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Abstract

Background: Evidence of the cost-effectiveness of school-based first permanent molar sealants programs is not yet
fully conclusive. The aim of this study was to determine the incremental cost-utility ratio (ICUR) of school-based
prevention programs for the application of sealants in molars of schoolchildren compared with non-intervention.

Methods: A cost-utility analysis based on a Markov model was carried out using probability distribution. The utility
was measured in quality-adjusted tooth years (QATY). The assessment was carried out from the public payer’s
perspective with a six-year time horizon. Costs and benefits were discounted at 3% per year. Only direct costs were
evaluated, expressed in Chilean pesos (CLP) at 7th May at 2019 values (exchange rate USD = CLP 681.09). Univariate
deterministic sensitivity analysis and probabilistic analysis were carried out.

Results: After a six-year follow up, the cost of sealing all first permanent molars was found to be higher than non-
intervention, with a mean cost difference of USD 1.28 (CLP 875) per molar treated. The “seal all” strategy was more
effective than non-intervention, generating 0.2 quality-adjusted tooth years more than non-intervention. The ICUR
of the “seal all” strategy compared to non-intervention was USD 6.48 (CLP 4,412) per quality-adjusted tooth years.
The sensitivity analysis showed that the increase in caries was the variable which most influenced the ICUR.

Conclusions: A school-based sealant program is a cost-effective measure in populations with a high prevalence of
caries.
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Background
The teeth most susceptible to dental caries are the first
permanent molars (FPM), due to their occlusal anatomy
which favors the retention of bacterial plaque, their pos-
ition in the arch, which prevents adequate oral hygiene,
and the immaturity of the teeth at the time of eruption
[1]. The prevalence of caries in FPM can be as high as
90% in populations with poor socio-demographic char-
acteristics, with the occlusal surface most affected [2, 3].
One way of preventing pit and fissure dental caries in

first permanent molars, is by applying resin-based seal-
ants [2, 3]. These have proven to be highly effective,

resulting in a decrease of caries incidence, from 86% in
the first year, to 59% 4 years following application [4, 5].
However, various factors may influence the success of
sealants in a school-based prevention program, such as
the prevalence of caries in the population, the age of the
patients, the subject’s risk of caries, and fissure sealant
retention [6, 7].
Knowledge of the effectiveness and safety of any given

intervention by itself, is not enough to decide on its im-
plementation. Cost-effectiveness, as well as the political,
organizational, social, ethical and legal impacts must be
considered, especially when applied within the public
health context [8]. Therefore, economic evaluations are an
important factor for the implementation of any preventive
program. The evidence provided by economic evaluation
regarding sealant treatment at a school-based prevention
program, is as of yet inconclusive [9]. However, greater
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cost-effectiveness has been shown in school populations
with a high risk of caries [10, 11].
Most studies carried out thus far have used average

values for transition probabilities, generating a base case
in which hypothetically all children have the same experi-
ence. These studies did not however, consider the variabil-
ity between children [10, 12, 13]. Consequently, and in
order to improve this approach, we decided to develop a
model based on probability distribution, in which the
transition probabilities vary between individuals. This
model is a simulation that represents the full spectrum of
possible values, of a given transition probability. These
transition probabilities are reflected in frequency densities;
when this variability is considered, the model approxi-
mates the actual event more precisely [14].
Furthermore, it is important to include patient prefer-

ences in the economic evaluations, in relation to treat-
ment efficacy and the alternatives. This translates into
reduced distance in the assessment between the sound
tooth and the filled tooth, which renders the analysis
more similar to the real setting [15].
The aim of this study was to determine the incremen-

tal cost-utility ratio (ICUR) of a school-based prevention
program, applying dental sealants in first permanent mo-
lars in schoolchildren, compared with non-intervention
from the payer’s perspective and after 6 years for the
conditions prevailing in Chile. Further evidence on the
cost utility of dental sealants would be useful to practi-
tioners, as well as public health planners who need to
decide about dental public health programs and future
initiatives. Furthermore, according to Griffin and her
collaborators, the overall economic benefit of dental
sealants would not differ across jurisdictions [16]. In this
way, this study will provide economic information for
subsequent studies on the benefits of dental sealants in
children and would assist in the implementation of
health policies and preventive and treatment programs
in both developed and developing countries.

Methods
A cost-utility study was carried out based on a Markov
model to represent the different states of health derived
from the implementation of a school-based dental seal-
ant program in children, where the intervention and
control cohorts were modeled to represent the reality.
The assessment in this study was carried out from the

public payer’s perspective (i.e., local municipality).
Therefore, only direct costs, such as human resources
and supplies were included.
This study was prepared according to Consolidated

Health Economic Evaluation Reporting Standards
(CHEERS) [17]. In this model, probability distribution
was used to take into account the variability of the indi-
viduals in the analysis.

Figure 1 shows a diagram of the inputs used in the
model and the different methods used to obtain the re-
spective values.

