New Analytical Tools for Evaluating Dental Care Systems –
Results for Germany and Selected Highly Developed Countries
Rüdiger SAEKEL1

Objective: To propose new analytical tools that facilitate the obtention of quantifiable results
for evaluating different dental care systems.
Methods: The paper describes the construction of a composite indicator that measures dental
health on a population basis in one overall indicator, the Dental Health Index (DHI). If the
DHI is combined with a Dental Care Cost Index, an efficiency index (EI) can be created.
Results: The use of these new instruments for analysing different dental care systems reveals
that the Swedish and Danish populations enjoy the best dental health status, followed by US,
Japanese, Australian and Canadian citizens. Germany ranks in the middle, while the Dutch
and Finnish populations enjoy a lesser degree of dental health. Advanced dental health can be
achieved in any oral healthcare system, irrespective of the underlying cost-sharing and funding structures. As a benchmark for industrialised countries, cost levels for dental care between
0.5% and 0.7% of GDP, seem to be the international norm. A population’s dental status is
determined by the degree to which preventive and tooth-preserving treatment approaches are
practised, also amongst adults.
Conclusion: The new instruments broaden the diagnostic possibilities for investigating different dental care systems. The greater the degree to which preventive and tooth-preserving
treatment methods for the entire population are incorporated in daily clinical practice, the
faster and better such systems progress and perform in terms of efficacy and efficiency.
Key words: benefit/cost analysis of the dental sector, overall dental health indicator, performance of dental care systems, efficiency of oral care
Chin J Dent Research 2016;19(2):77–88; doi: 10.3290/j.cjdr.a36177

K

ohn’s thesis1, that cross-national research as an
analytical strategy is of pivotal importance for
generating, testing and further developing sociology, is
equally valid for oral health science. Consequently, in
1969, the World Health Organisation (WHO) created a
Global Oral Data Bank (GODB), followed by the Oral
Health Surveys Manual (1971), now in its fifth edition2.
Subsequently, the Organisation for Economic Cooperation and Development (OECD) also developed its own
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manual, “A System of Health Accounts 2000”3. As a
result, cross-national research on oral healthcare is able
to rely on robust, standardised outcome data from the
GODB and on oral health spending data from OECD
statistics.
Although there are numerous cross-national studies
focusing on partial aspects of dental status or on certain system characteristics4-8, the results of all of these
studies are only valid for the analysed subgroups or
objects of investigation and cannot be generalised for
the whole population or the entire dental care system.
Moreover, Kravitz and Treasure9, presenting an actual
and comprehensive overview of European oral healthcare systems, measured dental health only by ‘Decayed,
Missing, Filled, Teeth (DMF-T) at age 12’ and ‘edentulism at age 65’, which does not sufficiently monitor a
population’s dental status.
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An example of the rare residual international comparisons with a genuine population perspective is the
work of Crocombe et al10. Here, the findings for the
numerous clinical indicators used differ according to
the index employed and the reference group, making
it difficult to draw a clear, final conclusion. Another
example that aspires to depict the dental status of
European populations is the work of Patel11, where
prevalence and trends regarding dental caries are
measured solely by means of the DMFT for 12-yearolds. A further study amongst European countries,
using interview techniques for measuring the oral
health status of adults and oral health attitudes, communicates insights into differing oral health behaviours and attitudes12, but neglects the importance of
dental health in childhood.
If a dental health comparison of different countries
is based only on data from the younger generation, a
country’s ranking does not mean that the outcome also
applies to adult generations. In the past, quite a few
countries with low dental experience in 12-year-olds
exhibited relatively high numbers of missing teeth in
middle-aged adults and/or extremely high rates of edentulousness (between 30% and 65%), in seniors aged 65
to 7413,14. This means that the development of caries
experience over a lifetime is often not constant, and
thus a single dental indicator for a certain age group is
unable to capture this phenomenon.
In previous studies, researchers focusing on the
adult population proposed the use of two dentate status
categories, ‘edentulousness’ and the presence of ‘20
or more teeth’, as an expression of functional dentition15. This approach neglects oral health in childhood
and overlooks the fact that dental health in the young
strongly influences adult dental health. The same
consideration applies to proposing the use of the FST
(F = filled, S = sound and T = teeth) indicator16.
In the present work, the explicit focus is on the dental
status of the entire population and on total spending
– the purpose being to carry out a benefit/cost analysis. For both aims, suitable instruments are required.
These are partially lacking at the current time. While
reliable overall indicators for analysing the cost side,
e.g. dental health costs, in relation to Gross Domestic
Product (GDP) exist, a comparable overall indicator
for measuring the benefit side of a population’s oral
health status is non-existent. However, in medicine, the
overall indicator ‘life expectancy’ provides information
on the population’s health status; in dentistry, no such
equivalent exists. This is why, in this study, the author
introduces a newly created composite indicator, which
allows quantifiable results.
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The aim of this paper is to broaden the range of
analytical tools to facilitate international comparisons
of different oral healthcare systems, by measuring the
efficacy and efficiency of a country’s dental care system. The objective is to test a two-pronged hypothesis
by applying these new tools to a relatively homogeneous group of affluent Western countries. The first aspect
of the hypothesis is that the proposed composite indices
are appropriate and useful in practice and allow deeper
analyses of dental care systems. Secondly, care systems
that put preventive care and tooth-preservation first,
perform better than other systems.
Materials and methods
The first proposal for measuring the efficacy and efficiency of dental care systems was made by Bauer et
al17. This paper introduces an updated version to the
international community. At first, the construction of a
dental health index, measuring the overall oral health
status of a population, is described. From a population
perspective, dental decay and its complications (tooth
loss) traditionally form the greatest threat to natural
teeth18 and account for about 95% of the oral disease
burden across the world19; the measurement of oral
health status in this study focuses on dental decay and
its indicators. At a later stage, an efficiency index, linking a dental care system’s benefit with its cost side, will
be introduced.
The new analytical tools are then applied to the
relevant empirical data from the countries under study.
The inclusion criteria for the countries selected are:
 countries must be at a similar stage of development;
 there should be some difference in the way in which
the healthcare systems are organised, regulated and
funded (national health, social insurance and private
insurance models);
 countries must have a well-established oral healthcare
system;
 countries must regularly monitor their population’s
outcome data.
These criteria are fulfilled by Germany (DE), France
(FR), the Netherlands (NL), Japan (JP), Switzerland
(CH) (social insurance model), the United Kingdom
(UK), Sweden (SE), Denmark (DK), Finland (FI)
(national health model), the USA (US) (private insurance model) and Australia (AU) (a mix of the public
and private models). Additionally, Canada (CA), with
its publicly financed social health system, has been
selected, because – like Switzerland – the health legislator explicitly decided not to include dental care (except
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Table 1 Point system to convert the proportion of caries-free children aged 5 to 6 years old and the proportion of edentulousness
in seniors aged 65 to 74 years old into corresponding indices.
Caries-free Index1
(caries-free 5/6-year-olds as a %)

