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Pit and fissure sealants are highly effec-
tive at caries prevention, reducing the inci-
dence of dentinal caries over a four year 
period by greater than 50%. Forty years 
of research clearly demonstrates that seal-
ants can be used therapeutically over non-
cavitated carious lesions. Therefore when 
dealing with occlusal caries the clinician 
should follow the ‘if in doubt seal’ man-
agement strategy, as the evidence base 
clearly indicates that this will be effective 
and in the best interest of the patient.

A common diagnostic dilemma is the 
management of the occlusal fissure where 
the diagnosis of the existence of caries, 
or more properly, of progressing caries 
is uncertain. In clinical parlance these 
occlusal surfaces are often referred to as 
‘stained fissures’. This diagnostic prob-
lem can occur with any age of patient 
but occur more frequently with young 
patients.1 Figures 1 and 2 are examples 
of two possibly carious occlusal surfaces.

The understanding of caries has advanced 
greatly over recent years and it is now 
understood that caries is a dynamic process 
with phases of demineralisation and rem-
ineralisation.2 Depending on the balance 
between these two processes a carious lesion 
may either regress, progress or stay static. 
Together with this greater understand-
ing of the disease process there have been 
advances in diagnostic methods and even 
greater advances in materials permitting a 
far less destructive approach to treatment.

INTRODUCTION

Further advances in the understanding of 
the histopathology of caries have altered 
the understanding of caries. Caries is driven 
by the biofilm on the surface of the lesion; 
if all the dental plaque is removed or the 
carious lesion is isolated from the biofilm 
then caries will arrest. Although it has long 
been recognised that enamel can remin-
eralise it has only recently been appre-
ciated that the dentine-pulp complex is 
capable of significant repair, which means 
the clinician can leave affected dentine. 
Therefore the approach to the management 
of caries should focus on biological rather 
than restorative management within an 
overall caries risk reduction programme. 

This process should be supported by an 
evidence-based staging of caries, from 
early enamel caries to pulpal involvement, 
using a validated and reliable meticulous 
caries examination system to detect and 
diagnose caries (ICDAS), supported by 
radiographs and the treatment option deci-
sion informed by a caries risk assessment.

The diagnosis and management of ‘stained’ or possibly carious pits and fissures is a difficult clinical problem. Historically, 
clinicians have restoratively intervened at an early stage because of concern that caries will progress unless completely re-
moved and a restoration placed. However, this approach is destructive of tooth tissue and in the longer term may compro-
mise the tooth as it enters the restoration re-restoration cycle. This paper aims to update the reader on developments in 
sealant technology and the use of sealants in caries prevention and management with an emphasis on the options avail-
able to manage the questionable fissure.

Dental caries and its sequelae remains a 
significant public health problem. Despite 
declining levels of disease the 2003 Children’s 
Dental Health Survey reported 19%; 43% 
and 57% of 8- 12- and 15-year-olds to have 
obvious decay experience respectively.3
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• Outlines the importance of meticulous 
caries diagnosis and the use of ICDAS.

• Presents an update on the effective and 
efficient use of fissure sealants in caries 
prevention and management.

• Discusses how to find the best 
management option for fissure caries.

• Highlights developments in cariology 
and the evidence base supporting a non-
operative approach to the management 
of non-cavitated fissure caries.
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Fig. 1  Possibly carious occlusal fissure upper 
right first permanent molar (tooth 16)

Fig. 2  Possibly carious occlusal fissure upper 
right first permanent molar (tooth 26)
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If a tooth is restored unnecessarily this 
involves the patient having the discom-
fort (however mild) of the local anaes-
thetic, caries removal and restoration 
placement, together with the potential 
opportunity costs of, for example, time 
off school. Perhaps more importantly in 
the long term the tooth will enter the res-
toration re-restoration cycle, with replace-
ment restorations getting ever larger, until 
they eventually compromise the tooth in 
the long term.4 Furthermore, it is simply 
unacceptable to cause iatrogenic damage 
to the teeth.

Modern pit and fissure sealants (seal-
ants) were developed in the late 1960s 
and there is strong evidence that this 
relatively simple operative intervention is 
effective in the management of caries. The 
Cochrane review from Ahovuo-Saloranta 
et al. reported that at 4,854 months after 
sealant application there is a greater than 
50% reduction in caries on occlusal sur-
faces compared to unsealed teeth.5 This 
underestimates their true effectiveness 
because sealants should be maintained and 
repaired when defective and if this is done 
the caries preventive effect is even greater.6

This paper aims to update the reader 
on developments in sealant technology 
and the use of sealants in caries preven-
tion and management with an emphasis 
on the options available to manage the 
questionable fissure. It will discuss how 
advances in the understanding of the 
histopathology of caries have altered our 
understanding of caries. In addition this 
paper will examine the need for adequate 
logical evidence-based staging of caries 
from early enamel caries to pulpal involve-
ment and how this, as part of a caries risk 
reduction programme, is used to control 
the caries present.

