failures were 62%
for K-512 and 34% for Delton. The K-512 sealants
continued to darken over the study, many becoming
slightly darker than the sealed teeth.54
Retention and caries prevention of a RMGI restorative material (Vitremer; 3M-ESPE, St Paul, MN, USA)
and a conventional glass-ionomer (Ketac Bond;
3M-ESPE) used as occlusal sealants were assessed.
The total retention rates for Vitremer after 6 and 12
months were 59% and 36%, respectively. For Ketac
Bond, the total retention rates were 24% and 15%,
respectively. No dental caries was recorded during the
12 months for either experimental groups. When
effectiveness was measured by sealant retention, there
was a significant difference between Vitremer and
Ketac-Bond after 6 months (p < 0.01) and 12 months
(p < 0.05). When effectiveness was measured by caries
prevention, no significant difference was found between
the groups, even when the sealants were partially or
totally lost. There was no development of carious
lesions after 1-year placement of sealants, but there was
a significant difference between experimental and
control groups (p < 0.01).58
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Another study has confirmed the retention and
caries-prevention data seen in many other studies. A
glass-ionomer material developed for fissure sealing
(Fuji III) and a chemically polymerized resin-based
fissure sealant (Delton) were compared in a split mouth
randomized design using contralateral teeth. After 3
years, the glass-ionomer sealant was completely lost in
almost 90% of the teeth compared to less than 10% of
the resin sealed teeth, and the relative risk of a tooth
sealed with glass-ionomer over that of a tooth sealed
with resin was 3.38. This finding was consistent for
type of tooth. The glass-ionomer sealant tested in this
study had poorer retention and less caries-protective
effect than the resin-based sealant.59
A more recent study examined the retention rate of a
resin-based sealant, Delton, and a glass-ionomer sealant, Fuji VII. The sealants, placed on newly erupted
permanent first molars, were periodically evaluated
over 12 months. It was concluded that the resin-based
sealants had a greater retention rate compared with the
glass-ionomer sealant.60 A clinical study comparing
Fuji III and Fuji VII found no statistical difference in
retention rates for the sealants placed in 6–8 year old
children. Both Fuji III and Fuji VII had 80% retention
rates after 1 year.61
In an attempt to improve the retention, one study
suggested that etching prior to application enhances the
bonding of glass-ionomer sealant to fissure enamel.49
However, as stated before, this would use the material
in a manner inconsistent with most manufacturers’
instructions, and this is not normally a wise choice.
It can be concluded that glass-ionomer sealants,
whether resealed or not, cannot be as cost-effective as
resin-bonded sealants, when the expense of placement
in time (and thus cost) along with retention rates are
used as the basis of efficacy.62 However, there is a
useful application for a glass-ionomer sealant, such as
Fuji 7 (Triage), in situations of partially erupted molars
where a complete and final sealant with a resin material
is not possible due to moisture control issues. In this
situation, the application of a glass-ionomer sealant as
a temporary sealant that will release fluoride is
indicated. This will minimize the chances for caries
initiation until such a time as the tooth is fully erupted
and can be sealed with a resin sealant in the conventional manner.
Choice of sealant
There is a wide variety of sealant choices for the
clinician, from unfilled to partially filled, and from clear
to white or sometimes other colours. These materials
can be polymerized chemically by mixing the components, or cured by application of a visible light source.
The early ultraviolet (UV) light-initiating system has
been discontinued, but the autopolymerizing and the
ª 2011 Australian Dental Association

visible light-cure initiated materials have been available
since the early 1970s.
Filled versus unfilled sealants
Penetration, an important yet poorly-recognized factor
in sealant application and retention, is inversely proportional to the viscosity. Thus, it could be reasoned
that an unfilled resin will penetrate deeper into the
fissure system, simply on the basis of it flowing better,
and it will perhaps therefore, be better retained than a
filled or partially filled material (such as a filled sealant
or a flowable resin composite).