Edentulousness Index2
(total tooth loss in 65/74-year-olds as a %)

100 - > 90%

0 – u. 1 point

0 - < 10%

0 – u. 1 point

90 - > 80%

1 – u. 2 points

10 - < 20%

1 – u. 2 points

80 - > 70%

2 – u. 3 points

20 - < 30%

2 – u. 3 points

70 - > 60%

3 – u. 4 points

30 - < 40%

3 – u. 4 points

60 - > 50%

4 – u. 5 points

40 - < 50%

4 – u. 5 points

50 - > 40%

5 – u. 6 points

50 - < 60%

5 – u. 6 points

40 - > 30%

6 – u. 7 points

60 - < 70%

6 – u. 7 points

30 - > 20%

7 – u. 8 points

70 - < 80%

7 – u. 8 points

20 - > 10%

8 – u. 9 points

80 - < 90%

8 – u. 9 points

10 - 0%

9 – 10 points

90 – 100%

9 – 10 points

1) Example - proportion of 66%: 3.4 points. 2) Example - proportion of 66%: 6.6 points.
Reference: 21

when it relates to children, expectant mothers and public
assistance recipients) into the healthcare system20.
The study is descriptive and observational in nature
and the material used is derived from existing databases. Although it is a cross-sectional investigation, it
involves additional longitudinal findings from regular
surveys and furnishes evidence of relationships and
influencing factors.
Construction of a dental health index
A meaningful composite indicator for the dental health
of the entire population must fulfill the following conditions:
 record the main dental disease – caries – and its consequences;
 be easy to handle;
 be sensitive to dental health concerns;
 allow a quantitative measurement of dental health;
 include all important age groups/generations;
 be founded on internationally accepted indices for
which comparable data exist.
The well-established indicators ‘proportion of caries-free
teeth in 5 to 6-year-olds’, the DMFT index for 12-yearolds and for 35 to 44-year-olds, as well as ‘edentulism in
65 to 74-year-olds’, all comply with these preconditions.
Moreover, the last indicator (edentulism in seniors) is
additionally, an indirect measurement of whether peri-
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odontal breakdown is widespread amongst the elderly
population, because tooth loss in higher age groups may
also be caused by severe periodontitis.
In order to depict the dental health of children, adolescents, middle-aged adults and seniors, the abovementioned single indicators are combined into an
overall indicator, the Dental Health Index (DHI), as
a single figure. Owing to the fact that improvements
in the indices ‘proportion of caries-free teeth in 5 to
6-year-olds’ and ‘edentulousness in 65 to 74-year-olds’
are not rectified – a higher proportion of caries-free
teeth indicates a positive change, while a higher proportion of total tooth loss in seniors indicates a deterioration – these two indicators first have to be rendered
compatible before they are combined with the absolute
values of DMFT for 12 and 35 to 44-year-olds. The
indicators ‘share of caries-free teeth in 5 to 6-year-olds’
and the ‘proportion of edentulous seniors aged 65 to
74’ are therefore converted to a point system based on
the following method (Table 1). The method of conversion ensures that changes in both indicators affect the
population-related DHI – both rectified and balanced.
The foundation for a healthy dentition is laid out in
childhood. A high proportion of caries-free deciduous
teeth in children aged 5 to 6 years old and favourable
DMFT values for 12-year-olds, form the indispensable
basis for long-lasting healthy permanent teeth. Indeed,
individuals have good prospects for continuous oral
health and for retaining all of their teeth for a lifetime.
79
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Table 2

Dental Health Index for populations of highly industrialised countries in 2009 to 20131.
Caries-free at age
5/6

Country

DMFT
12
(2)

DMFT
35/44
(3)

in %

Index
(1)

SE

78

2.2

0.8

DK

< 83

1.7

US

53

JP

Edentulousness
65/74

DHI10
(5)

Rank

in %

Index
(4)

9.75

9.9

1.0

3.425

1

0.6

13.5

8.7

0.9

4.175

2

4.7

1.19

10.91

15.0

1.5

4.575

3

58

4.2

1.4

12.3

6.9

0.7

4.650

4

AU

50

5.0

1.05

10.7

21.17

2.1

4.713

5

CA

57

4.3

1.0

12.39

21.7

2.2

4.950

6

FR

63

3.7

1.23

14.63

15.58

1.6

5.283

7

DE

≈60

4.0

0.7

14.5

22.6

2.3

5.380

8

CH

≈ 50

5.0

0.84

14.54

13.8

1.4

5.425

9

UK

< 58

4.2

0.72

16.62

15.02

1.5

5.750

10

NL

< 55

4.5

0.86

17.4

41.0

4.1

6.700

11

FI

39

6.1

0.7

16.5

36.0

3.6

6.725

12

1) Or most recent available value; 2) Except Scotland; 3) Rhone/Alpes; 4) Canton Zurich; 5) Jönköping; 6) Den Haag; 7) 65+; 8) 65 years;
9) 40-59 years; 10) DHI (5)= [(1)+(2)+(3)+(4)]:4.
Source: 22-28