THE CARIOUS PROCESS
The carious lesion in enamel consists of 
four zones: the translucent zone, the body 
of the lesion representing areas of demin-
eralisation, the surface zone and the dark 
zone representing areas of remineralisa-
tion.7 The uncavitated enamel lesion is in a 
dynamic balance between demineralisation 
and remineralisation. Whether the balance 
tips one way or the other depends on the 
oral environment, something which the 
individual or in the case of a child the indi-
vidual and carers can influence markedly.

Traditionally, dentine caries is histologi-
cally considered to consist of four zones, 
however it is probably much more clini-
cally relevant to think of two zones: the 
infected layer and the affected layer (Fig. 
3).8 The infected layer is seriously dena-
tured with high levels of bacterial invasion 
and therefore is not capable of repair. On 
the other hand, although still infected, the 
affected layer is capable of repair should 
the caries be arrested. 

It is also now understood that carious 
lesions are only significantly infected 
once the carious lesion extends into the 
middle third of dentine and that infection 
levels increase markedly once a lesion has 
cavitated.9 The consequence of these state-
ments is that traditional complete caries 
removal down to hard dentine is overly 
destructive.10

Key to the progression of caries in chil-
dren or adults is the presence of a cario-
genic dental plaque or biofilm on the tooth 
surface.11 If there is no cariogenic biofilm 
present the caries will arrest whether it 
is in enamel or dentine. Figure 4 shows 
advanced dentinal carious lesions in the 
primary dentition, which have arrested 
because in addition to less frequent 
exposure to carbohydrates in the diet the 
surfaces are being regularly cleaned pre-
venting the establishment of a cariogenic 
biofilm, which if left undisturbed would 
drive the caries forward.

The whole understanding of the ability 
of the dentine pulp complex to repair is 
undergoing review, leading to an under-
standing that the dentine and pulp com-
plex is not passive in response to a carious 
attack but mounts a defence with multiply-
ing of neural tissue, migration of immuno-
logical cells, as well as the more recognised 
production of secondary and tertiary den-
tine. Therefore the dentist can work with 
the pulp in a biological manner taking 

the opportunity to leave large amounts of 
tooth tissue that would previously have 
been removed. It is on this basis that treat-
ments involving indirect pulp capping and 
stepwise excavation are based.12

At present there is no way of know-
ing from a one off examination whether 
a carious lesion is progressing, regressing 
or remaining stable. Practitioners can use 
a caries risk assessment to help inform this 
decision but it remains an educated guess 
and in the light of which a need to develop 
valid and reliable methods for caries risk 
assessment has been identified.13 Current 
caries risk assessment tools are based on 
factors such as previous disease, socioeco-
nomic status, fluoride use and medical his-
tory.14–16 Although valid at a patient level, 
these tools cannot predict caries activity at 
the individual tooth or surface level, with 
sufficient reliability.

One caveat should be considered when 
considering these developments in the 
understanding of the carious process and 

Infected zone
Affected zone 

Fig. 3  A section of dentine carious lesion, with the infected and affected zones of carious 
dentine identified. (Background image used with kind permission of eDen)

Fig. 4  Carious lesions in primary teeth which 
have arrested (lesions glossy, dark and hard 
to blunt probing) due to the absence of a 
cariogenic biofilm
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that is that the majority of the research has 
been conducted on adults. When consider-
ing children and adolescents the carious 
process may be more active and aggres-
sive. This is one argument put forward to 
suggest a more interventionist restorative 
approach to caries management in young 
patients, be that minimal or conventional 
intervention. A longitudinal study con-
ducted in Scandinavia with adolescent 
subjects reported that only 9% of outer 
dentine lesions, the majority of which 
were found in the occlusal surface of first 
molars, progressed to inner dentine lesions 
in a median time of 1.2 years.17 As these 
teeth had received no active treatment 

to arrest the caries this relatively small 
number of lesions progressing perhaps 
indicates that there is not any more rapid 
caries progression in adolescents and 
therefore this is not a great concern.

THE CARIES MANAGEMENT  
CYCLE AND ICDAS

The concept of the caries management 
cycle that manages caries at the patient 
and tooth level has recently been pro-
posed.18 This has, at its centre, the aim to 
preserve tooth tissue whenever possible. 
This is achieved by:
•	Patient assessment
•	Clinical assessment, including dental 

history, biofilm status and staging of 
the carious lesions present

•	Synthesis of findings and diagnosis.