Population and setting
In Chile, 278 districts throughout the country have den-
tal units in the public schools, funded by the Chilean
government. This program provides comprehensive,
systematic and scheduled dental care for the students,
from kindergarten (approximately 4 years of age) until
graduation from basic and middle school education (ap-
proximately 14 years of age). Standard procedures
include preventive measures such as fluoride varnish
and sealants application, recommendations to use fluori-
dated toothpaste, oral hygiene instructions and dietary
counseling. Treatments include restoration with resin
and dental extraction. From 6-years-old and after the
complete eruption of permanent molars, the program
considers sealing the FPMs of all children. Therefore,
the hypothetical population included in this model con-
sidered 6-year-old children of low socioeconomic status,
and with high risk of caries in first permanent molars
from public schools with a dental unit, with erupted,
sound first permanent molars. The intervention was
modeled considering that it would be carried out in
public schools in urban areas with access to drinking
water containing optimum fluoridation levels, and to
school-based sealant programs.

Interventions
The “seal all” intervention included in the theoretical
model consisted of sealant application in all sound
FPMs, regardless of caries risk. All the assumptions
incorporated into the model, both for effectiveness and
costs, considered that the modeled strategy had the
following characteristics: The resin-based sealants were
applied on first molars erupted with cotton roll isolation,
by dentists of the public health system, with 1 to 10
years of clinical experience and with the help of a dental
assistant. The dental unit was fully equipped including
suction unit. Interproximal caries lesions were not
assessed. The modeled strategy included children receiv-
ing follow-up check-ups every 24 months, at the ages of
8, 10 and 12 years. During each follow-up check-up, the
sealant was repaired for partial or total loss as deemed
necessary.
The comparison strategy was “no seal” meaning non-

intervention with sealants. In both strategies when the
patient presented caries, the model considered that the
lesion was filled with resin composite; when a tooth
extraction was warranted, it was carried out. Restora-
tions and extractions were performed by a dentist and a
dental assistant at a public dental clinic.
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Time horizon
The time horizon was 6 years. The first year was the
baseline, when children were 6 years old, and the last
was that of the final examination at 12 years, with two
intermediate check-ups.

Discount rate
A discount rate of 3% per year was used for costs and
effects, as recommended in the Methodological Guide
for the Economic Assessment of Health Interventions in
Chile [18].

Effectiveness measure
The effectiveness measure of the intervention in this
study was the prevalence of caries in FPM, incorporated
into the model as the probability of caries at the ages of
6, 8, 10 and 12 years.

Sealant effectiveness results were obtained from a
Cochrane review, which included a metanalysis of 3.620
patients. The review determined effectiveness of 78% (CI
95%: 66–85%) after 24 months, and 60% (CI 95%: 49–
69%) after 48 months [6]. To determine effectiveness of
the resin-based sealants after 72 months, a variation of
6% per year in adolescents was considered, as reported
in the literature (48%; CI 95%: 37–57%) [19].
To determine the prevalence of caries in the compara-

tor, a systematic search in Medline, Lilacs, SciELO and
Cochrane databases was carried out. Studies were in-
cluded if they assessed the prevalence of caries in FPM
in children aged 6–12 years, in Chile and Latin Ameri-
can countries with similar socio-cultural characteristics.
Three studies reported the prevalence of caries in FPM
at the age of 6 years, [20–22] another three at the age of
12 [23–25], and one reported prevalence at the age of 8
and 10 years [26]. When necessary, weighted means were

Fig. 1 Diagram with the inputs used in the model
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calculated according to the number of children examined.
Therefore, the prevalence studied in the untreated popula-
tion was estimated at 25% in children aged 6 years, while
prevalence for the other ages was determined under the
assumption that the increase in caries (percentage increase
of prevalence in each Markov cycle) was continuous over
time [9, 27].
A plot points graph was designed using all of the avail-

able data. In the “x-axis” ages were recorded, and preva-
lence was observed at different ages in the “y-axis”. A
straight line was achieved intersecting both, representing
the increase of caries in the population. The increase in
the prevalence of caries in the untreated population was
10.3% during each two-year cycle. The prevalence values
used in the models were 25% at 6 years; 35.3% at 8 years;
45.6% at 10 years; and 55.9% at 12 years (See Table 1).
Since the prevalence of caries in FPM for the interven-

tion population was not found in the published litera-
ture, it was estimated indirectly considering two aspects.
Firstly, the effectiveness of caries prevention, and
secondly, the prevalence of caries in FPM in the non-
intervention population. Subsequently, the percentage of
caries averted was subtracted from the prevalence in the
non-intervened population, depending on the effective-
ness of intervention for each age group.

Estimating the utility
Utility was calculated using quality-adjusted tooth years
(QATY) [30–33]. QATY is a measure of dental health
analogous to quality-adjusted life-year, that provides an
outcome measure which could be compared across
treatments and across clinical problems. The assumption

underlying QATY is that teeth with any health status
(painful, poor aesthetic, filled, missing, etc.), are not
equivalent to sound teeth without that health conditions
(e.g., sound), thus it provides an adjustment to account
for this difference [33]. A value of 1 QATY was assigned
to teeth which were sound or sealed without evidence of
caries after 6 years; 0.81 QATY for teeth that required
fillings; and 0 QATY for extracted teeth [34].