Consequently, the dental health of children (5 to 6 years
old) and adolescents (12 years old) should be weighted
more heavily in the overall indicator than the DMFT
values for middle-aged adults (35 to 44 years old) and
edentulousness in seniors (65 to 74 years old). As the
single indicators for children and adolescents, both
of which relate only to a 1-year age group, are easier
to improve than the indicators for adults and seniors,
which relate to 10-year age-groups, this is achieved by
adding the points for the proportion of caries-free teeth,
the absolute DMFT values for 12 and 35 to 44-yearolds to the points for the proportion of edentulousness
among seniors aged 65 to 74, and then dividing the
sum by the number of included indicators (four in this
case)21. The lower the DHI, the better the overall dental
health status of the population. Expressed as a formula,
the DHI reads like this:
DHI =
Caries-free index 5/6 + DMFT 12 + DMFT 35/44 + Edentulousness Index 65/74
4
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Construction of an efficiency index
The link between the DHI and the Dental Care Cost
Index, defined as a proportion of total oral healthcare
costs in relation to GDP, forms the efficiency index (EI).
To ensure that both indices indicate improvements in the
same manner and direction, the practical link is achieved
by adding the two indices (DHI and EI) together21. Thus,
better dental health amongst a country’s population, as
well as diminishing macroeconomic resources for oral
healthcare, are indicated by decreasing indices. In mathematical terms, the formula reads:
Efficiency Index =
Dental Health Index + Dental Care Cost Index
The lower the EI, the better the benefit/cost ratio of a
country’s oral healthcare sector. The new EI allows a
simple but meaningful measurement and analysis of the
benefit/cost level of a country’s dental healthcare system. As a result, the evaluation spectrum for optimising
oral healthcare systems is broadened.
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Table 3

Efficiency Index of the dental care sector in a selection of highly developed countries in 2009 to 2013.
Dental Health Index
of the population1

Dental Care Cost index:
(Total oral health care costs in % of GDP)

Efficiency Index2

Countries

Rank
Value

Index
Germany = 100 (1)

Value

Index
Germany = 100 (2)

Index
Germany = 100 (3)

DK

4.175

78

0.50

60

138

1

SE

3.425

64

0.67

80

144

2

US

4.575

85

0.70

83

168

7

JP

4.650

86

0.53

63

149

3

AU

4.713

88

0.56

67

155

4

CA

4.950

92

0.77

92

184

10

FR

5.283

98

0.52

62

160

5

DE

5.380

100

0.84

100

200

12

CH

5.425

101

0.66

79

180

9

UK

5.750

107

0.45

54

161

6

NL

6.700

125

0.40

48

173

8

FI

6.725

125

0.54

64

189

11

For information:
DE 1980
DE 1990
DE 2000

8.730
7.700
6.330

162
143
118

1.15
0.83
0.89

137
99
106

299
242
224

-

1) Data from Table 2; 2) (1) + (2) = (3).
References: 21, 31 and 32.

Results
The new indices (DHI and EI) for the benefit and cost
side of an oral healthcare system will now be used to
describe the empirical situation in selected industrialised
countries. Table 2 shows the values of the relevant single indicators, which comprise the DHI for the various
countries. With a DHI of 3.425 the Swedish population
enjoys the best dental health. Its dental status is over
50% higher than that of the German and almost 100%
higher than that of the Finnish population. The dental
status of the populations of Denmark, the USA, Japan,
Australia and Canada are also rather good. Countries
like France, Germany, Switzerland and the UK, with
DHI values over 5 but below 6, form the middle group,
followed by the Netherlands and Finland (DHIs > 6).
By looking at this ranking, one has to keep in mind that
the populations of the countries compared are amongst
those exhibiting the best oral health status amongst the
highly developed countries.
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Eleven countries show ‘very low’ (DMFT < 1.2)
caries prevalence levels in 12-year-olds according to
the WHO classification29. Only 12-year-old Japanese
children (DMFT 1.4) fall into the ‘low’ level category
(DMFT 1.2-2.6). Less favorable are the DMFT values for middle-aged adults. Here, no country reaches
a ‘very low’ caries prevalence level (DMFT < 5.0).
Only the levels achieved by Sweden, Australia, the
US, Canada, Japan, and Denmark can be classified
as ‘low’ MFT 5.0 to 13.9). Germany, Switzerland and
France just miss the ‘low’ level category. The values for
edentulism amongst the elderly fall into a wide range
of categories. While the Japanese, Danish and Swedish
populations enjoy a low prevalence of edentulism in
seniors (6.9%, 8.7% and 9.9%, respectively) with the
prognosis for Sweden, by 2015, showing 95% dentate
subjects aged 65 to 74 years old with 90% of 75 to
84-year-olds being dentate30, the rate of edentulism in
the elderly in Switzerland, France, the US and the UK
is moderate. With just over 20% edentate elderly, total
81
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tooth loss in Australia, Canada and Germany is more
widespread. Some countries still face relatively high
edentulism rates in the 65 to 74-year-old age-bracket
(Netherlands and Finland).
However, further progress is possible if the trends
remain stable. This is true for all of the single indicators used in this study. Only Denmark and Sweden,
with a level of about 80% caries-free children aged 5 to
6, have largely exploited their potential in this field. In
contrast, the indicator ‘caries prevalence in adolescents’
(DMFT = 12) leaves room for only minor progress in
France, Japan, the US and Canada. The other countries have already achieved very low caries prevalence
rates (DMFT = 0.6 to 0.8). Most of the reserves exist
amongst adults. Here, caries prevalence in the middleage group (35 to 44 years old) has the potential to
decrease considerably in most of the countries except
for Sweden, Australia, the US and Canada, where only
minor improvements are possible. Especially in countries like the Netherlands and Finland, greater advances
in reducing edentulism in seniors aged 65 to 74 years
old can be expected. However, the remaining countries – and to a minor degree Japan and Sweden – can
also strengthen efforts to lower the prevalence of full
denture wearers. In general, it is possible to predict a
further decline in caries prevalence and edentulism in
adults. This trend will persist until ‘very low’ or ‘low’
levels of caries prevalence and edentulousness in the
elderly are achieved5.
Table 3 demonstrates the link between the outcome
data (DHI) and the total cost of dental care in relation to
GDP, using DE (2010 = 100) as a benchmark.
The most efficient systems are those of Denmark
and Sweden. Slightly less efficient are Australia, France
and the UK. Although, since 1980, the German dental
care system has made significant progress in both