Leading to management of overall risk 
status via prevention, non-operative/
surgical management of initial carious 
lesions, minimal restorative care, review 
and monitoring.

At the core of management is the stag-
ing of carious lesions detected, through 
enamel caries to pulpal involvement, 
so that they can be appropriately man-
aged. Therefore the identification of car-
ies consists of two stages the detection of 
an alteration from normal tooth structure 
followed by a diagnosis of the depth and 
activity of the caries present, some would 
also argue that there is also a synthesis 
stage where this information is united 
with other factors such as caries risk sta-
tus leading to a decision as to the best 
management or treatment option.19 There 
are a number of methods and toolkits pro-
posed for meticulous caries diagnosis but 
the one supported by the greatest amount 
of research evidence is the International 
Caries Detection and Assessment System 
(ICDAS).19,20 This paper will concentrate 
on the clinical primary caries codes, as 
this is of most relevance to the possibly 
carious fissure. The ICDAS primary car-
ies codes consist of seven codes that stage 
the surface from sound to extensive decay 
(Table 1). The clinical appearance corre-
lates with the histological status of the 
lesion and therefore is linked to appropri-
ate management option selection be that 
preventive or restorative. What meticulous 
systems such as ICDAS permit is the iden-
tification and recording of enamel caries 
as well as the traditional recording of den-
tinal caries, promoting a preventive phi-
losophy to care from the outset. Although 
the system can appear complicated and 
time consuming initially this is not the 
case and it has been demonstrated to be 
applicable to and function well in primary 
dental care as well as the research epide-
miological environments.21

The use of a probe to detect the pres-
ence of a ‘sticky’ fissure plays no part in 
the detection and diagnosis of occlusal 
caries, a probe sticking just means it fits 
the fissure well and does not improve the 
validity of the examination22 and in fact 
can cause iatrogenic damage by destroying 

Table 1  ICDAS codes and criteria with example photographs

Code Criteria Example

0 Sound tooth surface: no evidence of caries after air drying (5 s)

1 First visual change in enamel: opacity or discolouration (white or brown) 
at the entrance to the pit or fissure seen after air drying

2 Distinct visual change in enamel visible when wet, lesion must be visible 
when dry

3 Localised enamel breakdown (without clinical visual signs of dentinal 
involvement) seen when wet and after prolonged drying

4 Underlying dark shadow from dentine

5 Distinct cavity with visible dentine

6 Extensive (more the half the surface) distinct cavity with  
visible dentine
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the architecture of a demineralised enamel 
lesion23 or by inoculating the fissure with 
cariogenic bacteria.24

Although meticulous clinical diagno-
sis provides a great deal of information 
this must be supported by bitewing radio-
graphs as these add to the accuracy of the 
diagnostic process and together with the 
staging offered by the clinical examination 
provide comparison of lesion activity over 
time.25 Figure 5 is the bitewing radiograph 
of the tooth seen in Figure 1 and Figure 6, 
similarly for Figure 2. It can be seen how 
these add to the diagnostic information 
available to help inform the treatment 
plan. In Figure 4 there is no radiolucency 
in dentine while in Figure 5 there is.

Other diagnostic aides have been devel-
oped all of which assist with caries diag-
nosis. These include electrical impedance 
devices, fluorescence methods, fibre optic 
transillumination and magnification. 
However, whether these have any advan-
tage over meticulous visual examination 
supported by radiographs is debate-
able.26 Of these methods, laser fluores-
cence (DIAGNOdentKaVo Dental GmbH 
Biberach, Germany) is the most readily 
available in practice and offers the greatest  
potential benefit.27

Therefore the clinician needs to gather 
and record as much information as pos-
sible to inform the treatment decision 
and to permit lesion monitoring. This 
is particularly the case when consider-
ing possible non-cavited caries on pits 
and fissures. This leads to the question 
what role do sealants have in managing 
occlusal caries?

