
Vol. 67, No. 4, Fall 2007 191

Abstract

Objectives: Dental sealants, by their ability to prevent caries and maintain teeth
in better health, have some inherent utility to individuals, programs, or society. This
study assessed the 4-year incremental cost utility of sealing first permanent molars
of 6-year-old Iowa Medicaid enrollees from a societal perspective and identified 
the group of teeth or children in whom sealants are most cost effective. Methods:
Dental services for first permanent molars were assessed using claims and
encounter data for a group of continuously enrolled Medicaid enrollees who turned
6 between 1996 and 1999. Previously published utilities were used to weight the
different health states. The weighted sum of outcomes [Quality-Adjusted Tooth-
Years (QATYs)] was the measure of effectiveness. Costs and QATYs were dis-
counted to the time of the child’s sixth birthday. Results: For all first molars, the
cost of treatment associated with sealed teeth was higher but the utility was also
slightly higher over the 4-year period. The relative incremental cost per 0.19 QATY
ratio [changing the health state from a restored tooth (utility = 0.81) to a nonrestored
tooth (utility = 1)] by sealing the molar ranged from $36.7 to $83.5 per 0.19 QATY.
The incremental cost/QATY ratio was lower for sealing lower utilizers and for
mandibular versus maxillary molars. Conclusions: Sealants improved overall utility
of first permanent molars after 4 years. The 4-year cost/QATY ratio of sealing the
first permanent molar varied by arch and type of utilizers. Sealing first permanent
molars in lower dental utilizers is the most cost-effective approach for prioritizing
limited resources.

Key Words: pit and fissure sealants, cost-benefit analysis, first permanent molars,
cost utility, Medicaid

was $4.06 per additional restoration-
free tooth-year. Using information
from a large private dental insurance
company, Kuthy et al. (6) found that
children with sealants had higher 3-
year total costs per child compared
with the nonsealed group ($532.70
versus $385.40) per approximately 2
months of restoration-free molars.

An alternative way of defining
effectiveness when evaluating out-
comes from dental sealants is to use
utilities as the measure of effective-
ness in a cost analysis. In economic
terms, utility is satisfaction or value
that someone receives from a com-
modity. In dentistry, there have been
few studies evaluating the utility of
different oral health states. In the 
few cost-utility studies in dentistry,
carious, restored, and extracted teeth
all had lower utilities than sound or
nonrestored teeth (7-9). Sealants, by
their ability to prevent carious teeth
and keep teeth in a better health
state, have some inherent utility to
individuals, programs, or society.
Therefore, cost-utility analysis could
be important to assess additional cost
per change in the weighted sum of
all tooth states, the weight being
utility of each outcome (10-13).

The purposes of this study were
to a) assess the 4-year incremental
cost utility of treatment outcomes of
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Introduction
Pit and fissure caries accounts for

over 85 percent of the total caries
experience in pediatric and adoles-
cent populations in the United States
(1,2). Sealants are effective in pre-
venting caries, but economic evalua-
tions of sealants at a community level
are limited (3).

Several economic analyses of
dental sealants have been conducted

using different definitions of effec-
tiveness. For example, Werner et al.
(4) estimated that sealants, provided
in a school-based program in 
Michigan, cost from $43 to $65 per
saved surface over a 6-year period.
Weintraub et al. (5) reported that,
after 11 years, the incremental 
cost-effectiveness ratio of sealants
provided to children from low-
income families in a health center
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sealed first permanent molars, com-
pared with nonsealed molars, of 
6-year-old children enrolled in the
Iowa Medicaid program, using a
societal perspective and b) identify
the group of children for whom
sealants are most cost-effective.

Methods
A retrospective cohort study was

used to assess the costs and out-
comes of treatments rendered to
sealed and nonsealed first perma-
nent molars in a group of Iowa 
Medicaid-enrolled children. Data for
this study were derived from eligi-
bility and dental claims files for chil-
dren enrolled in the Iowa Medicaid
program from 1996 through 2000.
The Iowa Medicaid eligibility file
provided information about the
periods of eligibility and demo-
graphic characteristics of enrolled
children. The dental claims files
included information about all dental
services provided to Medicaid en-
rolled children that were submitted
from participating dentists. The 
1999 American Dental Association
Code on Dental Procedures and
Nomenclature was used to identify
the dental terminology of the sub-
mitted procedures. SAS® version 8.2
(SAS Institute, Cary, NC) was used
for data management and analyses.
The Institutional Review Boards of
University of Iowa and Managed
Care and Clinical Services of Iowa
Department of Human Services
approved the study.

