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Abstract

Objective: The lack of cost-effectiveness information regarding sealant place-
ment strategies Is thought to have influenced reimbursement policies and subse-
quent sealant utilization in dental practice. This study compared three strategies for
managing the occlusal surfaces of first permanent molars: seal all (SA). risk-based
(RBS), and seal none (SN). Methods: A decision tree was developed for various
possible outcomes following each of the above strategies. Due to the complexity of
the decision tree, a Markov model was used to allow for the construction of a chain
of events representing the natural history of sealant retention, caries formation, and
their associated health states. The outcome measures were the incremetital cost
per month gained In a cavity-free state over a ten-year period. Results: Our theoreti-
cal model showed that RBS strategy improved clinical outcomes, in the form of
cavity-free months, and saved money over SN. The strategy of sealing both high
and low risk teeth (SA) further improved outcomes but at an additional cost com-
pared to RBS. However, the cost was small. $.08 for each additional cavity-free
month gained per tooth. Further, minor chat)ges in the baseline assumptions re-
sulted in the SA strategy being the dominant strategy. Conclusion: This study pro-
vides evidence that sealitig children's first permanent molars can improve out-
comes and save money by delaying or avoiding invasive treatmetit atid the de-
structive cycle of caries. In a time of limited futids for dental sen/ices, these results
can assist payers in estabiishing more rational sealant reimbursement policies.
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Introduction
Pits and fissures on permanent

molar teeth remain the overwhelm-
ingly dominant sites for dont.ii car-
ies. Currently, this accounts tor nearly
90% of all lesions in school-age chil-
dren with two-thirds occurring in the
occlusal surt'oce and increasing
slowly each year (1).

Sealant placement can optimize the
chance of preventing or delaying the
development of a carious lesion; in-
creasing the time a tooth spends in a
caries-free, non-restored state (2,3,4).
However, the lack of more compelling
cost-effectiveness data and restrictive
reimbursement policies have been
cited as principal reasons for de-
creased sealant utiiizntion (5,6,7). Re-
cent national statistics indicate that

less than 2A% ot eight-year-old chil-
dren have one or more sealants on
their molar teeth (8,9). However, this
percentage remains below the 50'^
goal set by Healthy People 2010 for
all children by the year 2000 (2,10).

One approach to addressing seal-
ant underutilization is to encourage
targeted sealant placement as advo-
cated by the American Academy of Pe-
diatric Dentistry. This "high-risk"
strategy is based on the notion that
low risk children are less likely to de-
velop disease and theref(jre resources
are being used for children that may
not need it. However, the lack of sup-
portive effectiveness data on risk-
based strategies is problematic.

With rising health care costs and
limited resources, there is increasing

need for evaluation of sealant policies.
Thus, the purpose of this study was
to determine the cost-effectiveness of
three different preventive sealant
strategies. Strategy #1 was to seal all
(SA) children's first permanent mo-
lar occlusal surfaces regardless of
their caries risk. Strategy #2 was risk-
based sealants (RBS) for the teeth of
only children who are at high risk for
caries. Strategy #3 was seal none (SN)
or no sealant to teeth regardless of a
child's risk, but waiting to provide a
restoration when and if required. We
compared these strategies by deter-
mining the costs to maintain a cavity-
free state per month over a ten-year
period.

Materials and Methods
We identified the options and out-

comes associated with the choices
available for managing an occlusal
surface of a first permanent molar. A
decision tree was developed for vari-
ous outcomes possible following each
strategy. Due to the complexity of the
time dependence of various transi-
tions and factors that influence the
outcomes of managing molars, we se-
lected the Markov technique for mod-
eling the natural course of events. Al-
though the use of this economic model
has been limited in dentistry, it has
been used widely in medicine to
model clironic diseases such as car-
diovascular disease and diabetes. It
is used when a decision problem in-
volves risk that is continuous over
time and events may happen more
than once (n , 12). For sealant utiliza-
tion, Markov modeling allows for the
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construction of an arbitrarily complex
chain of events that nn)re accurately
represents the natural history of seal-
ant retention, caries formation, and
their associated health states.

