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Aim: This study aims to estimate the cost-effectiveness from a societal perspective of seven dental caries prevention programmes among 
schoolchildren in Chile:  three community-based programmes: water-fluoridation, salt-fluoridation and dental sealants; and four school-based 
programmes: milk-fluoridation; fluoridated mouthrinses (FMR); APF-Gel, and supervised toothbrushing with fluoride toothpaste.  Methods: 
Standard cost-effectiveness analysis methods were used. The costs associated with implementing and operating each programme, using a 
societal perspective, were identified and estimated. The comparator was non-intervention.  Health outcomes were measured as dental car-
ies averted over a 6-year period. Costs were estimated as direct treatment costs, programmes costs and costs of productivity losses as a 
result of each dental caries prevention programme. Incremental cost-effectiveness ratios were calculated for each programme.  Sensitivity 
analyses were conducted over key parameters. Results: Primary cost-effectiveness analysis (discounted) indicated that four programmes 
showed net social savings by the DMFT averted.  These savings encompassed a range of values per diseased tooth averted; US$16.21 
(salt-fluoridation), US$14.89 (community water fluoridation); US$14.78 (milk fluoridation); and US$8.63 (FMR).  Individual programmes 
using an APF-Gel application, dental sealants, and supervised tooth brushing using fluoridated toothpaste, represent costs for the society 
per diseased tooth averted of US$21.30, US$11.56 and US$8.55, respectively.  Conclusion: Based on cost required to prevent one carious 
tooth among schoolchildren, salt fluoridation was the most cost-effective, with APF-Gel ranking as least cost-effective. Findings confirm 
that most community/school-based dental caries interventions are cost-effective uses of society’s financial resources. The models used are 
conservative and likely to underestimate the real benefits of each intervention. 
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Introduction

Economic evaluations (EE) are widely used in health and 
have acquired great importance in health-care decision-
making.  Health service managers, programmers and plan-
ners are required to select interventions with the highest 
impact, based on evidence, while prioritising high-risk 
groups.  Economic evaluation is an integral component 
of the process of decision-making with any preventive 
programme (Murray et al., 2000).  Analyses of this type 
assist decision-makers in determining which intervention 
(or combination of interventions) maximises results in oral 
health terms given the available resources.  

Despite this, and although EE have received more 
popularity in the last few years, their application in dental 
programmes appears to be less common.  The application 
of EE in dentistry remains limited and, with the exception 
of water fluoridation and dental sealants, the majority have 
targeted clinical interventions.  Despite this, there are indica-
tions that EE will become more important in dentistry in 
the future (Buck, 2000). 

The oral health policy of the Ministry of Health in Chile 
emphasises prevention and oral health promotion.  In addi-
tion to funding clinical programmes comprising largely of 
a restorative service, the Chilean government has supported 
the development and implementation of several population-
based dental caries preventive programmes.  In Chile, water 
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fluoridation remains the cornerstone of strategies for dental 
caries prevention and control.  This measure covers 72% of 
the Chilean population (Ministerio de Salud de Chile, 2008).  
Consequently, additional programmes for the prevention of 
dental caries have been implemented (e.g., milk-fluoridation, 
supervised tooth brushing, oral health education programmes, 
pit and fissure sealants).  

Several economic evaluations have been conducted on 
dental caries prevention worldwide, however, with the ex-
ception of studies on fluoridated milk (Mariño et al., 2007; 
2011), no economic evaluations of dental caries prevention 
programmes exist in Chile.  

As no economic evaluations for the full range of dental 
caries prevention programmes exist in Chile, no data can 
be used as a reference for national programmes.  The data 
from other jurisdictions that do exist may not be compa-
rable (Buck, 2000).  This is largely because many, if not 
all economic evaluations, are so context specific that they 
do not readily translate to other populations (Murray et al., 
2000).  In particular, costs do not transfer well due often 
to differences in health and economic systems.  Thus their 
relevance is often limited to the specific countries in which 
they were derived.  Threats to transferability include: a, 
differences in price for resources; b, variability in willing-
ness to pay for health care; c, variations in prices of health 
consequences; d, variation in approaches to treatment and 
resource use.  
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Cost-effectiveness analysis (CEA) is a type of economic 
evaluation that examines both the costs and benefits of 
alternatives interventions with a common health outcome 
(Drummond et al., 2005).  This study aims to establish 
the cost-effectiveness from a societal perspective of seven 
dental caries prevention programmes among schoolchil-
dren in Chile.  In this way, conclusions will reflect local 
uses and practices and not those of developed countries.  
The programmes comprised two community-based pro-
grammes (water-fluoridation and dental sealants), and four 
school-based programmes (milk-fluoridation, fluoridated 
mouthrinses (FMR), APF-Gel, and supervised tooth brush-
ing with fluoride toothpaste).  Additionally, even though 
not available in Chile, this economic analysis included salt 
fluoridation (the predominant modality of public health 
fluoridation in Latin America). 

