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Abstract
Issue addressed: Biannual application of fluoride varnish is effective for dental car‐
ies prevention, but its cost‐effectiveness using quality‐adjusted life years (QALY) is
unknown. This study performed a cost‐effectiveness analysis, from the Australian
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a 70‐year time horizon.
Methods: Health outcomes measured were the number of prevented decayed,
missing, and filled teeth (prevented‐DMFT) and QALY gained. The calculated in‐
cremental cost‐effectiveness ratio (ICER) was compared against the reference
cost‐effectiveness ICER threshold of AUD$28 033 per QALY gained. A published
Markov model capturing dental caries progression of eight permanent molars was
used. This 6‐monthly cycle model represented ten possible health states for an
individual tooth. A 5% discount rate was applied with relevant sensitivity analysis.
Results: In the base‐case scenario, the net cost for the intervention was $3600 com‐
pared to $2303 in the current practice arm. The intervention arm yielded 13.99 DMFT
and 15.44 QALY gained, whereas the current practice arm yielded 15.52 DMFT and
14.74 QALY gained. The estimated ICER was $849 per prevented‐DMFT and $1851
per QALY gained. Sensitivity analysis shows the ICER ranged from $424‐$1807 per
prevented‐DMFT and $1851‐$3941 per QALY gained.
Conclusion: Biannual professional application of fluoride varnish appears to be
a highly cost‐effective strategy and should be considered for universal funding in
Australia's health care system.

Summary
Biannual application of fluoride varnish is efficacious at preventing dental caries
among children, but its cost‐effectiveness in terms of health outcomes is unknown.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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This study performed a cost‐effectiveness analysis, from the perspective of the
Australian health care system. The study demonstrated the intervention is likely to
be highly cost‐effective.
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1 | I NTRO D U C TI O N

disability‐adjusted life years,12 whereas another study of school‐
based dental check‐up program reported outcomes using prevented‐

Dental caries in permanent teeth is highly prevalent among

DMFT, quality‐adjusted tooth years, and per 1% cardholder reached,

Australian children. By age 12‐14 years, approximately 38% of chil‐

which is a generic measure for incorporating health inequity.13 Using

dren will have had some level of caries experience; 15% have un‐

dental‐specific outcome measures for dental interventions or pro‐

treated dental caries.1 The cost to surgically manage dental caries

grams do not enable comparability with non‐dental interventions,

is expensive and ranges from simple restorations to more complex

which is important when considering health investment by policy de‐

procedures, including crowns, root canal treatment and tooth ex‐

cision‐makers. Therefore, the present study will expand on this area

tractions, which could lead to tooth replacement prosthetics such as

of knowledge by translating dental health outcomes into a common

dental implants, bridge and dentures.

general health outcome measure: quality‐adjusted life years (QALY).

Biannual application of fluoride varnish to teeth can prevent den‐

This paper aimed to perform a cost‐effectiveness analysis of bi‐

tal caries development and progression. Fluoride varnish enhances

annual professional application of fluoride varnish in the permanent

the remineralisation process of early caries lesions in combination

teeth for an individual aged 15 years and older, compared against the

with calcium and phosphate ions, resulting in mineral formation

current practice (non‐routine application) from the Australian health

that makes enamel and dentine more resistant to acid challenge. 2 A

care system perspective. Cost‐effectiveness was assessed against

Cochrane systematic review and meta‐analysis found that fluoride

the Australian government reference incremental cost‐effectiveness

varnish has caries inhibiting efficacy in both permanent and primary

ratio (ICER) threshold of AUD$28 033 per QALY gained.14

3

teeth of children and adolescents, compared to no treatment. This
finding was supported by a more recent review that found benefits

2 | M E TH O DS

for the intervention across all ages.4
Despite established efficacy, professionally applied fluoride
varnish has not had widespread practice.5,6 In countries with com‐

This study is based on data from previously published literature and

munity water fluoridation such as Australia, the Republic of Ireland

publicly available information. Therefore, ethics approval was not re‐

and the US, fluoride varnish is recommended for elevated caries risk,

quired and conducted according to the principles of the Declaration

whereas in countries with limited or no water fluoridation such as

of Helsinki.

