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Abstract 

Background  The recent World Health Organization (WHO) resolution on oral health urges pivoting to a preventive 
approach and integration of oral health into the non-communicable diseases agenda. This study aimed to: 1) explore 
the healthcare costs of managing dental caries between the ages of 12 and 65 years across socioeconomic groups 
in six countries (Brazil, France, Germany, Indonesia, Italy, UK), and 2) estimate the potential reduction in direct costs 
from non-targeted and targeted oral health-promoting interventions.

Methods  A cohort simulation model was developed to estimate the direct costs of dental caries over time for differ-
ent socioeconomic groups. National-level DMFT (dentine threshold) data, the relative likelihood of receiving an inter-
vention (such as a restorative procedure, tooth extraction and replacement), and clinically-guided assumptions were 
used to populate the model. A hypothetical group of upstream and downstream preventive interventions were 
applied either uniformly across all deprivation groups to reduce caries progression rates by 30% or in a levelled-up 
fashion with the greatest gains seen in the most deprived group.

Results  The population level direct costs of caries from 12 to 65 years of age varied between US10.2 billion in Italy 
to US$36.2 billion in Brazil. The highest per-person costs were in the UK at US$22,910 and the lowest in Indone-
sia at US$7,414. The per-person direct costs were highest in the most deprived group across Brazil, France, Italy 
and the UK. With the uniform application of preventive measures across all deprivation groups, the greatest reduction 
in per-person costs for caries management was seen in the most deprived group across all countries except Indo-
nesia. With a levelling-up approach, cost reductions in the most deprived group ranged from US$3,948 in Indonesia 
to US$17,728 in the UK.

Conclusion  Our exploratory analysis shows the disproportionate economic burden of caries in the most deprived 
groups and highlights the significant opportunity to reduce direct costs via levelling-up preventive measures. The 
healthcare burden stems from a higher baseline caries experience and greater annual progression rates in the most 
deprived. Therefore, preventive measures should be start early, with a focus on lowering early childhood caries 
and continue through the life course.
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Background
Dental caries affect about 2 billion people worldwide 
and is the most common non-communicable disease [1, 
2]. The main risk factors for dental caries include a high 
intake of refined sugars, poor oral hygiene, and inad-
equate exposure to fluoride — all of which are prevent-
able [3]. Yet, preventive approaches are lacking and the 
burden of caries is rising. The total number of individuals 
with dental caries (dentine cavity threshold) has risen by 
46% between 1990 and 2019; mostly attributable to popu-
lation change, urbanisation, and lifestyle changes [4].

The impact of the rising dental caries prevalence is 
disproportionately higher among socioeconomically 
deprived groups. The Global Burden of Disease (GBD) 
2019 data showed that dental caries prevalence in both 
deciduous and permanent teeth was higher in countries 
with a lower Social Development Index (SDI) [2]. A sys-
tematic review of 41 studies, including adults between 
19 and 60  years of age, showed that lower educational 
attainment, income, socioeconomic status at an indi-
vidual level, and a higher Gini coefficient at the country 
level were associated with a higher prevalence of caries 
[5]. This suggests that inequality, both at the individual 
and societal level, plays a critical role in the distribution 
of dental caries.

At the individual level, lifestyle factors such as inad-
equate oral hygiene, lack of awareness, and poor access 
to dental care are significant contributors to these ine-
qualities. However, these issues are often compounded 
by broader societal factors. In deprived areas, people are 
more likely to consume foods and beverages with higher 
refined sugar content [6]. The marketing activities of pri-
vate companies promoting tobacco, alcohol, high-sugar 
sweets and beverages more purposefully target lower-
middle income countries, emerging economies and 
deprived populations [1]. These population segments are 
particularly vulnerable due to food insecurity, poor access 
to nutritious food choices, and may also be dependent on 
these companies for employment and income [7]. Foods 
with a high refined sugar content are more readily avail-
able in deprived neighbourhoods and usually cheaper 
than more nutritious alternatives. Thus, the cycle of mal-
nutrition and dental caries continues in the twenty-first 
century [8]. Deprived populations also have poor access 
to oral health promotion efforts and dental services [9].