Methods

To measure programme effectiveness, two hypothetical 
populations were used in the analyses. The first popula-
tion comprised 80,000 12-year olds living in a large city.  
The other population was a rural community consisting of 
6,000 children also aged 12-years.  The justification for this 
dichotomous grouping is that programmes such as water 
and salt fluoridation and dental sealants are being used in 
large cities, while the others (milk fluoridation, APF-Gel, 
FMR, tooth brushing) are used in Chilean rural communities.

Two non-intervention or status quo communities were 
used, one equivalent to the hypothetical city (but without the 
intervention of water and salt fluoridation) and another for 
rural communities.  In the case of dental sealants, the non-
intervention community was a water-fluoridated community 
without dental sealants.  For the sealants programme only 
first permanent molars were included in the calculations.

These hypothetical population cohorts enter the analysis 
at 6 years of age and are followed for 6 years.   

In CEA, costs of alternative programmes are measured 
as economic costs and outcomes are valued in units of ef-
fectiveness of the interventions (Drummond et al., 2005).  
CEA requires a common measure of programme outcomes 
or consequences.  The unit of effectiveness used in this 
study was Decayed, Missing and Filled Teeth (DMFT).  
The comparisons were each intervention group (i.e., water 
fluoridation, dental sealants, milk-fluoridation, etc.) with the 
non-intervention (or ‘status quo’) group.  

There are several study formats in CEA; prospective, 
retrospective and models. This study uses the “model” 
format.  This modelling was based, as much as possible, 
on real data, and real values. When this was not possible, 
we made some assumptions.  These assumptions were the 
basis of the sensitivity analysis.   

Both cost and benefits were calculated and assessed 
from a societal perspective.  Drummond et al., (2005) 
suggest three categories of costs to be taken into account:  
a, dental health care resources costs, which include cost 
of organising and operating that programme; b, patients 
and family resources costs, which include out-of-pocket 
payments (traveling expenses, treatment costs, time lost to 
work) and c, costs borne by sectors other than the health 
care sector (e.g. in the case of supervised tooth brushing 
programme, the cost of teacher-time).

All costs were priced using 2009 market costs in Chile, 
as well as from the programmes’ budgets. Costs expressed 
in Chilean Pesos were converted into US Dollars (US$) for 
the base year reported in the study (1 US$ = RCH $600).  
Costs were adjusted to the base year using the consumer 
price index and discounted to their present value using 
an annual discount rate of 3% (Drummond et al., 2005). 
Outcomes were not discounted.

Consumable supply costs for most programmes were 
calculated as bulk costs in appropriate physical units, i.e. 
weight of chemicals used,.  The costs of these materials 
were allocated to the preventive procedure and then to 
regimens in proportion to the number of children who 
consumed them.  The exceptions were water fluoridation 
and dental sealants. For water fluoridation, consumable costs 
were calculated using the charge authorised by the Ministry 
of Economy to water supplies using the cost applied to a 
medium income municipality (Ministerio de Economía, 
Fomento y Reconstrucción, 2006).  For more details on this 
calculation see (Mariño et al. 2011). In the case of dental 
sealants, the application fee was obtained from the public 
services. That fee was assumed as the theoretical value 
for this preventive action (Ahovuo-Saloranta et al., 2008).  

A programme coordinator would be required to man-
age and run each programme with duties to include the 
analyses of program supplies distribution at the community 
health centres/schools; the evaluation of the consistency 
of programme delivery across the community; overview 
quality control analyses; and managing and supervising the 
overall functioning of the programme.  It was assumed that 
coordinators would work part-time, varying depending on 
the programme.  For the milk, water and salt fluoridation 
programmes, 4 hours every week (0.1 full time equivalent, 
FTE) was assumed.  For the gels and sealant programmes, 
a programme coordinator working 0.1 FTE for two months 
every year was assumed and for the FMR and tooth brush-
ing programmes, a programme coordinator was assumed to 
work 0.10 FTE for 3½ months every year.

