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Abstract

Untreated cavities can have far-reaching negative consequences for people’s ability to eat, speak, 

and learn. By adolescence, 27 percent of low-income children in the United States will have 

untreated cavities. School-based sealant programs typically provide dental sealants (a protective 

coating that adheres to the surface of molars) at little or no cost to students attending schools in 

areas with low socioeconomic status. These programs have been shown to increase the number of 

students receiving sealants and to prevent cavities. We analyzed the cost-effectiveness of school 

sealant programs using data (from school programs in fourteen states between 2013 and 2014) on 

children’s cavity risk, including the effects of untreated cavities on a child’s quality of life. We 

found that providing sealants in school programs to 1,000 children would prevent 485 fillings and 

1.59 disability-adjusted life-years. School-based sealant programs saved society money and 

remained cost-effective across a wide range of reasonable values.

Almost 27 percent of US children living in poverty have untreated cavities.1 If left untreated, 

cavities can lead to pain; infection; and problems with eating, speaking, and learning.2 

Recent evidence continues to show that children with unmet dental needs miss more school 

days and have lower grades than children with no unmet needs.3–5 About 90 percent of 

cavities in children’s permanent teeth occur on the chewing surfaces of molars (posterior 

teeth),6 where dental sealants are commonly applied.

Dental sealants are coatings applied to the chewing surfaces of molars to prevent cavities. 

Increasing the prevalence of sealants is a national health goal,7 and performance measures 

endorsed by the National Quality Forum aim to increase this prevalence among children at 

high risk for cavities.8 Sealants prevent 81 percent of potential cavities two years after 
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placement, and despite evidence that they remain protective at nine years after placement,9 

they are not used enough among low-income children.10 Recent national data indicate that 

only 38 percent of that population receive sealants, compared to 47 percent of higher-income 

children.11

When sealants are applied in schools attended by low-income children, more children at 

high risk for cavities receive the preventive treatment. School sealant programs typically use 

portable dental equipment to deliver sealants in schools at little or no cost to students.12 The 

Community Preventive Services Task Force recommends these programs based on strong 

evidence of sealants’ effectiveness and because the programs increase the prevalence of 

sealants among schoolchildren.12 The task force is an independent, unpaid, nonfederal panel 

of public health and prevention experts; their recommendations for use of community 

preventive services, programs, and policies are based on systematic reviews to determine 

program effectiveness. Although it has recommended school-based sealant programs since 

2002,13 many eligible US schools still have no program. In 2013 only fifteen states had 

programs in more than half of schools where most students participated in the free/reduced-

cost meal program—the indicator used to identify low-income populations of children.14

After the task force determines that a program is effective, a systematic review of economic 

viability is typically conducted. The 2015 economic review included four economic 

models15–18 of school-based sealant programs’ cost-effectiveness, where cost-effectiveness 
was defined as the ratio of net cost to gained health or quality of life. Net costs equaled 

program costs minus the averted treatment costs that resulted from fewer cavities. Programs 

were cost-saving (net cost was negative) in two studies.15,17 Another three studies explored 

claims data19–21 to see whether sealants provided to Medicaid-enrolled children in any 

setting were cost-saving: One found cost savings for all children,19 one found cost savings 

for children with at least two other filled molars,20 and one found no cost savings. None of 

these studies included the impact of cavities’ remaining untreated in their estimates of 

averted treatment costs or outcome measures. Because school-based sealant programs 

typically target children who do not receive regular dental care, it is likely that some cavities 

will remain untreated and result in toothaches and lower quality of life. We conducted an 

additional analysis for the task force that included the effect of untreated cavities on school 

sealant program cost-effectiveness. (That analysis will not be published or posted 

elsewhere.)

In this article we estimate cavity risk using actual data from children participating in school-

based sealant programs. We believe that this is the first analysis to estimate net cost for a 

school-based program to prevent a disability-adjusted life-year (DALY) through the use of 

dental sealants. Since DALYs are a measure commonly used to evaluate other interventions 

to improve children’s health and quality of life, this allows our results to be compared to 

results for other interventions.