Both upstream and downstream preventive measures 
have been shown to lower dental caries risk. Commu-
nity water fluoridation is a cost-effective population 

health strategy to reduce caries [10, 11]. Data from a 
cross-sectional study in the United States has shown 
that water fluoridation can also narrow the gap in den-
tal caries prevalence between different socioeconomic 
classes in children with deciduous teeth [12]. However, 
children in lower socioeconomic groups are less likely 
to live in localities with fluoridated water [12]. The 
implementation of taxation on sugar-sweetened bever-
ages (SSB) has also demonstrated efficacy in lowering 
sugar consumption and dental caries risk at a popula-
tion level, which could potentially be more impactful 
among the most socioeconomically deprived in society 
[13, 14]. However, only 57% of the global population 
lives in countries where taxes on SSBs are implemented 
[15]. Furthermore, the applied excise tax is relatively 
small, accounting on average for approximately 6.6% of 
the price of 330 ml soda. Additionally, 46% of countries 
that impose SSB taxes also apply similar taxation to 
unsweetened bottled water [1].

At an individual level, improved oral hygiene and 
reduced consumption of foods and drinks that con-
tain high sugar content levels are key factors in reduc-
ing dental caries [16]. Tooth brushing twice daily with 
toothpaste containing 1000-1500 ppm of fluoride, albeit 
a simple measure, remains inaccessible to many low-
income communities [17]. Topical fluoride applications 
have proven effective in caries prevention. The applica-
tion of topical fluoride varnish forms a protective layer 
of fluorapatite on teeth, which can resist demineralisa-
tion and further enhance remineralisation, preventing 
caries progression [18]. Similarly, the application of sil-
ver diamine fluoride (SDF) increases the pH of biofilm, 
reduces dentin demineralization, and has antimicrobial 
action against cariogenic bacteria [19]. Another effec-
tive preventive measure is the use of fissure sealants, 
which work as a physical barrier to seal deep fissures 
preventing food and bacterial accumulation with subse-
quent caries formation [18]. A study performed in the 
North West of England between 1990 and 1999 showed 
that children from more deprived communities were 
less likely to receive professional fluoride varnish appli-
cation; yet, there is a lack of more recent data on this 
important preventive measure [20]. While preventive 
measures are effective in lowering the dental caries bur-
den, they remain less accessible to the most deprived, 
who remain the most severely impacted.

There is limited data on the economic burden of 
caries and the available information is dated. Global 
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estimates in 2015 suggested that the total worldwide 
costs of oral and dental diseases amounted to approxi-
mately US$544 billion. Of this, approximately 45% 
($245 billion), was estimated to be due to dental caries 
[21, 22]. Data from England in 2021–2022 showed that 
£81 million was spent on tooth extractions for children 
less than 19 years of age, the majority of which were due 
to dental caries [23]. However, there is a lack of data on 
the long-term costs of dental caries among adults. The 
effect of instituting early prevention and management 
measures on bridging socioeconomic inequities and 
reducing direct costs remains to be studied.

Here we report a Caries Prevention and Care Cost Cal-
culator that we have developed to: 1) longitudinally deter-
mine the direct costs for managing dental caries between 
12 and 65 years of age and 2) the potential reduction in 
direct costs from universal and targeted oral health pro-
motion interventions across different socioeconomic 
groups in six countries, Brazil, France, Germany, Indo-
nesia, Italy, and the United Kingdom (UK). The countries 
were chosen to generate a representative sample across 
parameters such as per capita income, population size, 
levels of inequality, dental caries prevalence, structural 
features of health systems and approaches to oral health.

Methods
A simplified conceptual framework was developed 
to demonstrate the progression of dental caries from 
a healthy tooth to an unsalvageable carious tooth 

that requires extraction. The stages in the progres-
sion include the development of an initial white spot 
lesion caused by demineralisation followed by estab-
lished more severe stages of dental caries. If left to pro-
gress, dental caries can progress to involve the dental 
pulp (root canal system) and the tooth may eventually 
become unsalvageable (Fig.  1). The framework also 
includes interventions for primary prevention at vari-
ous stages to prevent the development of or limit the 
progression of caries (secondary prevention). For 
healthy teeth or those with carious white spot lesions, 
maintaining good oral hygiene by brushing with fluori-
dated toothpaste and applying topical fluorides (e.g., 
fluoride varnish or SDF) or consuming fluoridated 
products (e.g. fluoridated water or fluoridated salt) 
are effective preventive measures. Dental fissure seal-
ants effectively prevent caries in healthy teeth or halt 
the progression of initial carious lesions by sealing the 
deep grooves and fissures on chewing surfaces, which 
are prone to decay due to microbial plaque and food 
accumulation. After established dental caries sets in 
and forms a cavity, the dental caries process cannot 
be reversed, and management moves to a “restorative/
reparative cycle”. Initially, the tooth can be restored 
using fillings. If the dental caries progresses to compro-
mise the dental pulp, the tooth will require root canal 
treatment and/or  a crown. The most extensive stages 
of dental caries may result in an unsalvageable tooth, 
necessitating extraction followed by replacement, 

Fig. 1  Conceptual framework of dental caries pathway of care
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frequently with a dental implant, if affordable, feasible 
and clinically appropriate.