For the FMR and tooth brushing programmes, resources 
also included the cost of training supervising classroom 
teachers to ensure that they dispensed toothpaste and the 
rinse properly, and teacher’s time supervising the children 
was also included.

Overhead costs were estimated based on the usual office 
rent in the area where the programme took place in addi-
tion to the expected costs for power, telephone, cleaning 
and other services.

Regarding biological surveillance, the Chilean Ministry 
of Health’s epidemiological surveillance guidelines for com-
munity fluoridation protocols establish that a dental exami-
nation should be conducted once every 5 years (Ministerio 
de Salud de Chile, 1998).  The cost of the oral clinical 
examination was computed on the basis of the monthly 
wage for the dentist and dental assistant, who would act 
as recorder.  The Chilean National Guidelines for sampling 
establishes that in any fluoridated community, periodical 
monitoring of children’s fluoride metabolism through urine 
fluoride-excretion checks should be undertaken at regular 
intervals. Consequently, samples (n=20) should be taken 
every 6 months (Instituto Nacional de Normalización, 1994).  

Patients and family resource costs were compiled as 
expenses accrued by the patients (time for treatment and 
time for travel to and from the community health centre).
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The market price of the dental treatment was taken as 
the theoretical value for that action (Ahovuo-Saloranta et al., 
2008) and estimated by multiplying the annual incremental 
change (which occurred throughout the 6-year period) in 
the individual component of the DMFT index by the mean 
charge for each procedure according to the Ministry of 
Health fee schedule for primary care.  These fees tend to 
be lower than other dental fee schemes in Chile.  However, 
Chilean law stipulates that these cost estimations have to be 
reviewed periodically by external assessors to ensure validity 
(Ministerio de Salud de Chile, 2009).  In any case, public 
costs represent the lower end of dental treatment costs. It 
should be noted that the majority of people, in particular 
those living in rural areas, can only access public dental care.  

Transportation and time costs were calculated assuming 
that in all dental visits an adult would accompany the child.  
To calculate family resources used in dental treatments (i.e., 
transport and productivity losses), we assumed that the 
mean loss in work time due to dental visits was 1.5 hours 
per decayed tooth surface and per extraction, plus the cost 
of public transportation to and from the community health 
centre.  The cost of adult time was estimated as the value 
of production losses, assumed equivalent for all parents and 
calculated as the minimum wage for 2009.  The cost of 
time spent by children was was not included in this study.

In Chile, dental caries preventive programmes vary by 
region depending on local circumstances. Thus, this analysis 
was framed under those local circumstances.  For example, 
supervised toothbrushing, and milk fluoridation programmes 
are only used in rural areas of the country and not urban 

ones. Therefore for each intervention, the status quo varies 
between the two populations.  Thus, separate analyses were 
undertaken for each of the seven programmes.  Cost cat-
egories included in the analysis are summarised in Table 1.

For water fluoridation, the effectiveness was based on 
data collected for 12 year old children from Santiago-Chile 
before and after the introduction of water fluoridation (Soto 
et al., 2007).   Nonetheless the range of effectiveness was 
taken from the literature (Centers for Disease Control and 
Prevention, 2001).  In the case of milk fluoridation, data on 
effectiveness of the programme was taken also from Chilean 
data (Mariño et al., 2007), but the range of effectiveness was 
taken from Yeung and his collaborators (2005).  In the case 
of FMR, data on effectiveness of the programme was taken 
also from Chilean data (Molina et al., 1987), but as in the 
previous cases, the range of effectiveness was taken from 
the literature (Marinho et al., 2003).  For salt fluoridation, 
AFP-gels and dental sealants, the preventive effects and 
their ranges were obtained from the literature (Estupiñan, 
2005; Marinho et al., 2002; Ahovuo-Saloranta et al., 2008, 
respectively).  Table 2 presents the mean effectiveness, as 
a percentage reduction in dental caries increment, and the 
reported range of this reduction, for each preventive modality.  

Caries reduction rates over a 6-year period were calcu-
lated by multiplying the mean caries experience at 12 years 
of age in a non-fluoridated setting (e.g. before the introduc-
tion of the water scheme) by the effectiveness of each of 
the programme.  The extremes in effectiveness, taken from 
the literature, were used in the sensitivity analysis.  

1Mariño et al., 2011.

