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In 2003, 19 public dental clinics in Västra Götaland Region implemented a population-based programme with fl uoride varnish applications 
at school every six months, for all 12 to 15 year olds. In 2008, the programme was extended to include all 112 clinics in the region. Ob-
jective: To evaluate caries increment and to perform a cost analysis of the programme. Basic research design: A retrospective design with 
caries data for two birth cohorts extracted from dental records. Three groups of adolescents were compared. For Group 1 (n=3,132), born 
in 1993, the fl uoride varnish programme started in 2003 and Group 2 (n=13,490), also born in 1993, had no fl uoride varnish programme 
at school. These groups were compared with Group 3 (n=11,321), born in 1998, when the programme was implemented for all individu-
als. The total cost of the four-year programme was estimated at 400SEK (≈44€) per adolescent. Results: Caries prevalence and caries 
increment in 15 year olds were signifi cantly lower after the implementation of the programme. Group 2, without a programme, had the 
highest caries increment. The cost analysis showed that it was a break-even between costs and gains due to prevented fi llings at the age 
of 15. Conclusions: This school-based fl uoride varnish programme, implemented on a broad scale for all 12 to 15 year olds, contributed 
to a low caries increment at a low cost for the adolescents in the Västra Götaland Region in Sweden. 
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Introduction

The mechanisms of fl uoride are well known and the ability 
of fl uoride to control caries is primarily due to its topical 
effect on tooth surfaces. Even in low concentrations, topical 
fl uorides are able to reduce enamel demineralisation and 
enhance remineralisation (Buzalaf et al., 2011; ten Cate, 
2013). The use of fl uoride is seen as one of the most 
important factors for the improved dental health among 
children and adolescents in the world (Bratthall et al., 
1996). Fluoride toothpaste is probably the main source 
of fl uoride for most children and adolescents today, with 
strong evidence regarding its effi cacy in caries prevention 
(Marinho et al., 2003). In addition, fl uoride rinses and 
fl uoride varnishes have a well-documented effect in caries 
prevention (Marinho et al., 2013; Poulsen, 2009). Sweden 
has a tradition of population-based prevention aimed at 
improving dental health. Back in the 1960s, programmes 
for school-based fl uoride rinsing were designed and evalu-
ated, showing a well-documented caries-reducing effect 
(Torell and Ericsson, 1965). 

Fluoride varnishes contain high levels of fl uoride 
and are designed for optimal retention to the tooth, 
prolonging the contact time between the enamel surface 
and the varnish. In a meta-analysis by Helfenstein and 
Steiner (1994), the caries reduction on permanent teeth 
was estimated at 38%. In 1998-2001, Moberg Sköld et 
al. (2005) conducted a study of school-based fl uoride 
varnish programme for adolescents from different caries 
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risk areas in the Västra Götaland Region in Sweden. The 
results showed that fl uoride varnish every six months 
had a signifi cant caries-preventive effect in reducing new 
approximal caries lesions, especially in medium and high 
caries risk areas. The study led to the implementation 
of a population-based programme with fl uoride varnish 
applications at school every six months, for adolescents 
aged 12 to 15 at 19 clinics in the Public Dental Service, 
in one part of the Västra Götaland Region, in 2003. This 
school-based fl uoride varnish programme was then ex-
tended to include all 112 clinics in the Västra Götaland 
Region in 2008. 

A systematic review from 2003 of 17 studies with 
economic evaluations of different caries preventive 
programmes stated that those studies did not provide 
support for the economic value of caries prevention, but 
concluded that “the scarcity of well-conducted studies, as 
well as contradictory evidence in the reviewed articles, 
makes it diffi cult to judge the health-economic effect of 
the studied caries-prevention methods” (Källestål et al. 
2003). More recently, a fl uoride rinsing programme was 
compared with a fl uoride varnish programme in terms 
of cost containment, by Moberg Sköld et al., (2008). 
A better result for the fl uoride varnish programme was 
found, given that the programme could be performed at 
school. Nevertheless, no evaluation of the effi cacy of 
a school-based fl uoride programme implemented on a 
broad scale and in fi eld conditions has been performed, 
neither concerning caries prevention nor costs. 
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Method

The Västra Götaland Region, in the south-western part 
of Sweden, consists of 49 municipalities with more than 
1.6 million inhabitants, approximately 350,000 inhabitants 
of whom are children and adolescents under 18 years. 
The Public Dental Service gives tax-subsidised dental 
care to more than 95% of the children and adolescents 
in the region. Since 2008, all public dental clinics in 
the region have performed a population-based fl uoride 
varnish programme for all 12 to 15 year olds at school. 

The fl uoride varnish programme was mostly performed 
by dental nurses from the public dental clinics. The dental 
nurses met the adolescents at school in small groups for 
fl uoride varnish applications (Duraphat®, 2.26% F) every 
six months, from the 6th to the 9th classes. In addition, 
the adolescents participated in two lessons on oral health 
and tobacco use during this time, illustrated in Figure 1. 
Before the fl uoride varnish applications, the adolescents 
were instructed to fl oss their teeth under supervision. 
The fl uoride varnish applications were made using a 
syringe. Fluoride varnish was applied to all approximal 
surfaces from the distal surface of the canine to the 
mesial surface of the second molar. This procedure was 
designed after an earlier study by Moberg Sköld et al. 
(2005), performed in the same region.

This programme was a complement to the daily use of 
fl uoride toothpaste at home and regular dental check-ups 
at the public dental clinics, normally with an interval of 
18 months for adolescents when the risk of caries was 
considered to be low or medium. At these check-ups the 
adolescents received one fl uoride varnish application. The 
small number of adolescents considered to have a high 
risk of caries were invited for dental check-ups every 
12 months and received supplementary individual treat-
ments at the clinics. The risk calculation was based on 
a number of factors, such as dietary and tooth-brushing 
habits and previous caries experience. This means that, 
for the majority of the adolescents, the school-based 
fl uoride varnish programme constituted the main part of 
caries prevention during these ages. The fl uoride content 
in the drinking water is generally low in this region, as 
Sweden do not fl uoridate the drinking water.

Of the 112 public dental clinics which started with the 
fl uoride varnish programme in 2008, 15 were defi ned as 
situated in areas were the adolescents had an increased 
risk of caries due to socio-economic reasons. In those 
areas, the school-based fluoride varnish programme 
started already when the children were six years old 
and the number of fl uoride varnish treatments at school 
were 4-8 times per year, for the adolescents in Group 3 
(Intervention 2008).

As Sweden has a system with tax-subsidised dental 
care for all children and adolescents up to the age of 19 
and in the Västra Götaland Region up to the age of 24, 
the dental check-ups and the school-based fl uoride var-
nish programme were free of charge to the adolescents.
 A retrospective longitudinal design was used. Caries 
data for adolescents in two birth cohorts were extracted 
from the dental records at the Public Dental Service’s 
dental health-care register in Västra Götaland, Sweden. All 
the adolescents had attended dental check-ups at a public 
dental clinic in the Västra Götaland Region, Sweden.  

Figure 1. Fluoride varnish programme in school: infor-
mation and fl ossing in groups, application of fl uoride 
varnish and lessons on oral health and tobacco use

The aims of this study were therefore to evaluate the 
caries increment after the implementation of a school-based 
fl uoride varnish programme for 12 to 15 year olds, in the 
Västra Götaland Region in Sweden and to perform a cost 
analysis of the programme. The null hypothesis was that 
the fl uoride varnish programme would not have any ef-
fect on caries increment and that the costs would thereby 
exceed the decrease in costs due to prevented fi llings.
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risk areas in the Västra Götaland Region in Sweden. The 
results showed that fl uoride varnish every six months 
had a signifi cant caries-preventive effect in reducing new 
approximal caries lesions, especially in medium and high 
caries risk areas. The study led to the implementation 
of a population-based programme with fl uoride varnish 
applications at school every six months, for adolescents 
aged 12 to 15 at 19 clinics in the Public Dental Service, 
in one part of the Västra Götaland Region, in 2003. This 
school-based fl uoride varnish programme was then ex-
tended to include all 112 clinics in the Västra Götaland 
Region in 2008. 