Resources and costs
Only direct costs were assessed in the present study.
The cost of interventions and treatment of new caries
lesions were determined by micro-costing, including the
necessary equipment, instruments and supplies for each
intervention, and the cost of human resources required
for each procedure. Estimates for the cost of equipment,
instruments and supplies were obtained from quotes of
three different commercial dental suppliers, and a mean
value per patient was obtained for each item. A ten-year
obsolescence limit was considered for the equipment,
that is the average time determined by municipalities to
renew their equipment.
The cost of human resources was obtained by multi-

plying the cost of one minute of the salary of the dentist
and his assistant, multiplied by the average number of
minutes it takes to perform the intervention. The salary
was calculated to be the mean, between the salary paid
to the employees with the least seniority in the work-
place (one year) and senior employees with the longest
period of employment (10 years). The costs for health
care worker wages were obtained from a municipality
standard salary scale, representative of the Chilean

Table 1 Parameters, probabilities and distributions used in the model

Items Seal everyone or Seal All
(%)

No Seal
(%)

Type of distribution
used

Effectiveness of sealants (CI 95%)a 2 Y: 78 (66–85) – A probability table
was used

4 Y: 60 (49–69) –

6 Y: 48 (37–57) –

Prevalence of caries in first permanent molars (range for sensitivity analysis)b 6 YO: 0 6 YO: 25 Normal

8 YO: 8 (± 2) 8 YO: 35.3 (± 2) Normal

10 YO: 18 (± 2) 10 YO: 45.6 (± 2) Normal

12 YO: 29 (± 2) 12 YO: 55.9 (± 2) Normal

First permanent molars lost in each 2-year cycle c

Cavities 1 in one thousand 1 in one thousand Beta

Other causes 1 in ten thousand 1 in ten thousand Beta

Reseal rate per cycle (Range for sensitivity analysis)c 3 (0–13) – Beta

Re-filling rate per cycle (Range for sensitivity analysis)d 1 (0–14) 1 (0–14) Beta

Y Years since application, YO Years old
aCochrane systematic review [6]
bLocal Evidence from Chile and Latin America [21, 22, 24–26]
cSurvey of 10 experts working in school-based dental clinics
dSurvey of 10 experts working in school-based dental clinics and literature review for the variability [9, 28, 29]

Espinoza-Espinoza et al. BMC Oral Health          (2019) 19:293 Page 4 of 11



population [35]. To calculate the cost per minute, the
average salary was divided by the number of minutes
worked. The time of each intervention was determined
according to the National Board for Scholarships and
School Assistance (JUNAEB) which standardizes guide-
lines for the dental units in schools [36], which corre-
sponds to 15 min for sealants, and 30 min for seals (See
Table 2). The building costs were not considered. For
further details, see Additional file 1.

Currency, date and conversion costs
The study was conducted in Chilean Pesos to May 7,
2019 and adjusted with the consumer price index as
needed. The values were reported in US dollars and the
conversion was performed using the exchange rate of
the Central Bank of Chile (1 USD = CLP 681.09).

Model
The Markov model was chosen because it allows model-
ling of the natural course of events that represent the
various possible health conditions. The Markov model as-
sumed that patients resided in one of a finite number of
health states at any point in time and made transitions

between those health states over a series of discrete time
intervals or cycles [37]. Therefore, it considered the
probability of a FPM with caries lesions.
A probabilistic model was chosen since it allows a

better simulation of the current reality with the
spectrum of values that can assume the variables in each
of the cases. It also allows observation of how that vari-
ability can affect the cost-utility relationship and carry
out an analysis of multivariate sensitivity.
The model was validated by a pediatric dentist and by

an economist, both with extensive training in health
technology assessment. Figure 2 shows a diagram of the
model for each of the strategies.

Assumptions
In this study, four assumptions were made, which were
not based on the literature, but on the experience of ten
dentists working in school-based dental services in each
two-year cycle; a) dental sealant failure rate (replaced)
would be 3%; b) 1% of fillings in teeth would be replaced;
c) extractions due to caries would be performed at a rate
of 1:1000; and d) extractions due to other causes that take
place at a rate of one per ten thousand (See Table 1).

Table 2 Direct costs used in the model

Intervention Item Time required Value per minute Cost per molar intervened (cost range

Sealants Dentist 15 min USD 0.236 USD 3.546 (3.039–4.142)

Assistant 15 min USD 0.066 USD 0.991 (0.846–1.269)

Supplies see Additional file 1 USD 0.473 (0.433–0.532)

Clinical site preparation 5 min USD 0.066 USD 0.33 (0.305–0.374)

Equipment and instruments 15min USD 0.004 USD 0.066 (0.059–0.079)

Total USD 5.406 (4.682–6.394)

Filling (composite Dentist 30 min USD 0.236 USD 7.092 (6.089–8.274)

Assistant 30 min USD 0.066 USD 1.982 (1.691–2.539)

Supplies see Additional file 1 USD 1.593 (1.436–1.752)

Clinical site preparation 5 min USD 0.066 USD 0.33 (0.305–0.374)

Equipment and instruments 30min USD 0.004 USD 0.132 (0.117–0.147)