Table 1. Summary of total programmes costs, in 2009 US$, over six-years associated with the community-based and school-
based dental caries prevention programmes

Community-based programmes School-based programmes

Water-F
US$ 

 Salt-F
US$ 

Sealants
US$ 

APF-Gel
US$ 

FMR
US$ 

Milk-F1

US$ 
 Tooth brush

Salaries
Programme coordinator 6,614 6,614 179 1,102 1,929 6,614 1,929
Dentist examiner 846 846 846 846 846 846 846
Dental assistant 214 214 214 214 214 214 214
Data analysis 1,400 1,400 1,400 1,400 1,400 1,400 1,400
Dentist programme operator 403,138 84,802
Dentist Assistant programme operator 100,784 21,201

   Oral health induction 8,201

Laboratory services 
Urine excretion analysis 1,929 1,929 1,929
Milk analysis 1,350
Water analysis 964
Salt analysis 1,350

Consumables
Cordinator’s office rent and services 1,213 1,213 202 202 354 1,213 354
Coordinator’s office expenses 551 551 92 92 161 551 161
Dental instruments 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Examination expenses 93 93 92 93 93 93 93
Dentist/ Child travel expenses 17,033 12,720

 Programme consumables 97,353 2,101 1,823,869 12,720 32,987 1,536 98,488

Total 112,177 17,311 2,348,850 143,219 38,983 16,746 112,686
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Effects were evaluated in terms of the change to the 
overall caries experience, that is, an increase/decrease in the 
DMFT index.  The primary outcomes were the incremental 
cost per additional unit of effects due to the intervention 
compared with the comparator. 

The total cost in the intervention group involved the 
resources expenditures associated with the dental caries 
prevention programme operation plus the cost of dental 
care for the children in this group.  Total costs for the 
comparison groups (status quo) were those associated with 
dental care only.  The cost of treatment in both study groups 
was estimated by multiplying the incremental change in the 
individual component of the DMFT index by public sector’s 
fee for each procedure.  Because for each programme the 
reported effectiveness (i.e., the reduction on each of the 
components of the DMFT index) is different, the cost of 
treatment for each programme also differ (See Tables 4-6).

The savings in costs of dental treatments due to re-
duced caries experience were calculated on the basis of 
restorations avoided in addition to extractions prevented (if 
any).  The avoidance of dental procedures thus estimated 
was then costed using the current local rates for fillings 
and extractions.  The savings in expenses for the family 
for treatment, in terms of production/wage losses avoided 
as well as transportation costs for traveling to the dental 
treatment facility, were also considered in the assessment of 
costs.  In the case of dental sealants, the model only used 
those effects on first molars.

The CEAs were performed as primary analyses with 
the following assumptions:
•	 Dental caries increment was constant in each year, 

and the treatment costs associated with increases 
in the component of the DMFT score occurred in 
the year of the increment. 

•	 All decayed surfaces will be restored.  Our analy-
ses did not incorporate the relationship between 
probability of disease and use of the health system.

•	 All effects accrued only to age 12 years.
•	 No restorations were replaced during the study 

period (Chadwick et al., 1999).  
•	 Each child had a constant risk for dental caries 

development.
•	 For the school-based programme, the inclusion 

of all 12-year olds and full compliance with the 
preventive schedule was assumed.

•	 For the dental sealants programme, it was as-
sumed that:  

	i, each child had their four first molars sealed;  
	ii, 10% of the dental sealants would be 
replaced over a 6-year period (Guerrero and 
Galindo, 2007).

Table 2.  Estimated effectiveness of the preventive programme

*CDC: Centers for Disease Control and Prevention.     
The sources of the data are cited.

Programme   Mean Effectiveness (%)   Range of Effectiveness (%)

Community water fluoridation 40 Soto et al., 2007 18–60 CDC*, 2001
Community salt fluoridation 44  Estupiñan, 2005 34–53 Estupiñan, 2005
Dental sealants 50  Ahovuo-Saloranta et al., 2008 37–69 Ahovuo-Saloranta et al., 2008
APF-Gel 21  Marinho et al., 2002 14–28 Marinho et al., 2002
Fluoridated mouthrinses 26 Molina et al., 1987 23-30 Marinho et al., 2003
Milk fluoridation	 53 Mariño et al., 2007 31–78 Yeung et al., 2005
Fluoridated toothpaste 24  Marinho et al., 2007 21–28 Marinho et al., 2007

Table 3. Incremental cost US$ per DMFT avoided 

*    Negative net costs, indicating costs savings, are shown in red bold and parenthesis. 
** Positive net costs, indicating costs, are shown without brackets.
1 Worst scenario and 0% discount rate; Best case scenario and 6% discount rate
2 Worst scenario and 6% discount rate; Best case scenario and targeting
3 Worst scenario; Best case scenario and 6% discount rate
4 Worst scenario and 6% discount rate; Best case scenario and 0% discount rate
5 Worst case scenario and 6% discount rate; and dental assistant and best case scenario