Fig 1 Efficiency chart of the dental care sector in a selection
of highly developed countries between 2009 and 2013.1
1) Values derived from Table 3.
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efficacy and efficiency – the EI improved by one third
(Table 3) – all countries still perform more efficiently
than Germany. Also comparatively low in efficiency are
the Finnish and Canadian systems.
Regarding the cost side of the dental sector, the comparison shows that - independent to the level of dental
health achieved - all of the countries spend much less in
terms of financial resources than Germany. The second
highest level of expenditure is to be found in Canada.
Even countries with a considerably better dental health
status than Germany operate their dental care system
with 20% to 40% less resources (Table 3). Switzerland,
a country with a very high per capita income and a
comparable dental health level, spends 20% less than
Germany. The least expensive dental systems are found
in the Netherlands and the UK.
With reference to dental status, Figure 1 shows the
outstanding position enjoyed by Sweden and Denmark,
followed at a certain distance, by the US, Japan and
Australia. Significantly lower is the dental status of the
Finnish and Dutch population. In terms of costs the
majority of countries spend between 0.5% and 0.7% of
GDP financing the dental sector.
Discussion
The validity of cross-national research depends on the
accuracy of health outcome and cost data as well as on
the comparability of survey time points. For most of the
data, up-to-date figures were available. Where this was
not possible, the nearest available data were selected.
These data all lie within a time span of less than 10 years,
except for the data on middle-aged adults in France and
the Netherlands, where no regular monitoring of adult
dental health is conducted. A further imprecision lies
in the fact that, for a few countries, data for middleaged adults were not available in national representative surveys. In these cases, representative regional data,
which authors considered to be of nationwide validity,
were chosen (e.g. France, Switzerland and Sweden).
The aforementioned limitations exist but can hardly be
avoided in transnational, cross-sectional analysis. A further weakness is due to the observational character of
this study, because it is problematic to control biases
inherent in such a study type. In general, the data sets
are reliable and draw a realistic picture of the current
performance of a country’s dental care system.
A previous investigation, with 2005 as its study
period, also used DHI as the indicator for dental health
in the whole population, and involved the same countries, including Finland. In this comparison, Sweden
and Australia performed best with DHIs of 4.38. Oral
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Table 4

Changes in adult dental status in a selection of highly developed countries in 1972 to 2011.

Country

Age class

Time span

Indicator

SE

65/74

1980 – 2002

Edentulism

44.0%

Ô

10.0%

-34.0

DK

35+

1975 – 2005

Edentulism

36.4%

Ô

5.0%

- 31.4

65/74

1987 – 2000

Edentulism

51.0%

Ô

27.0%

-24.0

Functional dentition

16.0%

Ò

40.0%

24.0

65/74

JP

1995 - 2005

Edentulism

37.4%

Ô

8.7%

- 28.7

45-54

1987 - 2011

Functual dentition

76.0%

Ò

95.0%

19.0

55-64

40.0%

Ò

81.0%

41.0

65-74

22.0%

Ò

60.0%

38.0

Edentulism

30.0%

Ô

6.9%

-23.1

Missing teeth (MT)

15.4%

Ô

10.4%

-5 MT

Edentulism

26.8%

Ô

13.8%

-13.0

Functual dentition

22.0%

Ò

40.0%

18.0

Edentulism

24.8%

Ô

22.6%

-2.2

Edentulism

28.0%

Ô

6.0%

-22.0

65/74

Edentulism

78.0%

Ô

15.0%

-63.0

20-65+

Prevalence of dental decay

46.0%

Ô

28.0%

-18.0

Edentulism

23.6%

Ô

6.4%

-17.2

65/74

1992 - 2002

65/74
DE

65/74

1997 - 2005

65/74
UK

CA

Change in % points

65/74

65/74
CH

Results

20-65+

20-79

1978 - 2009

1972 - 2010

References:15,18,24-26,33-36

health status was slightly lower in the US (5.58),
France (5.60), Germany (5.63), Denmark (5.78) and
Switzerland (5.85) and considerably lower in Japan
(6.45), the UK (6.53), the Netherlands (7.3) and Canada
(8.05)21. All countries, except Australia, which had
some minor deterioration in the DMFT for 12-yearolds, and in edentulism amongst the elderly (owing to
the use of a dissimilar age bracket: 65+ instead of 65 to
74 years old in 2005), had improved their dental status
within the previous 5 years. The range of DHI values
between high and low performers diminished between
2005 (3.7) and 2009 to 2013. Obviously, some countries
still do better than others. Before trying to determine
the reasons for this, we will check whether the existing,
periodically repeated surveys on adult dental health,
which use indicators like missing teeth, the existence of
a functional dentition and the prevalence of edentulism,
confirm or contradict our results based on the composite
DHI indicator.

The Chinese Journal of Dental Research

Available survey data over time indicate substantial
decreases in dental decay, tooth loss and edentulism in
adults in all of the countries shown (Table 4). Especially
distinct were the declines in edentulism amongst elderly
Danes, Britons and Japanese. In the UK, the reduction
is reflected in all adult age groups and shows how
strongly dental care is built around a preventive philosophy18. Significantly slower, and starting later, were
the advances amongst German adults. Summarising the
survey findings, their trends match the results based
on the composite DHI indicator. Thus, it was possible
to achieve the first aim of this study i.e. to prove the
practicability and reliability of composed indices for
measuring dental health on a population basis.
Furthermore, the findings of the 2009 Eurobarometer
(a random sample from the member countries of the
EU), on oral health in the age groups 15 to 55 years
old, using the self-reported indicator “how many of
your natural teeth do you have”12, tend to support the
83
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Fig 2 Total private payment for general health and dental
care (%) in a selection of highly developed countries in 2010.
References: 31,37,38.