Total USD 11.129 (9.639–13.083)

Extraction Dentist 10 min USD 0.236 USD 2.364 (2.405–2.754)

Assistant 10 min USD 0.066 USD 0.661 (0.561–0.846)

Supplies see Additional file 1 USD 0.59 (0.532–0.639)

Clinical site preparation 5 min USD 0.066 USD 0.33 (0.305–0.374)

Equipment and instruments 10min USD 0.004 USD 0.044 (0.04–0.048)

Total USD 3.989 (3.462–4.663)

Oral exam Dentist 15 min USD 0.236 USD 3.546 (3.039–4.142)

Assistant 15 min USD 0.066 USD 0.991 (0.846–1.269)

Supplies see Additional file 1 USD 0.216 (0.197–0.226)

Equipment and instruments 15min USD 0.004 USD 0.066 (0.059–0.079)

Total oral exam USD 4.603 (4.142–5.72)

Total Molar exam Divided by 24 teeth USD 0.192 (0.173–0.236)
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Cost-utility analysis
To assess the ratio of costs to utility the quality-
adjusted tooth year (QATY) was used [31]. In this
analysis, the incremental cost-utility ratio (ICUR) was
calculated, which corresponds to the division of incre-
mental costs and incremental effects, to obtain the
cost per QATY.
In the absence of a threshold of QATY willingness to

pay, a reasonable threshold of USD 29.36 (CLP 20,000)
was considered. This represents the cost for a tooth fill-
ing in the Chilean public oral health care system in
March 2018 [38].

Sensitivity analysis
To examine changes in the cost-utility ratio results
under the effects of potential changes in the base values
of the model parameters, a two-stage sensitivity analysis
was carried out:

– Deterministic sensitivity analysis: In this one-way
analysis, the average value of each variable is taken
as a base case, and different parameters are used for
the sensitivity ranges depending on the variable. For
effectiveness, confidence intervals were considered
[6]; for caries incidence a variation of ±2%, was ex-
plored; for reseal rate a range of 13% was considered
to take into account the clinicians’ variability [9]. In
reference to the re-filling rate, a range of between 0
and 14% was applied [9, 28, 29]. For the remainder
of the parameters a variation of ±20% of the base
value was considered. Finally, the results were classi-
fied from highest to lowest and represented in a tor-
nado diagram.

– Probabilistic sensitivity analysis: Explores the
simultaneous variation in the values of the variables
analyzed, probability distributions (Table 1) were
assigned to each of the parameters. Through a
Monte Carlo simulation process, 1.000 iterations
were performed, considering a random value within
each distribution, and generating a result of
incremental cost-utility ratio (ICUR). This allowed
us to estimate how the simultaneous variation of the
parameters would affect the utility cost estimator.

The data were analyzed using TreeAge pro 2019
software.

Results
The estimated effectiveness for the prevalence of caries
in FPM for the intervention population was 8% 2 years
after sealant application, 18% 4 years after application
and 29% 6 years after the intervention (Table 1).
Table 2 shows the detail of the costs considered for

each intervention and its consequences. The mean cost
of sealants was USD 5.4 (CLP 3682), ranging from USD
4.68 to USD.6.39 The mean value used for resin restor-
ation was USD 11.13 (CLP 7580), ranging from USD
9.63 to USD.13.08. The mean value used for extractions
was USD 3.98 (CLP 2717), ranging from USD 3,46 to
USD.4,66 The mean value used for molar examination
was USD 0.19 (CLP 131), ranging from USD 0.173 to
USD 0.236 (See Additional file 1).

Incremental costs and outcomes
If the “seal all” strategy is compared with non-intervention
(“no seal”), the cost difference for each molar with

Fig. 2 Markov models for each strategy a) Transition diagram of not treat b) Transition diagram of the option with treatment
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intervention is USD 1.28 (CLP 875), over the six-year
follow-up. The “seal all” strategy is more favorable, with a
positive difference of 0.2 QATY. The ICUR of the “seal all”
strategy as compared to non-intervention was USD 6.48
(CLP 4412) per QATY (Table 3). Figure 3 shows the cost-
utility ratio of the “seal all” strategy vs. “no seal”, using the
cost-utility plan.

Characterizing uncertainty
The deterministic sensitivity analysis is summarized in
the tornado diagram (Fig. 4). The variable that most
influences ICUR, is the increment in the prevalence
of caries in FPM in the non-intervened population.
The base case was calculated by estimating this incre-
ment in the prevalence of caries in FPM at 10.3% in
each two-year cycle. In populations where this incre-
ment of caries prevalence is greater than 17%, the
“seal all” strategy was dominant, while in populations
where the caries increment is less than 5%, the ICUR
doubles. It should be noted that if the increment is
2% or less in each two-year cycle, the ICUR is four
times greater.
Other variables that cause uncertainty in the ICUR

were the probability of re-sealing and re-filling. In the
first variable the operator-effect influenced the success
of sealant retention: between 0.025 and 13% of the seal-
ants applied in the previous two-year cycle, required re-
sealing. This resulted in a variation in the ICUR ranging
from USD 5.85 (CLP 3988) to USD 19.71 (CLP 13,430).
In relation with the re-filling, the “seal all” strategy
became dominant (more effective and cheaper) when re-
filling was 14%. On the other hand, when this variable is
0 the ICUR value increase slightly (USD 7.28; CLP
4959).
The other variables had little influence on the vari-

ation of the ICUR. The “no seal” strategy was not dom-
inant in any scenario, reflecting the robustness of the
results.
Figure 5 shows the probabilistic sensitivity analysis