A systematic review from 2003 of 17 studies with 
economic evaluations of different caries preventive 
programmes stated that those studies did not provide 
support for the economic value of caries prevention, but 
concluded that “the scarcity of well-conducted studies, as 
well as contradictory evidence in the reviewed articles, 
makes it diffi cult to judge the health-economic effect of 
the studied caries-prevention methods” (Källestål et al. 
2003). More recently, a fl uoride rinsing programme was 
compared with a fl uoride varnish programme in terms 
of cost containment, by Moberg Sköld et al., (2008). 
A better result for the fl uoride varnish programme was 
found, given that the programme could be performed at 
school. Nevertheless, no evaluation of the effi cacy of 
a school-based fl uoride programme implemented on a 
broad scale and in fi eld conditions has been performed, 
neither concerning caries prevention nor costs. 

139

Method

The Västra Götaland Region, in the south-western part 
of Sweden, consists of 49 municipalities with more than 
1.6 million inhabitants, approximately 350,000 inhabitants 
of whom are children and adolescents under 18 years. 
The Public Dental Service gives tax-subsidised dental 
care to more than 95% of the children and adolescents 
in the region. Since 2008, all public dental clinics in 
the region have performed a population-based fl uoride 
varnish programme for all 12 to 15 year olds at school. 

The fl uoride varnish programme was mostly performed 
by dental nurses from the public dental clinics. The dental 
nurses met the adolescents at school in small groups for 
fl uoride varnish applications (Duraphat®, 2.26% F) every 
six months, from the 6th to the 9th classes. In addition, 
the adolescents participated in two lessons on oral health 
and tobacco use during this time, illustrated in Figure 1. 
Before the fl uoride varnish applications, the adolescents 
were instructed to fl oss their teeth under supervision. 
The fl uoride varnish applications were made using a 
syringe. Fluoride varnish was applied to all approximal 
surfaces from the distal surface of the canine to the 
mesial surface of the second molar. This procedure was 
designed after an earlier study by Moberg Sköld et al. 
(2005), performed in the same region.

This programme was a complement to the daily use of 
fl uoride toothpaste at home and regular dental check-ups 
at the public dental clinics, normally with an interval of 
18 months for adolescents when the risk of caries was 
considered to be low or medium. At these check-ups the 
adolescents received one fl uoride varnish application. The 
small number of adolescents considered to have a high 
risk of caries were invited for dental check-ups every 
12 months and received supplementary individual treat-
ments at the clinics. The risk calculation was based on 
a number of factors, such as dietary and tooth-brushing 
habits and previous caries experience. This means that, 
for the majority of the adolescents, the school-based 
fl uoride varnish programme constituted the main part of 
caries prevention during these ages. The fl uoride content 
in the drinking water is generally low in this region, as 
Sweden do not fl uoridate the drinking water.

Of the 112 public dental clinics which started with the 
fl uoride varnish programme in 2008, 15 were defi ned as 
situated in areas were the adolescents had an increased 
risk of caries due to socio-economic reasons. In those 
areas, the school-based fluoride varnish programme 
started already when the children were six years old 
and the number of fl uoride varnish treatments at school 
were 4-8 times per year, for the adolescents in Group 3 
(Intervention 2008).

As Sweden has a system with tax-subsidised dental 
care for all children and adolescents up to the age of 19 
and in the Västra Götaland Region up to the age of 24, 
the dental check-ups and the school-based fl uoride var-
nish programme were free of charge to the adolescents.
 A retrospective longitudinal design was used. Caries 
data for adolescents in two birth cohorts were extracted 
from the dental records at the Public Dental Service’s 
dental health-care register in Västra Götaland, Sweden. All 
the adolescents had attended dental check-ups at a public 
dental clinic in the Västra Götaland Region, Sweden.  

Figure 1. Fluoride varnish programme in school: infor-
mation and fl ossing in groups, application of fl uoride 
varnish and lessons on oral health and tobacco use

The aims of this study were therefore to evaluate the 
caries increment after the implementation of a school-based 
fl uoride varnish programme for 12 to 15 year olds, in the 
Västra Götaland Region in Sweden and to perform a cost 
analysis of the programme. The null hypothesis was that 
the fl uoride varnish programme would not have any ef-
fect on caries increment and that the costs would thereby 
exceed the decrease in costs due to prevented fi llings.
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In 2003, 19 public dental clinics started a school-based 
fl uoride varnish programme, while all 112 public dental 
clinics started the programme in 2008. Three groups of 
adolescents, two born in 1993 and one born in 1998, were 
compared. Group 1 (Intervention 2003), born in 1993, be-
longed to those clinics which started the fl uoride varnish 
programme in 2003 and Group 2 (Historical control), also 
born in 1993, had no fl uoride varnish programme at school. 
These groups were compared with Group 3 (Intervention 
2008), born in 1998, which all had a fl uoride varnish pro-
gramme at school (Table 1).

In Group 1 (Intervention 2003), a total of 3,132 dental 
records were identifi ed. In this group, 45% of the adolescents 
had attended dental check-ups three times between the ages 
of 12 to 15 years (at intervals of 18 months), 25% had 
attended dental check-ups twice, 21% had attended dental 
check-ups four times and 9% had attended dental check-ups 
once during this period. The corresponding numbers for 
Group 2 (Historical control) were 13,490 identifi ed dental 
records, where 47% of the adolescents had attended dental 
check-ups three times, 30% had attended dental check-ups 
twice, 11% had attended dental check-ups four times and 
12% had attended dental check-ups once during this period. 
In Group 3 (Intervention 2008), a total of 11,321 dental 
records were identifi ed and 55% of the adolescents had 
attended dental check-ups three times between the ages of 
12 and 15 years, 22% had attended dental check-ups twice, 
16% had attended dental check-ups four times and 7% had 
attended dental check-ups once during this period. Table 2 
shows the total number of adolescents with dental check-
ups in each group and each year. 48% of the participants in 
all groups were girls and 52% were boys, and the gender 
distribution in the groups was even. 

For the ability to evaluate the caries increment, those 
adolescents attending dental check-ups both at the age of 
12 and at the age of 15 were specifi cally identifi ed. This 
enabled the caries increment to be defi ned as the caries 
prevalence at the age of 15 minus the caries prevalence at 
the age of 12. For this calculation, 1,584 adolescents were 
identifi ed in Group 1 (Intervention 2003), 5,831 adolescents 
in Group 2 (Historical control) and 6,527 adolescents in 

Group N Birth cohort Fluoride varnish at school 
from 12-15 years

Extracted data for 
years

1, Intervention 2003 3,132 1993 Yes 2005-2008
2, Historical control 13,490 1993 No 2005-2008
3, Intervention 2008 11,321 1998 Yes 2010-2013

Table 1. Number of participants in each group, year of birth and year of caries data extraction - Groups 1 and 3 were the inter-
vention groups with a fl uoride varnish programme at school, while Group 2 was the control

Group 1, 
Intervention 2003

Group 2,
Historical control

Group 3, 
Intervention 2008

Number of dental records 3,132 13,490 11,321
Number of public dental clinics 19 92 112
Dental check-up at age 12 2,550 10,160 10,624
Dental check-up at age 13 2,204 8,348 5,785
Dental check-up at age 14 1,957 8,266 8,285
Dental check-up at age 15 1,992 7,781 6,978

Table 2. Number of identifi ed dental records in the three groups, number of involved public dental clinics and number of ado-
lescents with dental check-ups at age 12 to 15

Figure 2. The cost analysis model: the intervention leads 
to effects on caries prevalence and possible other effects. A 
reduction in caries prevalence leads to reduced costs for fi ll-
ings. The cost of the fi llings is compared with the cost of the 
intervention. Other effects are not analysed in this model

Group 3 (Intervention 2008). 
Data were collected from the dental records in the 

Public Dental Services in Västra Götaland, Sweden, using 
a script. For each adolescent, the following information was 
extracted; Clinic, Gender, Number of Decayed and/or Filled 
Teeth (DFT), number of Decayed and/or Filled approximal 
Surfaces (DFSa) and number of approximal enamel lesions 
(DeSa), for each year, from 2005-2008, for those born in 
1993 (Group 1 and Group 2), and from 2010-2013, for those 
born in 1998 (Group 3). DFT and DFSa express caries into 
dentin and DeSa caries into enamel.