SEALANTS
Sealants are used preventively (stopping 
the initiation of caries) or therapeuti-
cally (arresting the progression of either 
enamel or dentine caries). A number of 
materials are used as sealants including 
bis-GMA resin, glass ionomer, compomer 
and flowable composite resin. Of these, 
bis-GMA resin and glass ionomer are 
the most commonly used as the other 
materials offer no advantage over these 
two materials.5 Figure 7 shows a lower 
first permanent molar sealed with a resin 
sealant. Resin sealants provide superior 
caries prevention than glass ionomers 
if they are retained.5 Resin sealants rely 
on adequate isolation during placement 

particularly between the drying of the 
etched enamel surface and curing of the 
resin. Glass ionomers do not require etch-
ing of the surface before placement and 
will withstand some salivary contamina-
tion during placement, and are therefore 
of use when isolation is an issue in situ-
ations such as partially erupted teeth or 
limited patient cooperation.28 Figure  8 
shows a glass ionomer sealant placed on a 
partially erupted first permanent molar. It 
is also suggested that the fluoride release 
from glass ionomer provides protection 
even when the glass ionomer sealant is 
lost, although if this is clinically valuable 
it has not been proven.29

The protocol for placing a resin sealant 
is well understood but with developments 
in materials there have been some innova-
tions over recent years.
1. Provided there are not significant 

amounts of plaque present there is  
no need to clean the tooth surface 
as the acid etching will remove the 
plaque present30

2. The surface should be etched for 
2,030 seconds with 35% phosphoric acid

3. This is followed by washing for 
20 seconds and drying until the 
surface appears frosted

4. The resin is then applied with an 
instrument rather than a brush as this 
reduces the risk of air bubbles and 
makes the resin easier to control (in 
the author’s experience)

5. Although autopolymerising materials 
are available most operators opt for 
the advantages of the demand set of 
light cured materials

6. The sealant is then checked for 
adequacy and retention.

Fig. 5  Bitewing radiograph of upper left 
6 (26) seen in Figure 1. Although there is 
mesial enamel caries the tooth appears sound 
occlusally

Fig. 6  Bitewing radiograph of upper right 6 
(16) see in Figure 2, suggesting the presence 
of dentine caries in the occlusal palatal fissue

Fig. 8  Glass ionomer selant on a partially 
erupted lower left first permanent molar 
(tooth 36). (With kind permission of and 
thanks to Dr Bhupinder Dawett)

Fig. 9  A buccal pit in a lower right first 
permanent molar (tooth 36), which would 
benefit from having been sealed

Fig. 7  A sealant on a lower right first molar 
(tooth 46)
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It is vital that adequate isolation is main-
tained during sealant placement, especially 
between stages three and five. The highly 
active etched enamel surface can be con-
taminated by as little as 0.5 seconds of 
exposure to salivary proteins, thus com-
promising the bond to the hydrophobic 
resin.31 The use of an enamel and dentine 
bonding agent has been advocated follow-
ing stage three, as this can counteract mild 
contamination but offers no advantage if 
the enamel has not been contaminated.32 
However, this lengthens the duration of the 
procedure and makes salivary contamina-
tion more likely especially in those patients 
where this is already a concern. Overall it 
is probably preferable to use a glass iono-
mer material in these situations rather than 
a bonding agent and resin.

Non-rinse conditioning systems enable 
composite to enamel bonding without 
previous phosphoric acid etching of the 
enamel surface. The etch-and-rinse phase 
is no longer required, which reduces clini-
cal application time and also reduces the 
risk of making errors during application 
and manipulation. It is also possible that 
this technique is more forgiving of mild 
salivary contamination. These systems are 
designed for use on a cut surface. They do 
not have a sufficiently low enough pH (at 
approximately two) and their application 
time is too short to remove the plaque pre-
sent in the fissure system and adequately 
etch the enamel.33 Therefore with current 
materials non-rinse conditioning agents 
are not an option to replace conventional 
etching before sealant application but this 
is likely to change in the future.

The 2003 Children’s Dental Health 
Survey reported that 22% of 12-year-
old children had a sealant present.3 The 
prevalence of caries is skewed, with a 
minority of children and adolescents 
having the majority of the disease and 
although the most caries prone sites are 
the occlusal surfaces of molars this does 
not mean that all molars in all children 
should be sealed. In order to effectively 
and efficiently use sealants they should be 
targeted at the individual and and tooth 
sites likely to develop caries, which should 
be based on a risk assessment. As well as 
occlusal surfaces, buccal and palatal pits 
should also be considered for sealing. 
Figure 9 shows a buccal pit that would 
have benefited from sealing. The occlusal 

surface of the lower first premolar is very 
caries resistant because of its morphology 
and therefore sealants are rarely indicated 
for these teeth. The evidence suggests that 
sealants are not applied in targeted fashion 
but rather that some dentists seal teeth and 
others do not, regardless the remuneration 
system and therefore the children receiv-
ing sealants are not the ones who would 
benefit most from their application.34

SEALING IN CARIES
Despite the advances in the techniques 
and adjuncts available to assist with caries 
detection and diagnosis it still presents a 
difficult problem with recognised variation 
in inter- and intra-examiner decisions, 
which have significant consequences for 
treatment provision and the dental health 
of the patient.