(Monte Carlo simulation) with 1000 iterations, simulat-
ing 1000 patients; it considered the simultaneous influ-
ence of all the variables. In 0.9% of cases the “seal all”
strategy did not produce a utility, considering a thresh-
old of USD 29.36 (CLP 20,000). However, this strategy
was only dominant (i.e. more effective and less
expensive) in 3.3% of cases. In the 95.8% of the cases, it
presented different levels of cost-utility, mainly concen-
trated around the mean utility of 0.2 QATY.

Discussion
The present analysis model showed that the universal
application of resin sealants in the context of school-
based sealant programs would be a cost-effective meas-
ure in populations where the prevalence of caries in first
permanent molars is high (USD 6.48 per QATY, CLP
4412 per QATY). This agrees with the findings reported
by Bertrand et al. [10] using a model in which the mouth
rather than the molar, was the unit of analysis. That
study also considered indirect costs, and reached similar
conclusions with respect to the utility of sealants in
schools. Indeed, the authors note that in comparison
with other sealing strategies, dental clinics associated
with schools are the option that provides the highest
utility.
The sensitivity analysis highlights the fact that the

variable with the greatest influence on the ICUR was the
increment in caries in first permanent molars. The “seal
all” strategy became dominant when the increase in the
prevalence of caries in first permanent molars was
greater than the base case, by at least 3%. This is in
accordance with what was reported by Griffin et al. [39]
in their economic evaluation about school-based sealant
programs in low-income schoolchildren in the United
States. They assumed a similar increment of caries to
our scenario and they concluded that this variable was
the most influential in the cost-effectiveness ratio. They
also concluded that school-based sealant programs saved
society money and remained cost-effective across a
wide range of reasonable values. Other studies also
confirm that sealants present better utility than fill-
ings, when applied to children with a high prevalence
of caries [12, 31].
Another variable that creates uncertainty is the reseal

rate. When a sealed molar is scheduled for follow up,
and the sealant is missing, there are additional costs to
consider for the application of a new sealant. In circum-
stances where the sealant repetition rate is high, ICUR
increases considerably. This was also reported by Chi
and collaborators, when the retention rate was 10%
higher than the base case, the cost was less than half,
per averted filling [40].
One strength of this study is the use of multivariate

probabilistic analysis, which considers the effect of all
variables simultaneously. This generates a model that
better resembles the real setting; including the willing-
ness to pay as a reference; and uses a Monte Carlo simu-
lation, which shows a probability that the intervention

Table 3 Incremental cost-utility ratio applying a Monte Carlo simulation

Strategies Costs (USD) Incremental cost (USD) Utility (QATY) Incremental utility Incremental utility cost ratio

No seal 10.77 3.71

Seal All 12.06 1.28 3.91 0.2 6.48
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cost will result in a return of utility. The probability that
the “seal all” strategy will not present a utility is only
0.9%. In 3.3% of cases the “seal all” strategy was domin-
ant, that is a higher utility and lower cost.
This model included the opportunity for children to re-

peat the treatment at their two-year check-ups in cases
where the sealant was missing partially or totally lost, in-
creasing the benefit of sealing. However, this implies an in-
cremental cost in this strategy; as explained above, because
an excessive re-seal rate may triple the cost per QATY.
The present model also included aspects which need

to be considered, as they are part of health states and
have often been omitted from prior studies, such as two

yearly dental check-ups, oral health education and fluor-
ide treatment, tooth loss for other causes, costs and
probabilities of new fillings when treatments fail.
When considering the results of this study, it should be

recognized that it is a theoretical model, in which both
costs and effectiveness were estimated, some from the
literature and others from general market conditions. How-
ever, to minimize this limitation, we reviewed the literature
to include the best evidence available about the effective-
ness of resin-based sealants. Furthermore, the scope of this
study was limited to the application of pit and fissure
sealants, without considering any added benefits for the
children enrolled in school-based sealant programs.

Fig. 3 Cost-utility plane

Fig. 4 Tornado diagram for univariate sensitivity analysis
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Since our setting considered the scenario of a Chilean
school-based sealant program, where all first permanent
molars were sealed, a risk-based sealing analysis was not
included. Evidence shows that cost-effectiveness of risk-
based strategies depend on their prevalence. Studies
have shown that the “seal all” strategy becomes more
favorable when compared with sealing only patients with
high risk of caries [9, 27]. Other authors have concluded
that sealants present a greater utility when applied to
high-risk patients only [10, 11, 41]. Nonetheless, costs
increased when the application was generalized and
included unnecessarily sealing molars in children with
low risk of caries. On the other hand, there are probably
a number of high-risk children who do not receive treat-
ment, due to a lack of dental coverage, which increases
their prevalence of caries [12].
Another aspect to consider is that some probabilities

were not obtained from the literature, but from a panel
of experts. These included the percentage of sealants
and fillings that failed in each cycle, and the number of
teeth extractions due to caries or other causes. Although,
the probabilities of an economic evaluation should be
based on clinical data, when this information is not
available, the opinion of experts can guarantee that the
model reflects real-life practice [42]. The average re-
sealing estimated by experts, was similar to that reported
in the literature [6]. However, the re-filling parameter
reported by experts was lower than that reported in the
literature [28, 29], but the latter was considered in the
sensitivity analysis.
Most of these events do not influence the ICUR, with

the exception of the re-sealing and re-filling rate.