Incremental 
cost, US$

Range, US$

Community-based programme
   Water-fluoridation (14.89)* (13.25 - 16.87) 1

    Salt fluoridation (16.21) (15.10 - 17.63) 1

   Dental sealants 11.56**  26.11 - (4.01) 2

School-based programme
   Milk-fluoridation (14.78) (12.64 - 16.47) 1

    Fluoridated mouthrinses (FMR) (8.63) (5.36 - 10.27) 3

    Supervised tooth brushing with fluoride toothpaste 8.55  13.06 - 4.73   4

   APF-Gel 21.30  39.97 - (1.50) 5
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Table 4. Summary of costs estimates of dental treatment in water fluoridation and salt fluoridation 
and control communities per 80,000 children in each group after six years of programme

Water-F  Salt-F Status quo
Treatment item US$ (2009) US$ (2009) US$ (2009)

Restorations 1,697,505 1,518,324 2,706,578
Extractions 27,177 58,237 100,944
Costs of  travel to community health centre 480,960 452,668 805,029
Cost of productivity losses 305,371 287,408 511,129
Total costs 2,511,013 2,316,637 4,123,680

Table 5. Summary of costs estimates of dental treatment in a dental sealants of 
first permanent molars programme and a control communities per 80,000 children 
in each group after six years of programme

Sealants Status quo
Treatment item US$ (2009) US$ (2009)

Restorations 1,044,909 1,769,178
Extractions 0 132,004
Costs of  travel to community health centre 284,975 569,950
Cost of productivity losses 180,937 361,873
Total costs 1,510,821 2,833,005

Table 6. Summary of costs, in 2009 US$ estimates of dental treatment in an APF-Gel programme, a fluoride mouth rinse (FMR) 
programme, a milk fluoridation programme and a supervised tooth brushing using fluoridated toothpaste programme, and control com-
munities per 6,000 children in each group after six years of programme

APF-Gel FMR Milk-F  Brushing with 
F paste

Status quo

Treatment item US$ US$ US$ US$ US$ 

Restorations 160,556 149,947 95,485 154,190 202,993
Extractions 6,115 5,533 3,494 5,824 7,571
Costs of travel to community health centre 47,839 44,560 28,356 45,910 60,377
Cost of productivity losses 30,374 28,292 18,004 29,150 38,335
Total costs 244,883 228,330 145,339 235,073 309,276

Sensitivity analyses were undertaken to test the 
robustness of estimated parameter values included in 
the primary analysis (Drummond et al., 2005).  Pa-
rameters were varied on their own (one-way analysis) 
and in combination (two-ways analysis) to illustrate 
the joint effect of changing the estimated parameters. 
The following assumptions were varied in the primary 
analysis:
•	 DMFT outcome at the highest and lowest effectiveness 

ranges for each programme.
•	 Discount rate at 0% and 6%.
•	 Employment of the programme coordinator at 0.05 

FTE and 0.15 FTE
•	 For the dental sealants programme, a targeted pro-

gramme was used, based on regional data (Pérez et 
al., 2002), sealing only those first molars most likely 
to have caries.  

•	 For the APF-Gel programme, the operator of the 
programme was changed (i.e., dentist vs. dental as-
sistant/nurse).

Results

The different mean treatment costs for all 6 years, total 
treatment cost, using different discount rates, from a societal 
perspective, and incremental cost-effectiveness ratio (ICER) 
of per averted DMFT were determined.  The primary analysis 
indicates the additional cost, produced by each intervention 
over the status quo (Table 3).  Interventions ranged from 
those that were cost-saving to those which incurred costs 
to the society per unit of DMFT averted.   The results of 
the primary cost-effectiveness analysis (discounted) indicated 
that of the seven prevention programmes, four showed a net 
social savings for a unit of DMFT averted.  These savings 
ranged from US$16.21 per unit of DMFT averted in the 
case of salt-fluoridation to US$8.63 per a diseased tooth 
averted in the case of FMR.  Alternatively, an APF-Gel 
programme, a dental sealants programme, and a supervised 
tooth brushing using fluoridated toothpaste programme, 
represent costs for the society per unit of DMFT averted 
of US$21.30, US$11.56 and US$8.55, respectively.Second-
ary analysis included the cost of treatment averted, and the 
cost of the preventive programme (See Tables 4, 5 and 6).
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Sensitivity analyses were conducted and Table 3 also 
shows the extremes of the ranges of incremental costs for 
each of the programmes.  Changing the employment base 
of the coordinator influences the results to a degree, but it 
is programme effectiveness that has the major impact.  The 
results were also sensitive to the choice of discount rate, 
in particularly when assuming a 6% discount rate.  Results 
from the two-way sensitivity analysis indicated that for 
water-fluoridation; salt-fluoridation, milk-fluoridation and 
FMR, cost saving programmes continued dominating under 
any combination of scenarios. 