England and Scotland, fluoride varnish is recommended for all chil‐
dren and young adults.7 The Australian fluoride guidelines state that
“fluoride varnish should be used for people who have elevated risk
of developing caries.”8

2.1 | Economic evaluation
Two models were used, namely a decision tree and a Markov model.

Fluoride varnish is funded under the Child Dental Benefits

The decision represented the overall mean costs and benefits of

Scheme (CDBS) for eligible children aged between 2 and 17 years,

both biannual fluoride application (intervention) and current prac‐

state/territory public dental services, and in part through the subsi‐

tice (comparator). The Markov model was adapted from a published

dised private health insurance rebate scheme. The CDBS is a federal

model that was used to assess the cost‐effectiveness of an oral

dental program that provides up to AUD$1000 worth of dental care

health intervention.15 This Markov model simulates the progression

over 2 years. In Europe, Scandinavia and Canada, professionally ap‐

of dental caries of eight permanent molars.16 A previous study re‐

3

ported that only 79% of children aged 13 years had all four second

In the US, most states reimburse applications of fluoride varnish pro‐

permanent molars erupt.17 Therefore, the hypothetical cohort aged

vided by primary health care medical providers for young children in

15 years was determined at baseline because all eight permanent

plied fluoride varnish is publicly funded for susceptible individuals.

addition to those provided in dental settings.9

molars would have fully erupted. The Markov model represented

Australian‐based economic evaluations of preventive oral

ten mutually possible health states of a single molar that could hap‐

health interventions are limited.10,11 Most report using the com‐

pen within 6 months (Table 1). The Markov model ran until every

mon dental caries outcome measure: the decayed, missing and filled

individual reached the age of 85 years or died from background

teeth (DMFT) index.10 Only one study reported outcomes using

mortality.18

|
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TA B L E 1
states

The unit cost and utilities associated with the health
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probabilities to represent the clinical practice of the two options.
While “Repeat filling” can be more expensive than “Filling,” there

Markov state

Unit cost ($)

DMFT

Utilities

is no epidemiological evidence to inform what the future costs for
“Repeat filling” would be. Therefore, the minimum cost for “Repeat

No disease

0

0

1.00

Enamel decay

0

0

1.00

Dentine decay

0

1

0.24

Filling

203

1

0.77

Repeat filling

203

1

0.77

Root canal

883

1

0.77

The calculated prevented‐DMFT (the DMFT difference between

1547

1

0.77

the intervention and comparator) was used to estimate QALY gained

194

1

0.56

by multiplying the utility weight to the number of years stayed in

Crown
Extraction

filling” was assumed to be the cost as for “Filling” (the first time the
tooth was restored).

2.3 | Outcomes

Bridge

2710

1

0.77

that particular health state. The Australian population utility weights

Implant

5316

1

0.77

were applied to derived QALY for each molar according to the tooth

Abbreviation: DMFT, decay, missing and filled teeth.

Different percentages were assigned to each transition state
as follows: no decay (82.7%), enamel caries (2.5%), dentine caries

health state (Table 1). 23,24 The QALY for an individual was calculated
as the average QALY of eight molars.