observations of our study, which confirm the leading
position of the Scandinavian countries with respect to
dental status. The majority of the survey respondents,
who stated that they still have all of their natural teeth,
lived in Denmark (57%) and Sweden (55%).
Possible reasons for diverging performance levels
Independent of the healthcare system and its provider
(public, private or public/private) or the differences in
regulating and funding structures, good dental health
can be achieved in any system. Consequently, diverging healthcare systems cannot explain variations in the
efficacy of dental care systems. However, this conclusion is not surprising. Despite substantial differences in
the general healthcare systems, a similar pattern can be
found in all of the countries under study: dental care is
regulated and funded separately from general healthcare
owing to higher demand elasticity and lower intrinsic
risk. While, in general healthcare, only a low degree
of private financing is required, in dental care, so as to
avoid a moral hazard, much higher proportions of private funding are evident (Fig 2).
In most of the countries under study, minors and the
less fortunate are entitled to free or subsidised dental
care, but normal adult patients usually have to pay
high patient excesses per treatment (Table 5). With the
exception of Germany and France, where tooth-preserving treatments are free or the excess is rather low,
dental care and in particular prosthetic treatments have
largely been removed from universal insurance coverage. Additionally, many countries offering universal
health coverage changed their dental treatment coverage from a benefit-in-kind coverage to a predetermined
reimbursement amount for standardised benefits39. This
happened in the Netherlands, Germany, the UK and
84

Sweden. All in all, we are left with the surprising finding that the funding structure of a dental care system
does not predetermine oral health outcomes. Even if all
treatments have to be financed privately, it is possible
for the entire population to achieve a high dental health
status, as can be seen for countries like Canada and
Switzerland.
Nevertheless, apart from this outcome, the design of
a dental care system does matter as far as patient satisfaction with access to care, affordability, a safety net for
low-income patients and quality of care are concerned.
In this regard, patients in the US and Australia express
a remarkably high level of discontent, since almost one
third or one quarter of the population, respectively,
believe that their health system should be completely
overhauled. These levels of discontent are three to four
times higher than in European insurance-based systems8,40. Considerable dissatisfaction is also found with
the Canadian dental system41.
Another influencing factor regarding outcome performance could be oral health behaviour and attitude.
‘Regular dental attendance’ is chosen as the key indicator for this area because many studies show a correlation between the regular use of dental services and
improved dental health15, 42,43. Using this indicator,
findings show that regular dental attendance rates in
adulthood have been well established for decades and
reach 85% of the population in Sweden, where 70% to
80% are enrolled in a recall system, based on the clinician’s initiative23. In Denmark, dental attendance rates
steadily increased to over 90% amongst the 35 to 75+
age group24. Although the regular dental visiting habits
of German adults aged 35 to 74 have also improved,
from 60% in 1997 to 74% in 200535, the rate is still
clearly below that of the two Scandinavian countries.
In Canada, the US, Australia and Japan, countries
that exhibit a better level of dental health than Germany,
the dental attendance rates are even lower (68%, 65%,
45% and about 40%, respectively)36,42, 44,45. For the
US, Australia and Canada, this might be compensated for by the fact that, in these countries, large
parts of the population benefit from water fluoridation
(90% of Australians, 62% of Americans and 45% of
Canadians)46-48.
Another factor is presumably more relevant in
explaining differences in dental health levels: the predominance of preventive and tooth-preserving treatment philosophies, the existence of an active oral
health policy that sets goals and reviews them and the
availability of accompanying scientific dental services
research. All of these factors are present in countries
that rank better than Germany, such as Denmark,
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Table 5

Adult patient excesses (%) for selected dental services in European countries in 2013.

Treatment

DK

DE

FR

UK

NL

CH

CA

Extensive examination and consultation of a new patient

60

0

30

90

100

100

100

Two-surface direct filling of tooth 45

90

0/251

30

82

100

100

100

Subgingival curettage

60

0

30

82

100

100

100

Root canal filling in tooth 46

20

0

30

82

100

100

100

Extraction of tooth 31

60

0

30

82

100

100

100

Bonded crown on tooth 21

100

72

82

89

100

100

100

Insertion of an implant in region 11

100

100

100

100

100

100

100

Fully veneered bridge from tooth 45 to tooth 47

100

822

84

89

100

100

100

Model cast denture

100

562

78

89

100

100

100

Full dentures in the maxilla and mandible

100

532

92

89

25

100

100

1)Depending on technique (single layer or multiple layer); 2) without bonus.
References: 20 and 32

Sweden, the US, Japan and Australia. For example, in
the case of Japan, the exceptional achievements in the
dental status of adults, despite low dental attendance
rates, are due to effective preventive and tooth- preserving efforts by dental services25,45, 49. These efforts
were supported by the creation of the ‘80-20 Campaign’
(1989), aimed at encouraging the preservation of 20
or more teeth up to the age of 80. The campaign was
jointly initiated by Japanese health policy and the Japan
Dental Association. A further extension of this development can be expected from the nationwide introduction
(2009) of a new oral health program for adults created
by the Japan Dental Association. It aims to change
dental health examination programs from the traditional disease-finding type into a risk-finding and healthguidance type, which will also raise the unsatisfactory
low rate of regular dental check-ups amongst adults50.
An obstacle to the ultimate breakthrough for prevention
amongst Japanese adults lies in the fact that the current
social insurance system does not provide for preventive
dental health maintenance45.
In Germany, the above-mentioned factors are largely
lacking, although the preventive orientation of German
clinicians has improved over the last decade51. There is
neither a noteworthy nationwide preventive and toothpreserving treatment philosophy for adults (mainly
due to imbalances in the clinicians’ fee structure which
favours invasive procedures and does not provide for
remuneration, by the social insurance, of preventive
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treatments for adults). Also there is no goal-oriented oral
health policy in existence since the paradigm shift in
dental care that started in 1978 and ended in 2000, with
the legislative anchoring of the preventive approach in
dental care. Since that time, dental care has ceased to be
a subject of consideration in health policy. The diverging
treatment philosophies that characterise Swedish and
German clinicans can best be demonstrated by the fact
that, in Sweden, crowns and endodontically treated teeth
have diminished dramatically, whereas these treatments
are on the rise in Germany21,23. While, in German dental
care, preventive treatment for minors is well established
and practised nationwide, this approach has not been
adopted in adult dental care – except in the case of a few
general practitioners. Moreover, in contrast to Germany,
Denmark introduced preventive dental care for adults in
the social insurance system in 1988, forming the basis
for risk-oriented intervention and individual instruction
in oral self-care15. As far as remuneration for preventive
treatments is concerned, dental systems, which are predominantly privately financed (the US, Australia, Canada
and Switzerland), find it easier to reform their fee system
in favour of preventive methods than self-administered
systems, that operate on the basis of unanimous joint
action on the part of the sickness funds and the dental
professions (as in Germany). Also, in contrast to most
other countries, scientific oral health service research is
still in its infancy in Germany21 and official nationwide
oral health goals are not defined. Thus, adult dental care
85
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Fig 3 Private payments (out-of-pocket, private insurance) for
dental care (%) in a selection of highly developed countries in
2010. References: 31,36–39.