In a study comparing unfilled and filled sealants, as
well as gel or liquid etchant, after the same time in the
mouth, an unfilled light-cured resin was significantly
better retained than a filled light-cured resin. The use of
etchant in gel form was as effective as liquid etching.24
A laboratory study looked at microleakage of sealants
after conventional, bur and air-abrasion preparation of
pits and fissures, and found that the unfilled sealant was
superior to the filled sealant.63
In a study of 58 children, half were sealed with a
filled sealant (PrismaShield; Dentsply International) and
the others with an unfilled sealant (Concise White
Sealant; 3M ESPE, St Paul, MN, USA) by a community
dental service hygienist. In comparing PrismaShield and
Concise, after 2 years, 81% of PrismaShield sealants
were completely retained, compared with 88% of the
unfilled Concise White Sealants.64
In addition to the above-mentioned disadvantage of
lack of equivalent penetration of the filled sealants (or
flowable resins, as they can be called), another disadvantage relates to occlusal adjustment. Unfilled sealant
will abrade rapidly, usually within 24–48 hours, if it is
left in occlusion with an opposing cusp tip.6 Filled
sealant, however, will require occlusal adjustment
included as a routine part of the application procedure.
This not only increases the time and cost of the
procedure but also, according to US local dental
practice law, may prevent some auxiliaries who are
allowed to apply sealant, from carrying out the occlusal
adjustment phase, which essentially precludes the use of
filled sealant in such jurisdictions. Tilliss et al. showed
that with a filled sealant, nearly all subjects experience
a perceptible occlusal change and most are unable to
abrade the interferences to a comfort level. These
results indicate that the occlusion should be routinely
verified and, if necessary, adjusted immediately after
placement of a filled sealant.65 Requiring occlusal
adjustment as a routine part of the application technique for pit and fissure sealant would have a devastatingly negative effect on the numbers of children
sealed, as in most areas an auxiliary could not be used.
A study by Kula and co-authors66 used scanning
electron microscopy to determine whether topical
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fluorides cause deterioration of filled and unfilled
sealants and glass-ionomer sealants. After treatment,
the authors reported that there was no surface change
in the unfilled sealants, but there were surface changes
in the filled sealants and the glass-ionomer sealants.
Therefore, they concluded that the topical fluorides
may cause deterioration of filled sealants and the glassionomer sealants but not unfilled sealants.66
Coloured versus clear sealants
In 1977, the first coloured sealant (3M Concise White
Sealant) was introduced to the US market. There are
clear advantages to a colour, as long as it is aesthetically
acceptable. For the operator, it is easier to see the
sealant during application, and it is much faster to
assess retention with a white sealant than with a clear
sealant at later time intervals. Also, documentation of
retention is much easier over long time periods with a
coloured sealant.7 Some have argued against use of an
opaque colour as it precludes continual examination of
the sealed fissure. However, the studies that have
examined the application of sealant over carious pits
have not indicated any cause for concern when applying
sealant to an incipient lesion or a stained fissure. The
recent trend to invasively examining all stained fissures
does not appear to recognize the early studies on sealing
over carious lesions.
The latest trend in marketing sealant is to incorporate
a colour change in either the curing phase (e.g. Clinpro,
3M ESPE, St Paul, MN, USA) or in the polymerized
phase (Helioseal Clear Chroma; Ivoclar Vivadent,
Amherst, NY, USA). While the Helioseal material,
which changes colour from clear to green when exposed
to a visible light, has some clinical utility, particularly
on subsequent follow-up examinations when clear
sealant is very hard to see, it is difficult to appreciate
any benefit to dentist or patient of the Clinpro material
that changes colour from pink to white on polymerization. One really cannot argue that it is easier to see
opaque pink than opaque white, and there has never
been a need for any kind of polymerization indicator
for light-initiated curing systems. Thus, the usefulness
of the colour change technology, the sceptic may argue,
remains a perceived marketing benefit. It is unfortunate
that the impressive technological achievements of
companies in the restorative dentine bonding and
RMGI material areas has not yet been transferred to
the preventive dentistry material field.