Based on this conceptual framework, we developed 
a simplified approach to the dental caries clinical care 
pathway, based on available data, to enable an estimation 
of the direct costs of managing dental caries (Fig. 2) [24–
26]. We adhered to the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) reporting 
guidelines to ensure comprehensive and transparent 
reporting of our analysis [27].

Data inputs
Population data
Data from the World Population Prospects (WPP, 27th 
edition) was used to determine the population size and age 
structure for each country, broken down into 5-year age 
groups [28]. The latest population size estimates for the 
10–14 year age group were used as the baseline, and pro-
jections were made for the population size as the cohort 
progressed into the 60–64 year age group, based on gen-
eral population mortality. The death rate assumptions 
were derived from the WHO data on probability of dying 
at a specific age [29]. The formula applied was as follows:

where:
Prob_5yr: The probability of dying between 5-year age 

cohorts.
Prob_1yr: The probability of dying at a specific age.
exp: exponential.
ln: natural logarithm.

Prob_1yr = 1− exp(ln
(1− Prob_5yr)

5
)

Disaggregation by deprivation quintiles
The English Index of Multiple Deprivation IMD 2019 
was used to disaggregate the population in each 5-year 
age cohort into deprivation quintiles. The quintiles were 
classified as least deprived, second least deprived, middle 
deprived, second most deprived and most deprived [30]. 
Following the relative ranking system of the IMD 2019, 
we assigned 20% of the population in each age cohort 
into each deprivation group.

Dental caries experience data
We used the commonly used population-based measure 
of DMFT to quantify the current and past caries expe-
rience. DMFT refers to the number of decayed, missing 
and filled permanent teeth and is calculated as the sum 
of all decayed, missing and filled teeth among individuals 
in a specific age group divided by the total population in 
that age group [31, 32].

DMFT scores for 12-year-olds were sourced from 
national oral health surveys from Brazil, France, Ger-
many, Indonesia, Italy, and the UK and used as the base-
line DMFT to quantify dental caries experience (see 
Table  1) [33–38]. The UK data is extrapolated from a 
national survey of England, Wales and Northern Ireland. 
The total caries experience within the age group was cal-
culated by multiplying the average DMFT scores by the 
population size in that specific age group. We used sepa-
rate Welsh and German data among 12-year-olds that 
showed a similar 0.4 difference in DMFT scores between 
the least and most deprived groups when stratified by 
socioeconomic status [37, 39]. This difference of 0.4 
between deprivation groups was extrapolated to all the 

Fig. 2  Framework for analysis
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studied countries due to the lack of other country specific 
data.

The average DMFT data reported in each country’s 
national oral health survey was assumed to apply to the 
middle-deprived quintile. We derived conversion factors 
from the Welsh data and adjusted them according to the 
country’s Gini coefficient relative to the UK, which were 
used to adjust the DMFT scores for the other quintiles 
(see Table 2) [40].

The calculation used was:

where:
DMFT_1i is the DMFT score for the most deprived 

quintile in country i;
DMFT_5ii is the DMFT score for the least deprived 

quintile in country i;
DMFT_1UK is the DMFT score for the most deprived 

quintile in the UK;
DMFT_5UK is the DMFT score for the least deprived 

quintile in the UK;
GINIi is the Gini coefficient for country i;
GINI_UK is the Gini coefficient for the UK.

DMFT_1i = DMFT_5i × (
DMFT_5UK

DMFT_1UK
)× (

GINIi

GINI_UK
)

Dental caries progression
Data from a large systematic review and meta-analy-
sis reported an unadjusted annual increase in DMFT 
scores of + 0.18 with a lower progression rate of + 0.07 
after adjusting for preventive interventions. The preven-
tive interventions varied across the studies and included 
school-based preventive education programs, the use of 
fluoride-containing lozenges, mouthwash, or toothpaste, 
the application of topical fluorides, or the use of sugar 
substitutes like xylitol or poly alcohol [41]. Based on 
these data, an annual increment in DMFT score of + 0.18 
was applied to the middle deprivation cohort and that 
of + 0.07 to the least deprived cohort. We assumed that 
the least deprived cohort with best access to interven-
tions would have the lowest annual progression rate. 
Progression rates were then assumed to evolve across 
income brackets linearly to arrive at the rate of annual 
progression of DMFT:

•	 Least deprived quintile: + 0.07
•	 Second least deprived quintile: + 0.125
•	 Middle deprived quintile: + 0.18
•	 Second most deprived quintile: + 0.235
•	 Most deprived quintile: + 0.29

We assumed that the progression rate in dental caries 
remains the same across countries and an individual’s 
lifetime, irrespective of the baseline caries experience.