Preventive fraction was measured as the difference in 
mean caries increment between the intervention groups 
and the historical control group, and was expressed as a 
percentage of the mean increment in the control group 
(Kleinbaum et al., 1982).

The cost analysis aimed to evaluate the difference be-
tween the intervention cost and the assumed cost decrease 
due to possible prevented fi llings under a period of four 
years. The cost-analysis model is described in Figure 2. The 
intervention, the fl uoride varnish programme, possibly leads 
to a reduction in caries prevalence, which leads to lower 
costs for fi llings. This cost decrease due to prevented fi llings 
are compared with the cost of the intervention (prevented 
fi llings being here the difference in DFSa and not in enamel 
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The fl uoride varnish programme at school was part 
of the regular prevention and health-promotion strategy 
in the region. An ethical review of the extraction of data 
from the dental records was performed and approved 
by the Regional Ethical Review Board in Gothenburg, 
Sweden (Dnr: 273-14).

Results

The caries prevalence (mean and SD) at the age of 12, 
13, 14 and 15 years in all groups is presented in Table 
3. Group 2 (Historical control), without any prevention 
programme, had the highest caries prevalence. Group 1 
(Intervention 2003) and Group 3 (Intervention 2008) had 
signifi cantly lower caries prevalence. The total approximal 
caries prevalence (DFSa + DeSa) ranged from 0.68 (SD 
1.61) to 1.08 (SD 2.04) at 12 years of age increasing 
from 2.00 (SD 3.59) to 2.70 (SD 4.19) at 15 years of 
age, and the differences were statistically signifi cant 
(P<0.01). Group 1 (Intervention 2003) had the lowest 
caries prevalence at 12 and 13 years of age. At age 14 
and 15, Group 3 (Intervention 2008) had a lower caries 
prevalence regarding enamel lesions (DeSa), but Group 
1 (Intervention 2003) had a lower DFT and DFSa. 

Approximal enamel lesions (DeSa) accounted for 
the major part of the total approximal caries prevalence, 
ranging from 83-86% in Group 1 (Intervention 2003) to 
79-81% in Group 2 (Historical control) and 79-84% in 
Group 3 (Intervention 2008). 

The caries increment was calculated on those ado-
lescents who had attended their regular check-ups both 
at the age of 12 and at the age of 15. The calculation 
showed a total approximal caries increment (DFSa + 
DeSa) from 12 to 15 years of 1.41 for Group 1 (Inter-
vention 2003), 1.60 for Group 2 (Historical control) and 
1.09 for Group 3 (Intervention 2008) and are presented in 
Table 4. The substantial part of the increment consisted 
of approximal enamel lesions (DeSa), ranging from 80% 
in Group 3 (Intervention 2008), at 12 years, to 86% in 
Group 1 (Intervention 2003), at 15 years.

General Linear Models showed statistically signifi cant 
differences within groups and also between the groups 
over time (P<0.001), indicating a lower caries increment 
for Group 1 and Group 3, which took part in the fl uoride 
varnish programme at school, compared with Group 2 
which was the historical control (Figure 3).

Group 1
Intervention 

2003 
Mean, SD

Group 2
Historical 

control 
Mean, SD

Group 3
Intervention 

2008 
Mean, SD

As 12 year-olds
DFT 0.56, 1.08 0.86, 1.44 0.76, 1.32
DFSa 0.12, 0.48 0.22, 0.70 0.18, 0.62
DeSa 0.57, 1.47 0.86, 1.74 0.67, 1.58
Total caries prevalence 0.68, 1.61 1.08, 2.04 0.83, 1.80

As 13 year-olds
DFT 0.71, 1.27 1.09, 1.69 0.88, 1.50
DFSa 0.17, 0.59 0.30, 0.87 0.22, 0.74
DeSa 0.84, 2.07 1.25, 2.43 1.05, 2.26
Total caries prevalence 1.01, 2.31 1.56, 2.83 1.31, 2.63

As 14 year-olds
DFT 0.90, 1.50 1.35, 1.98 1.10, 1.76
DFSa 0.23, 0.73 0.40, 1.09 0.30, 0.95
DeSa 1.37, 2.96 1.72, 3.05 1.18, 2.55
Total caries prevalence 1.61, 3.28 2.14, 3.57 1.48, 3.00

As 15 year-olds
DFT 1.13, 1.73 1.59, 2.22 1.25, 1.94
DFSa 0.31, 0.89 0.51, 1.31 0.37, 1.11
DeSa 1.86, 3.42 2.18, 3.53 1.61, 3.05 
Total caries prevalence 2.18, 3.82 2.70, 4.19 2.00, 3.59

Table 3. Caries prevalences: DFT, DFSa, DeSa, total caries 
DFSa + DeSa, in the three groups at ages 12, 13, 14 and 15 
years

DFT = Decayed and/or Filled Teeth, DFSa = approximal 
surfaces with fi llings and/or dentin lesions,
DeSa = approximal surfaces with enamel lesions, Total car-
ies prevalence = DFSa + DeSa

lesions which would not be fi lled). An intervention will 
most probably have additional effects. If there is a reduc-
tion in caries prevalence, there is consequently an increase 
in dental health, possibly resulting in improved quality of 
life, fewer visits to dental clinics or other effects, but those 
effects are not analysed in this model. This means that we 
performed a partial cost analysis taking only in consider-
ation clinical costs.

The cost of the programme was estimated at ap-
proximately 100SEK (≈11€) per adolescent and year, 
based on the reimbursement which covered all necessary 
services in the programme. Therefore, the value of the 
reimbursement in this study is equal to the total cost of 
the intervention. The programme was free of charge to 
the participating adolescents.

The cost reduction is based on the statistical results 
that show the difference in DFSa between Group 2 (His-
torical control) and Group 3 (Intervention 2008), during 
the same period, from 12 to 15 years. This means two 
groups, with similar socioeconomics and sample size, 
were compared regarding the need for approximal fi ll-
ings during the study period. The cost of a fi lling on two 
surfaces (i.e. a fi lling of an approximal caries lesion) is 
estimated at 1,087SEK, according to the pricelist in the 
region (2013). However, all dental care, including fi ll-
ings, are free of charge for the adolescents in the region. 

Descriptive statistics, analysis of variance and general 
linear models for repeated measures were used using SPSS 
v.21 with P<0.05 was applied for statistical signifi cance.

Figure 3. General Linear Models showing the differences 
in approximal caries increment (DFSa) between the groups 
from 12 to 15 years

Figure 2. The cost analysis model: the intervention 
leads to effects on caries prevalence and possible other 
effects. A reduction in caries prevalence leads to 
reduced costs for fillings. The cost of the fillings is 
compared with the cost of the intervention. Other effects 
are not analysed in this model

Figure 3. General Linear Models showing the 
differences in approximal caries increment (DFSa) 
between the groups from 12 to 15 years
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In 2003, 19 public dental clinics started a school-based 
fl uoride varnish programme, while all 112 public dental 
clinics started the programme in 2008. Three groups of 
adolescents, two born in 1993 and one born in 1998, were 
compared. Group 1 (Intervention 2003), born in 1993, be-
longed to those clinics which started the fl uoride varnish 
programme in 2003 and Group 2 (Historical control), also 
born in 1993, had no fl uoride varnish programme at school. 
These groups were compared with Group 3 (Intervention 
2008), born in 1998, which all had a fl uoride varnish pro-
gramme at school (Table 1).