2.4 | Discounting

(0.3%), first time filled (3.6%), repeated filling (0%), root canal (0%),

A discounting rate of 5% per annum was applied to both costs

crown (0%), missing (10.9%), bridge (0%) and dental implant (0%).16

and outcomes including 0% and 3.5% discount rates according to

Within the 6‐month cycle, a single molar has a chance to move from

the Australian guidelines of the Pharmaceutical Benefits Advisory

one health state to another. This chance for moving between health

Committee (PBAC). 25

states is known as transitional probabilities, which were adapted
from previous studies.15,16,19 Consistent with the relevant literature,
the incidence of dental caries was assumed to be constant.16,20‒22
Transition probabilities for subjects aged 76‐85 years was extrapo‐
lated as for individuals aged 75.
The original Markov model was developed for current practice,
and the transition probabilities were based on the second largest

2.5 | Scenario analysis
To assess the robustness of the economic evaluation analysis, we un‐
dertook a series of analyses by replacing the mean prevented caries
fraction of biannual fluoride varnish with its upper and lower 95th
percentile. Three scenarios were considered:

Australian private health insurer dental service claims data between
2004 and 2007.16 The prevented fraction of biannual application of
fluoride varnish was used to adjust relevant transition probabilities
for the intervention.
The pooled decayed, missing and filled surfaces (DMFS) pre‐

• Scenario 1 Clinical efficacy for fluoride varnish to reduce dental
caries from “Dentine caries” and “Fillings”;
• Scenario 2 Clinical efficacy expanded to “Fillings” and “Repeat fill‐
ings” in addition to “Dentine caries” and “Fillings”;

vented fraction was 43% (95% CI 30%, 57%).3 Using the prevented

• Scenario 3 Costs of two fluoride varnish applications in each 6‐

fraction, the transition probabilities in the fluoride varnish group

month cycle to quantify the plausible efficacy of quarterly fluo‐

moving from “No disease” to “Enamel caries,” and from “Enamel

ride varnish applications if required.

caries” to “Dentine caries” were modified. However, once a molar
progressed to the “Filling” health state, it was assumed that fluo‐

The model was performed using Microsoft Office Professional Plus

ride varnish did not have a clinical benefit. The long‐term efficacy

2016 Excel (Microsoft Corporation).

of fluoride varnish was assumed to be constant, as was assumed in
previous work.15,16 The DMFS prevented fraction was converted to
the DMFT prevented fraction, which enabled calculations to derive
QALY gained.16

2.2 | Costs
Unit costs were based on the 2014 Australian Dental Association
16

fee survey.

3 | R E S U LT S
3.1 | Base‐case analyses
The results of the base‐case analysis are summarised in Table 2.
In total, the model predicted that an individual in the comparator
would incur the mean cost of AUD$2303, whereas an individual in

No ongoing background costs were assumed for any

the intervention would incur the mean cost of AUD$3600 (95% CI

health state. The cost of the intervention incurred was $37.70

3483; 3671), inclusive of the AUD$1465 costs for the intervention

per 6‐month cycle assuming all other resources were the same in

over the 70‐year time horizon. The individual in the comparator was

the intervention and comparator groups, with different transition

predicted to have had yielded 15.52 DMFT and 14.74 QALY gained.
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Current practice

Intervention

Number

Number (95% CI)

Total cost

Costs ($)
2303

Costs ($) (95% CI)
3600 (1117, 3483)

DMFT

15.52

13.99 (13.13, 14.57)

QALY gained

14.74

15.44 (15.19, 15.77)

ICER per
prevented‐DMFT

849 (494, 1453)

ICER per QALY gained

1851 (1142, 3042)

TA B L E 2 The results of the base‐case
analysis including the 95% upper and
lower limit clinical efficacy of biannual
fluoride varnish, discounted

Abbreviations: CI, confidence interval; DMFT, decay, missing and filled teeth; QALY, quality‐ad‐
justed life years; ICER, incremental cost‐effectiveness ratio.

F I G U R E 1 The cost‐effectiveness plan illustrating the
incremental cost‐effectiveness ratio values for prevented‐decayed,
missing and filled teeth (DMFT), including the 95% confidence
intervals
Compared to current practice, the intervention yielded 13.99 DMFT
(95% CI 13.13; 14.57) and 15.44 QALY gained (95% CI 15.19; 15.77).