The overall annual progression rate in DMFT was dis-
aggregated across decayed, filled and missing teeth, based 
on the progression of decayed, filled and missing teeth 
values reported in The Dunedin Multidisciplinary Health 
and Development Study [42]. We assumed that the distri-
bution of the values reported in the Dunedin study was 
representative of the middle-deprived quintile. We then 
adjusted the distribution of individual DMFT values to 
other quintiles relative to the middle quintile, employing 
assumptions related to the likelihood of receiving a filling 
versus extraction across deprivation groups. For instance, 
individuals in the most deprived group are more likely to 

Table 1  Average number of decayed, filled and missing teeth 
among 12-year-olds by country

Decayed 
teeth 
(DT)

Filled teeth (FT) Missing 
teeth 
(MT)

Decayed, 
missing or filled 
teeth (DMFT)

Brazil 1.12 0.73 0.12 2.07

France 0.5 0.6 0.13 1.23

Germany 0.1 0.3 0.1 0.5

Indone-
sia

1.8  < 0.1 0.1 1.9

Italy 0.71 0.36 0.02 1.09

UK 0.4 0.3 0.1 0.8

Table 2  Average DMFT in 12-year-olds by country and income quintile

Most deprived Second most 
deprived

Middle deprived Second least 
deprived

Least deprived

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

Brazil 5.37 4.27 2.07 2.07 1.66

France 2.03 1.77 1.23 1.23 0.98

Germany 0.78 0.69 0.50 0.50 0.40

Indonesia 3.53 2.99 1.90 1.90 1.52

Italy 1.88 1.62 1.09 1.09 0.87

UK 1.28 1.12 0.80 0.80 0.64
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receive an extraction rather than preventive management 
or restorative treatments such as fillings, bridges and 
implants, even in countries with publicly funded den-
tal care, such as the UK [43, 44]. The assumptions used 
in the distribution of DMFT progression between age 
cohorts across deprivation quintiles are detailed in Sup-
plementary Table 1 in Supplementary file 1.

Direct costs of managing dental caries
An estimation of the direct costs of managing dental car-
ies was derived through the triangulation of information 
gathered from country experts and cost data sourced 
online. The costs associated with dental caries manage-
ment per tooth are detailed in Supplementary Table 2 in 
Supplementary file 1. Given the variation in the provision 
of subsidised care across countries and the lack of infor-
mation regarding healthcare costs in the public sector, 
private treatment costs in each country were used as a 
proxy to estimate the direct costs of dental caries.

An increase in the ‘Fillings’ component of the DMFT 
by 1 implies that the patient received a new filling. We 
assumed the need for re-restoration of a filling every 
10 years, based on a conservative estimate of the median 
survival rate of composite fillings [45, 46]. Of those who 
received a filling, 9.3% were assumed to have had a root 
canal treatment, based on data reported in a systematic 
review [46]. Among patients receiving a root canal treat-
ment, a proportion were assumed to have also received 
a crown. Both root canal and crown interventions were 
weighted such that they were more common among the 
least deprived, owing to the cost of the procedures. The 
assumptions applied to the provision of root canals and 
crowns across deprivation groups are detailed in Supple-
mentary Table 3 in Supplementary file 1.

An increase in the ‘Missing’ component of DMFT by 
a value of 1 implies that the patient underwent a sin-
gle tooth extraction. Following extraction, we assumed 
that less deprived groups were more likely to receive 
single tooth implants. Besides dental implants, alterna-
tive interventions such as dental bridges or single-tooth 
removable partial dentures can be used to replace a miss-
ing tooth. We included an alternative replacement in the 
analysis in a treatment-agnostic approach to account for 
various treatment options that were lower cost to a den-
tal implant, and were more likely to occur in the more 
deprived groups. To provide a credible range for the 
estimates and to acknowledge the likelihood that not all 
patients will receive a replacement for a missing tooth, 
60% and 30% of the most and second most deprived 
groups, respectively, do not receive any replacement for a 
missing tooth in this analysis. The assumptions applied to 
the provision of replacements across deprivation groups 

are detailed in Supplementary Table 4 in Supplementary 
file 1.

