
researCh22 >

ABstRAct
Fissure sealants are considered to be amongst the 
most effective, least invasive, primary preventive meas-
ures against occlusal caries, but surprisingly are not that 
commonly used. This cross-sectional comparative study 
evaluated the retention rate and effectiveness in prevent-
ing caries of resin-based (RB) fissure sealants that were 
placed on the occlusal surfaces of the first permanent 
molar teeth under field conditions on Grade One learn-
ers in a rural low socio-economic area community. The 
control population was a matched sample of Grade Two 
children. Dental caries and sealant retention were deter-
mined by a calibrated examiner who was not involved in 
the placement of the sealants. On the 12 month follow-up, 
the caries incidence rate on fissure sealed first permanent 
molar teeth was 7.1%, while that of the control group was 
9.1%, a non-significant result (p=0.39). Sealant retention 
was also lower than generally reported, only 7.8% being 
fully intact after 12 months. The placement of resin-based 
fissure sealants under sub-optimal conditions in the field 
was not found to be beneficial in reducing the incidence of 
dental caries. There may be a need for different types of 
sealant materials to be made available in the public sector 
for optimal effectiveness. 

intROdUctiOn 
Dental caries is the most common chronic infectious 
disease of childhood and poses a serious public health 
problem in both developing and industrialized countries.1 
The affliction has been on the increase since the begin-
ning of the 21st century, especially amongst children from 
lower socio-economic communities.2 In South Africa, 

many people are poor. The official unemployment rate is 
26.7%,3 approximately one in every three households is 
living below the food poverty line4 and more than 80% of 
the population are dependent on the State for their oral 
health services.5 The number of children enrolled in no 
fee schools in South Africa has increased by more than 
70% from approximately 5.2 million learners in 2007 to 
about 9.2 million learners in 2015.6 More than two thirds 
of 6-year-old children suffer from dental caries and more 
than 80% of these lesions are untreated.7 In low socio-
economic and rural communities, it is often truly difficult 
for most children to go to the dental clinic for treatment. 
Time, finances, long distances to clinics and limited availa-
bility of transport are real-world challenges faced by many 
South African children on a daily basis. These difficulties 
have resulted in many children foregoing preventive and/
or curative treatment. 

Untreated dental caries results in pain and sepsis and only 
when the symptoms are severe do many children from lower 
socio-economic communities seek dental care. In most 
cases delay in care results in the caries lesion becoming 
too extensive to restore, resulting in dental extractions 
being often the most common treatment carried out in 
public oral health settings.8 Dental public health treatment 
data has revealed a significant increase over the past 
ten years in the number of tooth extraction procedures 
(often under general anaesthesia) and a decrease in the 
number of restorations and fissure sealants being done.8 
Untreated dental caries negatively impacts the immediate 
and long-term quality of a patient’s life. Consequently, a 
need was identified to urgently reverse these trends in the 
dental public health sector and to increase the provision 
of proven preventive oral health strategies such as fissure 
sealants. Prevention of dental caries and reducing the 
future costs of associated surgical, restorative and 
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prosthetic procedures is therefore important from a public 
health point of view.8 

Fissure sealants are recognized as one of the most effec-
tive and least invasive procedures to prevent and control 
dental caries and can ensure complete protection and 
total preservation of the occlusal surfaces of posterior 
teeth.9 However, despite strong evidence for the safety, 
effectiveness and cost-efficiency of fissure sealants, their 
use still remains low.10,11 

The placement of fissure sealants is particularly low among 
school children from lower socio-economic communities 
in which parents are often unemployed, uneducated, live 
in low-cost housing and attended public schools.12,13 The 
social inequality in sealant utilisation is of particular inter-
est as it seems to suggest that those children most in 
need are least likely to receive dental sealants.14 

In an effort to address this inequality, school-based fissure 
sealant programmes (SBFSP) were introduced and have 
been shown to be an effective way of increasing delivery 
of this protective measure. The World Health Organization, 
Centres for Disease Control and Prevention (CDC) and the 
Association of State and Territorial Dental Directors (AST-
DD) have subsequently endorsed the implementation of 
SBFSP.15 Programmes that focus on SBFSP are therefore 
justified due to the cost-saving attributes of fissure sealants, 
the lack of on-going access to care and the high probability 
that a cavity would not be restored promptly. 