Consequently, in the sensitivity analysis we used a broad
range that included resealing and re-filling rates used in
other economic evaluations and thus assessing the real
impact on the model. According to our knowledge, this is
the first economic evaluation about school-based sealant
programs that included the probabilities of teeth extrac-
tions due to caries or other causes, these have not been
previously estimated in other economic evaluations.
On the other hand, the root canal treatment was not

included in our study, due to the perspective used (i.e.,
public payer). The few studies that have included root
canal treatment as a consequence show this doesn’t
change the direction of the cost-effectiveness analysis,
since this cost is higher in the group without sealants
[31].
Future studies should include long-term costs and

expenses, the benefits shown by quality of life determi-
nants, analysis of the risk sub-groups, and the patients’
point of view. This would allow a greater understanding
of the social utility of this treatment, as proposed by
Kitchens [43]. Additionally, in Chile public and private
costs are very different, so it may also be interesting to
consider these differences in future analysis.

Conclusions
This study provides evidence of the cost-utility of school-
based sealant programs in children with high prevalence
of caries, in the conditions prevailing in Chile. Considering
that caries has an important social gradient, this evidence
supports public policies of targeting state resources to fi-
nance comprehensive oral health care. These policies
should include the application of sealants in children from

Fig. 5 Probabilistic sensitivity analysis
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low-income families where caries risk is high. In this con-
text, the investment in oral health would be even more
cost-effective and would be evident in a greater number of
quality-adjusted tooth years.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12903-019-0990-3.

Additional file 1. Detail of the costs considered in the model.

Abbreviations
FPM: First permanent molars; ICUR: Incremental cost-utility ratio;
QATY: Quality-adjusted tooth years

Acknowledgements
Not applicable.

Authors’ contributions
GE, GC and CZ designed the study. GE, RR and GC acquired and codified the
data. GE, RR, RM and CZ analyzed the data. All authors interpreted the data.
GE and CZ wrote the first draft. All authors contributed to the manuscript
drafting, approved of the final version and agreed to authorship.

Funding
This project was funded by a grant from Universidad de La Frontera, project
DI17–0007 and Facultad de Odontología de la Universidad de La Frontera,
Proyecto Internacionalización para Investigación y Productividad 2019. The
funders did not participate in the conception, design and execution of the
project that was carried out independently.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Ethics approval and consent to participate
Ethical approval was not required for this study, since it is an economic
model that uses published evidence and data from public sources in Chile.
As such, there are no patients involved, so the consent of the patient to
participate is not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests. Rodrigo Mariño
is a Section Editor for BMC Oral Health and Carlos Zaror is Associate Editor
for BMC Oral Health.

Author details
1Department of Public Health, Faculty of Medicine, Universidad de La
Frontera, Temuco, Chile. 2Center for Research in Epidemiology, Economics
and Oral Public Health (CIEESPO), Faculty of Dentistry, Universidad de La
Frontera, Temuco, Chile. 3Center for Research and Innovation in Clinical
Dentistry (CIDIC), Faculty of Dentistry, Universidad de La Frontera, Temuco,
Chile. 4School of Health and Related Research (ScHARR), The University of
Sheffield, Sheffield, South Yorkshire, UK. 5Melbourne Dental School, The
University of Melbourne, Parkville, Victoria, Australia. 6Department of Pediatric
Dentistry and Orthodontics, Faculty of Dentistry, Universidad de La Frontera,
Manuel Montt #112, Temuco, Chile.

Received: 16 July 2019 Accepted: 12 December 2019

References
1. Carvalho JC, Ekstrand KR, Thylstrup A. Dental plaque and caries on occlusal

surfaces of first permanent molars in relation to stage of eruption. J Dent
Res. 1989;68:773–9.

2. Simonsen RJ, Neal RC. A review of the clinical application and performance
of pit and fissure sealants. Aust Dent J. 2011;56(Suppl 1):45–58.

3. Wright JT, Crall JJ, Fontana M, Gillette EJ, Novy BB, Dhar V, et al. Evidence-
based clinical practice guideline for the use of pit-and-fissure sealants: a
report of the American dental association and the American Academy of
pediatric dentistry. J Am Dent Assoc. 2016;147:672–82.

4. Azarpazhooh A, Main PA. Pit and fissure sealants in the prevention of dental
caries in children and adolescents: a systematic review. J Can Dent Assoc.
2008;74:171–7.