In Group 1 (Intervention 2003), a total of 3,132 dental 
records were identifi ed. In this group, 45% of the adolescents 
had attended dental check-ups three times between the ages 
of 12 to 15 years (at intervals of 18 months), 25% had 
attended dental check-ups twice, 21% had attended dental 
check-ups four times and 9% had attended dental check-ups 
once during this period. The corresponding numbers for 
Group 2 (Historical control) were 13,490 identifi ed dental 
records, where 47% of the adolescents had attended dental 
check-ups three times, 30% had attended dental check-ups 
twice, 11% had attended dental check-ups four times and 
12% had attended dental check-ups once during this period. 
In Group 3 (Intervention 2008), a total of 11,321 dental 
records were identifi ed and 55% of the adolescents had 
attended dental check-ups three times between the ages of 
12 and 15 years, 22% had attended dental check-ups twice, 
16% had attended dental check-ups four times and 7% had 
attended dental check-ups once during this period. Table 2 
shows the total number of adolescents with dental check-
ups in each group and each year. 48% of the participants in 
all groups were girls and 52% were boys, and the gender 
distribution in the groups was even. 

For the ability to evaluate the caries increment, those 
adolescents attending dental check-ups both at the age of 
12 and at the age of 15 were specifi cally identifi ed. This 
enabled the caries increment to be defi ned as the caries 
prevalence at the age of 15 minus the caries prevalence at 
the age of 12. For this calculation, 1,584 adolescents were 
identifi ed in Group 1 (Intervention 2003), 5,831 adolescents 
in Group 2 (Historical control) and 6,527 adolescents in 

Group N Birth cohort Fluoride varnish at school 
from 12-15 years

Extracted data for 
years

1, Intervention 2003 3,132 1993 Yes 2005-2008
2, Historical control 13,490 1993 No 2005-2008
3, Intervention 2008 11,321 1998 Yes 2010-2013

Table 1. Number of participants in each group, year of birth and year of caries data extraction - Groups 1 and 3 were the inter-
vention groups with a fl uoride varnish programme at school, while Group 2 was the control

Group 1, 
Intervention 2003

Group 2,
Historical control

Group 3, 
Intervention 2008

Number of dental records 3,132 13,490 11,321
Number of public dental clinics 19 92 112
Dental check-up at age 12 2,550 10,160 10,624
Dental check-up at age 13 2,204 8,348 5,785
Dental check-up at age 14 1,957 8,266 8,285
Dental check-up at age 15 1,992 7,781 6,978

Table 2. Number of identifi ed dental records in the three groups, number of involved public dental clinics and number of ado-
lescents with dental check-ups at age 12 to 15

Figure 2. The cost analysis model: the intervention leads 
to effects on caries prevalence and possible other effects. A 
reduction in caries prevalence leads to reduced costs for fi ll-
ings. The cost of the fi llings is compared with the cost of the 
intervention. Other effects are not analysed in this model

Group 3 (Intervention 2008). 
Data were collected from the dental records in the 

Public Dental Services in Västra Götaland, Sweden, using 
a script. For each adolescent, the following information was 
extracted; Clinic, Gender, Number of Decayed and/or Filled 
Teeth (DFT), number of Decayed and/or Filled approximal 
Surfaces (DFSa) and number of approximal enamel lesions 
(DeSa), for each year, from 2005-2008, for those born in 
1993 (Group 1 and Group 2), and from 2010-2013, for those 
born in 1998 (Group 3). DFT and DFSa express caries into 
dentin and DeSa caries into enamel.

Preventive fraction was measured as the difference in 
mean caries increment between the intervention groups 
and the historical control group, and was expressed as a 
percentage of the mean increment in the control group 
(Kleinbaum et al., 1982).

The cost analysis aimed to evaluate the difference be-
tween the intervention cost and the assumed cost decrease 
due to possible prevented fi llings under a period of four 
years. The cost-analysis model is described in Figure 2. The 
intervention, the fl uoride varnish programme, possibly leads 
to a reduction in caries prevalence, which leads to lower 
costs for fi llings. This cost decrease due to prevented fi llings 
are compared with the cost of the intervention (prevented 
fi llings being here the difference in DFSa and not in enamel 
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The fl uoride varnish programme at school was part 
of the regular prevention and health-promotion strategy 
in the region. An ethical review of the extraction of data 
from the dental records was performed and approved 
by the Regional Ethical Review Board in Gothenburg, 
Sweden (Dnr: 273-14).

Results

The caries prevalence (mean and SD) at the age of 12, 
13, 14 and 15 years in all groups is presented in Table 
3. Group 2 (Historical control), without any prevention 
programme, had the highest caries prevalence. Group 1 
(Intervention 2003) and Group 3 (Intervention 2008) had 
signifi cantly lower caries prevalence. The total approximal 
caries prevalence (DFSa + DeSa) ranged from 0.68 (SD 
1.61) to 1.08 (SD 2.04) at 12 years of age increasing 
from 2.00 (SD 3.59) to 2.70 (SD 4.19) at 15 years of 
age, and the differences were statistically signifi cant 
(P<0.01). Group 1 (Intervention 2003) had the lowest 
caries prevalence at 12 and 13 years of age. At age 14 
and 15, Group 3 (Intervention 2008) had a lower caries 
prevalence regarding enamel lesions (DeSa), but Group 
1 (Intervention 2003) had a lower DFT and DFSa. 

Approximal enamel lesions (DeSa) accounted for 
the major part of the total approximal caries prevalence, 
ranging from 83-86% in Group 1 (Intervention 2003) to 
79-81% in Group 2 (Historical control) and 79-84% in 
Group 3 (Intervention 2008). 

The caries increment was calculated on those ado-
lescents who had attended their regular check-ups both 
at the age of 12 and at the age of 15. The calculation 
showed a total approximal caries increment (DFSa + 
DeSa) from 12 to 15 years of 1.41 for Group 1 (Inter-
vention 2003), 1.60 for Group 2 (Historical control) and 
1.09 for Group 3 (Intervention 2008) and are presented in 
Table 4. The substantial part of the increment consisted 
of approximal enamel lesions (DeSa), ranging from 80% 
in Group 3 (Intervention 2008), at 12 years, to 86% in 
Group 1 (Intervention 2003), at 15 years.

General Linear Models showed statistically signifi cant 
differences within groups and also between the groups 
over time (P<0.001), indicating a lower caries increment 
for Group 1 and Group 3, which took part in the fl uoride 
varnish programme at school, compared with Group 2 
which was the historical control (Figure 3).

Group 1
Intervention 

2003 
Mean, SD

Group 2
Historical 

control 
Mean, SD

Group 3
Intervention 

2008 
Mean, SD

As 12 year-olds
DFT 0.56, 1.08 0.86, 1.44 0.76, 1.32
DFSa 0.12, 0.48 0.22, 0.70 0.18, 0.62
DeSa 0.57, 1.47 0.86, 1.74 0.67, 1.58
Total caries prevalence 0.68, 1.61 1.08, 2.04 0.83, 1.80

As 13 year-olds
DFT 0.71, 1.27 1.09, 1.69 0.88, 1.50
DFSa 0.17, 0.59 0.30, 0.87 0.22, 0.74
DeSa 0.84, 2.07 1.25, 2.43 1.05, 2.26
Total caries prevalence 1.01, 2.31 1.56, 2.83 1.31, 2.63

As 14 year-olds
DFT 0.90, 1.50 1.35, 1.98 1.10, 1.76
DFSa 0.23, 0.73 0.40, 1.09 0.30, 0.95
DeSa 1.37, 2.96 1.72, 3.05 1.18, 2.55
Total caries prevalence 1.61, 3.28 2.14, 3.57 1.48, 3.00

As 15 year-olds
DFT 1.13, 1.73 1.59, 2.22 1.25, 1.94
DFSa 0.31, 0.89 0.51, 1.31 0.37, 1.11
DeSa 1.86, 3.42 2.18, 3.53 1.61, 3.05 
Total caries prevalence 2.18, 3.82 2.70, 4.19 2.00, 3.59

Table 3. Caries prevalences: DFT, DFSa, DeSa, total caries 
DFSa + DeSa, in the three groups at ages 12, 13, 14 and 15 
years

DFT = Decayed and/or Filled Teeth, DFSa = approximal 
surfaces with fi llings and/or dentin lesions,
DeSa = approximal surfaces with enamel lesions, Total car-
ies prevalence = DFSa + DeSa

lesions which would not be fi lled). An intervention will 
most probably have additional effects. If there is a reduc-
tion in caries prevalence, there is consequently an increase 
in dental health, possibly resulting in improved quality of 
life, fewer visits to dental clinics or other effects, but those 
effects are not analysed in this model. This means that we 
performed a partial cost analysis taking only in consider-
ation clinical costs.