Oral health practitioners in the public sector should there-
fore make every effort to improve accessibility and to 
provide application of fissure sealants, especially among 
children from lower socio-economic communities who are 
particularly vulnerable to dental caries. In 2013, 356 resin-
based fissure sealants were placed on the first permanent 
molar teeth of 100 Grade One children by a dentist work-
ing at the local public dental clinic as part of a routine 
school-based fissure sealant programme, but not as a 
controlled study. Recognising that transportation of the 
children to the dental clinic was problematic, the dentist 
decided instead to go to the primary school and do the 
fissure sealants there. This was done in an effort to en-
sure that these children from a low socio-economic area 
could benefit from the caries preventive properties of fis-
sure sealants. However, the only sealant available to the 
dentist was resin-based. 

The sBFsP programme
The commonly adopted ‘high risk’ approach for the pre-
vention of dental caries in a population was not followed 
in this programme. A 2006 study showed that ‘high-risk’ 
children accounted for less than 6% of new carious le-
sions with the remaining 94% of new lesions coming 
from those children who were classified as being at low-
est baseline caries risk.16 The identification and sealing of 
“high-risk” children was found in that study to be ineffec-
tive in reducing the overall incidence of dental caries in a 
population.16,17

In the 2013 programme the fissure sealants were 
therefore placed on the permanent molars of all eligible 
Grade 1 learners (100) who delivered a signed consent 
form, irrespective of the child’s individual caries risk or 
oral health status. Inclusion criteria provided that a child 
was in Grade 1 and that the first permanent molar teeth 

were fully erupted and caries-free (zero baseline level of 
caries). In some children, not all four molar teeth met these 
conditions. In such cases, fissure sealants were placed 
only on the eligible teeth, resulting statistically in an average 
of 3.56 first permanent molar teeth sealed per child.

No mobile dental truck, portable suction or dental as-
sistant were available. The sealants were placed in the 
staff room of the local primary school, the dentist work-
ing under natural light and making use of the two-handed 
placement technique. The children were seated on the 
fold-up dental chair, with no compressed air or suction 
available. There was no water rinsing or air drying of the 
occlusal surfaces. The occlusal surfaces of the targeted 
teeth were cleaned with wet cotton wool pellets and dried 
with dry cotton wool pellets. Isolation was achieved by 
placing cotton rolls lingually and buccally of the targeted 
teeth. The cleaned occlusal surfaces were conditioned by 
using the self-etch Adper-L-Pop system by 3M ESPE. The 
self-etching liquid was applied with the brushes that are 
standard provision with the system and was cured with a 
cordless curing light for 30 seconds. 

The resin-based Clinpro® fissure sealant (3M ESPE) was 
applied onto the conditioned occlusal pits and fissures, 
manipulated with the brush tip to free potential air bubbles 
and cured for 30 seconds. No rotary instruments were 
available and therefore no occlusal adjustments were 
made at the time of placement. 

Dental caries was clinically detected by visual inspection 
according to the WHO guidelines18 and only on children 
with signed consent forms. Children brushed their teeth 
before being examined while seated on a mobile den-
tal chair in the classroom. The examiner used a surgical 
headlight for additional illumination. A mouth mirror, ball-
ended dental probe, and a mobile 3-in-1 air syringe for 
proper drying of the tooth surfaces were used to assist 
with the intra-oral examination. Prior to the clinical dental 
evaluations, standardisation and calibration of the exam-
iner was carried out on a group of pre-selected children. 

The 2013 exercise was not part of any school Caries Pre-
ventive Programme or study, no initial caries screening 
had been done in a control group and no scientific sam-
pling process was followed. 