In the APF-Gel programme, the cost consideration for 
operator employment in the programme strongly influenced 
the result of the programme.  For example, the total treat-
ment cost would reduce to US$3.47 per DMFT saved 
when a dental assistant/nurse is employed as the operator.  
Furthermore, when this operator was combined with the 
best effectiveness scenario, the ICER attained a level of 
cost-effectiveness (a saving of US$1.50 per DMFT saved).  

For dental sealants, if it is assumed that the programme is 
targeted to high risk children, there is an ICER of US$1.85 
saved per averted DMFT.  Additionally, when targeting is 
combined with the best effectiveness scenario, a sealant 
programme saves money when compared to the status quo 
(a saving of US$4.01 per DMFT averted).

In the supervised fluoridated toothpaste programme, no 
evidence of cost savings was established under any combi-
nation of parameters.

Discussion

For any given setting, there are alternative dental caries pre-
vention programmes. The crude cost and health benefits of a 
set of dental caries prevention interventions were evaluated 
for a Chilean situation.  Although the cost-effectiveness of 
preventive measures may vary according to the size of the 
community, the overall results indicate a favourable trend in 
the assessment of dental caries prevention programme from 
a societal perspective.  Overall, study’s results indicate that 
most community/school-based dental caries interventions 
would be highly cost-effective uses of society’s financial 
resources to provide benefits to the community.  Based on 
our models, the cost required to avert one DMFT among 
schoolchildren, salt- fluoridation would be the most cost-
effective, with APF-Gels ranking as least cost-effective.   

For water-, salt-, and milk-fluoridation and FMR, the 
cost-effectiveness ratio of the programme dominated over 
the comparator, that is to say, there were savings even 
when restrictive and overly pessimistic assumptions were 
used for what might be considered a “typical case.”.  On 
the other hand, supervised toothpaste use, dental sealants 
placement and APF-Gel application, represent programmes 
that produced a cost, as opposed to a saving, to the society.  
Thus, under the conditions used in the primary analysis, the 
cost of these preventive programmes would be more than 
the cost of the corresponding restoring treatment, which 
would have occurred when the programme was absent.  
However, even though these programmes may represent 
a cost to the society, economic evaluation is only one cri-
terion in decision making.  Economic evaluation requires 
also a value judgment about whether additional spending to 
obtain additional benefits is worthwhile.  There is always 
a need to balance efficiency concerns with other criteria, 

including the impact of the intervention on poverty, equity, 
implementation capacity, and feasibility.

In addition, the conclusion that a preventive oral heath 
care programme for the cohort aged 12 after 6 years is not 
cost-effective should be interpreted with some caution.  The 
models used were: 
1.	 Conservative and likely to underestimate the real 

benefits of each intervention, which would last for 
longer timeframes than those used in the analysis.  
For example, the long-term caries preventive effects 
of school-based FMR have been reported to continue 
well into adulthood (Neko-Uwagawa et al., 2011); 

2.	 Our study examined intermediate outcomes in dental 
health and was limited to the effects at 12 years of life.  
Effects on oral health beyond this analytic horizon were 
not included in the models; 

3.	 Also, a typical CEA only includes the tangible benefits 
of an intervention (Drummond et al., 2005).  In fact, this 
is a common case in dentistry, where some outcomes 
cannot be quantified in monetary terms.  Several authors 
have warned about the intangible benefits of preven-
tive programmes in dentistry (Horowitz, 1986; Niessen 
and Douglass, 1984).  In general, analysts include in 
the cost of prevention some of the visible costs of the 
programme, and assume that if a programme can reduce 
the cost of treatments other benefits are assured in that 
way (Weinstein and Stasson, 1977); 

4.	 Importantly, it should also be noted that in calculating 
the costs of restorative treatments by charging public 
fees, we were deliberately favouring the restorative 
approach.