Inclusion Criteria. Children had
to have a) their sixth birthday
between January 1, 1996 and
December 31, 1999, b) been contin-
uously enrolled in the Iowa Medicaid
program from 1996 to 2000 for at
least 3 years, and c) a preventive visit
when they were 6 years old and at
least one other time during the study
period. Length of time for each child
was from age 6 until his or her last
preventive visit. A preventive visit
was defined as either a comprehen-
sive oral examination, a periodic oral
evaluation, a comprehensive oral
evaluation, an intraoral complete
series of radiographic examination,
or a child’s dental prophylaxis.

Criteria were established to
increase the likelihood that the
claims data represented all treatment
following at least two examinations
by a dentist prior to the tooth being
lost to follow-up (censored),
extracted (failed), or the child turned
10 (terminated). Demographic char-
acteristics of all Medicaid enrolled
children who turned 6 between 1996
and 1999 and continuously enrolled
dental utilizers were compared to
determine if a selection bias resulted
from the strict inclusion criteria used
in this study. Costs and utilities of
each first molar were assessed sepa-
rately to assure the independence of
observations.

Calculating Costs. Costs of treat-
ments to the permanent first molars
were applied using charges from the
American Dental Association (ADA)
2001 Survey of Dentists Fees, which
was the most current published
schedule of average dental fees in the
United States at the time of analy-
sis. In a competitive market where
charges of dental services are not reg-
ulated, these fees approximate the
societal value of resources used for
treatment. The total cost of each
yearly interval for each tooth was 
calculated by multiplying the total
number of each type of treatment
(e.g., dental sealant, one surface
amalgam restoration) with its fee.

Calculating Utilities: Quality-
Adjusted Tooth-Years (QATYs).
Utilities were measured as QATYs,
which is the production of additional
years of life (tooth-year) of each
tooth adjusted for the quality of the
tooth (14). A nonrestored tooth had
a QATY equal to 1 in the year that 
it was restoration-free. A restored,
crowned, or root canal treated tooth
had a QATY less than perfect (i.e.,
less than 1) in the year that it was
restored and subsequent years.
QATY for an extracted tooth was
equal to 0 in that year and subse-
quent years.

A tooth-year in each interval
depended on whether the tooth sur-
vived (i.e., not extracted) during the
interval. A tooth-year without previ-
ous caries experience was equal to 1
in each interval that it continued in

that caries-free state. If the tooth was
extracted, its tooth-year became 0.
Therefore, for noncensored data, the
total tooth-year in an interval was
equal to n − d, where n is the total
number of teeth entering the interval
and d is the number of teeth that
were extracted in the interval.

When there were censored data
in an interval, the tooth-year was
equal to 0.5 in that year and equal
to 0 in the years after. Therefore, the
total tooth-years in the interval with
censored information was equal to 
n − d − (c/2); where c is number of
teeth being censored in the interval.
This modification is similar to the
method employed by the life-table
method (15) to reduce the number
of “at-risk” teeth of censored data.
The rationale of this adjustment is
that with a large sample size cen-
sored observations are assumed to
be uniformly distributed over the
interval, and 0.5 years is an average
time survived in the interval (16).

Because the health states of teeth
change over time, the tooth-years
were weighted by utility values sug-
gested by Fyffe and Kay (7) in a
study where dentists and the general
public were asked to determine their
relative value of different health
states of teeth. To assess QATYs from
a societal perspective, average utili-
ties of dentists and the general public
were used to weight tooth-year. A
tooth without any treatment (except
sealants) was assumed to have the
same tooth utility as a sound tooth
(i.e., 1), whereas a permanently
restored posterior tooth received a
utility of 0.81, and an extracted tooth
had a utility of 0. The average utility
or QATY over four yearly intervals
for sealed and nonsealed groups can
be expressed as:

where Ti = value of tooth-year of
each tooth in each interval (1 if tooth
survived, 0 if tooth was extracted,
and 0.5 if tooth was censored in the
interval), Ui = value of health state of
teeth in the interval (1 if tooth was

Total average QATYs of four

intervals =
=

∑ TiUi

Nint 1

4
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restoration-free, 0.81 if tooth was
restored, and 0 if tooth was
extracted), and N is total number of
at-risk tooth-years in each interval.