This study took advantage of the data from that programme 
and was therefore concerned with investigating the caries 
preventive effect of a resin-based fissure sealant when placed 
under field conditions on recently erupted first permanent 
molar teeth. Hence carious lesions detected at the 12 month 
follow-up were regarded as “incidence” cases.

ethical considerations
The study protocol was granted ethical approval by the 
Senate Research Ethics Committee of the University of 
the Western Cape. Informed consent was obtained from 
the principals of each participating school and from the 
parents or guardians of the children who were to participate 
in the study. It was emphasized that strict confidentiality 
would be maintained at all times and that the parents or 
guardians could withdraw their child from the study at any 
time without being penalised in any way. Irrespective of 
whether they were part of the present study or not, all 
Grade 2 learners of the participating primary schools 
received instructions on good oral health behaviour as 
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well as a toothbrush and toothpaste. Children with any 
treatment needs were referred to the nearest clinic to have 
the necessary treatment and for the placement of fissure 
sealants if appropriate.

MEthOds
control Group
The school chosen as the source of the control group was 
in close proximity to the school attended by the children 
on whom the sealants had been placed, and was in the 
same socio-economic area. On 12 month follow-up the 
study group had had a drop-out rate of 20%, which re-
sulted in a sample size of 80 children. A systematic clus-
ter sampling process was then undertaken to identify the 
control group. Matching was done until the control group 
comprised the same number of children (80).

Data capture and analysis
A structured Microsoft Excel spread sheet data capture 
sheet suited to the aim and objectives of the study was 
designed to ensure that it was clear, simple and unambigu-
ous, minimized potential errors by the researcher and coder 
and enabled efficient and meaningful analysis of the data.

Basic descriptive analyses were done using the Microsoft 
Excel environment, while further statistical analyses used 
the statistical computing programme “R”.19 Several sta-
tistical tests were carried out to determine whether any 
significant differences (p=0.05) existed between different 
elements of the captured data. The Relative Risk (RR) was 
computed using the Cochrane Software (version 5.2) pro-
gram for absence and/or caries presence at the end of the 
observation period of 12 months. 

REsUlts
Examiner calibration. The intra-examiner agreement ka-
ppa statistic was 0.9083. 

At the time of sealant placement in 2013, exactly 100 Grade 
1 learners were eligible and received fissure sealants in 
accordance with the placement criteria. This amounted to 
356 first permanent molar teeth that were sealed (an aver-
age of 3,56 teeth per child). On 12 month follow-up, the 
remaining 80 children presented 281 previously sealed 
teeth to be examined for fissure sealant retention and car-
ies experience (an average of 3,51 teeth per child). 

Main results:
Caries incidence rate at 12 month follow-up of sealed 
versus unsealed teeth:
The caries incidence rate at 12 month follow-up among 
the RB sealed teeth was 7.1% compared with 9.1% among 
the unsealed teeth (Figure 1).
rB sealant retention at 12 month follow-up:

Only 22 (7.8%) of the 281 RB treated teeth that were avail-
able for assessment had fully intact sealants left. A total of 
256 sealants (91%) had already been lost and three of the 
281 previously sealed teeth had been extracted during the 
12 month period.
 
analysis of subgroups:

There was no statistically significant association between 
the caries incidence rate in male versus female subjects 
(p=0.6864) (Figure 2). In the sealed group, 55% (11 out of 
20) of the carious teeth were found in males and 45% (9 
out of 20) in females. The unsealed group showed a simi-
lar pattern 52% (15 out of the 29) carious teeth found in 
males and 48% (14 out of the 29) in females. 

Caries prevalence by tooth number is shown in Table 1 
and while the mandibular molars had more carious lesions 
than the maxillary molars, this was not statistically signifi-
cant (p=0.159).

The 12 month follow-up screening revealed that more 
partially or fully retained sealants were found on the man-
dibular molar teeth (Table 2). This was shown to reflect a 
significant difference between sealant retention on upper 
and lower molar teeth (p=0.044).

discUssiOn 
From a public health point of view, one always needs to 
be cognisant of the impact that the adopted strategy will 
have on the total dental health and disease burden of the 
targeted population as a whole.16 Therefore, when a SBFSP 
is conducted, clinicians should also consider caries risk 
at the level of the school and community, instead of only 
assessing caries risk at the level of the patient or tooth.17 
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Figure 1: Caries incidence rate: 12 month follow-up
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Figure 2: Caries incidence by gender.