F I G U R E 2 The cost‐effectiveness plan illustrating the
incremental cost‐effectiveness ratio values for quality‐adjusted life
years (QALY), including the 95% confidence intervals

4 | D I S CU S S I O N

The intervention was estimated to have an additional cost of
AUD$849 (95% CI 494; 1453) per prevented‐DMFT, and AUD$1,851

Our findings were consistent with a study that showed biannual fluo‐

(95% CI 1142; 3042) per QALY gained, which is below the reference

ride varnish applications are more expensive and more effective than

cost‐effectiveness ICER threshold of $28 033 per QALY (Figures 1

current practice.21 Other studies have shown that the intervention is

and 2). With a 0% annual discount rate, the ICER was AUD$1913 per

cost‐saving for children under 6 years.20,26 A possible reason for cost

prevented‐DMFT (95% CI 1117; 3278), and AUD$4354 per QALY

savings among young children is that the intervention was compared

gained (95% CI 2727; 7110). With a 3.5% annual discount rate, the

to the costs of subsequent dental treatments that are often performed

ICER was AUD$1009 per prevented‐DMFT (95% CI 591; 1724), and

under general anaesthesia. Our study excluded the potential cost

AUD$2231 per QALY gained (95% CI 1389; 3650). Detailed results

savings from preventable hospitalisation for the treatment of dental

for the discount rates are presented in Table 3.

caries. Dental conditions are the highest cause of acute potentially
preventable hospitalisations among Australians aged under 25 years.27

3.2 | Scenario analyses

Our study is one of a few Australian‐based economic evalua‐
tions of dental caries prevention. Results show that biannual fluo‐

The results of the scenario analyses are shown in Table 4. The calcu‐

ride varnish application is highly cost‐effective compared against the

lated ICER for each of the scenarios is illustrated in Figure 1 and two

Australian reference ICER threshold of AUD$28 033. Despite dental

on cost‐effectiveness planes. For all scenarios, the intervention was

caries being a significant public health issue, there is complacency

more expensive and more effective.

about its management and its impact at an individual and societal

|
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TA B L E 3
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The results for 0% and 3.5% discount rate including the 95% upper and lower limit clinical efficacy of biannual fluoride varnish
0% Discount rate
Current practice

Outcomes

Number

Total Cost

Costs
($)

3.5% Discount rate
Intervention
Number

6810

Costs ($)

Current practice

Intervention

Number
(95% CI)

Number (95% CI)

Costs ($)
(95% CI)

11 472 (11 350,
11 538)

2969

Costs ($) (95%
CI)
4725 (4602,
4799)

DMFT

59.41

56.97 (55.34, 57.97)

21.49

19.74 (18.72, 20.42)

QALY gained

47.45

48.52 (48.11, 49.11)

19.25

20.04 (19.75, 20.43)

ICER per
prevented‐DMFT

1913 (1117, 3278)

1009 (591, 1724)

ICER per QALY
gained

4354 (2727, 7110)

2231 (1389, 3650)

Abbreviations: CI, confidence interval; DMFT, decay, missing and filled teeth; QALY, quality‐adjusted life years; ICER, incremental cost‐effectiveness ratio.

TA B L E 4

Results of the sensitivity analysis for the fluoride varnish arm regarding the three scenarios, discounted

Outcomes

Scenario 1

Scenario 2

Scenario 3

Clinical efficacy for “Dentine decay” and
“Fillings”

Clinical efficacy as per Scenario 1 and
for “Fillings” and “Repeat fillings”

Clinical efficacy as per base‐
case scenario with 3‐monthly
applications

Number (95% CI)

Number (95% CI)

Total cost

Costs ($) (95% CI)
3338 (3104,
3503)

Costs ($) (95%
CI)

Number (95% CI)

3212 (2951,
3410)

5066
(4948,
5137)

DMFT

13.37 (12.12,
14.22)

13.37 (12.12,
14.22)

13.99 (13.13,
14.57)

QALY gained

15.19 (15.00,
15.51)

15.20 (15.00,
15.51)

15.44 (15.19,
15.77)