Figure 1 shows a Markov model
representing the possible health
states that follow the three strategies
for managing occlusal surfaces of
molar teeth of a child population. The
ovals represent health states and ar-
rows transitions between them. Each
transition isasstKiated with the prob-
ability of movement from one state to
another over a one-month cycle. As
the model is run, costs are associated
with transiti(,)ns such as replacing a
sealant, and effectiveness is repre-
sented as time spent in a cavity-free
state, allowing cost-minimization and
cost-effectiveness analysis.

Tlie model represents six nodes or
health states of the child's tooth: low-
risk sealed, low-risk not sealed, high-
risk sealed, high-risk not sealed, cari-
ous, and restored. The lines with ar-
rows represent transitions from one
state to the next. A scaled tooth may
lose its seal and remain sound or tran-
sition to a carious and restored state.
An unsealed tooth may become cari-
ous and ultimately restored. A re-
stored tooth may develop another oc-
clusal lesion. The probabilities of the
transitions vary depending on the
strategy chosen and the risk stratum
of the tooth. For example, in the SN
strategy, the transition probabilities
from the SN states to the sealed states
are zero (represented by the dotted
lines). The transition probability from
SN to "caries" is higher for the high-
risk tootli. Table 1 lists our study as-
sumptions.

Review of the literature for tran-
sitional probabilities. Transition
probabilities of the likelihood that a
tooth will move from one health-state
to another during a (one-month) cycle
were derived from a review of longi-
tudinal studies of sealant outcomes.
The search included articles pub-
lished prior to January, 2002 and were
selected by a single reviewer using
Medline. The following criteria were
applied: (a) availability of data on
sealant retention/failure and caries
outcomes, (b) human clinical studies

FIGURE 1
Markov model of sealants

TABLE 1
Study assumptions

A sound tooth: Valued equally to a sealed tooth and better than a restored tooth
Unit of analysis: Occlusal surface of a first permanent molars tooth
Low and high risk children: 80% and 20% respectively, with equal loss of sealant
rates
Rate of sealant loss: Ten to twelve percent rate of loss at one year and fifty to sixty
percent retention at five years with very little change at ten years. Tlie Markov
cycle rather than the actual age of the sealant determine the rate of sealant loss
Risk of experiencing caries on permanent molar teeth: Constant through child-
hood and early adolescence
Carious lesions: All will be restored.
Restoration material: Amalgam
Teeth resealed; Annual rate of 3.91%
Cost: Class 1 amalgam restoration = $101.7**, Sealant = 533.1*3
Simulation time: Ten years or 120 months
Discount rate: 3.0%

in pediatric populations, (c) availabil-
ity of manuscripts in English, (d) data
including permanent first and/or sec-
ond molar teeth only, (e) traditional
etching technique of sealant place-
ment with no additional preparation,
(f) occlusal pit and fissure surfaces of
the teeth, and (g) review articles that
summarized the literature. Based on
these criteria, 20 articles were selected
(13-32).

Transition probabilities were ob-
tained and averaged by placing equal
weight on each study. The use of sen-
sitivity analysis precluded the need
for standard errors. Because these
studies had variable lengths, transi-

tional probabilities were converted to
an annual rate by assuming that the
rate of the event was constant over-
time and could happen any number
of times during the observation periĉ d
(Table 2). Furthermore, the probabil-
ity of the event happening once was
independent of it happening subse-
quently. Thus, Observed probability -
1- (l-rate)", where the observed prob-
ability is the probabihty an event was
observed over i/ years as reported in
the literature. Rate refers to the annual
rate at which the event happens. We
adjusted the rate until the formula
yielded the probability observed in
the study.
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TABLE 2
Annualized transition probabilities derived from the literature (%)

Peicent

(%)

Mean
Median
Min-Max

Seulaitt-^

Failure

(13-28)

9.83

8.80

0.60-34.55

Failed

sealant->

Reseal

(13,17.23)

3.91

3.90

1.0-7.6

No sealant

-> Cavityl

Restoration

(14,15,27,29,

30)
8.07

5.60

2.64-18.5

Failed

sealatU-^

Cavity/

Restofal io)i

(13,15,22.26)

1.84

1.00
0.46-8.3

Restore-^

Restore

(20,31,32)

11.22

13.00

4.65-16.0

Costs were calculated from the
payer's perspective, using charges
from the ADA Survey of Dental Fees
and Claims Data from the early 90's
(35,36) for general dentists. This cost
information was adjusted by 5% an-
nual inflation to estimate year 2002
fees. Only direct health care costs were
included in the model.