Study Data And Methods

We estimated the net costs and increased quality of life derived from sealing a child’s four 

permanent first molars. Based on a societal perspective, we modeled a school-based program 
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that targets children for sealant placement soon after the first molars erupt into the mouth 

(typically between ages six and seven)22 but does not maintain sealants by reapplication. We 

limited our analysis to four years because the evidence for sealant effectiveness is strongest 

over that period,9 but we considered a nine-year period in the sensitivity analysis. We 

assumed that the only permanent teeth at risk for cavities are first molars; thus, measures of 

annual cavity incidence (the probability that a child will develop a cavity in at least one 

permanent tooth) and annual cavity increment (the number of teeth with new cavities per 

child) would include first molars only. We also assumed that the annual first-molar cavity 

attack rate (the probability that a healthy, permanent first molar develops a cavity) was the 

same for each first molar and did not change over time. Justification for each of these 

assumptions is provided in the online Appendix.23

We followed the recent recommendations of the Second Panel on Cost-effectiveness in 

Health and Medicine24 to calculate the net cost per averted DALY (a year in which normal 

activities are limited, owing to disease, injury, or disability; DALY values range from 0 

[perfect health] to 1 [death]). Net cost—the numerator of the cost-effectiveness ratio—

equaled sealant program resource costs minus filling costs and lost productivity that would 

occur in the absence of sealants. Averted DALYs—the denominator—equaled the number of 

years a child would have painful untreated cavities multiplied by the associated loss in 

health or well-being that sealants would prevent.

All costs were reported in 2014 US dollars and converted where necessary with the US city 

average Consumer Price Index.24 All costs were estimated from the societal perspective and 

discounted at a 3 percent annual rate. Health outcomes were discounted on the premise that 

people value good health immediately rather than later.25 All costs and outcomes were 

estimated per child, not per tooth.

PARAMETERS USED IN THE MODEL

Further details on how each of the parameters described below was derived are provided in 

the Appendix. Information on the base value, distribution, and data source for all parameters 

is provided in Exhibits A1–A6 in the Appendix.23

▸ FIRST-MOLAR CAVITY ATTACK RATE—To estimate the annual risk that a sound, 

unsealed permanent first molar developed a cavity, we used deidentified data for children 

participating in school-based sealant programs in fourteen states between 2013 and 2014 

(see Appendix Exhibit A1).23 These data were collected for program evaluation under 

Centers for Disease Control and Prevention Cooperative Agreement No. 

5U58DP001480-05, with the intent to improve public health practice. Almost all programs 

served schools where more than half of students participated in the free/reduced-cost meal 

program (eligibility based on family income of 185 percent or less of the federal poverty 

level). The annual first-molar cavity attack rate, 0.078, was used to estimate annual cavity 

incidence and annual cavity increment. Details on the derivation of first-molar cavity attack 

rate, and on the calculation of cavity incidence and increment per child, are in Appendix I.A.
23
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Increasing sealant prevalence among low-income children could save society 

money and decrease toothaches.

▸ PROBABILITY THAT CAVITY REMAINS UNTREATED—We used published 

estimates of the probability that a child with an urgent dental problem (primarily cavity-

related) would not visit the dentist for that problem.26

▸ SCHOOL-SEALANT EFFECTIVENESS—We estimated sealant effectiveness at one, 

two, three, and four years after placement, and we assumed that sealant effectiveness 

decreased each year. We adjusted sealant effectiveness for different follow-up times from the 

2013 Cochrane Review9 downward such that overall four-year effectiveness would be 50 

percent, the same estimate as in the Community Preventive Services Task Force’s systematic 

effectiveness review.12The percentage reduction in incidence and increment due to sealants 

was 68.5 percent at one year, 57.9 percent at two years, 40.1 percent at three years, and 25.8 

percent at four years. Because a child’s molars might not all be sealant-eligible (a molar may 

have a cavity, be filled, or not be erupted), we also examined the cost-effectiveness of a 

scenario where only three first molars were sealed, assuming the cost per child would not 

decrease. Finally, we estimated cost-effectiveness using a nine-year time horizon and 60 

percent effectiveness (consistent with estimated effectiveness from the Cochrane Review).9

▸ PROBABILITY OF TOOTHACHE IN CHILD WITH UNTREATED CAVITY—Using 

estimates from national survey data on the ratio of the percentage of children ages 6–17 in 

2007 with a reported toothache within the past six months (12.0 percent)27 to the percentage 

of children ages 5–19 in 2005–08 with at least one untreated cavity (16.6 percent),28 we 

estimated a 0.721 probability that a child with at least one untreated cavity would experience 

pain.