ICER per
prevented‐DMFT

482 (235, 923)

ICER per QALY
gained

2287 (1044, 4621)

424 (190, 852)
1999 (843, 4241)

Costs ($)
(95% CI)

1807 (1108,
3010)
3941 (2561 6299)

Abbreviations: CI, confidence interval; DMFT, decay, missing and filled teeth; QALY, quality‐adjusted life years; ICER, incremental cost‐effectiveness
ratio.

level. Primary and secondary preventions are not widely applied,

To address concerns regarding early access to preventive oral

whereas surgically biased concepts of dental treatment still predom‐

health services among children,33 there are contemporary discus‐

inate within the dental profession. 28

sions in Victoria to expand child population access to fluoride varnish

Biannual fluoride varnish application is not regularly performed

by utilising dental assistants similar to that has been implemented in

in dental practice in Australia. Where it is government funded, the

Scotland for preschool settings.34,35 Other settings in which routine

intervention can only be performed by registered dental profes‐

biannual fluoride varnish could be applied are within the adult pop‐

sionals. This makes access to an effective dental caries prevention

ulation living in residential aged care facilities, where there is a sig‐

method limited for many Australians from priority groups at high

nificant high unmet need for management of dental caries and other

risk for dental caries.

29

Some studies have trained non‐dental pro‐

oral diseases.36,37

fessionals to apply fluoride varnish in Australian primary health care

However, the application of fluoride varnish by non‐registered

settings. Evidence suggests there are clinical benefits for Indigenous

health support workers (such as dental assistants) and registered

children in the Northern Territory.30‒32 Fluoride varnish applications

non‐dental professionals need to abide by each state and territory

could be performed by non‐dental professionals such as general

drug and poison regulations. A study to explore the acceptability,

practitioners, nurse practitioners and midwives, maternal and child

knowledge and attitudes of non‐dental professionals of their role in

health nurses, community pharmacists and Aboriginal and Torres

applying fluoride varnish should be conducted. Modelling the cost‐

Strait Islander Health Workers. 29

effectiveness of biannual fluoride varnish application by non‐dental

182
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professionals was not considered in our study, largely because the

for enamel decay, root canal, crown, bridge and implant had the same

costs for professional training to expand their scope of practice in

utility as filling because the tooth was filled and symptom‐free.

this area are unknown.
This is the first study to perform an economic evaluation of an
oral health intervention using “mainstream” health technology as‐

5 | CO N C LU S I O N

sessment methods. Therefore, we were unable to make any com‐
parisons to reports in the current literature. A major strength of the

Biannual application of fluoride varnish in Australian children aged

study is that it adds to the limited research on general health out‐

15 years over a 70‐year horizon is likely to be highly cost‐effective.

comes related to oral disease. Our findings also help inform public

The intervention should be adopted in routine dental practice and

policy and health investment in oral health. Non‐dental professionals

perhaps supported more broadly within primary health care settings

can take an active health promotion role by administering biannual

provided by non‐dental professionals. Biannual fluoride varnish ap‐

fluoride varnish applications, which are non‐invasive, cost‐effective

plications should be considered for universal funding in Australia's

and relatively easy to apply in non‐dental settings.

health care system.

4.1 | Limitations

AC K N OW L E D G E M E N T S

There are several limitations to our study. First, the benefit of dental

This research was funded in part by the Colgate‐Palmolive Company

caries prevention on non‐molar teeth was omitted from our analysis.

by contracting Monash University.

The cost‐effectiveness results are likely to underestimate the total
clinical benefit of biannual fluoride varnish applications.
Second, the transition probabilities were based on the data from

CO N F L I C T O F I N T E R E S T S

a private health insurer, which were drawn from a population who

Susan Cartwright is employed by the Colgate‐Palmolive Company.

are likely to have better oral health than the general population.