Panel of experts to review prob-
abilities and costs of treatments. We
recruited a seven-member expert
pimel with diverse clinical and re-
search backgrounds ranging from 5-
30 years. Three were dentists in pri-
vate practice, three in academic set-
tings and one a public health dentist.
Tlie 20 articles from the literature re-
view and the derived transitional
probabilities were sent to each panel
member prior to convening. A trained
facilitator (a physician) with exper-
tise in decision theory and no experi-
ence in clinical dentistry led the meet-
ing. This group process involved dis-
cussions of the readings and consen-
sus building of the mean, median, and
ranges of transitional probabilities to
be used in the Markov modeling pro-
cess. When panel consensus was not
reached, a nominal group method and
majority vote approach was used. We
used parameter estimates from this
panel when the literature was am-
biguous or incomplete.

There was unaninious agreement
that most sealant loss happened early
following initial placement of sealants
with a progressive decay over time.
Croup consensus was a ten to twelve
percent rate of loss at one year and
40-50% loss at five years with very
little additional loss up to ten years
(13). The panel also reached consen-
sus on the prevalence of high-risk chil-

dren at 20% based on evidence indi-
cating that 20% of children have 80%
of disease (33,34). Once a high-risk
tooth was sealed it was assumed that
this would not automatically change
the risk of the child and if the child
were at high risk, this would remain
taie for the time of the simulation. Simi-
larly, consensus was reached that the
range of treatment costs (i.e. sealant,
one surface permanent amalgam and
one surface permanent resin on a per-
manent molar) from the ADA Survey
of Dental Fees and Claims Data from
the early 9O's (35,36) for general den-
tists was appropriate.

Developing Ihe decision model.
IVior to initiating the Markov model,
the annual probabilities were con-
verted to montlily probabilities using
the formula P, =]-(l-P^ ,, V^
(Table 3). This formula assumed that
there can be more than one lesion per
tooth in a given year and that any
number oi cavities in a year is counted
as one in the annual estimates.

There was no specific probability
used for a sealed tooth loosing its seal-
ant because it changes over time. The
monthly risk of losing a tooth's seal-
ant, R, was modeled by an exponen-
tial formula, R = axe '''""^', where R is
the monthly probability of losing the
sealant, M is the number of months
the sealant remained in place, and a
and b are constants. The baseline val-
ues for the constants were n - 0.01 and
b = 0.012. These values were selected
empirically to create a curve that
matched the behavior the expert panel
described. This model also explains
why the average rate of sealant loss is
lower for longer studies. To illustrate:
the model predicts that a study fol-
lowing children for 24, 60 and 120
months would see an average annual
sealant failure of 9%, 7% and 5%, re-
spectively, similar to what is de-
scribed in the literature.

Transition probabilities were used
to distribute a hypothetical cohort, ac-
cording to the strategy chosen, into
"High-Risk Sealed," "Low-Risk
Sealed," "High-Risk No Seal" or
"Low-Risk No Seal." With each cycle
the cohort was redistributed accord-
ing to the transition probabilities. The
cycles were one month in duration
with 120 cycles (10 years) in the simu-
lation. We chose a 10-year simulation
because the relative benefit would
play out over this time period. Sensi-
tivity analysis was used to test the ef-
fects of this assumption.

TABLE 3
Baseline values for monthly transition probabilities and

costs used for Markov mode)

Name

Probabiiities<P)
P-getReSealfd
P-hiRisk
P-hiRiskCav
P-loRiskCav
P-restored Cav

Costs (c)
C-gt't,. Sealed
C-restore

Description Value

The probability of getting a lost sealant replaced 0.0035
Prevalence of high risk children 0.2
Probability high risk tuoth will have cavity 0.023
Probability of a low risk tooth getting a cavity 0.0034
Probability of a restored tooth getting a cavity 0.00985

The cost of getting a sealant placed $33.19
The cost of restoring a tooth with amalgam $101.79
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For each cycle, our model "cred-
ited" the proportion of the cohort in
the "High-Risk Sealed," "Low-Risk
Sealed," "High-Risk No Seal" and
"Low-Risk No Seal" with one cavity-
free month. Also during each cycle,
the proportion of the cohort that
trnnsitioned from nn unsealed state
to a sealed state incurred the cost of
sealing, and the proportion of the co-
hort that transitioned from caries to
restored incurred the cost of restora-
tion. Thus, with each cycle, the co-
hort incurred both costs (in dollars)
and benefits (in cavity-free months).
In other words, the measured effect
was the number of months before the
first cavity. Costs (dollars) and effect
(cavity free months) were discounted
at a baseline annualized discount rate
of 3% (37).