in Germany develops in an uncoordinated and erratic
manner and is hardly subject to evaluation by dental science. All of these shortcomings go a long way toward
explaining why Sweden and Denmark and, to a lesser
extent, the US, Japan, Australia and Canada perform better and are able to reduce the number of missing teeth in
adults and edentulism in the elderly, faster than Germany.
Although the relationship between preventive and toothpreserving action and the performance of a dental care
system does not necessarily prove to be cause and effect,
this relationship is striking and noteworthy.
According to health economics literature, the amount
of dental care expenditure depends, inter alia, on the
form and size of the copayment and on patients’ income
level52,53. The most influential effect results from outof-pocket payment. In this regard, Switzerland ranks
first, while the lowest out-of-pocket rates are found in
the Netherlands, Japan, Germany and France (Fig 3).
At first glance, the low out-of-pocket contributions
in the latter countries seem to be in contradiction to
high excesses for adult dental treatments, as shown in
Table 4. The explanation for this assumed contradiction lies in the fact that, in some of these countries,
where dental care for adults has largely been privatised,
patients feel compelled to take out private insurance,
which attenuates the effect of a patients’ excess. This is
particularly relevant for the Netherlands, the US, France
and Canada. Therefore, out-of-pocket and private insurance contributions must be considered together, in order
to capture the real effect of private expenditure on cost
levels for dental care. Total private payments are highest in Canada, Switzerland, the US, the Netherlands
and Denmark and lowest in Japan and Germany.
Interestingly, the Japanese example shows that good
86

dental health can be achieved at a reasonable cost level
without high patient excess.
Analysing the values in Figure 3, the macroeconomic
cost levels of dental care should be relatively low in
Canada, Switzerland, the US, the Netherlands and
Denmark. Obviously, this is true for the Netherlands
and Denmark and, to a lesser degree, for Switzerland
and the US, where – owing to substantially higher levels
of income per capita – the cost level is above average,
when compared with the countries included here. On
the other hand, in the two countries with the lowest
share of private payments, the cost levels should be
the most elevated. This is indeed the case in Germany,
where the macroeconomic burden for dental care is
excessive (Table 3), but it is not so in Japan (0.53%).
A possible explanation for this discrepancy might be
found in the fact that, in Japan, other factors effectively
limit the trend towards rising dental costs. These factors
could be seen as Japan’s below-average income level
and the strong tooth-preserving treatment approaches
that are favoured by oral health policy and practised
by the dental services. A similar relationship might
explain why the UK manages its dental care system so
efficiently, with just over half of the resources expended
by Germany. The only country that does not fit into our
explanatory model is Canada, a country with an average
per capita income and a population with a favourable
dental status, where dental care is almost completely
financed privately and the cost level is nevertheless
disproportionately high (0.77%). The cause of this discrepancy calls for a separate investigation. However,
this would go beyond the scope of the present study.
After careful consideration, the assumption that
sensible copayments for adults reduce overall dental
expenditure and the costs of a dental system cannot be
confuted by the international comparison. Germany had
proven this assumption to be valid in the decade 1980 to
1990, when the country first introduced a 20% copayment for prosthetic treatments (1978), which it later
doubled in 1989, with the consequence that total dental
care costs, in terms of % of GDP, dropped from 1.16%
in 1980 to 0.84% in 199021 and since then remained at
that level. However, the relatively low copayment level
that currently exists in Germany seems to be a cause for
poorer performance in financial terms. These assessments are in line with the perception that, excluding
the clinician’s efforts, good oral health is strongly promoted by motivated and cooperative patients practising
individual self care. On the other hand, because of low
copayment levels and income-related out-of-pocket
ceilings limiting annual costs for patients and families
to 1% to 2% of income, barriers to dental attendance are
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almost non-existent in German dental care, in contrast
to countries such as the US, Australia, the UK, Finland
and Canada. However, the Swiss example shows that
even high levels of cost sharing, combined with annual
limits and exemptions, as well as transparent pricing
and billing, regardless of a patient’s income, assures
equity and allows for the budgeting of dental care
costs8. Taking these experiences into account, an effective safety net can hardly justify the excessively high
cost of Germany’s oral health system. Strong evidence
seems to indicate further potential for improving both
efficacy and efficiency in German dental care persists.
On balance, the findings of the international comparison can be summarised as follows:
 good dental status on a population basis can be
achieved in any health system, irrespective of the
structures used for funding dental care;
 however, the cost of a dental care system is influenced
by the extent and the design of patient cost sharing;
 if the share of total private payment is substantially
below 50%, cost levels tend to be rather high unless
other factors compensate for this effect. Depending
on a country’s income level, a cost level in the range
of 0.5% to 0.7% of GDP seems to be the norm, when
taken as a benchmark for an effective dental care system;
 a population’s dental status is predominantly determined by the degree to which a preventive and toothpreserving treatment approach – also for adults – is
implemented in the dental service and supported by
health policy and dental science.
Conclusion
The author hopes it was possible to prove that the proposed overall indicators and their interactions are useful
and practical in application, reflect the oral health reality of a population as a whole, the changes a population
undergoes and opens new horizons for optimising dental
care systems. Additionally, the analysis conducted by
means of the new composite indicators revealed that oral
healthcare systems, which adopt a preventive and toothpreserving approach, not only for the young generation
but equally for adults, progress faster and perform better
in terms of efficacy and efficiency. The combination of
absence of preventive efforts aimed at adults and low
incentives for patient collaboration seem to explain why
Germany still has great potential for achieving a more
efficacious and efficient dental care system. The findings of this study might also be helpful for developing countries like China, that is currently improving its
healthcare system.