The cost of the programme was estimated at ap-
proximately 100SEK (≈11€) per adolescent and year, 
based on the reimbursement which covered all necessary 
services in the programme. Therefore, the value of the 
reimbursement in this study is equal to the total cost of 
the intervention. The programme was free of charge to 
the participating adolescents.

The cost reduction is based on the statistical results 
that show the difference in DFSa between Group 2 (His-
torical control) and Group 3 (Intervention 2008), during 
the same period, from 12 to 15 years. This means two 
groups, with similar socioeconomics and sample size, 
were compared regarding the need for approximal fi ll-
ings during the study period. The cost of a fi lling on two 
surfaces (i.e. a fi lling of an approximal caries lesion) is 
estimated at 1,087SEK, according to the pricelist in the 
region (2013). However, all dental care, including fi ll-
ings, are free of charge for the adolescents in the region. 

Descriptive statistics, analysis of variance and general 
linear models for repeated measures were used using SPSS 
v.21 with P<0.05 was applied for statistical signifi cance.

Figure 3. General Linear Models showing the differences 
in approximal caries increment (DFSa) between the groups 
from 12 to 15 years

Figure 2. The cost analysis model: the intervention 
leads to effects on caries prevalence and possible other 
effects. A reduction in caries prevalence leads to 
reduced costs for fillings. The cost of the fillings is 
compared with the cost of the intervention. Other effects 
are not analysed in this model

Figure 3. General Linear Models showing the 
differences in approximal caries increment (DFSa) 
between the groups from 12 to 15 years
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The preventive fraction, the difference in caries in-
crement expressed as a percentage of the increment in 
Group 3 (Historical control), was in Group 1 (Intervention 
2003) 12% and in Group 3 (Intervention 2008) 32%. 
The diagnostic threshold was approximal enamel lesions.

The cost of the fl uoride varnish programme in this 
region, estimated at 100SEK per adolescent and year, 
resulted in a total of 400SEK per adolescent from 12-15 
years. According to the pricelist in the region, the cost of 
a fi lling on two surfaces (i.e. a fi lling of an approximal 
caries lesion) is estimated at 1,087SEK (2013). The cost 
decrease produced by the programme could therefore 
be described as the difference in DFSa between Group 
2 (Historical control) and Group 3 (Intervention 2008) 
multiplied by 1,087SEK. This means that it is possible 
that the fl uoride varnish programme, during this four-year 
period, prevented fi llings for a total cost of 391SEK for 
each individual taking part (Table 5). Assuming the dif-
ference in caries increment between the groups continues 
to grow up to the age of 19, this means the decrease in 
fi llings could be estimated at a cost of 1.435SEK.

Discussion

This study showed that the caries prevalence and car-
ies increment in 15 year olds was signifi cantly lower 
after the implementation of a population-based fl uoride 
varnish programme. This programme was implemented 
in fi eld conditions on a broad scale at all secondary 
schools in the Västra Götaland Region in Sweden. This 

meant that the null hypothesis could be rejected, as the 
caries increment was signifi cantly lower for the groups 
participating in a fl uoride varnish programme. In addi-
tion, the reduction in fi llings as a consequence of the 
reduction in caries prevalence meant that the cost of the 
programme appeared to be profi table for both the Public 
Dental Service (society) and, in the longer perspective, 
the participating adolescents. 

Many studies have shown that fluoride varnish 
programmes are effective in promoting dental health 
(Helfenstein et al., 1994; Marinho et al., 2013; Moberg 
Sköld et al., 2005; Petersson et al., 2004). The Swedish 
Council on Technology Assessment in Health Care (2002) 
calculated the caries-preventive effect at 30%, which is 
similar to the fi ndings in our study. Nevertheless, recently 
published data from one part of the Västra Götaland 
Region, relating to adolescents aged between 12 and 15 
years, did not show any caries preventive effect from 
a fl uoride varnish programme (Bergström et al., 2014). 
This is in contrast to the fi ndings in this study. The low 
caries prevalence and the lack of a blind control group 
could have affected the results in that study. 

Oscarson et al. (2003) performed a study of cost 
effectiveness from a societal perspective with the aim 
of comparing the costs and consequences of different 
caries-prevention programmes in a caries high-risk 
population. The estimated cost of the prevention in that 
study was similar to the cost of the intervention in our 
study, especially in high-risk groups, even though that 
study was performed 10 years earlier. 

Age,
years

Group 2 DFSa,
Historical control

Group 3 DFSa,
Intervention 2008

Difference in 
DFSa 1

Decrease in 
cost, SEK2

Cost of the pro-
gramme, SEK3

Accumulated outcome, 
SEK4

12 0.22 0.18 0.04 43 100 -57
13 0.30 0.22 0.08 87 100 -70
14 0.40 0.30 0.10 109 100 -61
15 0.51 0.37 0.14 152 100 -9

Actual costs and savings from 12-15 years 391 400 -9
16 0.18 196 0 187
17 0.22 239 0 426
18 0.26 283 0 709
19 0.30 326 0 1,035

Estimated costs and savings from 12-19 years 1,435 400 1,035

Table 5. Cost analysis of the programme and calculation of the differences in DFSa comparing Group 2 (Historical group) with 
Group 3 (Intervention 2008)

1 The difference in caries prevalence (DFSa) calculated as Group 2 (Historical control) minus Group 3 (Intervention 2008);   
2 Number of prevented fi llings multiplied by 1,087SEK: the cost of a two-surface fi lling according to the regional pricelist;    
3 The total cost of the programme per adolescent and year;    4 The difference in caries prevalence multiplied by 1,087SEK 
minus the cost of the programme, accumulated for each year

DFSa = approximal surfaces with fi llings and/or dentin lesions; DeSa = approximal surfaces with enamel lesions; Total caries 
prevalence = DFSa + DeSa

Group 1, Intervention 2003
N=1,584

Group 2, Historical control 
N=5,831

Group 3, Intervention 2008
N=6,527

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

DFSa 0.11, 0.45 0.30, 0.88 0.19 0.21, 0.65 0.51, 1.31 0.30 0.17, 0.58 0.36, 1.07 0.19
DeSa 0.59, 1.52 1.81, 3.41 1.22 0.90, 1.77 2.19, 3.54 1.29 0.68, 1.62 1.58, 3.04 0.90
Total caries prevalence 0.70, 1.66 2.11, 3.78 1.41 1.10, 2.03 2.70, 4.20 1.60 0.85, 1.83 1.94, 3.56 1.09

Table 4. Caries increment from 12 to 15 years in the three groups, calculated for the same individuals attending 
dental check-ups at both the ages (mean, SD)
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There is a need for studies or evaluations of pro-
grammes conducted in fi eld conditions. The programme in 
the present study was implemented on a broad scale and 
has been running for more than fi ve years with the aim to 
continue for many years. However, as this fl uoride varnish 
programme was not designed as a clinical study, but as a 
general intervention, comparisons have to be made with 
historical control groups or groups from different areas 
with different settings. The possibility of fi nding matching 
areas without population-based interventions is challenging, 
as most parts of Sweden have some kind of population-
based prevention for adolescents. In this study we chose 
to compare a small group, which started with a fl uoride 
varnish programme at an early stage, with a larger group 
in the same birth cohort, which did not have a fl uoride 
varnish programme. These groups were in turn compared 
with the group attending the programme at a later stage, 
with an awareness of its possible bias. The most obvious 
bias is the fact that dental health has improved between 
2005 and 2013 and it is not possible to defi ne the exact 
role of the fl uoride varnish programme in this improve-
ment. It is also important to remember that, even before 
the implementation of a fl uoride varnish programme, efforts 
were made to promote dental health and prevent caries. 
The fact that the caries increment in Group 3 (Intervention 
2008), where everyone participated in the fl uoride varnish 
programme, was very similar to the caries increment in 
Group 1 (Intervention 2003), where the participants started 
the fl uoride varnish programme in 2003 could support the 
idea of a more structured population-based prevention, 
including the use of fl uoride varnish, at school. This is in 
line with the study by Moberg Sköld et al. (2005), who 
also stated that the economic effi ciency of the school-based 
fl uoride varnish programmes must be evaluated. 