table 1: Caries prevalence per tooth number at 12 month 
follow-up

tooth number percentage having  caries

16 3.1

26 3.0

36 12.3

46 5.2

table 2: Sealant retention percentage per tooth number

tooth number
sealant retention 

percentage

16 4.7

26 4.5

36 11.0

46 10.4
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It was subsequently concluded that from a public health 
perspective, policies for caries preventive strategies 
should be based on a ‘population’ or ‘directed population’ 
approach, instead of a ‘high-risk’ approach.16

The caries incidence rate of the unsealed group in the 
study was 9.1% as opposed to 7.1% in the sealed group. 
This resulted in a 2% caries preventive effect of the res-
in-based fissure sealants. These had been placed under 
field conditions, showed a high loss (91%) over the period 
of the study and their effect in preventing caries was not 
statistically significant. 

The patient response rate was 80%, a figure acceptable in 
epidemiological studies.20 The recommendation for plac-
ing fissure sealants on molars is that the procedure be 
completed preferably within the first year after complete 
eruption and not more than 4 years later than this.8 First 
permanent molar teeth usually erupt when a child is aged 
between 6 and 7 years.21 Fissure sealants should there-
fore be placed on children aged 6 to 8 years, depending 
on the eruption status of the targeted teeth. In the current 
study, the average age of children at time of sealant place-
ment was 7 years and 4 months, which falls within the 
suggested guidelines. Although it is generally accepted 
that fissure sealants can safely be placed on teeth with 
early, non-cavitated carious lesions,17,22 all the sealants in 
this study were placed on caries-free teeth. 

Favourable marginal adaptability of the sealants is a 
primary factor which can influence its caries inhibiting 
effect. The sealant must form a proper seal to minimize 
microleakage and marginal gap formation.23 When 
inadequate fissure sealants are not replaced, secondary 
caries may ensue.24,25 In turn, microleakage is significantly 
influenced by the condition of the enamel (sound or 
carious) and by the location of the caries in the fissures. 
The problem is generally found to be higher where the 
borders of the sealants are on carious enamel, where the 
sealant occlusal length is longer and where the entrance 
angle between the enamel surface and sealant is larger 
(shallow fissures). 

Microleakage can also occur after fracturing of the sealant 
(i.e. not fully intact sealant, which can result due to stress 
or thermodynamic shrinkage of the sealant) and can lead 
to discoloration, secondary caries, tooth hypersensitivity 
and pulpitis.24 Paradoxically, when sealants are not placed 
properly, dental caries may actually increase, instead of 
the desired reduction.26 Microleakage was also found to be 
greater in glass ionomer (GI) than in RB sealants.27 How-
ever, recent studies have shown that the incorporation of 
bioactive glass (BAG) into GI compositions has resulted 
in an improvement of the bioactivity, tooth regenerative 
and reconstruction capacity of the GI composition.28 GI 
fissure sealants containing 45S5 bioactive glass, despite 
some marginal leakage, have been shown to be effective 
preventive dental materials for inhibiting secondary caries 
at the tooth/sealant marginal gap area.29

The 7.1% caries incidence rate in the study is almost three 
times higher than the average of 2.5% as reported in the 
systematic review by Condò et al.9 However, in that study, 
all the sealants considered had been placed under ideal 
conditions. This is relevant for there are fundamental 
differences between the placement of fissure sealants in a 

clinical (ideal) versus a non-clinical (in the field/at a school) 
setting. The two situations are mainly distinguished 
by assumptions about the availability of diagnostic 
and treatment options and utilisation of dental care 
patients.30 In a clinical setting there is a higher likelihood 
that practitioners can provide a continuous health care 
service with a comprehensive range of caries diagnostic 
and treatment options available (i.e. follow-up of fissure 
sealants with replacement where necessary). This is in 
contrast to children who are treated ‘in the field’ (i.e. at a 
primary school as in this study). These children are more 
likely to be episodic users of primary oral health services, 
with a reduced chance of receiving follow-up care (i.e. 
monitoring and replacement of fissure sealants).30