The Chinese Journal of Dental Research

Acknowledgments
I am greatly indebted to my former colleague Erica
Long-Michalke for revising the English text.

References
1.

2.

3.

4.

5.
6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Kohn ML. Cross-national research as an analytic strategy. Am Sociol
Rev 1987;52:713–731. Available at: http://www.asanet.org/images/
asa/docs/pdf/1987%20Presidential%20Address%20(Melvin%20
Kohn).pdf. Accessed 27 November 2015.
Malmö University. The “early history” of Oral Sciences in WHO.
Available at: http://www.mah.se/CAPP/About-CAPP/DR-David-EBarmes/. Accessed 12 January 2015.
Organisation for Economic Cooperation and Development. Health
at a glance 2011: OECD-Indicators. OECD Publishing, 2011. Available at: http://dx.doi.org/10.1787/health_glance-2011-en; Accessed:
9 May 2016.
Holm-Pedersen P, Vigild M, Nitschke I, Berkey DB. Dental care for
aging populations in Denmark, Sweden, Norway, United kingdom,
and Germany. J Dent Educ 2005;69:987–997.
Marthaler TM. Changes in dental caries 1953-2003. Caries Res
2004;38:173–181.
Nithila A, Bourgeois D, Barmes DE, Murtomaa H. WHO Global Oral
Data Bank, 1986-96: an overview of oral health surveys at 12 years
of age. Bull World Health Organ 1998;76:237–244.
Palmqvist S, Söderfeldt B, Vigild M, Kihl J. Dental conditions in
middle-aged and older people in Denmark and Sweden: a comparative study of the influence of socioeconomic and attitudinal factors.
Acta Odontol Scand 2000;58:113–118.
Schoen C, Osborn R, Squires D, Doty MM, Pierson R, Applebaum
S. How health insurance design affects access to care and costs, by
income, in eleven countries. Health Aff (Millwood) 2010;29:2323–
2334.
Kravitz AS, Bullock A, Cowpe J, Barnes E. Manual of Dental Practice
2014, ed 5. The Council of European Dentists, Feb. 2014. Available
at: http://www.omd.pt/europa/cedmanual/2014/cedmanual2014completo.pdf. Accessed 27 February 2015.
Crocombe LA, Mejia GC, Koster CR, Slade GD. Comparison of adult
oral health in Australia, the USA, Germany and the UK. Aust Dent J
2009;54:147–153.
Patel R. The State of Oral Health in Europe. Report Commissioned by
the Platform for Better Oral Health in Europe. Sept. 2012. Available
at: http://www.mah.se/PageFiles/49503/Report%20-%20the%20
State%20of%20Oral%20Health%20in%20Europe.pdf. Accessed 1
November 2015.
TNS Opinion & Social. Report Oral Health. Special Eurobarometer
330 requested by the Directorate–General for Health and Consumers
of the European Commission, 2010. Available at: http://ec.europa.eu/
public_opinion/archives/ebs/ebs_330_en.pdf. Accessed 29 November 2015.
Petersen PE. The World Oral Health Report 2003: continuous
improvement of oral health in the 21st century--the approach of the
WHO Global Oral Health Programme. Community Dent Oral Epidemiol 2003;31 (Suppl 1):3–23.
Kalsbeek H, Truin GJ, Burgersdijk R, van ‘t Hof M. Tooth loss and
dental caries in Dutch adults. Community Dent Oral Epidemiol
1991;19:201–204.
Petersen PE, Kjøller M, Christensen LB, Krustrup U. Changing dentate status of adults, use of dental health services, and achievement
of national dental health goals in Denmark by the year 2000. J Public
Health Dent 2004;64:127–135.