In evaluating the dental sealant programme, calculations 
were conducted assuming that sealants were placed on all 
four permanent molars of all children, regardless of their 
susceptibility to caries.  Thus, the cost-effectiveness of 
such a programme would have been improved if policies 
targeting those at high-risk were in place.  In this analysis, 
when a sealant programme is targeted in this manner, the 
results indicated a positive ICER for the programme, that is, 
savings.  Targeting could have also been used for APF-Gel 
and supervised tooth brushing.  For the APF-Gel and dental 
sealants applications, the operators’ costs represented a high 
proportion of the overall costs.  The sensitivity analyses 
indicated that combining the utilisation of an alternative 
clinical operator to a dentist and accepting the highest level 
of effectiveness produced a positive cost-effectiveness ratio.  

In the present analysis, the models used were crude as-
sessments of the cost-effectiveness of the programmes.  For 
example, the analysis assumed no overlapping of preven-
tive programmes.  One would expect that the effectiveness 
of any of the programmes would be greater if recipients 
were exposed to a combination of preventive programmes 
(e.g., the combined use of fluorides with dental sealants).  
A further refinement of the analysis relates to compliance.  
It is possible that the assumption of 100% compliance in 
the sealants, FMR, and supervised fluoridated toothpaste 
programme favoured their effectiveness.  

This is the first attempt to undertake an economic 
evaluation of dental caries prevention interventions in 
Chilean settings.  We believe that, although incorporating 
some methodological limitations dictated by a range of 
assumptions from the existing literature, the model used 
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in this evaluation, reflects the Chilean conditions more 
appropriately than analyses undertaken in other countries.  
However, not all the dental caries prevention programmes 
used in this analysis were operating in Chile as community 
programmes at the time of this evaluation.  Nonetheless, 
their inclusion helps to put present results into perspective 
and allows for international comparisons using local costs.   
Present results will serve as an impetus for further discus-
sion about the appropriateness of, and priorities for, dental 
caries prevention programmes in Chile and may provide 
a working model for other countries in the region.  This 
information would increase present knowledge regarding the 
use of or introduction of preventive oral health programmes.

Acknowledgments

This study was funded by a grant received from The Bor-
row Foundation (UK).  A more detailed description of the 
economic evaluations of the milk fluoridation can be found 
in the following book chapter: Watson, R., Gerald, J., Preedy, 
V. (Eds.) (2011): Dietary supplements, and nutriceuticals: 
cost analysis versus clinical benefits, pp143-161. London: 
Springer. We also acknowledge this publication and are 
grateful for permission to use the data in this research.

References

Ahovuo-Saloranta, A., Hiiri, A., Nordblad, A., Mäkelä, M. 
and Worthington, H.V. (2008): Pit and fissure sealants for 
preventing dental decay in the permanent teeth of children 
and adolescents. Cochrane Database of Systematic Reviews 
4, CD001830.

Buck, D. (2000): Economic evaluation and dentistry. Dental 
Update 27, 66-73.

Centers for Disease Control and Prevention (2001): Recom-
mendations for using fluoride to prevent and control dental 
caries in the United States. Morbidity and mortality weekly 
report 50 (RR14), 1-42.

Chadwick, B.L., Dummer, P.M., Dunstan, F.D., Gilmour, A.S., 
Jones, R.J., Phillips, C.J, Rees, J., Richmond, S., Stevens, J. 
and Treasure, E.  (1999): What Type of Filling? Best practice 
in dental restoration. Quality in Health Care 8, 202–207.

Drummond, M., Sculpher, M., Torrance, G., O’Brien, B. and 
Stoddart, G. (2005): Methods for the economic evalua-
tion of health care programmes, 3rd edn. Oxford: Oxford 
University Press.

Estupiñan, S. (2005): Promoting oral health. The use of salt 
fluoridation to prevent dental caries. Washington DC: Pan 
American Health Organization.

Guerrero, C. and Galindo, C. (2007): [Permanence of sealants 
in permanent first molars in 7 and 8 year-old patients 
previously covered by the GES programme at the Sol 
de Septiembre de Curico clinic] http://dspace.utalca.cl/
handle/1950/4863?mode=full.

Horowitz, H. (1986): Cost value analysis in dentistry. Journal 
of Dental Public Health 41, 281-286.

Instituto Nacional de Normalización. (1994): [Selection of 
random samples] NCh 43.Of61. 2nd ed. Santiago: Instituto 
Nacional de Normalización.