Traditionally, resin-based fissure sealants have been the 
most commonly used dental sealant material and have 
been hailed by some as the “gold-standard” in dental 
sealant materials.31 It has been shown to be successful 
when placed under ideal conditions (i.e. clinical settings 
using a four-handed technique) and where follow-up vis-
its can be done. Successful application of a RB sealant 
involves strict attention to detail and dry field isolation 
throughout the procedure.32 Hence, the procedure is very 
technique sensitive and is especially affected by saliva 
contamination, the most commonly reported reason for 
RB sealant failure.33 Resin-based dental sealants can only 
exert a protective effect on an intact tooth surface.34,35 The 
four-handed placement technique has therefore been ad-
vocated as the best way to ensure clinical success with 
RB sealants. This technique allows one operator to take 
control of the field of isolation (preferably with cotton rolls 
supplemented by portable water and a suction system) 
while the other performs the steps of the sealant place-
ment protocol.36 The four-handed placement technique 
was furthermore associated with a nine percentage point 
increase in sealant retention over the two-handed place-
ment technique (placement of sealants by a single opera-
tor).37 In cases where saliva contamination is least likely 
to occur, such as in a clinical setting with the use of the 
four-handed placement technique, the choice of either a 
RB or GI sealant is warranted.38,39 

There is evidence that GI sealants should be considered 
when fissure sealants are to be placed under field 
conditions where saliva control may be a challenge 
and no follow-up is planned.40 This may be due to the 
hydrophylic properties of GI sealants which mean that 
they do not require an absolutely dry field of placement 
to be successful. Glass ionomer sealants also contain 
fluoride ions which are released and taken up by the tooth 
enamel. This assists in remineralisation of the enamel 
and thus renders the tooth structure less susceptible to 
demineralization.40 Furthermore, Pardi et al (2003)41 have 
noted that even after glass ionomer sealants appear 
to have been lost from the tooth surface, some small 
amounts can still be found in the pits and fissures and 
release fluoride which helps in remineralising the tooth 
enamel. This characteristic of GI sealants seems to 
suggest that a follow-up and replacement of a GI sealant 
programme is not as important as is the case with a RB 
sealant programme. Current clinical evidence furthermore 
suggests that high viscosity GI sealants are not inferior 
to RB sealants in terms of caries preventive properties.31 
On the contrary, it seems that similar caries-preventive 
efficacies exist after a period of 48 months and the study 
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even mentions a possibly superior caries preventive 
effectiveness of high viscosity GI sealants over RB sealants 
after 60 months.31 Therefore, when saliva contamination is 
likely to be a high risk factor, such as in the context and 
setting of the present study, a GI sealant material would 
ideally have been the preferred material of choice.31,40

cOnclUsiOn 
The present study has shown that under field conditions, 
and among children, RB sealants are not ideal for caries 
protection. When one takes into account the context (a 
young child), the setting (under field conditions), follow-up 
(or lack thereof) and isolation challenges (saliva contami-
nation) that are associated with a school based fissure 
sealant programme, materials alternate to resin-based fis-
sure sealants should be considered. 

Such appropriate choices should be made available, es-
pecially to oral health professionals in public dental clin-
ics, to ensure enhanced effectiveness of the intervention 
strategy and to reduce the disparities that currently exist 
in oral health status and access to oral health preventive 
services.42 

REcOMMEndAtiOns 

Interest and attention are increasingly being paid to the 
application of “smart” bioactive materials in the field of 
dentistry. The inclusion of a bioactive glass in a GI fissure 
sealant material is recommended for its potential to assist 
in the reduction of caries at the marginal gap area, thereby 
helping to prevent the formation of primary and secondary 

occlusal caries.29

liMitAtiOns 
The fact that these sealants were not initially placed as part 
of any controlled study has resulted in potential sources 
of bias and limitations. Appropriate sample sizes of the 
case and control groups could not be statistically deter-
mined. No initial caries screening was undertaken for the 
control group. The researcher also could not conduct a 
re-examination of the targeted groups due to serious time 
constraints. Another limitation to all fissure sealant studies 
is the fact that the sealants themselves may be contribut-
ing factors in the development of secondary caries. 
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suggested action(s)
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