Discounting Costs and QATYs.
To adjust for time preferences related
to costs and QATYs, the costs and
QATYS of the second, third, and
fourth intervals were discounted to
the base year, which was the child’s
sixth birthday. Using the shadow-
price-of-capital approach (17), costs
and QATYs were discounted 3
percent, which approximates the
“social rate of time preference” that
transforms the future consumption
losses and gains into the present
value of current investments and
benefits.

This study evaluated the costs and
QATYs of first permanent molars
from the time the children were 6
years old until the tooth received
either a restoration, a root canal, or
was extracted, not just the failure of
the sealant. Prior to the calculation of
cost utility, possible outliers of costs
and QATYs of each first molar were
investigated. When possible outliers
were identified, costs and QATYs
were recalculated without outliers to
assess the effect of the outliers.

Cost-Utility Analysis (CUA).
Incremental costs and QATYs of
sealed versus nonsealed molars were
calculated based on probabilities of
occurrence of subsequent treatment
as determined using the Medicaid
eligibility and claims files. The 
incremental cost/QATY ratio of each
first permanent molar was calculated

to compare additional cost per each
QATY gained for each molar.

Subgroup analyses. A selection
bias may exist as a result of the non-
randomization of sealant placement.
One important bias could be related
to differences in the use of dental
care among children (i.e., children
who visited dentists for preventive
care more frequently were more
likely to receive sealants). Therefore,

molars were stratified into two
groups for some of the analyses by
the number of preventive visits to
evaluate the influence of this possi-
ble confounding effect. Those with
≤1 preventive visits per year of
enrollment were classified as “low”
utilizers (n = 1,259), while those with
>1 preventive visit per year of enroll-
ment were called “high” utilizers 
(n = 863).

Table 1
Percentage of Iowa Medicaid-Enrolled Children (n = 2,132) Receiving

Dental Sealants for Each First Permanent Molar, by Five
Independent Variables

Independent
% Sealed in each first permanent molar

variables #3 (28.6%) #14 (28.4%) #19 (29.0%) #30 (29.0%)

Gender
Male 25.2* 25.5* 25.6* 25.9*
Female 30.7 30.0 30.7 30.4

Ethnicity
White 28.2 27.8 28.3 28.2
African-American 29.6 30.2 30.2 30.2
Others 15.9 17.4 17.4 17.4

Family percent of the 
Federal Poverty Level

0% 29.1 28.5 28.1 28.3
>0 to 33% 26.8 26.8 26.8 27.1
>33 to 66% 27.8 27.4 28.6 28.6
>66% 29.1 29.3 30.2 29.7

Area of residence
Metro 29.6 29.2 29.6 29.8*
Urban 25.7 25.4 25.6 25.3
Rural 28.7 31.5 34.3 33.3

Number of preventive visits
per year of enrollment

≤1 25.6* 25.5* 25.3* 25.3*
>1 31.6 31.2 32.5 32.3

* P-value < 0.05.

Table 2
Percent of Different Procedures Delivered to Sealed and Nonsealed First Permanent Molars

Maxillary first permanent molars Mandibular first permanent molars

Tooth #3 Tooth #14 Tooth #19 Tooth #30

Nonsealed Sealed Nonsealed Sealed Nonsealed Sealed Nonsealed Sealed
Number of teeth receiving (%) (%) (%) (%) (%) (%) (%) (%)
treatment over 4 years n = 1,532 n = 600 n = 1,536 n = 596 n = 1,524 n = 608 n = 1,525 n = 607