We used sensitivity analysis to test
the robustness of the model and to
identify important areas of uncer-
tainty around our assumptions. The
primary outcomes of the analysis
were the average overall cost of each
strategy and the incremental cost per
cavity free month gained moving from
one strategy to the next. The incre-
mental cost per cavity free month was
calculated as the ratio of the differ-
ence in costs between alternatives to
the difference in effectiveness between
the a 1 tema tives, also called incremen-
tal cost effectiveness ratio (ICER). The
decision model was developed using
DATA 4.0 software (38),

Results
Baseline analysis. The results of

the baseline cost-effectiveness analy-
sis are shown in Table 4. The rows
represent the three strategies ana-
lyzed in order of increasing average
cost (per tooth). The Cost column rep-
resents the average of the modeled
costs incurred per tooth over 120
cycles, or ten years. The incremental
cost (lncr Cost) is the difference be-
tween the average cost of a strategy
and the next most expensive strategy.
The effect (Elf) is the average number
of cavity-free months expected per
tooth or the average number of months
before the first cavity. The incremen-
tal effect (lncr Eff) is the difference be-
tween the average effect of the strat-

TABLE4
Results of the baseline cost effectiveness analysis

Strategy

Risk Based
Seal All
Nci Seal

Cost

$53.8
$54.6
$68.1

lncr Cost

$o.y
$13.5

Eff

86.4
97.4
76.3

lncr Eff

11.1
-21.1

C/E

0.62
0.56
0.89

lncrC/E

O.OB
(Dominated)

egy and the one above it. The cost-
effectiveness (C/E) ratio is the ratio of
the average cost to the average effect
of each strategy. The ICER is the ad-
ditional cost per unit increase in ef-
fect that can be achiex'ed by moving
from the less expensive to the more
expensive strategy.

The analysis indicated that SN
strategy was dominated, meaning it
was both more costly and less effec-
tive than the other two strategies. The
least expensive strategy was RBS;
however, the most effective strategy
was SA. Over a ten-year period, the
SN strategy cost $13.50 and $14.30
per tooth more than SA and RBS strat-
egies, respectively. The SA strategy
cost an additional $.08 per tooth for
each cavity-free month gained (i.e., tor
every month tiie first cavity would be
delayed in the average tooth), when
compared to RBS. This implies that
when compared to RBS, SA children's
teeth irrespective of risk would cost
about $.96 cents for every year a cav-
ity was delayed. Furthermore, SA
would provide protection from devel-
oping a carious lesion for 97.4 months
(8.12 years), an additional 21 months
over not sealing a tooth at all and 11.1
cavity-free months over choosing to
RBS.

Sensitivity analysis. We con-
ducted sensitivity analysis on dis-
count rate, length of simulation and
proportion of children at high-risk.
Similar analysis on the likelihood of
a high-risk child, low-risk child, and
restored ttxHh having a carious lesion,
sealant loss, and costs of sealant and
restorations were performed.

Discount rate. The results of the
analysis were sensitive to the discount
rate chosen. With a zero discount rate,
SA was the dominant strategy, offer-
ing both lower cost and better out-
comes. Because the SA strategy in-

volves up-front costs (sealants) with
downstream effectiveness (cavily-free
months) and cost savings (from res-
torations), higher discount rates favor
the other strategies. As we dis-
counted future costs and effects, SA
became more costly but more effective
than RBS. Even at a 12% discount
rate, the SN strategy was the most
costly and least effective strategy.
Moreover, SA was only $1.32 per cav-
ity-free month gained.