▸ LOSS IN HEALTH OR WELL-BEING CAUSED BY TOOTHACHE—To measure the 

loss in health or well-being from having a toothache for one year, we used DALY data from 

the World Health Organization’s Global Burden of Disease study in 2010, which includes 

the effect of illness (in this case, toothache from untreated cavities) on lost quality of life.29 

This value was 0.012.

▸ SCHOOL-BASED SEALANT PROGRAM RESOURCE COSTS—We used 

information on resource costs from the four US studies included in the task force’s 

systematic economic review.18,30–32 For the base model, we excluded two studies; one18 

took about twice as long to deliver sealants, and another32 sealed almost three times as many 

teeth compared to current practice.33 Base-case resource cost per child was $63.33, and 

when all studies were included in a sensitivity analysis, cost per child was $80.33.

▸ COST PER FILLING—To estimate resource costs needed to fill a tooth, we first used 

national survey data on the frequency and cost of typical molar fillings.34,35 We multiplied 

the average cost of $173.98 by the proportion of dental charges typically covered by 

insurance, using the assumption that insurers could negotiate the competitive price. A filling 

cost of $139.18 was used in the base analysis, and the average Medicaid fee, $64.17, was 

used in a sensitivity analysis.
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▸ PRODUCTIVITY LOSSES—Productivity losses for a parent taking a child to the dentist 

for a filling were estimated to be $21.34. We made the conservative assumption that a child 

with untreated first molar cavities would require one dental visit regardless of how many 

molars were affected. We estimated net costs (numerator of cost-effectiveness ratio) without 

productivity losses in a sensitivity analysis.

ANALYSIS

We estimated the cost-effectiveness of school-based sealant programs under base-case 

assumptions, using the alternative parameter values discussed above. We also examined 

which model inputs had the largest impact on cost-effectiveness and the impact on our 

findings from allowing simultaneous variation of both first-molar cavity attack rate and 

program cost. Finally, we conducted a probabilistic sensitivity analysis (allowing all 

parameters to vary simultaneously) to estimate 95% confidence intervals for outcomes of 

interest. Further details are provided in Appendix section I.23

We used two criteria to determine whether a school sealant program offered good value: 

whether a program was cost-saving (if the net cost was negative) and whether a program was 

cost-effective (if the net cost per averted DALY was less than the 2014 US gross domestic 

product per capita, $54,639).

LIMITATIONS

This study had the following limitations. First, our estimates of averted treatment costs and 

productivity losses were conservative; we limited treatment options to a basic filling and did 

not include travel costs associated with a dental visit (such as for fuel) or future treatment 

costs and productivity losses associated with maintaining or replacing a filling. Second, we 

may have overestimated the loss in quality of life associated with untreated first molar 

cavities if the impact of these teeth produced no additional discomfort in the presence of 

other teeth with untreated cavities. Finally, our comparison group was children not receiving 

sealants, as opposed to children in a school without a sealant program, and thus our analysis 

did not account for the additional costs and benefits that would occur if some of the 

schoolchildren had received sealants in a dental office after the program delivered sealants.