She was not involved in the study design, data collection, data

Furthermore, the intervention only captured the costs and transi‐

analysis and does not have access to the study data. She was only

tion probabilities of eight molar teeth from a total of 28 teeth in a

involved in the initial conception of the study design, revising the

standard human dentition.
Third, the same transition probabilities were applied to every

paper critically for important intellectual content and final approval
of the paper.

age cohort for individual teeth, and therefore, dental caries risk.
There are likely variations in dental caries risk factors among dif‐
ferent age groups, which would vary the transition probabilities.
Furthermore, the transition probabilities were derived from dental

ORCID
Tan Minh Nguyen

https://orcid.org/0000-0002-9986-7629

records of people who had private health insurance cover, which
inherit the “affordability” confounder. The transition probabilities
may not represent those from lower socio‐economic backgrounds,
who are likely to have higher dental caries risk and untreated dental
caries. Since the current transitional probabilities did not include
untreated dental caries, the ICER is likely to be underestimated.
Fourth, we assumed that biannual fluoride varnish was applied
with 100% adherence throughout the entire time horizon. In reality,
adherence would be less than 100%, meaning efficacy would be less
than ideal. The lower levels of adherence would also lead to lower
costs of the intervention. Hence the impact on cost‐effectiveness
would be more or less balanced.
Fifth, the use of a constant discount rate can be a significant lim‐
itation, in which its application may not truly represent the values
of a society.38 However, the Australian PBAC guidelines currently
do not adopt a declining discount rate as the principal approach in
economic evaluations. 25
Finally, the estimation of QALY gained from prevented‐DMFT was
subject to uncertainty. Due to very little advancement in economic
evaluations in dentistry, not all ten states in the model had available util‐
ity weights, which required us to make assumptions on these utilities
in our model. Our analysis conservatively presumed the utility weights

REFERENCES
1. Do L, Spencer J. (Eds). Oral health of Australian children: the
National Child Oral Health Study 2012–14. Adelaide, SA, Australia:
University of Adelaide Press; 2016. https://www.adelaide.edu.
au/press/titles/ncohs/ncohs-ebook.pdf. Accessed December 18,
2018.
2. Featherstone J. Remineralization, the natural caries repair pro‐
cess—the need for new approaches. Adv Dent Res. 2009;21(1):4–7.
3. Marinho V, Worthington H, Walsh T, Clarkson J. Fluoride varnishes
for preventing dental caries in children and adolescents. Cochrane
Database Syst Rev. 2013; (7). Art. No.: CD002279. https://doi.
org/10.1002/14651858.CD002279.pub2
4. Canadian Agency for Drugs and Technologies in Health. Fluoride
varnishes for dental health: a review of the clinical effectiveness,
cost‐effectiveness and guidelines. Summary of evidence. Ottawa,
ON, Canada: Canadian Agency for Drugs and Technologies in
Health;
2016.
https://www.cadth.ca/sites/default/files/pdf/
htis/2016/RC0815 %20Fluo ride% 20Varn ishes %20Fina l.pdf.
Accessed December 18, 2018.
5. Riley JL, Gordan VV, Rindal DB, Fellows JL, Williams OD, Ritchie
LK, et al. General practitioners' use of caries‐preventive agents
in adult patients versus pediatric patients. Findings from The
Dental Practice‐Based Research Network. J Am Dent Assoc.
2010;141(6):679–87.

|

NGUYEN et al.