Duration of simulation. The
baseline analysis covered a 10-year
time period. In our sensitivity analy-
sis, we extended the timeline lo 240
months. Wefound thatat 125months
(just 5 months over our baseline
value) the SA strategy became domi-
nant, less expensive and more effec-
tive than RBS and SN. In other words,
after 125 months, SA strategy pays for
itself in restorations prevented. It is
important to note that when using
lower simulation periods cost-effec-
tiveness of sealing a first permanent
molar is less favorable because ben-
efits have not had time to accrue.
However, stime caution in the inter-
pretation should be considered for the
lengtliier time periods given that tran-
sition probabilities may change over
time.

Proportion of patients who are
high risk. At baseline, we assumed
2O'J{ of teeth would be classified as
"high risk." The analysis was almost
completely insensitive to this estimate.
The cost and effectiveness of the SA
and RBS were almost identical, re-
gard less of the prevalence of high risk.
This was because both the incremen-
tal cost and the incremental effect of
going from RBS to SA decrease as the
prevalence of high risk increases.
Thus, the ICER remains $0,08 per cav-
ity-free month gained regardless of the
prevalence of high risk. (Table 5).
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Probability of a high risk tooth
developing a lesion. High-risk teeth
at baseline had a 0.023 monthly prob-
ability of developing a lesion, corre-
sponding to an annual risk of 24%.
When we varied this between the
baseline risk for low-risk teeth and
100%, we found that RBS was always
slightly less expensive and slightly
less effective than SA. SN was always
the most expensive and least effective
strategy. ICER was minimally af-
fected by the probability of a high-ri.sk
tooth developing a lesion except for
very low values where RBS becomes
very expensive per cavity free-month.

Probability of a low risk tooth
having a cavity. Low-risk teeth at
baseline had a 0.0034 monthly prob-
ability of developing a lesion, corre-
sponding to an annual risk of 4%. In
our sensitivity analysis, we found
that the threshold value for switch-
ing from the RBS strategy to the SA
strategy was only slightly above this
(at 0.0035), corresponding to a 4.1%
annual risk. This means that sealing
low risk teeth is at the break-even
point on cost. Inotherwords, ifa tooth
is above a 4% annual risk of develop-
ing a cavity, sealing it will save money
on average. If it is less than 4%, it will
cost more than it saves; however, seal-
ing it will always be more effective in
terms of cavity-free months.

Probability of a restored tooth
having a cavity. At baseline, based
on expert opinion we assumed that a
restored tooth had an increased risk
of developing a cavity. We used the
annual "restored-to-restored" transi-
tion value of 11.2'?!. for all teeth that
had been restored, corresponding to
a monthly rate of 0.01. Testing this
assumption with sensitivity analysis,
we found that if the risk of caries fol-
lowing restoration were greater than
0.011 per month (about 12% per year),
then SA was both more effective and
saved cost.

Sealant loss. One assumption that
this model makes is that the Markov
cycle rather than the actual age of the
sealant determine the rate of sealant
loss. This is a result of the Markov
property, which does not distinguish
between a tooth that has been sealed
one month ago from one that has been

TABLE 5
Calculation of ICER for three dental sealant strategies

with different disease prevalence
Probability
of High Risk Strategy Cost Incr Cost Eff lncr Eff C/E lncr C/E

0

0.167

0.333

0.50

»

0.667

0.833

1.00

No Sea!
Risk Based

Seal All

Risk Based

Seal All

No Seal
Risk Based

Seal All

No Seal
Risk Based

Seal All

No St-al
Risk Based

Seal All

No Seal
Risk Based

Seal All

No Seal
Risk Based

Seal All
No Seal

$47.00
S47.00

$48.10

$52.63

$53.55

$64.62
$58.27

$59.00

$82.23
$63.91

$64.46

$99.85
$69.54
$69.91

$117.47
$75.18

$75.36

$135.09
$80.82

$80.82
$152.71

51.10

S0.92

$0.73

$0.55

$0.37

$0.18

$0.00

86.14
86.14

99.98

86.33

97.87

77.96
86.53

95.75

69.79

mm
93.64

61.62
86.92

91.53

53.44

mil
89.42

45.27
8730
87.30
37.09

13.84

11.53

9.23

6.92

4.61

2.31

0.00

0.55

0.55

0.48

0.61

0.55

0.83
0.67

0.62

1.18
0.74

0.69

1.62
0.80

0.76

2.20
0.86

0.84

2.98
0.93

0.93
4.12

(Ext Dom)