Study Results

Under base-case assumptions, net costs were negative: School sealant program costs per 

child were $8.43 (95%CI: $6.14, $10.72) less than the money they saved in treatment and 

productivity costs (Exhibit 1). Providing sealants in school programs to 1,000 children 

would prevent toothaches for a year in 133 children (95%CI: 130, 135), 485 fillings (95%CI: 

473, 497), and 1.59 DALYs (95%CI: 1.53, 1.65). Using the higher estimate of school 

program costs, which included studies inconsistent with current program practices or costs, 

resulted in positive net costs of $8.57 per child and a net cost per averted DALY of $5,678. If 

Medicaid fees represented the actual cost of resources to fill a tooth, then net cost per child 

increased to $27.98, and cost per averted DALY increased to $18,541. If a child had only 

three first molars eligible for sealants, the net cost per child was $9.17, and cost per averted 

DALY was $7,293. Using a nine-year effectiveness estimate of 61 percent increased cost 
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savings to $23.22 per child and averted 2.11 DALYs. School sealant programs remained 

cost-saving even if productivity losses were $0.

A one-way sensitivity analysis examined the impact of allowing parameters to vary from 50 

percent above and 50 percent below their base value. For example, when we varied the first-

molar cavity attack rate, the cost per averted DALY ranged from −$20,907 to $27,868, and 

net cost ranged from −$39 to $26. The parameters with the largest influence on estimated 

cost-effectiveness (cost per averted DALY) and on net costs were the first-molar cavity 

attack rate, resource cost per filling, and sealant program resource costs (Exhibits 2 and 3).

The two-way sensitivity analysis, which measured how changes in program cost and cavity 

risk affected changes in cost-effectiveness, indicated that school sealant programs were cost-

effective across the full range of school program costs per child if the annual first-molar 

attack rate was 0.05 or higher (Exhibit 4). If sealant program cost per child was $40 or less, 

programs were cost-saving when the annual first-molar attack rate was 0.04 or higher, and 

cost-effective when that probability was 0.02 or higher (Exhibit 4). If program cost per child 

were $80 or less, the program would be cost-effective when the annual first-molar attack rate 

was 0.04 or higher.

Discussion

We found that under base-case assumptions, school dental sealant programs were cost-

saving. Providing sealants in school programs to 1,000 children would prevent toothaches 

for a year in 133 children and 1.59 DALYs.

For this analysis we used actual data on the first-molar cavity attack rate for children 

participating in school sealant programs in fourteen states. A recent analysis of National 

Health and Nutrition Examination Survey (NHANES) data from 2011–14 suggests that the 

children in our analysis had only a slightly higher first-molar cavity attack rate than the 

average US child with family income sufficiently low to make children eligible for the free/

reduced-cost meal program.11 The analysis of NHANES data found that the mean first-

molar cavity increment among children ages 7–11 who had no sealants was 0.82, 

corresponding to an annual first-molar cavity attack rate of 0.073. The analysis further found 

that sealant prevalence among these poor children is low; more than 60 percent of children, 

ages 6–11, had not received the preventive benefits of dental sealants. Increasing sealant 

prevalence among low-income children could save society money and decrease toothaches 

and their sequelae.

The economic systematic review we conducted for the Community Preventive Services Task 

Force located no existing analyses of school sealant programs’ cost-effectiveness. Among 

the four economic models in the task force review, only one U.S. study included averted 

treatment costs and productivity losses in net cost calculations.17 That model also found 

school sealant programs to be cost-saving. In addition, we estimated the median annual 

benefit of sealants for the task force review from six studies that included economic models 

of school sealant programs or clinically delivered sealants and analyses of Medicaid claims 

data. For four of these studies, which were calculated from the payer perspective, we 
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estimated annual productivity losses and added that to the annual benefit. Based on the 

findings of those six studies, the task force reported that the median annual benefit of sealing 

a tooth was $6.29.36 The corresponding value in our analysis was $4.82 (annualized, per 

tooth estimate of averted treatment and productivity costs per child). The higher benefit in 

the Task Force review was likely attributable to studies having higher annual first-molar 

cavity attack rates (range: 4.9 percent, 13.2 percent; mean: 8.9 percent).

Estimated school sealant resource costs per child used in our analysis were also 

conservative. The task force review estimated school sealant program resource costs both per 

tooth and per child. For this analysis we used findings on resource cost per child for US 

studies because data on cost per tooth were available for only three US programs compared 

to nine for cost per child. As a result, our cost per child, $63.33, was higher than the cost of 

$46.66 if the cost per tooth, $11.64, in the task force review were multiplied by 4.