In this study, all adolescents attending dental check-
ups at the Public Dental Service, in two birth cohorts, 
were analysed. This meant that even adolescents who, 
for example, chose not to participate in the fl uoride var-
nish programme at school belonged to the “intervention 
groups”. It is, however, important to remember that all 
population-based programmes will fail to reach every 
single person in the target population. A true evaluation 
of a programme could therefore benefi t from including 
even those “non-participants” in the analysis, as they 
are part of the population and part of the outcome of a 
programme. Furthermore, even those adolescents who 
for some reason choose to decline fl uoride varnish still 
participate in oral health education, receive information 
about oral home care and are reminded about dental 
health every time their classmates participate in the 
fl uoride varnish programme. Receiving regular visits 
from dental personnel in school could possibly affect 
awareness of dental health. 

One major challenge in caries research is the measure-
ment of caries. In this study, caries data were collected 
from 114 public dental clinics and the examinations of 
the subjects were made in 2005-2013. This means that 
the study population’s dental check-ups were made by a 
large number of examiners. When conducting caries re-
search, it is more common to allow one or a few specially 
trained examiners to conduct the caries examinations. 
The quality of data from dental records are debateable, 
but, in spite of this, dental records from a wide variety 

of examiners are also the source of offi cial caries data. 
Moreover, a study by Hausen et al. (2001) compared 
caries data for 824 children, by collecting both data 
from patient records and data from trained examiners, 
in Finland. The conclusion from the study was that, in 
large enough settings, data obtained from patient records 
could be used, as they are not decisively inferior to those 
obtained from examinations by trained examiners. This 
applies within countries, such as Sweden, where uniform 
patient records are available and where, on a national 
basis, the health authorities have given uniform instruc-
tions for record keeping.

The cost analysis of the fl uoride varnish programme 
was limited to comparing the cost, in time and money, 
of the programme with the reduced number of fi llings, 
i.e. costs avoided. An intervention like this inevitably 
also has other effects and, not the least, a reduction 
in caries prevalence means better dental health for the 
participants. No further analysis of those effects was 
performed, but, as the results showed a decrease in car-
ies and a break-even in costs at age 15 the programme 
is clearly cost effective. In addition, the fl uoride varnish 
programme had no negative effects, which is important 
in a programme like this. This matches the fi ndings of 
the study by Seppä (1999), stating that fl uoride varnishes 
are easy to apply, effective and safe. 

Furthermore, the calculations in our study assumed that 
the control group did not have any costs for prevention, 
which is probably not true. Even though there was no 
common preventive programme for the adolescents in the 
control group, some of the public dental clinics probably 
spent both money and time on preventive measures before 
the implementation of the fl uoride varnish programme on 
a broad scale. This means that calculations could have 
shown even greater cost effectiveness when comparing the 
cost of the programme with the costs saved on fi llings. 
In this study, the effect on caries prevalence is known 
until the age of 15, but a longer follow-up period would 
probably continue to show a difference between the 
intervention and the control groups, giving even greater 
costs savings. This is based on the knowledge acquired 
from several studies that have shown positive effects 
for many years after the end of a fl uoride programme 
(Haugejorden et al., 1990; Kobayashi et al., 1995; Leske 
et al., 1986).

Conclusion

This evaluation showed that a school-based fl uoride varnish 
programme, implemented on a broad scale in fi eld condi-
tions, contributed to a low caries increment at a low cost for 
adolescents in Västra Götaland, Sweden. Further studies of 
the cost effectiveness of the programme could be of great 
interest, especially over a more extended period of time. 
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The preventive fraction, the difference in caries in-
crement expressed as a percentage of the increment in 
Group 3 (Historical control), was in Group 1 (Intervention 
2003) 12% and in Group 3 (Intervention 2008) 32%. 
The diagnostic threshold was approximal enamel lesions.

The cost of the fl uoride varnish programme in this 
region, estimated at 100SEK per adolescent and year, 
resulted in a total of 400SEK per adolescent from 12-15 
years. According to the pricelist in the region, the cost of 
a fi lling on two surfaces (i.e. a fi lling of an approximal 
caries lesion) is estimated at 1,087SEK (2013). The cost 
decrease produced by the programme could therefore 
be described as the difference in DFSa between Group 
2 (Historical control) and Group 3 (Intervention 2008) 
multiplied by 1,087SEK. This means that it is possible 
that the fl uoride varnish programme, during this four-year 
period, prevented fi llings for a total cost of 391SEK for 
each individual taking part (Table 5). Assuming the dif-
ference in caries increment between the groups continues 
to grow up to the age of 19, this means the decrease in 
fi llings could be estimated at a cost of 1.435SEK.

Discussion

This study showed that the caries prevalence and car-
ies increment in 15 year olds was signifi cantly lower 
after the implementation of a population-based fl uoride 
varnish programme. This programme was implemented 
in fi eld conditions on a broad scale at all secondary 
schools in the Västra Götaland Region in Sweden. This 

meant that the null hypothesis could be rejected, as the 
caries increment was signifi cantly lower for the groups 
participating in a fl uoride varnish programme. In addi-
tion, the reduction in fi llings as a consequence of the 
reduction in caries prevalence meant that the cost of the 
programme appeared to be profi table for both the Public 
Dental Service (society) and, in the longer perspective, 
the participating adolescents. 

Many studies have shown that fluoride varnish 
programmes are effective in promoting dental health 
(Helfenstein et al., 1994; Marinho et al., 2013; Moberg 
Sköld et al., 2005; Petersson et al., 2004). The Swedish 
Council on Technology Assessment in Health Care (2002) 
calculated the caries-preventive effect at 30%, which is 
similar to the fi ndings in our study. Nevertheless, recently 
published data from one part of the Västra Götaland 
Region, relating to adolescents aged between 12 and 15 
years, did not show any caries preventive effect from 
a fl uoride varnish programme (Bergström et al., 2014). 
This is in contrast to the fi ndings in this study. The low 
caries prevalence and the lack of a blind control group 
could have affected the results in that study. 

Oscarson et al. (2003) performed a study of cost 
effectiveness from a societal perspective with the aim 
of comparing the costs and consequences of different 
caries-prevention programmes in a caries high-risk 
population. The estimated cost of the prevention in that 
study was similar to the cost of the intervention in our 
study, especially in high-risk groups, even though that 
study was performed 10 years earlier. 