Direct costs for dental caries in each age group were 
calculated as the cost of treatment per tooth multiplied by 
the number of teeth requiring the treatment multiplied 
by the percentage of each deprivation group assumed to 
have the treatment. Based on the UK’s National Institute 
for Health and Care Excellence (NICE) recommendation, 
a 3.5% discount rate for future costs was applied to the 
calculation [47].

Scenario analysis
Two scenario analyses were performed to assess the 
decrease in per capita costs between 12–65 years of age 
based on the following interventions:

•	 Scenario 1 – Application of universal interventions 
with a decrease in caries progression rates by 30% 
across each deprivation quintile. The 30% decrease 
in dental caries progression rate was considered con-
servative, given that the majority of dental caries is 
preventable via a range of effective public health 
interventions, such as community water fluorida-
tion, salt fluoridation, reduced sugar consumption 
(via the implementation of, for example, SSB taxes 
or enhanced food labelling) and twice daily brushing 
with fluoridated toothpaste and fluoride varnish (fre-
quency dependent on risk of caries) [48].

•	 Scenario 2 – A ‘levelling-up’, or proportionate uni-
versalism approach, with the scale of prevention 
and management interventions proportional to the 
degree of need across deprivation quintiles. In this 
scenario, the dental caries progression rate of the 
least deprived quintile was applied across all quin-
tiles.

Model validation
Consistency checks, face validity assessments and a sen-
sitivity analysis were conducted as part of the model’s 
internal validation. Consistency checks involved amend-
ing data and model parameters such as baseline DMFT 
data, direct costs and probabilities for tooth health tran-
sition states were amended to ensure that the model 
behaves logically, resulting in the expected changes in 
outcomes. Face validity was ensured by engaging experts 
in health economics, epidemiology, and oral health 
experts to review the model to ensure that the assump-
tions, data inputs, and overall structure were reason-
able and reflected current knowledge. We conducted 
two sensitivity analyses. Sensitivity analysis A involved 
adjusting the discount rate from 3.5% to 5%, reflecting 
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the upper limit of discount rates applied in a systematic 
review of modelling techniques for the economic evalu-
ation of dental caries [49]. Sensitivity analysis B involved 
adjusting treatment costs to provide a range to account 
for a variation in treatment costs. We estimate overall 
direct costs if treatment costs were 10% lower and 10% 
higher versus the treatment costs applied in the primary 
analysis.

Results
The population-level healthcare costs of managing den-
tal caries for the current cohort of children aged 12 years 
projected to 65  years varied between a low of US$ 10.2 
billion in Italy to a high of US$ 36.2 billion in Brazil 
(Table 3). Of the countries studied, Indonesia is the most 
populous followed by Brazil. However, in terms of pop-
ulation-level costs, Indonesia ranked second to Brazil 
with a cost of US$ 26.2 billion. The cost of all procedures 
(except implants and alternative replacements) was esti-
mated to be lower in Indonesia than in Brazil, which may 
explain the lower direct costs of caries at a population-
level in Indonesia, compared to Brazil. The largest per-
person costs were estimated in the UK, at US$ 22,910, 
and the lowest per-person costs in Indonesia, at US$ 
7,414.

When disaggregated by deprivation quintile, the most 
deprived group had the highest per person costs in the 
UK, Italy, Brazil and France (Table 4). In all countries, the 
most deprived population had the highest baseline car-
ies experience and the highest rate of progression. While 
we modelled the most deprived to be less likely to receive 
expensive treatments, such as root canals and implants 
and more likely to have extractions, they still had the 
highest direct costs across four of the six countries stud-
ied. Of these four countries, Brazil had the greatest dif-
ference in costs between the most and the least deprived 
populations, at US$ 10,555 per person. This can be attrib-
uted to Brazil having the higher baseline DMFT value 
and the greatest inequality among deprivation groups, 
based on the Gini coefficient. In Germany and Indone-
sia, the least deprived group had the greatest per-person 
costs, followed by the most deprived group. Our model-
ling assumes that the most deprived are more likely to 
receive just an extraction and a less optimal, lower-cost 
replacement or no replacement at all, while the least 
deprived are more likely to get an implant after the 
extraction. In the UK, Italy, Brazil and France, the cost 
of an implant is on average 12 to 35 times more expen-
sive than an extraction. However, the ratios are higher in 
Indonesia and Germany, at 39 and 80 respectively. This 
may account for the costs in the least deprived being 

Table 3  Longitudinal direct costs of caries from 12 to 65 years of age (US$)
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higher than in the most deprived in these two countries. 
Across all countries, the second least deprived popula-
tion was associated with the lowest estimated costs. This 
was largely owing to a lower health burden than the mid-
dle and more deprived groups, coupled with the assump-
tion that fewer people in this deprivation group (relative 
to the least deprived group) would receive a single tooth 
implant to replace a missing tooth.