Rock carried out an interesting study assessing the
utility of clear versus coloured (opaque) sealant. The
combined identification error rate for opaque resin was
only 1%, whilst for clear resin it was 23%. The
difference was highly significant (p < 0.0001). Significant differences were also found in the accuracy with
which the three dentists identified each type of resin.
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The most common error was to identify the presence of
clear resin on an untreated tooth (i.e. when sealant had
not been placed).67 This study raises significant questions about the accuracy of studies done with clear
resin.
Autocure versus light-initiated sealants
Autopolymerizing resins generally performed better
than the early ultraviolet light-initiated resin sealant;
84% complete retention at 2 years compared to 75% in
one study.68 When the visible light-initiated sealants
were introduced and compared to the autopolymerizing
sealants, no significant difference was found in retention over 31 months.69
De Craene and co-workers showed that a visiblelight-cured sealant (Helioseal) appeared to be as good
as the self-cured sealants and better than the UV-lightcured sealants.12 Thus, both self-cured and visiblelight-cured materials should provide equal clinical
effectiveness both in terms of retention and caries
prevention.
Cost-effectiveness
The issue of the cost-effectiveness of sealants has not
been addressed by many studies. At the 10-year point of
a 15-year study, it was found that it is 1.6 times as
costly to restore the carious lesions in the first
permanent molars in an unsealed group of 5- to 10year-old children living in a fluoridated area, than it is
to prevent caries with a single application of pit and
fissure sealant because of the greater number of lesions
observed if pit and fissure sealant is not utilized.70
Of course, in areas of low caries rates, the costeffectiveness of applying pit and fissure sealant en masse
is questionable. However, the benefit of preventing a
lesion, rather than having a restoration placed, and then
continually having to replace it as necessary, is not one
measured in monetary terms. The level of dental caries
in any population should be monitored closely because
a successful programme of prevention, and thus a
substantial decline in caries prevalence, could diminish
the economic argument for sealants.
According to the Pew Children’s Dental Campaign,*
sealants cost one-third as much as a restoration.
Sealants have been shown to prevent at least 60% of
caries in posterior teeth. It is estimated that in the
United States, for every $1 spent on fluoridated water
programmes, $38 will be saved in treatment costs in the
dental office. A cost-effective way to prevent such an
expense in dental treatment would be to amplify the
school-based sealant programmes. The Pew report
stated that only 10 states in the United States have
*www.pewtrusts.org ⁄ about_us.aspx
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sealant programmes that reach more than half of their
high-risk individuals, whereas 11 states do not have any
programmes that reach to the high-risk individuals.71
Bhuridej and co-authors also constructed a decision
tree from Iowa Medicaid claims to determine the costeffectiveness of sealants in 6-year-old children that
utilized the programme. They deduced from the tree
that the children who received sealants under the
programme were less likely to require restorative
treatment. Only 13% of sealed molars needed further
restorative treatment whereas 29% of unsealed molars
necessitated more invasive restorative treatment. They
also concluded that sealing permanent first molars was
the most cost-effective way to utilize limited resources.72
Healthy People Objective 2010, a US Government
initiative, declared a goal to raise the proportion of
8-year-olds with sealants to 50%. Lam stated that
dental sealants are a cost-effective method to control
dental caries and reduce spending for dental restorative
treatment that could have most likely been avoided.
Lam also proclaimed that in order to reach this goal,
public awareness of the advantages of sealants and
dental education need to be implemented.73
Several other studies have shown sealant placement
to be a cost-effective procedure.74–77 On top of the
economic issues of cost-effectiveness is the fact that one
cannot put a price on saving tooth structure and
preventing a small child from having to undergo an
operative procedure. Clinicians can, with the evidence
behind them, safely tell parents that application of pit
and fissure sealants for children at risk of caries is not
only a cost-effective, but long-term a restorationpreventing service.