Marinho, V.C.C., Higgins, J.P.T., Logan, S. and Sheiham, A. 
(2002): Fluoride gels for preventing dental caries in children 
and adolescents. Cochrane Database Systematic Reviews 
1: Art. No.: CD002280.

Marinho, V.C.C., Higgins, J.P.T., Logan, S. and Sheiham, A. 
(2003): Fluoride mouthrinses for preventing dental caries 
in children and adolescents. Cochrane Database Syst Rev; 
3: Art. No.: CD002284.

Marinho, V.C.C., Higgins, J.P.T., Logan, S. and Sheiham, A. 
(2007): Fluoride toothpastes for preventing dental caries 
in children and adolescents. Cochrane Database Syst Rev; 
4: Art. No.: CD002278. 

Mariño, R., Morgan, M., Weitz, A. and Villa, A.E. (2007): 
Economic evaluation of the Codegua-Chile Milk-fluoridation 
scheme. Community Dental Health 24, 75-81.

Mariño, R., Fajardo, J. and Morgan, M. (2011). Economic 
evaluation of dental caries prevention programs using milk 
and its products as the vehicle for Fluorides: cost versus 
benefits.  In: Watson R, Gerald J and Preedy, V (Eds.): 
Dietary Supplements, and Nutriceuticals: Cost Analysis 
versus Clinical Benefits, pp143-161. New York: Springer 
(Humana Press).

Ministerio de Economía, Fomento y Reconstrucción (2006): 
Decreto 169 – [Fixed formula tariff for the production and 
distribution of drinking water and for wastewater collec-
tion services]. http://www.siss.gob.cl/transparencia/terceros/
decretos_tar/maip%c3%ba%20-%20smapa-169.pdf

Ministerio de Salud de Chile -Subsecretaría de Salud Pública 
(2009):   [Verification study of the expected mean individual 
cost per beneficiary of prioritised health problems with 
explicit guarantees].  http://desal.minsal.cl/documentos/pdf/
ges/1.1/01evc2009.pdf 

Ministerio de Salud de Chile (2008): [Standards for the use 
of fluorides in dental prevention] Norma General Técnica 
Nº 105. Santiago: Departamento Odontológico, Ministerio 
de Salud de Chile. 

Ministerio de Salud de Chile (1998): Studies of urinary excre-
tion of fluoride in preschool children. Part 2.  Santiago: 
Departamento Odontológico, Ministerio de Salud de Chile.

Molina, X., Rodríguez, G., Sepúlveda, M. Urbina T., Vargas S. 
(1987): Increase of caries in a school children participating 
in a weekly mouthwash program using 0.2% sodium fluo-
ride. Revista de la Facultad de Odontologia Universidad 
de Chile 5,18-27.

Murray, C., Evans, D.B., Acharya, A. and Baltussen, R. 
(2000): Development of WHO guidelines on generalized 
cost-effectiveness analysis. Health Economics 9, 235-251.

Neko-Uwagawa, Y., Yoshihara, A. and Miyazaki, H. (2011): 
Long-term Caries Preventive Effects of a School-Based 
Fluoride Mouth Rinse Program in Adulthood. The Open 
Dentistry Journal 5, 24-28.

Niessen, L.C., Douglass, C. (1984): Theoretical considerations 
in applying benefit‑cost and cost-effectiveness analyses 
to preventive dental programs. Journal of Public Health 
Dentistry 44, 156-168.

Pérez, S.A., Gutiérrez, M., Soto, L., Vallejos, A. and Casanova, 
J. (2002): Dental caries in first permanent molars and so-
cioeconomic factors among schoolchildren in Campeche, 
Mexico. Revista Cubana de Estomatología 39, 265-281.

Soto, L.Q., Tapia, R.C., Jara, G.B., Rodríguez, G.P. and Urbina, 
T.R. (2007): [National oral health assessment of 12 year-
old adolescents and evaluation of the degree of compliance 
with objectives for oral health 2000 – 2010]. Santiago: 
Universidad Mayor, Facultad de Odontología, Serie de 
Documentos Técnicos.

Weinstein, M.C. and Stasson, W.B. (1977): Foundations of 
cost-effectiveness analysis for health and medical practice. 
New England Journal of Medicine 296, 716-721. 

Yeung, A., Hitchings, J.L., Macfarlane, T.V., Threlfall, A., 
Tickle, M. and Glenny, A.M. (2005): Fluoridated milk for 
preventing dental caries. Cochrane Database of Systematic 
Reviews 3, CD003876.