A number of prospective trials have 
examined the effect of sealing over car-
ies, using clinical, radiographic and bacte-
rial sampling techniques to validate their 
findings.35–44 These studies all suggest 
that caries progression slows or arrests 
under sealants. The five-year study from 
Going et  al. monitoring sealed carious 
lesions, which included bacterial sam-
pling, reported 89% reversal from caries to 
non-carious, with all control (non-sealed) 
sites remaining carious.37 The benchmark 
9  year study of composite and sealant 
placed over dentine caries, using clinical 
and radiographic evaluation, has demon-
strated the arrest of the carious process in 
63 of the 75 teeth available to follow-up.43 
It also should be remembered that due to 
the difficulty in detecting and diagnosing 
occlusal caries it is certain that dentists 
have been inadvertently sealing in caries 
for decades.

It must be acknowledged that the advis-
ability of sealing over dentinal caries has 
been questioned.45 In this retrospective 
study, 30 sealants placed on permanent 
molar teeth judged to be clinically sound 
at the time of sealing, but which also had 
radiographically evident dentine caries 
present at that time, were assessed after a 
mean interval of 3.4 years. The number of 
bacteria in sealed surfaces was less than 
that found in unsealed surfaces. However, 
the majority (58%) of the sealed surfaces 
still contained cariogenic microorganisms. 
The carious dentine was found to be moist 
in all cases, rather than dry and leathery, 

which was taken to indicate caries activity. 
This study has a number of drawbacks: the 
selection of cases was retrospective and 
based on clinical records; there were no 
definitions of clinically sound, nor who or 
how many individuals made the original 
diagnosis.

The recent systematic review concluded 
that sealants placed over carious lesions 
reduced bacteria counts, but that low 
levels of bacteria might persist without 
compromising the tooth.46 The associated 
guidelines produced by the American 
Dental Association concluded: ‘Sealants 
are effective in caries prevention and 
that sealants can prevent the progres-
sion of early non-cavitated lesions’ or, to 
paraphrase, ‘if in doubt seal’.47 This means 
there is no place in modern caries man-
agement for the enamel biopsy or fissure 
investigation as is still suggested by some 
sources.1,48 it is also entirely wrong just to 
monitor or leave the surface on review, 
as this inactivity is only likely to lead to 
caries progression.

Furthermore, the balance of evidence is 
clearly in favour of sealing non-cavitated 
occlusal carious lesions, even those with 
radioluncencies extending up to a third 
into dentine.9,17,36 This decision as with all 
treatment decisions should be based on a 
full risk assessment. Therefore the lesions 
seen in Figures 1 and 5 and Figures 2 and 
6 should both be managed by sealing.

Resin sealants are brittle materials and 
therefore cannot be used over cavitated 
carious lesions as without the support of 
the underlying tooth structure they will 
fracture. Therefore the discussion about 
sealing over caries refers only to uncavi-
tated carious occlusal surfaces.

All sealants whether preventive or 
therapeutic should be reviewed at regu-
lar intervals to ensure optimal outcome. 
Defective sealants do not make the surface 
more caries prone than if the sealant had 
not been placed but the surface does not 
benefit from the protection optimal sealant 
coverage provides.34,49,50

The evidence suggests that perhaps 
one  in ten  lesions will progress under 
therapeutic sealants.17,36 Most practition-
ers will use visual inspection hopefully 
supported by radiographs to monitor 
surfaces.51 Visual monitoring of caries 
under sealants has been shown to be 
possible and valid and radiographs offer 
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the opportunity for direct comparison 
over time.52 Of the novel technologies 
laser fluoresce devices are also of value 
in this regard as they have been shown 
to be accurate despite the presence of the 
sealant and offer the advantage of the 
opportunity to record the digital reading 
for future comparison.53

Although patients will not return for 
review, given the balance of risk the place-
ment of a destructive restoration in every 
patient with questionable caries is not 
justified. It is vital that the practitioner 
explains the reasons and need for review 
to the patient and their carers, so that they 
understand the need to return for review 
and this should be recorded in the notes. 
It should be remembered that restorations 
also fail.

Figure 10 presents a flow diagram for 
the management of pits and fissures based 
on a risk assessment and meticulous caries 
diagnosis.

CONCLUSION
In summary, the oral examination should 
include meticulous caries diagnosis 
(ICDAS) supported by radiographs as nec-
essary and the results of this examination 
should be recorded adequately. Sealants 
are highly effective at caries prevention 
halving the prevalence of dentinal car-
ies and should be used as the first choice 
intervention to prevent the progression 
of non-cavited occlusal carious lesions, 
rather than restorative management.
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