Underuse of sealants
It has been documented for decades that sealants are
safe, effective and underused in many countries. The
latest data available indicate that in the United States,
only 15% of children aged 6–17 have dental sealants.78
Another report indicated just 10% of the sample had
sealants on their permanent molars.79
Why we see such underusage of a proven preventive
material in some areas of the world is hard to explain.
In the US, dentists continue to identify lack of insurance
coverage for sealant application as a major barrier to
patients receiving the service.80 Chapko promoted the
two-stage, or opinion-leader, model of diffusion and
suggested that new technologies can be promoted by
first influencing dentists who consistently adopt early.81
Farsi concluded that continuing professional development courses were more likely to change dentists’
knowledge than attitude and behaviour.82 Romberg
and co-workers noted that variables significantly associated with sealant use included: availability of insurª 2011 Australian Dental Association

ance; ability to delegate sealant procedures; and patient
income and acceptance.83 In a Colorado study, it was
shown that a relatively high percentage of dentists in
that state were utilizing sealants on a frequent basis.
Major reasons for limited usage or non-utilization of
sealants relates to lack of insurance coverage and
concern regarding sealing in of caries.84
One of the concerns with adding sealant coverage to
third-party dental programmes was the concern about
overtreatment. Corbin et al. assessed the effect of third
party plans and showed that sealants can be added with
little overall risk of inappropriate use or abuse.85
Newbrun noted that dental sealants, which are highly
effective in protecting pits and fissures when applied
soon after the teeth erupt, will be more widely used in
the future when insurance plans will pay for prevention.86 However, in the almost 20 years that have
passed, little increase in usage has been ascertained.
Selwitz and others, in an analysis of 16 factors
thought to be related to sealant presence, revealed that
parents were more likely to request dental sealants for
their children if dentists or their staff recommended
them, if the parents were knowledgeable about dental
sealants, if the parents were more highly educated and
if the parents had dental insurance coverage. Yet, they
were surprised to discover that parents were less likely
to request dental sealants for their children if they heard
about them from mass media. The latter finding was
unexpected and may have been influenced by conflicting or negative opinion expressed by some dental
practitioners through mass media or other channels of
communication.87
Cohen and co-authors conducted a national survey
by sending questionnaires to 3504 general dentists. It
was determined that only 18% of patients under the age
of 18 received sealants and one-third of the survey
respondents stated that their patients had not received
sealants. The authors suggested that professional organizations should be more involved in encouraging
dentists to use sealants and that sealant manufacturers
should advertise more aggressively.88
It remains a clear and disappointing fact that, despite
the proven benefits, pit and fissure sealant treatment is
offered to just a small percentage of the at-risk
population in many countries, while in some countries,
pit and fissure sealing has been embraced with enthusiasm by government-run preventive programmes for
children.
While properly applied sealant will last for many years
(Figs 1, 3 and 4), after many years in the mouth, sealant
will wear down and selective loss can pose a risk for a
fissure to become as caries-susceptible as it was prior to
sealant application if the sealant is lost. Figure 5 shows
an example, under high magnification, of a fissure sealed
18 years previously. A small piece of sealant has been lost
in the middle of a fissure. Unless this is treated with re55
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autopolymerizing system can be developed with these
characteristics.
SUMMARY
Pit and fissure sealant is best applied to high-risk
populations by trained auxiliaries using autocured
(translucent or coloured) sealant, applied under the
rubber dam or with some alternative short-term but
effective isolation technique (e.g. Isolite), onto an
enamel surface that has been cleaned and etched with
35% phosphoric acid for 15 seconds.
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ﬂuids into these areas of missing sealant, and subsequently penetration
underneath the adjacent sealant in such situations.
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