Table  5 compares the direct costs of dental caries 
among the most deprived with the average cost of the 
least and second least deprived groups. Relative to the 
two least deprived groups, the direct costs range between 
5 and 99% higher for the most deprived groups in Ger-
many and Brazil, respectively.

We then modelled the impact of preventive interven-
tions on reducing caries-related direct costs. We con-
ducted a scenario where annual progression rates were 
reduced by 30%, to account for potential upstream and 
downstream prevention. The conservative estimate of 
30% was intervention-agnostic and applied uniformly 
to all deprivation groups. With the decrease in progres-
sion rates, the greatest reduction in per-person costs for 
caries management was observed in the most deprived 
group across all countries except Indonesia, where costs 
decreased by US$ 1,604 and US$ 1,561 in the least and 
most deprived groups, respectively.

A ‘levelling-up’, or proportionate universalism approach, 
was also applied as a scenario, where preventive and man-
agement interventions were proportionate to the degree 
of need across deprivation quintiles. In this scenario, an 
annual caries progression rate of + 0.07 that originally 
pertained to the least deprived group was applied across 
all quintiles. The per-person reduction in direct costs 
ranged from US$ 3,948 in Indonesia to US$ 17,728 in the 
UK (Fig. 3).

The results of sensitivity analysis A, which involved 
adjusting the discount rate, revealed a similar pattern 
in costs across deprivation quintiles, with a lower over-
all cost due to the higher discount rate applied. In sen-
sitivity analysis B, we adjusted treatment costs by ± 10% 
to account for uncertainty in treatment costs, providing 
a range in the economic burden across deprivation quin-
tiles in each country. The results of both sensitivity analy-
ses are included in Supplementary file 1.

Discussion
Our study estimated the longitudinal direct costs of car-
ies of permanent teeth occurring in 12-year-olds and 
how this differs based on socioeconomic status. Despite 
accounting for the likelihood that more deprived popula-
tions receive lower cost and often suboptimal or inappro-
priate treatment options, such as tooth extraction when 

Table 4  Cost of caries per-person between 12-65 years by deprivation quintile (US$)

Table 5  Difference in per-person cost of caries for people 12–65 years of age between least and most deprived groups

UK Germany Italy Indonesia Brazil France

Two least deprived groups (averaged) (US$) 20,734 22,726 17,332 7,947 11,533 19,039

Most deprived (US$) 28,479 23,899 27,435 8,402 22,903 25,860

% increase between most deprived 
and less deprived groups

37 5 58 6 99 36
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a restorative procedure may be more appropriate, the 
more deprived populations experience a larger long-term 
economic burden from dental caries. Studies have shown 
that individuals who are most deprived are more likely 
to present to the emergency room with non-traumatic 
dental issues and to be admitted for caries management 
[23, 50, 51]. Our study has not considered hospitalisa-
tion costs; if they were included, the difference in direct 
costs between the most and least deprived is likely to 
widen. Incorporating indirect costs, such as transporta-
tion to clinics and economic opportunities, would further 
increase the gap.

The greater dental caries experience at baseline in the 
most deprived group is the primary factor leading to an 
overall higher caries experience and increased direct 
costs. Therefore, preventive interventions should start 
early, with a focus on lowering early childhood caries 
(ECC) and continue through the life course.

A multipronged approach, consisting of upstream and 
downstream efforts, is needed for effective caries preven-
tion. However, there is a dearth of data on the numerical 
impact of such a holistic approach in lowering the caries 
burden. The efficacy of various preventive measures has 
been studied, mostly in isolation. A systematic review 
of 107 studies showed that community water fluorida-
tion results in a reduction of dental caries experience by 
35% in deciduous teeth and 26% in permanent teeth [10]. 
Of our study countries, community water fluoridation is 
performed in Brazil and some parts of the UK [52, 53].