5. Beauchamp J, Caufield PW, Crall JJ, Donly K, Feigal R, Gooch B, et al.
Evidence-based clinical recommendations for the use of pit-and-fissure
sealants: a report of the American dental association council on scientific
affairs. J Am Dent Assoc. 2008;139:257–68.

6. Ahovuo-Saloranta A, Forss H, Walsh T, Nordblad A, Makela M, Worthington
HV. Pit and fissure sealants for preventing dental decay in permanent teeth.
Cochrane Database Syst Rev. 2017;7:CD001830.

7. Griffin SO, Gray SK, Malvitz DM, Gooch BF. Caries risk in formerly sealed
teeth. J Am Dent Assoc. 2009;140:415–23.

8. Vallejos C, Bustos L, de la Puente C, Reveco R, Velasquez M, Zaror C. The
main methodological aspects in health technology assessment. Rev Med
Chil. 2014;142(Suppl 1):S16–21.

9. Quinonez RB, Downs SM, Shugars D, Christensen J, Vann WF Jr. Assessing
cost-effectiveness of sealant placement in children. J Public Health Dent.
2005;65:82–9.

10. Bertrand E, Mallis M, Bui NM, Reinharz D. Cost-effectiveness simulation of a
universal publicly funded sealants application program. J Public Health
Dent. 2011;71:38–45.

11. Weintraub JA. Pit and fissure sealants in high-caries-risk individuals. J Dent
Educ. 2001;65:1084–90.

12. Leskinen K, Salo S, Suni J, Larmas M. Practice-based study of the cost-
effectiveness of fissure sealants in Finland. J Dent. 2008;36:1074–9.

13. Neidell M, Shearer B, Lamster IB. Cost-effectiveness analysis of dental
sealants versus fluoride varnish in a school-based setting. Caries Res. 2016;
50(Suppl 1):78–82.

14. Mar J, Antonanzas F, Pradas R, Arrospide A. Probabilistic Markov models in
economic evaluation of health technologies: a practical guide. Gac Sanit.
2010;24(3):209–14.

15. Gurtner S. An analysis of the influence of framework aspects on the study
design of health economic modeling evaluations. Eur J Health Econ.
2013;14:221–30.

16. Griffin SO, Naavaal S, Scherrer C, Patel M, Chattopadhyay S, Community
preventive services task F. Evaluation of School-Based Dental Sealant
Programs: An Updated Community Guide Systematic Economic Review. Am
J Prev Med. 2017;52:407–15.

17. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D,
et al. Consolidated health economic evaluation reporting standards
(CHEERS) statement. BMC Med. 2013;11:80.

18. Ministerio de Salud de Chile. Guía metodológica para la evaluación
económica de intervenciones de salud en Chile. 2013. http://desal.minsal.cl/
wp-content/uploads/2013/09/EE_FINAL_web.pdf. Accessed 30 May 2019.

19. Heyduck C, Meller C, Schwahn C, Splieth CH. Effectiveness of sealants in
adolescents with high and low caries experience. Caries Res.
2006;40:375–81.

20. Discacciati M, Lértora M. Primer molar permanente: riesgo y afecciones en
sus primeros años. 2018. http://www.guarani.unne.edu.ar/unnevieja/Web/
cyt/com2004/3-Medicina/M-030.pdf. Accessed 30 May 2019.

21. Barrios U, Ortega R, Jorquera C. Experiencia de caries del primer molar
permanente en niños de 6 años de edad en Litueche. Chile Rev Dent Chile.
2006;97:11–7.

22. Herrera M, Vargas R. Evaluación del estado de los molares de 6 años en
niños de primer año básico de la comunidad rural de Choshuenco, según
indicación de sellantes. Comuna de Panguipulli. X Región de los Lagos. Rev
Dent Chile. 2004;95:3–10.

23. Aguirre I, Caro J, Legue R. Condición de salud de primeros y segundos
molares definitivos en adolescentes de 12 y 15 años de los colegios
municipalizados de la comuna Providencia, Santiago. Chile. Rev Dent Chile.
2010;101:4–9.

24. Vivares A, Muñoz N, Saldarriaga A, Miranda M, Colorado K, Montoya Y, et al.
Caries dental y necesidades de tratamiento en el primer molar permanente
en escolares de 12 años de las escuelas públicas del municipio de Rionegro
(Antioquia, Colombia), 2010. Univ Odontol. 2012;31:25–32.

Espinoza-Espinoza et al. BMC Oral Health          (2019) 19:293 Page 10 of 11

https://doi.org/10.1186/s12903-019-0990-3
https://doi.org/10.1186/s12903-019-0990-3
http://desal.minsal.cl/wp-content/uploads/2013/09/EE_FINAL_web.pdf
http://desal.minsal.cl/wp-content/uploads/2013/09/EE_FINAL_web.pdf
http://www.guarani.unne.edu.ar/unnevieja/Web/cyt/com2004/3-Medicina/M-030.pdf
http://www.guarani.unne.edu.ar/unnevieja/Web/cyt/com2004/3-Medicina/M-030.pdf


25. Zaror C, Pineda P, Villegas M. Estudio clínico del primer molar permanente
en niños de 6 años de edad de la comuna de Calbuco. Chile Acta Odontol
Venez. 2011;49:3–10.