No restorative treatment 82.0 92.5 82.6 95.6 82.3 92.9 80.3 92.8
1-surface restoration 10.0 4.0 9.7 2.4 10.6 4.6 12.2 4.4
2-surface restoration 3.9 2.5 3.9 1.4 3.0 1.5 2.9 1.6
3+-surface restoration 0.2 0.0 0.1 0.0 0.1 0.0 0.3 0.0
Crown 0.4 0.3 0.5 0.1 0.3 0.2 0.3 0.2
Pulp/root canal treatment 0.8 0.2 0.7 0.1 0.9 0.2 1.1 0.3
Extraction 2.7 0.5 2.6 0.4 2.6 0.7 2.9 0.7
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Sensitivity Analysis. A one-way
sensitivity analysis was conducted to
evaluate the stability of the conclu-
sions of the CUA and to identify the
most critical parameters of analysis
(18). The parameters that were
adjusted included the set of charges
for sealants and restorative treat-
ments, utility values applied to dif-
ferent health states of the tooth, and
discount rates. For the sensitivity
analysis, costs and QATYs for sealed
and nonsealed teeth and incremen-
tal ratios were recalculated for each
tooth, stratified for high and low 
utilizers.

Results
Of the 12,404 6-year-olds enrolled

in the Iowa Medicaid program
between 1996 and 1999 for at least 2
years, 57 percent were enrolled for
at least three years. Of these non-
transient enrollees, 30 percent (n =
2,132) had a dental examination
when they were 6 years old and
another dental exam during the
study period, qualifying them for
inclusion. These children are here-
after referred to as “utilizers.” There
were no statistically significant dif-
ferences between this group of 
utilizers and all 6-year-old Medicaid-
enrolled children regarding gender
(50 percent female), ethnicity (79
percent White), urban–rural location
as defined by the US Department of
Agriculture (54 percent in metro
areas) (19), and percent poverty as
identified by the US Department of
Health and Human Services (50
percent, from 0 to 33 percent of the
Federal Poverty Level).

Only 32 percent of children
received at least one sealant during
the study period. Among these chil-
dren, 7, 10, 9, and 74 percent had
one, two, three, or four of their first
permanent molars sealed, respec-
tively. Table 1 compares the charac-
teristics of the utilizers who received
sealants in each first permanent
molar. Sealants were more likely to
be placed on first permanent molars
of females and those who had more
than one preventive visit per year of
enrollment.
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Discounted costs (averaged of all four first permanent molars) in
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children with different number of preventive visits per year 
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About 18 percent of nonsealed
first permanent molars received
some type of treatment during the 4-
year study period compared to about
8 percent of sealed molars (Table 2).
More nonsealed molars received
both restorative treatment and exten-
sive treatments (crowns, endodontic
therapies, and extractions) than did
sealed teeth.

Figure 1 shows the average dis-
counted costs during each yearly
interval for sealed and nonsealed
first molars (Figure 1a) and those
stratified by number of preventive
visits (Figure 1b,c), using 2001
dollars. The cost of sealed molars in
each interval was less than the reim-
bursement rate of a sealant ($31.89)
because not all of the molars were
sealed each year. Among low utiliz-
ers, sealed teeth incurred much
higher costs in the beginning, but the
difference was reduced in later time
intervals. Among high utilizers, costs
of sealed-molars were more consis-
tently higher than costs of nonsealed
molars.

The 4-year average discounted
costs, QATYs, and the cost/QATY
ratios for each first permanent molar,
by high and low utilizers are pre-
sented in Table 3. For all first molars,
cost of treatment associated with 
the sealed group was higher but the
utility was also slightly higher. The
slightly elevated cost for tooth #3 in
high utilizers was because of a single
crown that was placed on one child.
When this cost was recalculated
without the crown, the cost was in
line with other first molars.

The relative incremental cost per
one additional QATY from the place-
ment of sealants (changing from
worst health state of being extracted =
0, to a perfect health state = 1) 
varied by arch and type of utilizer.
Sealant placement was most cost
effective for tooth #19 in low utiliz-
ers (cost/QATY ratio of $171.1) and
least cost effective for tooth #3 in
high utilizers (cost/QATY ratio of
$510.3). When the cost/QATY ratio
was recalculated without the extra
crown on tooth #3, the ratio was
reduced from $510.3/QATY to
$325.5/QATY, which continues to be
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other molars. Changing discount
rates changed both incremental costs
and QATYs. The directions of cost/
QATY ratios from changing uti-
lities and discount rates cannot be
predicted because the effect size 
was different in each group. How-
ever, none of the changes affected
the results regarding overall cost-
effectiveness of sealing first perma-
nent molars.