0.08

0,08

(Dominated)

0.08

(Dominated)

0.08

(Dominated)

0.08

(Dominated)

0.08

(Domin^itod)

(Untictined)
(Dominated)

sealed several months ago. This as-
sumption creates a slight bias toward
sealing teeth. To test whether this as-
sumpticm affects the results of the
analysis, we ran the model assuming
a constant annual rate of sealant loss
of S.7V(., based on pooled data from
the literature. We found that using
this constant rate of sealant loss had
no effect on the results of the model,

RBS was still the least expensive strat-
egy and dominated SN. The SA strat-
egy cost $.18 more for each cavity-free
month gained. Sensitivity analysis
showed that if the constant annual
rate of sealant loss was below 7%, the
SA became dominant. SN would save
money only if the annual rate of seal-
ant loss exceeded 35%.

FIGURE 2
Sensitivity analysis on the cost of obtaining a sealant

and cost of restoring a tooth

Cost of
resloring
toolb*

I12..V

a

iOO.O-

7.S,0-

SAfSoo^SfSfVSo^VvVVf
>SfSocScxScSfxxStScScStHfc''' '*''

xxxSooSoSSS • • •
OOvvOOvvvvs rt+hfH^
<X8><>^>000$i itffSi

0.0 12.5 25.0

Cost of sealant placement

•X .Seal All

[tU Ki.sk Based

M No Seal

Cost in US dollars
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Costs of sealants and restoration.
The costs of each strategy are driven
by the cost of sealing a tooth (baseline
estimate = $33.1̂ )̂ and the cost of re-
storing a tooth with n cavity on the
occlusal surface (baseline estimate =
$101.7^). Figure 2 shows a two-way
sensitivity analysis that varies the
cost of sealants (x-axis) and cost of
restoration (y-axis) together. This fig-
ure is particularly useful given the
variation in fee schedules between the
public and private dental delivery sec-
tors (i.e.; Medicaid vs. private fee
schedules). The "dot" represents the
baseline values used in the model.
Any combination of costs of sealants
and restorations that falls in the up-
per left region would favor SA; com-
binations falling in the lower right
area favor RBS. Tlius, if tlie cost of plac-
ing the sealant were reduced to less
than $32.20, SA teeth would be the
dominant strategy, saving costs and
improving outcomes relative to the
other two strategies. Similarly, when
the cost of restoring a carious tooth
was increased, the cost of the RBS
strategy increased faster than the SA
strategy. When the cost of restoration
is above $114.00, SA was the domi-
nant strategy.

As the cost of getting a sealant
placed increased, the tCER of all strat-
egies increased. At values below the
baseline, SA became more expensive
than RBS, but remained more effec-
tive. Similarly, as the cost of restoring
a tooth increases, the ICER for all tliree
strategies goes down. At our baseline
value and below, SA is more effective
and more expensive. At a point
slightly above our baseline, SA be-
comes the dominant strategy. SN was
always dominated.

Discussion
We investigated the cost-effective-

ness of three sealant strategies. Un-
der baseline assumptions, we found
that the delivery of RBS improves clini-
cal outcomes in the forni of cavity-free
months and saves money over SN.
However, SA further improves out-
comes but at a small incremental cost
relative to RBS.

Sensitivity analysis showed that
the SA strategy was less costly and

more effective with lower discount
rates, when risk of caries following
restoration exceeded 12% per year,
and when the simulation period was
greater than 125 months. Also, if seal-
ants were slightly less expensive or
restorations slightly more expensive
than our baseline costs, the SA strat-
egy would save costs relative to the
alternatives. The decision was essen-
tially insensitive to the proportion of
children at high risk. The increased
cost with increasing prevalence was
proportionately offset by the increase
in effectiveness. However, if low risk
children were at just slightly higher
risk of cavities, SA was cost saving.
This suggests that the risk assessment
needs to be accurate aitd the onus is
on dentists to be sure a child is at low
risk of cavities before withholding
sealants.