Age,
years

Group 2 DFSa,
Historical control

Group 3 DFSa,
Intervention 2008

Difference in 
DFSa 1

Decrease in 
cost, SEK2

Cost of the pro-
gramme, SEK3

Accumulated outcome, 
SEK4

12 0.22 0.18 0.04 43 100 -57
13 0.30 0.22 0.08 87 100 -70
14 0.40 0.30 0.10 109 100 -61
15 0.51 0.37 0.14 152 100 -9

Actual costs and savings from 12-15 years 391 400 -9
16 0.18 196 0 187
17 0.22 239 0 426
18 0.26 283 0 709
19 0.30 326 0 1,035

Estimated costs and savings from 12-19 years 1,435 400 1,035

Table 5. Cost analysis of the programme and calculation of the differences in DFSa comparing Group 2 (Historical group) with 
Group 3 (Intervention 2008)

1 The difference in caries prevalence (DFSa) calculated as Group 2 (Historical control) minus Group 3 (Intervention 2008);   
2 Number of prevented fi llings multiplied by 1,087SEK: the cost of a two-surface fi lling according to the regional pricelist;    
3 The total cost of the programme per adolescent and year;    4 The difference in caries prevalence multiplied by 1,087SEK 
minus the cost of the programme, accumulated for each year

DFSa = approximal surfaces with fi llings and/or dentin lesions; DeSa = approximal surfaces with enamel lesions; Total caries 
prevalence = DFSa + DeSa

Group 1, Intervention 2003
N=1,584

Group 2, Historical control 
N=5,831

Group 3, Intervention 2008
N=6,527

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

12yr-olds
Mean, SD

15yr-olds
Mean, SD Increment

DFSa 0.11, 0.45 0.30, 0.88 0.19 0.21, 0.65 0.51, 1.31 0.30 0.17, 0.58 0.36, 1.07 0.19
DeSa 0.59, 1.52 1.81, 3.41 1.22 0.90, 1.77 2.19, 3.54 1.29 0.68, 1.62 1.58, 3.04 0.90
Total caries prevalence 0.70, 1.66 2.11, 3.78 1.41 1.10, 2.03 2.70, 4.20 1.60 0.85, 1.83 1.94, 3.56 1.09

Table 4. Caries increment from 12 to 15 years in the three groups, calculated for the same individuals attending 
dental check-ups at both the ages (mean, SD)
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There is a need for studies or evaluations of pro-
grammes conducted in fi eld conditions. The programme in 
the present study was implemented on a broad scale and 
has been running for more than fi ve years with the aim to 
continue for many years. However, as this fl uoride varnish 
programme was not designed as a clinical study, but as a 
general intervention, comparisons have to be made with 
historical control groups or groups from different areas 
with different settings. The possibility of fi nding matching 
areas without population-based interventions is challenging, 
as most parts of Sweden have some kind of population-
based prevention for adolescents. In this study we chose 
to compare a small group, which started with a fl uoride 
varnish programme at an early stage, with a larger group 
in the same birth cohort, which did not have a fl uoride 
varnish programme. These groups were in turn compared 
with the group attending the programme at a later stage, 
with an awareness of its possible bias. The most obvious 
bias is the fact that dental health has improved between 
2005 and 2013 and it is not possible to defi ne the exact 
role of the fl uoride varnish programme in this improve-
ment. It is also important to remember that, even before 
the implementation of a fl uoride varnish programme, efforts 
were made to promote dental health and prevent caries. 
The fact that the caries increment in Group 3 (Intervention 
2008), where everyone participated in the fl uoride varnish 
programme, was very similar to the caries increment in 
Group 1 (Intervention 2003), where the participants started 
the fl uoride varnish programme in 2003 could support the 
idea of a more structured population-based prevention, 
including the use of fl uoride varnish, at school. This is in 
line with the study by Moberg Sköld et al. (2005), who 
also stated that the economic effi ciency of the school-based 
fl uoride varnish programmes must be evaluated. 

In this study, all adolescents attending dental check-
ups at the Public Dental Service, in two birth cohorts, 
were analysed. This meant that even adolescents who, 
for example, chose not to participate in the fl uoride var-
nish programme at school belonged to the “intervention 
groups”. It is, however, important to remember that all 
population-based programmes will fail to reach every 
single person in the target population. A true evaluation 
of a programme could therefore benefi t from including 
even those “non-participants” in the analysis, as they 
are part of the population and part of the outcome of a 
programme. Furthermore, even those adolescents who 
for some reason choose to decline fl uoride varnish still 
participate in oral health education, receive information 
about oral home care and are reminded about dental 
health every time their classmates participate in the 
fl uoride varnish programme. Receiving regular visits 
from dental personnel in school could possibly affect 
awareness of dental health. 

One major challenge in caries research is the measure-
ment of caries. In this study, caries data were collected 
from 114 public dental clinics and the examinations of 
the subjects were made in 2005-2013. This means that 
the study population’s dental check-ups were made by a 
large number of examiners. When conducting caries re-
search, it is more common to allow one or a few specially 
trained examiners to conduct the caries examinations. 
The quality of data from dental records are debateable, 
but, in spite of this, dental records from a wide variety 

of examiners are also the source of offi cial caries data. 
Moreover, a study by Hausen et al. (2001) compared 
caries data for 824 children, by collecting both data 
from patient records and data from trained examiners, 
in Finland. The conclusion from the study was that, in 
large enough settings, data obtained from patient records 
could be used, as they are not decisively inferior to those 
obtained from examinations by trained examiners. This 
applies within countries, such as Sweden, where uniform 
patient records are available and where, on a national 
basis, the health authorities have given uniform instruc-
tions for record keeping.

The cost analysis of the fl uoride varnish programme 
was limited to comparing the cost, in time and money, 
of the programme with the reduced number of fi llings, 
i.e. costs avoided. An intervention like this inevitably 
also has other effects and, not the least, a reduction 
in caries prevalence means better dental health for the 
participants. No further analysis of those effects was 
performed, but, as the results showed a decrease in car-
ies and a break-even in costs at age 15 the programme 
is clearly cost effective. In addition, the fl uoride varnish 
programme had no negative effects, which is important 
in a programme like this. This matches the fi ndings of 
the study by Seppä (1999), stating that fl uoride varnishes 
are easy to apply, effective and safe. 

Furthermore, the calculations in our study assumed that 
the control group did not have any costs for prevention, 
which is probably not true. Even though there was no 
common preventive programme for the adolescents in the 
control group, some of the public dental clinics probably 
spent both money and time on preventive measures before 
the implementation of the fl uoride varnish programme on 
a broad scale. This means that calculations could have 
shown even greater cost effectiveness when comparing the 
cost of the programme with the costs saved on fi llings. 
In this study, the effect on caries prevalence is known 
until the age of 15, but a longer follow-up period would 
probably continue to show a difference between the 
intervention and the control groups, giving even greater 
costs savings. This is based on the knowledge acquired 
from several studies that have shown positive effects 
for many years after the end of a fl uoride programme 
(Haugejorden et al., 1990; Kobayashi et al., 1995; Leske 
et al., 1986).

Conclusion

This evaluation showed that a school-based fl uoride varnish 
programme, implemented on a broad scale in fi eld condi-
tions, contributed to a low caries increment at a low cost for 
adolescents in Västra Götaland, Sweden. Further studies of 
the cost effectiveness of the programme could be of great 
interest, especially over a more extended period of time. 
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Examiner reliability in fl uorosis scoring: a comparison of pho-
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Objective: To assess examiner reliability when scoring dental fl uorosis in Malaysian children using clinical (Dean’s Index) and photo-
graphic methods. Method: The upper central incisors of 111 children were examined both clinically and photographically for fl uorosis 
status using Dean’s index. Twenty children were re-examined after a two-week interval for intra-examiner reliability by a single examiner. 
In addition, two independent examiners and the clinical examiner scored 111 photographic images of the same children in a standardized 
manner. Fluorosis scores were compared individually between examiners for both clinical and photographic scoring. Examiner reliability 
was assessed using both simple and weighted kappa statistics at tooth level. Sensitivity, specifi city, positive-negative predictive values and 
a Receiver Operating Characteristic (ROC) curve were also calculated to determine the accuracy of the test. Results: Across the three 
examiners, the prevalence of fl uorosis (Dean’s score ≥2) using photographs was lower (ranged from 23% to 26%) than the prevalence 
recorded by clinical examination (30%). The kappa score for intra-examiner reliability for the duplicate clinical examination was excellent 
(0.89). Inter-examiner reliability between the photographic method and the clinical examination (gold standard) for each examiner was 
substantial with weighted kappa values ranging from 0.74 to 0.77. The photographic method indicated higher specifi city (99%) than sen-
sitivity (79%) and the area under the ROC curve was also high (0.89) which suggests good accuracy of the diagnostic test. Conclusion: 
These results suggest that photographic examination of fl uorosis on central incisors can be recorded with good examiner reliability. The 
recorded fl uorosis prevalence was lower using the photographic scores.