The impact of a SSB tax on lowering dental caries prev-
alence is less clear, with the majority of evidence derived 
from modelling studies. A recent umbrella review con-
cluded that a 20% sugar tax would reduce sugar intake by 
18% and 20% in low and middle-income and high-income 
countries, respectively. The review reported that SSB 
taxes would result in a positive but modest impact on 
oral health, reducing dental caries prevalence in children 
by 2.9% and 2.7% for low and middle-income and high-
income countries, respectively, reducing caries counts in 
adults by 0.03, in both low and middle-income and high-
income countries [54]. Of our study countries, Brazil, 
France and the UK, have implemented SSB taxes [55, 56]. 
The implementation of a SSB tax in the UK has shown 
a 12.1% relative reduction in hospital admission for cari-
ous tooth extractions, but more work needs to be done 
in estimating the changes in dental caries prevalence 
[57]. There are only a few studies evaluating the impact 
of school-based oral health education programmes in 
reducing dental caries experience. Most failed to show 
a significant reduction in dental caries unless combined 
with fluoride mouth rinses and application of topical 
fluorides [58]. SDF, which was recently added to WHO’s 
Essential Medicine, is a low-cost dental caries treat-
ment option that has demonstrated high efficacy in a 
range of community health and outreach programs, 
including among children in school settings, Aboriginal 
children living in remote areas in Australia, residents 
and older adults in nursing homes and long-term care 

Fig. 3  Decrease in per person costs (US$) after uniform application of non-targeted interventions lowering the progression rate by 30% 
and a levelling up approach to reduce caries progression
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facilities [59]. While SDF may cause black staining of 
treated areas, which may be a concern for visible teeth, 
its advantages in terms of cost, accessibility, ease of appli-
cation, and effectiveness in managing dental caries make 
it a highly suitable option for dental care, particularly in 
resource-limited settings [60, 61].

At an individual level, tooth brushing with fluoride 
toothpaste has shown standalone benefit in reducing 
caries prevalence, while other strategies, such as the 
application of fluoride varnish, do not appear effective 
in isolation to reduce dental caries progression [62]. A 
Cochrane systematic review evaluating the impact of 
tooth brushing showed a 24% reduction in dental caries 
experience as measured by DFMS scores among children 
using fluoridated toothpaste versus those using non-
fluoridated toothpaste [63].

Given the lack of data regarding the decrease in pro-
gression rates using a multipronged approach, we 
assumed a 30% reduction based on diverse literature. 
With this decrease applied uniformly to all deprivation 
groups, the most deprived group showed the greatest 
reduction in costs across all countries, with the exception 
of Indonesia, where the most deprived group was a close 
second to the least deprived. A levelling-up approach to 
prevention resulted in a greater reduction of dental car-
ies progression in the most deprived group and lowered 
direct costs dramatically for the most deprived.

It should be noted that the most deprived face addi-
tional challenges in implementing effective home care 
strategies to prevent dental caries, especially in times 
of a cost-of-living crisis. A survey conducted in 2022 by 
the Oral Health Foundation reported that one in four 
people in the UK were cutting back on oral health prod-
ucts, such as toothpaste and mouthwash, due to eco-
nomic challenges [64]. Even when accessing toothpaste, 
more deprived populations may not be accessing an 
effective product. A recent study from Manaus, Brazil, 
found that cheaper formulations of fluoride toothpaste, 
which are more commonly used by more deprived pop-
ulations, lacked a sufficient total fluoride concentra-
tion to control dental caries in 92% of the 99 toothpaste 
tubes tested [17].

The limitations of our model mainly hinge on chal-
lenges in identifying suitable data inputs. National oral 
health surveys were used to identify the baseline DMFT 
scores, but these were collected across a range of years 
(2007–2018). The data does not accurately reflect recent 
trends and the covid-19 pandemic-related setbacks 
in oral care. Moreover, the prevalence of dental car-
ies segregated by deprivation quintile was not available 
for every country studied. Annual rates of dental caries 
progression across deprivation quintiles have not been 
extensively documented. Therefore, extrapolations and 

assumptions had to be made. Studies have shown that the 
most deprived patients are less likely to get fillings, root 
canal treatments, or implants but the exact differences in 
the rates of these treatments between deprivation groups 
are not known [43, 44]. Additionally, there is a lack of 
documentation of health care system costs for caries care 
in the public sector. Costs from the private sector were 
used based on triangulation of online data sources and 
expert input, but there is significant variability in the 
costs resulting in a wide range of estimates. The prob-
abilities for tooth health transition states were informed 
by data from a single cohort study in New Zealand and 
applied across our study countries. This was necessary 
due to the lack of longitudinal data of this nature, how-
ever, it represents a limitation as tooth health transition 
states may vary across countries.