6. Petersson GH, Ericson E, Twetman S. Preventive care delivered
within Public Dental Service after caries risk assessment of young
adults. Int J Dent Hyg. 2016;14(3):215–9.
7. O'Mullane D, Baez R, Jones S, Lennon M, Petersen P, Rugg‐
Gunn A, et al. Fluoride and oral health. Community Dent Health.
2016;33(2):69–99.
8. Australian Research Centre for Population Oral Health. Fluoride
Review guidelines, outcomes of fluoride consensus workshop
2012. Adelaide, SA, Australia: The University of Adelaide; 2014.
9. Hanlon C. Reimbursing medical providers for preventive oral health
services: state policy options. Washington, DC: National Academy
for State Health Policy. http://nhoralhealth.org/blog/wp-conte
nt/uploads/2009/11/PewReimbursingMe dicalProviders2.10.pdf.
Accessed December 18, 2018.
10. Tonmukayakul U, Calache H, Clark R, Wasiak J, Faggion CM.
Systematic review and quality appraisal of economic evaluation
publications in dentistry. J Dent Res. 2015;94(10):1348–54.
11. Mariño R, Khan A, Morgan M. Systematic review of publications
on economic evaluations of caries prevention programs. Caries Res.
2013;47(4):265–72.
12. Cobiac L, Vos T. Cost‐effectiveness of extending the coverage of
water supply fluoridation for the prevention of dental caries in
Australia. Community Dent Oral Epidemiol. 2012;40(4):369–76.
13. Nguyen T, Hsueh Y‐S, Morgan M, Mariño R, Koshy S. Economic
evaluation of a pilot targeted school‐based dental check‐up pro‐
gram. JDR Clin Trans Res. 2017;2(3):214–22.
14. Edney LC, Afzali H, Cheng TC, Karnon J. Estimating the reference
incremental cost‐effectiveness ratio for the Australian health sys‐
tem. Pharmacoeconomics. 2017;36(2):239–52.
15. Evans RW, Pakdaman A, Dennison PJ, Howe EL. The Caries
Management System: an evidence‐based preventive strategy
for dental practitioners. Application for adults. Aust Dent J.
2008;53(1):83–92.
16. Warren E, Pollicino C, Curtis B, Evans W, Sbaraini A, Schwarz E.
Modeling the long‐term cost‐effectiveness of the caries man‐
agement system in an Australian population. Value Health.
2010;13(6):750–60.
17. Pahel BT, Vann WF Jr, Divaris K, Rozier RG, Vann WF Jr. A con‐
temporary examination of first and second permanent molar emer‐
gence. J Dent Res. 2017;96(10):1115–21.
18. Australian Bureau of Statistics. Website. Life tables by age and sex.
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/3302.0.
55.001Main+Features12005–2007. Accessed July 13, 2018.
19. Arrow P. Incidence and progression of approximal carious le‐
sions among school children in Western Australia. Aust Dent J.
2007;52(3):216–26.
20. Ramos‐Gomez FJ, Shepard DS. Cost‐effectiveness model for preven‐
tion of early childhood caries. J Calif Dent Assoc. 1999;27(7):539–44.
21. Schwendicke F, Splieth CH, Thomson WM, Reda S, Stolpe M, Foster
PL. Cost‐effectiveness of caries‐preventive fluoride varnish appli‐
cations in clinic settings among patients of low, moderate and high
risk. Community Dent Oral Epidemiol. 2018;46(1):8–16.
22. Mariño R, Fajardo J, Morgan M. Cost‐effectiveness models for den‐
tal caries prevention programmes among Chilean schoolchildren.
Community Dent Health. 2012;29(4):302–8.
23. Lewis J. Improving dental health status indicators for evaluation.
Community Dent Oral Epidemiol. 1996;24(1):32–6.
24. Allister JH, Spencer AJ. Judgements on oral health outcomes by the
general public. lADR (ANZ Division) 33rd Annual Meeting, Perth,
September 1993. J Dent Res. 1993;73(741: (Abstract No 33)).
25. Pharmaceutical Benefits Advisory Committee. 3A.1 Overview and
rationale of the economic evaluation. Canberra, ACT, Australia:
Department of Health, Commonwealth of Australia; 2016. https
://pbac.pbs.gov.au/sectio n-3a/3a-1-overvi ew-and-ration ale-ofeconomic-evaluation.html. Accessed December 18, 2018.