26. Gómez Y, Loyarte F. Comportamiento de la caries dental en el primer molar
permanente en niños de 8 , 10 y 12 años de los Consultorios Médicos de
Familia. Paredes Sancti Spíritus Gac Médica Espirituana. 2008;10:10–5.

27. Griffin SO, Griffin PM, Gooch BF, Barker LK. Comparing the costs of three
sealant delivery strategies. J Dent Res. 2002;81:641–5.

28. Forss H, Widstrom E. The post-amalgam era: a selection of materials and
their longevity in the primary and young permanent dentitions. Int J
Paediatr Dent. 2003;13:158–64.

29. Wendt LK, Koch G, Birkhed D. Replacements of restorations in the primary
and young permanent dentition. Swed Dent J. 1998;22:149–55.

30. Akinlotan M, Chen B, Fontanilla TM, Chen A, Fan VY. Economic evaluation of
dental sealants: a systematic literature review. Community Dent Oral
Epidemiol. 2018;46:38–46.

31. Bhuridej P, Kuthy RA, Flach SD, Heller KE, Dawson DV, Kanellis MJ, et al.
Four-year cost-utility analyses of sealed and nonsealed first permanent
molars in Iowa Medicaid-enrolled children. J Public Health Dent.
2007;67:191–8.

32. Chestnutt IG, Hutchings S, Playle R, Morgan-Trimmer S, Fitzsimmons D,
Aawar N, et al. Seal or varnish? A randomised controlled trial to determine
the relative cost and effectiveness of pit and fissure sealant and fluoride
varnish in preventing dental decay. Health Technol Assess. 2017;21:1–256.

33. Fyffe HE, Nuttall NM. Decision processes in the management of dental
disease. Part 1: QALYs, QATYs and dental health state utilities. Dent Update.
1995;22:67–71.

34. Fyffe HE, Kay EJ. Assessment of dental health state utilities. Community
Dent Oral Epidemiol. 1992;20:269–73.

35. Municipalidad de Temuco. Tabla de Remuneraciones http://www.
temucochile.com/newtransparencia/d_personal/2013/
TablaRemuneracionesSalud2013.pdf. Accessed 30 May 2019.

36. Junta Nacional de Auxilio Escolar y Beca. Normas y procedimientos de la
atención en módulos dentales. http://anfitrion.cl/GobiernoTransparente/
junaeb/2018/otras/153.pdf. Accessed 30 May 2019.

37. Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, et al. State-
transition modeling: a report of the ISPOR-SMDM modeling good research
practices task Force-3. Value Health. 2012;15:812–20.

38. Ministerio de Salud de Chile. Estudio costo-efectividad de intervenciones en
salud https://desal.minsal.cl/wp-content/uploads/2013/09/01
CostoEfectividad.pdf. Accessed 30 May 2019.

39. Griffin S, Naavaal S, Scherrer C, Griffin PM, Harris K, Chattopadhyay S. School-
Based Dental Sealant Programs Prevent Cavities And Are Cost-Effective.
Health Aff (Millwood). 2016;35:2233–40.

40. Chi DL, van der Goes DN, Ney JP. Cost-effectiveness of pit-and-fissure
sealants on primary molars in Medicaid-enrolled children. Am J Public
Health. 2014;104:555–61.

41. Gooch BF, Griffin SO, Gray SK, Kohn WG, Rozier RG, Siegal M, et al.
Preventing dental caries through school-based sealant programs: updated
recommendations and reviews of evidence. J Am Dent Assoc.
2009;140:1356–65.

42. Simoens S. Using the Delphi technique in economic evaluation: time to
revisit the oracle? J Clin Pharm Ther. 2006;31:519–22.

43. Kitchens DH. The economics of pit and fissure sealants in preventive
dentistry: a review. J Contemp Dent Pract. 2005;6:95–103.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Espinoza-Espinoza et al. BMC Oral Health          (2019) 19:293 Page 11 of 11

http://www.temucochile.com/newtransparencia/d_personal/2013/TablaRemuneracionesSalud2013.pdf
http://www.temucochile.com/newtransparencia/d_personal/2013/TablaRemuneracionesSalud2013.pdf
http://www.temucochile.com/newtransparencia/d_personal/2013/TablaRemuneracionesSalud2013.pdf
http://anfitrion.cl/GobiernoTransparente/junaeb/2018/otras/153.pdf
http://anfitrion.cl/GobiernoTransparente/junaeb/2018/otras/153.pdf
https://desal.minsal.cl/wp-content/uploads/2013/09/01CostoEfectividad.pdf
https://desal.minsal.cl/wp-content/uploads/2013/09/01CostoEfectividad.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population and setting
	Interventions
	Time horizon
	Discount rate
	Effectiveness measure
	Estimating the utility
	Resources and costs
	Currency, date and conversion costs
	Model
	Assumptions
	Cost-utility analysis
	Sensitivity analysis

	Results
	Incremental costs and outcomes
	Characterizing uncertainty

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