Key words: Dean’s index, dental fl uorosis, Malaysia, reliability, photographic, clinical

Introduction

Dental fl uorosis is defi ned as hypomineralization of tooth 
enamel resulting from exposure to excess levels of fl uoride 
during tooth formation (Dean, 1934). Clinically, dental fl uo-
rosis presents as white striations or diffuse parchment-like 
areas on the enamel. In more severe cases, fl uorosed enamel 
appears pitted and yellowish-brown in colour (Browne et 
al., 2005; Buzalaf and Levy, 2011; Mascarenhas, 2000). 

Several epidemiological indices have been developed 
to describe the clinical appearance of dental fl uorosis. No 
one index has emerged as the agreed standard method, 
the index of choice to a degree depending on the objec-
tive of the study. Dean’s Index (Dean, 1934) was the 
fi rst index reported in the literature. In the intervening 
years, other indices were developed, the aim being to 
improve Dean’s Index criteria: Thylstrup and Fejerskov 
Index (TFI; Fejerskov et al., 1977), Tooth Surface In-
dex of Fluorosis (TSIF; Horowitz et al., 1984) and the 
Fluorosis Risk Index (Pendrys, 1990). These indices 
were classifi ed as aetiological indices that specifi cally 
measure fl uoride induced enamel changes. In contrast, 
descriptive indices such as the Developmental Defects 
of Enamel (DDE) index, record enamel defects, based 
on descriptive criteria, without assuming the aetiology 
of the defects (FDI, 1982).

Regardless of which index is used in the clinical as-
sessment of fl uorosis, the diagnosis can be affected by 
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many factors such as variation in the method of exami-
nation, tooth condition (wet or dry), lighting conditions, 
examiner bias and intra and inter-examiner reliability 
(Whelton et al., 2004). A potential way of overcoming 
these shortcomings is to use a standardized photographic 
method for capturing a permanent record of the appear-
ance of the enamel.

There are however, advantages and disadvantages 
in photographic assessment compared with direct clini-
cal recording of dental fl uorosis. The major benefi ts of 
photographs are that they capture a permanent record and 
allow blind scoring. Photography also enables scoring 
by multiple examiners in multi-site studies and allows 
repeated assessments of the same images (Cochran et 
al., 2004a; Ellwood et al., 1994; Fejerskov et al., 1977; 
Soto-Rojas et al., 2008). 

The disadvantages of using photographs are fi rstly 
variation in photographic technique between studies such 
as differences in equipment, lens, lighting system and 
the quality of the image produced. Secondly, diffi culties 
in capturing teeth images due to lack of accessibility es-
pecially for posterior teeth mean that photographs have 
only been used to record the anterior teeth, mainly inci-
sors and canines. This could result in under reporting of 
the prevalence of dental fl uorosis. In contrast, the greater 
detail provided by photographs may well result in over 
reporting prevalence (Cochran et al., 2004a; Soto-Rojas 
et al., 2008).

144

References 

Bergström, E-K., Birkhed, D., Granlund, C. and Moberg Sköld, 
U. (2014): Approximal caries increment in adolescents in 
a low caries prevalence area in Sweden after a 3.5-year 
school-based fl uoride varnish programme with Bifl uorid 12 
and Duraphat. Community Dentistry and Oral Epidemiol-
ogy 42, 404-411.

Bratthall, D., Hänsel-Petersson, G. and Sundberg, H. (1996): 
Reasons for the caries decline: what do the experts believe? 
European Journal of Oral Sciences 104, 416-422.

Buzalaf, M.A., Pessan, J.P., Honório, H.M. and ten Cate, J.M. 
(2011): Mechanisms of action of fl uoride for caries control. 
Monographs in Oral Science 22, 97-114. 

ten Cate, J.M. (2013): Contemporary perspective on the use 
of fl uoride products in caries prevention. British Dental 
Journal 214, 161-167. 

Haugejorden, O., Lervik, T., Birkeland, J.M. and Jorkjend, L. 
(1990): An 11-year follow-up study of dental caries after 
discontinuation of school-based fl uoride programs. Acta 
Odontologica Scandinavica 48, 257–263.

Hausen, H., Kärkkäinen, S. and Seppä, L. (2001): Caries data 
collected from public health records compared with data 
based on examinations by trained examiners. Caries Re-
search 35, 360-365.

Helfenstein, U. and Steiner, M. (1994): Fluoride varnishes 
(Duraphat): A meta-analysis. Community Dentistry and 
Oral Epidemiology 22, 1-5.

Kleinbaum, D.G., Kupper, L.L. and Morgenstern, H. (1982): 
Epidemiologic Research: Principles and Quantitative Meth-
ods. New York: Wiley.

Kobayashi, S., Kishi, H., Yoshihara, A., Horii, K., Tsutsui, A., 
Himeno, T. and Horowitz, A.M. (1995): Treatment and post-
treatment effects of fl uoride mouthrinsing after 17 years. 
Journal of Public Health Dentistry 55, 229–233.

Källestål, C., Norlund, A., Söder, B., Nordenram, G., Dahlgren, 
H., Petersson, L.G., Lagerlöf, F., Axelsson, S., Lingström, P., 
Mejàre, I., Holm, A.K. and Twetman, S. (2003): Economic 
evaluation of dental caries prevention: a systematic review. 
Acta Odontologica Scandinavica 61, 341-346. 

Leske, G.S., Ripa, L.W. and Green, E. (1986): Posttreatment ben-
efi ts in a school-based fl uoride mouthrinsing program. Final 
results after 7 years of rinsing by all participants. Clinical 
Preventive Dentistry 8, 12-23.

Marinho, V.C.C., Higgins, J., Sheiham, A. and Logans, S. (2003): 
Fluoride toothpastes for preventing dental caries in children and 
adolescents. Cochrane Database of Systematic Reviews Issue 1.

Marinho, V.C.C., Worthington, H.V., Walsh, T. and Clarkson, 
J.E. (2013): Fluoride varnishes for preventing dental caries in 
children and adolescents. Cochrane Database of Systematic 
Reviews Issue 7. 

Moberg Sköld, U., Petersson, L.G., Lith, A. and Birkhed, D. 
(2005): Effect of school-based fl uoride varnish programmes 
on approximal caries in adolescents from different caries risk 
areas. Caries Research 39, 273-279.

Moberg Sköld, U., Petersson, L.G., Birkhed, D. and Norlund, A. 
(2008): Cost-analysis of school-based fl uoride varnish and 
fl uoride rinsing programs. Acta Odontologica Scandinavica 
66, 286-292.

Oscarson, N., Källestål, C., Fjeldahl, A. and Lindholm, L. (2003): 
Cost-effectiveness of different caries preventive measures in 
a high-risk population of Swedish adolescents. Community 
Dentistry and Oral Epidemiology 31, 169-178.

Petersson, L.G., Twetman, S., Dahlgren, H., Norlund, A., Holm, 
A-K., Nordenram, G., Lagerlöf, F., Söder, B., Källestål, C., 
Mejàre, I., Axelsson, S. and Lingström, P. (2004): Professional 
fl uoride varnish treatment for caries control: a systematic review 
of clinical trials. Acta Odontologica Scandinavica 62, 170-176.

Poulsen, S. (2009): Review: Fluoride-containing gels, mouth rinses 
and varnishes: an update of evidence of effi cacy. European 
Archives of Paediatric Dentistry 10, 157-161.

Seppä, L. (1999): Effi cacy and safety of fl uoride varnishes. 
Compendium of Continuing Education in Dentistry 20, 18-26. 

Swedish Council on Technology Assessment in Health Care, The 
(2002): Fluoride varnish. In: Att förebygga karies [Prevention 
of Dental Caries. A Systematic Review]. Stockholm: SBU, 
pp68-80.

Torell, P. and Ericsson Y. (1965): Two-year clinical tests with dif-
ferent methods of local caries-preventive fl uorine application 
in Swedish school-children. Acta Odontologica Scandinavica 
23, 287-322.