183

26. Atkins CY, Thomas TK, Lenaker D, Day GM, Hennessy TW, Meltzer MI.
Cost‐effectiveness of preventing dental caries and full mouth dental re‐
constructions among Alaska Native children in the Yukon‐Kuskokwim
delta region of Alaska. J Public Health Dent. 2016;3:228–40.
27. Department of Health and Human Services (Victoria). Victorian pub‐
lic health and wellbeing plan 2015–2019. Melbourne, Vic., Australia:
Department of Health and Human Services (VIC); 2015. https://
www2.health.vic.gov.au/Api/downloadmedia/%7B8CF1698F-F5394BD6-8876-9B66C91793E7%7D. Accessed December 18, 2018.
28. Jin L, Lamster I, Greenspan J, Pitts N, Scully C, Warnakulasuriya
S. Global burden of oral diseases: emerging concepts, management
and interplay with systemic health. Oral Dis. 2016;22(7):609–19.
29. Council of Australian Governments Health Council. Australia's
National Oral Health Plan 2015–2024. Adelaide, SA, Australia: SA
Dental Service; 2015. http://www.coaghealthcouncil.gov.au/Porta
ls/0/Australia%27s%20National%20Oral%20Health%20Plan%20
2015-2024_uploaded%20170216.pdf. Accessed December 18, 2018.
30. Roberts‐Thomson KF, Slade GD, Bailie RS, Endean C, Simmons B,
Leach AJ, et al. A comprehensive approach to health promotion for
the reduction of dental caries in remote Indigenous Australian chil‐
dren: a clustered randomised controlled trial. Int Dent J. 2010;60(3
S2):245–9.
31. Divaris K, Preisser JS, Slade GD. Surface‐specific efficacy of fluo‐
ride varnish in caries prevention in the primary dentition: results of a
community randomized clinical trial. Caries Res. 2013;47(1):78–87.
32. Slade G, Bailie R, Roberts‐Thomson K, Leach A, Raye I, Endean C,
et al. Effect of health promotion and fluoride varnish on dental car‐
ies among Australian Aboriginal children: results from a commu‐
nity‐randomized controlled trial. Community Dent Oral Epidemiol.
2011;39(1):29–43.
33. Nguyen T. Is the current model of public dental care promoting the oral
health of young children in Australia? Canberra, ACT, Australia: Deeble
Institute, Australian Healthcare and Hospitals Association; 2017. https
://ahha.asn.au/sites/default/files/docs/policy-issue/deeble_institute_
paper_20_oral_health.pdf. Accessed December 18, 2018.
34. Gnich W, Conway DI, Deas L, Mackenzie S, Burns J. Extending
dental nurses' duties: a national survey investigating skill‐mix in
Scotland's child oral health improvement programme (Childsmile).
BMC Oral Health. 2014;14.
35. Wu O, Wright W, Turner S, Anopa Y, Conway DI, Macpherson L,
et al. Comparison of the caries‐protective effect of fluoride var‐
nish with treatment as usual in nursery school attendees receiving
preventive oral health support through the Childsmile oral health
improvement programme—the Protecting Teeth@3 Study: a ran‐
domised controlled trial. BMC Oral Health. 2015;15:160.
36. Hopcraft M, Morgan M, Satur J, Wright F. Dental service pro‐
vision in Victorian residential aged care facilities. Aust Dent J.
2008;53(3):239–45.
37. Wallace J, Mohammadi J, Wallace L, Taylor J. Senior Smiles: pre‐
liminary results for a new model of oral health care utilizing the
dental hygienist in residential aged care facilities. Int J Dent Hyg.
2015;14(4):284–8.
38. Katz DA, Welch GW. Discounting in cost‐effectiveness analysis of
healthcare programmes. Pharmacoeconomics. 1993;3(4):276–85.

How to cite this article: Nguyen TM, Tonmukayakul U, Warren
E, Cartwright S, Liew D. A Markov cost‐effective analysis of
biannual fluoride varnish for preventing dental caries in
permanent teeth over a 70‐year time horizon. Health Promot J
Austral. 2020;31:177–183. https://doi.org/10.1002/hpja.283