Discussion
The results showed that sealants

improved overall health states of first
permanent molars measured in
QATYs over approximately the first
4 years after eruption. Sealed molars,
however, incurred more costs than
nonsealed molars. Thus, in our base
model, relative incremental cost to
gain one additional QATY [from an
extraction (QATY = 0) to a nonre-
stored tooth (QATY = 1)] from place-
ment of a sealant ranged from $171.1
to $510.3. Variation by arch and uti-
lization level indicated that sealing
mandibular teeth, especially among
low utilizers, was more cost-effective
than maxillary teeth in high utilizers.

Incremental cost of sealing molars
in each age interval is different for
low and high utilizers. Among low
utilizers, costs of sealed teeth tended
to decrease after the third year, while
costs associated with sealed teeth in
high utilizers tended to increase over
the years (Figure 1). With a longer
study period, nonsealed molars may
need more restorations; however,
percentages of teeth requiring re-
applications of sealants may also
increase with time, thus increasing
overall costs of sealed molars 
(20-22). Because we were able to
follow teeth for only 4 years and the
number of at-risk teeth was low in
the fourth interval, more studies 
with a longer follow-up period 
are needed to determine cost im-
plications of sealants in later years.
Furthermore, future studies should
collect data on the opportunity cost
of parents including transportation
costs, wages lost, and baby-sitting
costs that were not included in 
our study because such additional

Table 4
Variables, Values, and Sources Tested in the Sensitivity Analysis

Subsequent to Sealing the First Permanent Molars of Iowa Medicaid-
Enrolled Children

Parameters Base values Sensitivity analysis ranges

Charges
Sealant $31.89* $19.40†
1-surface restoration $73.21* $43.65†
2-surface restoration $91.11* $55.29†
3-surface restoration $109.14* $66.93†
Crown $630.20* $106.70†
Pulp/RCT $611.73* $373.45†
Extraction $87.76* $48.30†

Utility values
Restoration-free 1 1
Restored 0.81‡ 0.8¶
Crown 0.81‡ 0.6¶
Root canal treated 0.81‡ 0.4¶
Extracted 0 0

Discount rates 3%§ 5 and 0%

RTC, root canal treatment.
* 2001 American Dental Association survey of fees.
† 2001 Iowa Medicaid reimbursement rates.
‡ Utility values (7).
¶ Arbitrary utility values.
§ Discount rate (17).

the most expensive group. The
incremental cost/QATY of sealing
first molars of high utilizers ($204.7
to $510.3 per QATY) was greater
than incremental cost/QATY of each
molar of low utilizers ($171.1 to
$329.2 per QATY). The incremental
cost/QATY of sealing mandibular
molars ($171.1 to $226.1 per QATY)
was lower than costs of sealing max-
illary molars ($318.0 to $510.3 per
QATY), regardless of preventive user
category.

To assess the costs needed to
prevent first molars from being
restored, Table 3 also shows incre-
mental ratios of cost per 0.19 QATY
[i.e., difference from a perfect health
state (1.00) to a restored state (0.81)].
Assuming a linear relationship
between cost and QATY, relative
incremental cost per 0.19 additional
QATY derived from placement of
sealants (sealants improve health
states of molars from the restored
health state to a perfect health state)
reduced the original incremental cost
by approximately 80 percent. Similar
to cost/1 QATY ratios, incremental
cost/0.19 QATY ratios varied by arch
and type of utilizers. For example,
the cost per 0.19 QATY for those

with one or less preventive visits per
year was less for mandibular ($32.5
and $40.2) than maxillary molars
($60.4 and $62.5).

Table 4 shows the parameters that
were changed as part of one-way
sensitivity analysis. Charges were
changed from ADA average fees to
reimbursement rates of the Iowa
Medicaid program. Utility values
suggested by Fyffe and Kay (7) were
changed to a set of utility values that
differentiate more between the
health utility of restored, crowned,
and root canal treated teeth. The 3
percent discount rate was changed to
0 and 5 percent, rates that are fre-
quently used in other cost studies.