The task force effectiveness review12 also noted that for many children, school-based sealant 

programs may increase access to restorative dental services through early identification of 

cavities and referral of children to needed dental services. Baseline screening data from 

school sealant programs in the fourteen states included in this analysis suggest that, 

compared to the general child population, school-based programs are indeed serving 

children who are not only at high risk for cavities but who are also unlikely to use clinical 

dental services; 33 percent of participating children had at least one cavity needing treatment 

in a permanent or primary tooth. This value is about 60 percent higher than the national 

average of 20 percent.37 In the absence of access to restorative care, prevention becomes 

even more critical to long-term dental health.

A recent survey of state oral health programs found that although a steady stream of 

financing was critical to the sustainability of school sealant programs, a variety of financing 

approaches were used.38 Both the Health Resources and Services Administration and the 

Centers for Disease Control and Prevention fund school sealant programs through 

competitive grants or cooperative agreements, and almost all sealant programs bill Medicaid 

for services delivered to enrolled children. Some programs can exist almost solely on 

Medicaid billing if reimbursements cover their costs.38

The systematic review of economic evaluations of school sealant programs undertaken for 

the Community Preventive Services Task Force found wide variation in reported cost per 

program.12 Because labor accounts for about two-thirds of program costs,12 reducing labor 

time per child or cost per labor unit would lower program costs. State policies can determine 

which category of licensed dental professionals (dentists, hygienists, or therapists) can place 

sealants and assess a child’s need for sealants. Programs in states that require a dentist to be 

present during at least one of these activities have higher hourly labor costs and also may use 

more labor time per child. For example, when a dentist is required only for assessment, 

children may be called back for sealant placement by other dental professionals. Although 

this approach minimizes the dentist’s time on site, assessing and placing sealants in more 

than one visit results in higher costs for infection control and labor. One study found that this 

extra step increased costs by 18–29 percent depending on program size.17
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Under almost all tested scenarios, school-based sealant programs met the cost-

effectiveness threshold.

Children must return a signed consent form to receive sealants from a school program. Thus, 

low consent rates could pose a potential barrier to low-income children’s receipt of sealants. 

A focus group of dental directors and managers of oral health programs from federally 

qualified health centers that provide dental services in schools noted that some of their 

programs had low participation (below 50 percent) because of failure to return consent 

forms.39 Low consent rates may be associated with low oral health literacy. Studies indicate 

that low sealant prevalence is associated with low health literacy40 or low parental 

education, a predictor of health literacy.41 Policies aimed at increasing oral health literacy 

among low-income caregivers could increase the number of high-risk children receiving 

sealants. School staff and teachers, who can also influence children’s participation in sealant 

programs, may also be unaware of the benefits of sealants. A telephone survey of consumers 

in 2009 found that over half of respondents could not correctly identify the purpose of dental 

sealants.42

Conclusion

We found that under almost all tested scenarios, school-based sealant programs met the cost-

effectiveness threshold. Threshold values, though widely used, have been criticized because, 

on their own, they do not provide sufficient information to rank the relative values of local 

interventions.42 For a community, the best combination of health interventions will depend 

on local conditions, including prevalence of various diseases/conditions and the relative 

costs and benefits of implementing different interventions. Combining the threshold with our 

sensitivity analyses provides decision makers with useful information with which to 

compare investing in school-based sealant programs to other competing alternatives.
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EXHIBIT 2. Effect on net cost per averted DALY from varying parameters between 50 percent 
below and 50 percent above baseline value
SOURCE Authors’ sensitivity analysis, based on data sources in Appendix Exhibit A6. 

NOTES Net costs are program costs minus the averted treatment costs that resulted from 

fewer cavities. DALY is disability-adjusted life-year.
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EXHIBIT 3. Effect on net cost from varying parameters between 50 percent below and 50 
percent above baseline value
SOURCE Authors’ sensitivity analysis, based on data sources in Appendix Exhibit A6. 

NOTE Net costs are program costs minus the averted treatment costs that resulted from 

fewer cavities.
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