Few studies have examined the
question of sealant cost-effectiveness
(39,40), with Griffin et al, (41) the first
to compare RBS strategy to SN and
SA. Over a nine-year horizon and 3%
discount, they found RBS to be less
costly and more effective relative to
the SN and SA strategies. SN strategy
was always more costly than RBS and
SA. When plotting their baseline costs
of sealants and one surface amalgam
restorations, $27.00 and $73.77 re-
spectively, against our two-way sen-
sitivity analysis varying the cost of
sealants and restoration together (Fig-
ure 2), their cost results are consistent
with our findings. However, nltliough
Griffin (41) examined the ordinal re-
lationship of sealant effectiveness, our
effectiveness results were different
and can be explained by the use of a
more elaborate and flexible modeling
process and assumptions.

Some of the variation in assump-
tions between Griffin (41) and our
study included the use of annual in-
cremental caries as a constant and
aggregate value. Griffin (41) used a
constant caries rate and applied sen-
sitivity and specificity assumption to
distinguish between Wgh and low risk
children. In contrast, we used differ-
ential rates for children that fell into
these risk categories. Accordingly, we
had an increased rate of caries among
high-risk children. In addition, we

chose the use of "caries-free months"
as our effectiveness measure over an-
nual incremental caries due to its
greater applicability in clinical care,
relevance to third-party payers and
reflection of the intrinsic value of re-
taining an intact tooth and delaying
the formation of the first carious le-
sion. Also, our amalgam failure was
twice as high and our costs for seal-
ants and amalgams were greater.

Previous analyses of this problem
have used simple decision models
with fixed average outcomes (41,42).
We chose a more elaborate Markov
model to account for the complex na-
ture of sealant retention and caries
development. The Markov model al-
lowed individuals entering the model
to progress from one health state to
another according to a set of transi-
tion probabilities, creating a more re-
alistic account of events affecting the
outcome. However, Markov modeling
has limitations including its
"memoryless" feature (43). This im-
plies that the probability of moving
out of a health state is not dependent
on the state a patient may have expe-
rienced before entering. This charac-
teristic of Markov models, often re-
ferred to as the "Markovian Assump-
tion, " could bias results towards seal-
ant delivery.

There are several considerations
requiring further discussion. First,
our unit of analysis was a first per-
manent molar. In a few situations, the
literature did not differentiate between
first and second molars. The inclu-
sion of older children requiring seal-
ants in second molars and anticipated
improved behavior could skew seal-
ant retention. And it was also diffi-
cult with any certainty to differenti-
ate between possibly fluoridated and
non-tluoridated communities.

Second, amalgam was chosen over
resin material given the lack of long-
term clinical trials of resin in young
children. Ifwe extrapolate longevity
of Class 1 resins in adults as being
equal or less than that of amalgams,
this would bias our results in favor of
sealing. The use of composite would
only add to the cost because the aver-
age longevity of this material on per-
manent molars is at best two years less
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than an amalgam restoration (44,45).
Third, we recognize that each tooth is
not independent and that clustering
occurs withui a child. However, in
order to make the model tractable, a
more simplistic approach was taken
by considering each tooth as an inde-
pendent unit. This biased our analy-
sis in that the cost of sealing one tooth
is not the same as sealing multiple
teeth. Furthermore, high- risk teeth
that cluster in the mouth of a high-
risk child are not mutually exclusive,
underscoring the complexity of the
system and inherent limitations in do-
ing such analyses. And finally, fol-
lowing the guidance of our expert
panel, we assumed that all carious
teeth would be restored. Tiiis assmnp-
tion may be optimistic and increases
costs associated with the SN strategy.

Despite these shortcomings, from
a payer perspective, tiur findings sug-
gest that covering the cost of RBS saves
money over the long run, assuming
the payer will incur the cost of subse-
quent restorations. SA teeth appears
to add caries-free time but at an in-
creased cost $0.08 per cavity-free
month. Increasing cavity-frtH? months
benefits children by delaying or
avoiding invasive treatment and the
destructive cycle of caries. Our two -
way sensitivity analysis on costs of
amalgam and sealants provides a
basis for policy makers and third
party payers to evaluate the impact of
regional variations in costs. These
data can help address the current
policy and the continued efforts of the
AAPD to work with dental organiza-
tions, insurance industry and con-
sumer groups in making the advan-
tages of dental sealants understood
in a cost-effectiveness framework.
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