Table 5 shows results of one-way
sensitivity analysis for each first
molar, using Medicaid fees, utility
values, and two discount rates. The
most significant change in cost/
QATY ratio was related to changing
costs from ADA survey of fees to
Iowa Medicaid fee schedule. Varying
utilities of restored, crowned, and
root canal treated teeth reduced
QATY of nonsealed molars more
than sealed molars. Again, the single
crown on tooth #3 substantially
affects the results when compared to
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information is necessary to have a
complete societal perspective.

Because this study is the first to
use utilities to assess the cost utility
of sealants, methods used to assess
4-year cost/QATY ratios can be used
in future comparison of preventive
regimens other than sealants, such as
fluoride varnish, professional clean-
ing, and oral hygiene instruction, in
preventing caries. However, a more
important issue is understanding 
the societal willingness to pay for a
QATY. This goes beyond the scope
of this study. More research is
required within dentistry (and the
rest of health care) before policy
makers can venture into a definitive
cost per quality of life year gained.

The relatively low rate in which
teeth received any treatment over 
the 4-year period (i.e., less than 20
percent of the nonsealed teeth
received treatment) greatly affected
the cost-effectiveness calculation of
sealants in this population of contin-
uously enrolled utilizers. As a result,
it is more expensive to seal all first
molars of children in the population
than to selectively seal first molars of
children with higher risk of caries.
This finding is similar to other stud-
ies of cost-effectiveness of sealants
(23,24), even though our study
included all types of caries experi-
ence (as compared with studies that
focused only on occlusal or occlusal-
related caries) and used QATYs as
the effectiveness measure, giving
greater weight to sealed teeth. Had
complete dental utilization data been
available for all children enrolled in
Medicaid who turned six during the
study period (not just continuous 
utilizers), especially the intermittent
or nonusers of dental services, the
cost/QATY ratio would likely have
been much lower.

These findings support the 1994
Workshop on Guidelines for Sealant
Use (25), which recommended that,
for each community, access to care,
utilization of dental care, and likeli-
hood of an individual receiving
future dental care should be consid-
ered when assessing caries risk for
prioritizing populations for sealant
programs.
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Even though the four first perma-
nent molars are not independent
from each other, it was more cost-
effective (i.e., cost/QATY) to seal the
mandibular first molars than the
maxillary first molars. While it makes
sense from a societal perspective to
prioritize sealant programs toward
lower-utilizing populations, it is less
practical or cost-effective to only seal
the maxillary first molars in a child
that is in a dental chair (i.e., small
marginal cost of sealing two more
molars).

Most findings were robust to 
one-way sensitivity analyses, with
mandibular teeth in low utilizers
being the most cost-effective to seal
after all parameters were adjusted.
Reducing the cost of the dental ser-
vices by using the Medicaid fee
schedule did produce a substantial
change in the effectiveness ratio;
however, the ability to hold down
costs with lower Medicaid reim-
bursement could adversely affect
access to care by reducing dentists’
participation in the program (26,27).

Use of Medicaid administrative
data has some limitations for evalu-
ating outcomes from dental sealants.
For example, only 17 percent of all
6-year-old children eligible for the
Iowa Medicaid program between
1996 and 1999 met our inclusion 
criteria. While this is a relatively
small percentage of the potential
population, using stringent criterion
for inclusion was important to
strengthen the assumption that the
claims data included as much of the
necessary treatment following exam-
inations as possible for this popula-
tion. While there was no measurable
bias introduced by including only
longer enrolled utilizers of services
in this study, the limited number of
variables for comparison allow only
for cautious generalizability to the
rest of the children enrolled in Iowa
Medicaid at that time.

The database only includes sub-
mitted claims and does not include
procedures that dentists did not
submit for reimbursement. Overall,
Iowa Medicaid claims and eligibility

files provided sufficient information
concerning subsequent treatment for
teeth with and without sealants to
evaluate the 4-year incremental
cost/utility of sealed and nonsealed
first permanent molars.

Given the limited resources avail-
able to most public health programs,
these results support policies that
target dental sealants to those in
most need and are least likely to
utilize other dental services. Out-
reach programs are very much
needed to most cost-effectively
deliver sealants to children. Sealants
are effective in improving the health
states of first permanent molars, yet
come at a price. Sealing first perma-
nent molars in low utilizers is the
most cost-effective approach for pri-
oritizing these resources.
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