Our study has used DMFT scores to quantify the 
health and economic burden of dental caries as the 
DMFT Index is the most common method used for 
assessing and measuring dental caries in epidemiology 
studies. However, dental science and understanding of 
oral health have advanced significantly since the Index 
was developed in 1938. Limitations of the Index include 
its inability to distinguish between active (progressing) 
and restored caries and that it typically excludes pre-cav-
itation stages from the measurement of the caries lesion, 
which is key for a more modern and preventive approach 
to dental caries. This also means that our analysis will 
have underestimated some direct treatment costs as we 
did not account for the costs of managing initial caries. 
A further limitation of the DMFT Index is that it doesn’t 
capture the impact of dental caries on quality of life or 
outcomes that matter to people living with dental car-
ies. Experts in the field have been calling for alternative 
lesion detection thresholds and outcome measures to be 
used in population oral health [65].

The complete benefit of preventive measures on car-
ies progression can only be estimated by including 
early, reversible carious lesions. Measures such as the 
International Caries Detection and Assessment System 
(ICDAS), the American Dental Association Caries Clas-
sification System (ADA CCS), Caries Assessment Spec-
trum and Treatment (CAST), and Nyvad’s Criteria each 
facilitate the detection of dental caries across the entire 
disease continuum, and their wider use would provide a 
better estimation of early caries and the cost savings of 
preventive measures [66–68]. It is encouraging that the 
FDI World Dental Federation, having started to promote 
Minimal Intervention in the Management of Dental Car-
ies in 2002, issued a new Policy Statement in 2019 on 
Carious Lesions and First Restorative Treatment [69]. 
This states that: “FDI World Dental Federation supports 
a shift in caries management from restorative treatment 
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to measures that arrest and prevent caries development 
including monitoring, following the concepts of Interna-
tional Caries Classification and Management System 
(ICCMS)”. Linking of these epidemiological and outcome 
measures to quality of life metrics would also be of value.

Future studies on the relative costs and benefits of a 
population approach to oral health and equity should 
consider collecting the following data for epidemiological 
and health service research:

•	 Transparent cost data for publicly funded dental 
treatment by country (and sub-national or commu-
nity level)

•	 Population-level, cross-sectional, data at a coun-
try level of the proportion of people paying out-of-
pocket for dental care, paying for private treatment 
through insurance premiums, and receiving publicly 
funded dental care through social/worker Insurance 
or universal coverage. Including mixed schemes or 
partial charges.

•	 Longitudinal cohort data on the progression of den-
tal caries within populations covered by different 
types of funding schemes.

•	 New epidemiological and outcome measures for oral 
health. Metrics that do not weigh a decayed tooth 
and a filled tooth equally (such as DMFT). Ideally, 
measures that are:

◦ Easy to collect by survey and by health practition-
ers
◦ Collected (with age-appropriate variations) for all 
groups across the life course, from preschool chil-
dren to the elderly
◦ Consider unrestored dental caries, overall dental 
caries experience, preventive and operative treat-
ments received and treatment urgency
◦ Validated against quality of life metrics

Conclusion
For several decades, the cornerstone of dental caries 
management in dental practice has been a reparative/
restoratively driven approach that results in significant 
morbidity and huge costs. This is in stark contrast to pre-
ventive models of care that are universally taught at the 
undergraduate level, and there is increasing emphasis 
on a more sustainable model of preventive management. 
Strong data regarding the health and economic benefits 
of this preventive approach is key to galvanising the sup-
port of policymakers.

This exploratory modelling study highlights the 
impact of caries burden, and how the greatest health 
burden and direct costs of caries are seen in the most 

deprived populations. A multipronged preventive 
approach, if instituted, will offer maximum reduc-
tions in direct costs to the most deprived, and high-
lights a strong case for “levelling-up” preventive actions 
focused on this segment of the population.

Several data gaps remain to be filled to ensure a more 
accurate estimation of the value, costs and associated 
savings of such an approach. Epidemiological measures 
that include early/reversible caries lesions should con-
tinue to be made more user-friendly to facilitate wide-
spread incorporation into such assessments, thereby 
improving the estimates of benefits offered by preven-
tive care.

The results of this analysis support the case for a more 
inclusive public health approach to caries management, 
that incentivises and focuses on prevention and early 
minimally interventive treatment to improve popula-
tion-level oral health. Transformative changes in oral 
healthcare funding models are required to realise the 
financial benefits of preventive and minimal interven-
tion approaches, and for levelling up oral/dental health 
to reduce inequalities across socioeconomic groups.
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