87

SAEKEL

16. Namal N, Vehid S, Sheiham A. Ranking countries by dental status
using the DMFT and FS-T indices. Int Dent J 2005;55:373–376.
17. Bauer J, Neumann Th, Saekel R. Oral health and dental care in the
Federal Republic of Germany 1994. Achievements, deficits, prospects. Berlin: E. Schmidt Verlag, 1995.
18. Steele J, O’Sullivan I. Adult Dental Health Survey 2009 – The NHS
Information Centre, Dental and Eye Care Team. The Health and
Social Care Information Centre. March 24, 2011. Available at: http://
www.hscic.gov.uk/catalogue/PUB01086 Accessed: 9 May 2016.
19. Murray CJ, Lopez AD. The Global Burden of Disease. World Health
Organization, World Bank, Harvard School of Public Health. Cambridge, Massachusetts: Harvard University Press, 1996.
20. Quiñonez C. Why was dental care excluded from Canadian Medicare?
Network for Canadian Oral Health Research (NCOHR). NCOHR
Working Paper SERIES 2013,1:1. Available at: http://ncohr-rcrsb.
ca/knowledge-sharing/working-paper-series/content/quinonez.pdf.
Accessed 23 March 2015.
21. Bauer J, Neumann Th, Saekel R. Dental provision in Germany. Oral
Health and treatment quality – a critical survey. Bern: Huber, 2009.
22. World Health Organisation. Global oral data bank 2015. Available at:
http://www.mah.se/CAPP/. Accessed 1 March 2015.
23. Norderyd O, Koch G, Papias A, et al. Oral health of individuals
aged 3-80 years in Jönköping, Sweden during 40 years (1973-2013).
I. Review of findings on oral care habits and knowledge of oral
health. II. Review of clinical and radiographic findings. Swed Dent J
2015;39:57-86.
24. Li KY, Wong MC, Lam KF, Schwarz E. Age, period, and cohort
analysis of regular dental care behavior and edentulism: a marginal
approach. BMC Oral Health 2011;11:9.
25. Ministry of Heath and Welfare. Survey of Dental Diseases 2011,
Ministry of Health and Welfare, 2012. Available at: http://www.mhlw.
go.jp/toukei/list/dl/62-17c23-1.pdf. Accessed 20 January 2015.
26. Suominen-Taipale, Nordblad A, Vehkalahti M, Aromaa A (eds). Oral
Health in the Finnish Adult Population. Health 2000 Survey. National
Public Health Institute, Finland, Helsinki, 2008. Available at: http://
www.terveys2000.fi/julkaisut/oral_health.pdf. Accessed: 9 May 2016.
27. Health Council of the Netherlands. Perspectives on oral health care.
Gezondheidsraad, April 27, 2012. Available at: http://www.gezondheidsraad.nl/sites/default/files/201204E_Perspectives_on_oral_
health_care_1.pdf. Accessed 29 November 2015.
28. Dye BA, Li X, Thorton-Evans G. Oral health disparities as determined by selected healthy people 2020 oral health objectives for the
United States, 2009-2010. NCHS Data Brief 2012;104:1–8.
29. World Health Organisation. World map on dental caries, 12 years,
July 2003. Available at: http://www.who.int/oral_health/media/en/
orh_figure6.pdf. Accessed 16 January 2015.
30. Osterberg T, Carlsson GE, Sundh V. Trends and prognoses of dental
status in the Swedish population: analysis based on interviews in 1975
to 1997 by Statistics Sweden. Acta Odontol Scand 2000;58:177–182.
31. Organisation for Economic Cooperation and Development. OECD
Health Statistics 2014. Available at: http://www.oecd.org/els/healthsystems/health-data.htm. Accessed 19 January 2015.
32. Klingenberger D, Schneider M, Hofmann U, Köse A. Comparison
of Dental Fees in Europe (EURO-Z-II). Deutscher Zahnärzte Verlag,
Köln, 2015.
33. Österberg T, Dey DK, Sundh V, Carlsson GE, Jansson JO, Mellström D. Edentulism associated with obesity: a study of four national
surveys of 16 416 Swedes aged 55-84 years. Acta Odontol Scand
2010;68:360–367.
34. Zitzmann NU, Staehelin K, Walls AW, Menghini G, Weiger R, Zemp
Stutz E. Changes in oral health over a 10-yr period in Switzerland.
Eur J Oral Sci 2008;116:52–59.
35. Micheelis W, Schiffner U. Fourth German Oral Health Study (in German). Deutscher Zahnärzte Verlag, Köln, 2006.
36. Health Canada. Report of the findings of the Oral Health Module
of the Canadian Health Measure Survey 2007-2009, 2010. Avail-

88

37.
38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

able at: http://www.dal.ca/content/dam/dalhousie/pdf/dentistry/
ICOH2010/930%20Harry%20Ames.pdf. Accessed 23 March 2015.
Boyle S. United Kingdom (England): Health system review. Health
Syst Transit 2011;13:1-483, xix-xx.
Office of Fair Trading. Dentistry. An OFT market study. May,
2012. Available at: http://webarchive.nationalarchives.gov.
uk/20140402142426/http:/www.oft.gov.uk/shared_oft/market-studies/Dentistry/OFT1414.pdf. Accessed 27 February 2015.
Akimoto H. Future of Dentistry. 2009. Available at: https://www.
academia.edu/4566667/AKIMOTO_Hidetoshi_Future_of_Dentistry. Accessed 27 February 2015.
Papanicolas I, Cylus J, Smith PC. An analysis of survey data from
eleven countries finds that ‘satisfaction’ with health system performance means many things. Health Aff (Millwood) 2013;32:734–742.
Grignon M, Hurley J, Wang L, Allin S. Inequity in a market-based
health system: Evidence from Canada’s dental sector. CHEPA Working paper series Paper 08-05. Centre for Health Economics and Policy Analysis, McMaster University, 2008. Available at: http://www.
chepa.org/docs/working-papers/chepa-wp-08-0584DC0C887FF2.
pdf?sfvrsn=2. Accessed 29 March 2015.
Ellershaw AC, Spencer AJ. Dental attendance patterns and oral health
status. Dental statistics and research series no. 57, Cat. no. DEN 208.
Canberra, AIHW. 2011. Available at: http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=10737418674&libID=10737418673.
Accessed 7 February 2015.
Todd JE, Lader D. Adult dental health in the United Kingdom. Her
Majesty’s Stationary Office, 1991.
Medical Daily. Oral health isn’t much of Americans’ concern, Poll
finds: One-third didn’t see the dentist last year. April 29, 2014.
Available at: http://www.medicaldaily.com/oral-health-isnt-muchamericans-concern-poll-finds-one-third-didnt-see-dentist-lastyear-279468. Accessed 1 March 2015.
Tamaki Y, Nomura Y, Teraoka K, et al. Characteristics and willingness
of patients to pay for regular dental check-ups in Japan. J Oral Sci
2004;46:127–133.
Australian Dental Association. Fluoridation FAQ’s. 2015. Available
at: www.ada.org.au/oralhealth/fln/flfaqs.aspx. Accessed 8 February
2015.
Health Canada. Guidelines for Canadian Drinking Water Quality:
Guideline Technical Document-Fluoride, 2010. Available at: http://
www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/2011-fluoride-fluorure/
index-eng.php#t3. Accessed 23 March 2015.
US Department of Health and Human Services. Oral Health in America: A Report of the Surgeon General, Rockville, MD: US Department of Health and Human Services, National Institute of Dental and
Craniofacial Research, National Institutes of Health, 2000. Available
at: http://www.silk.nih.gov/public/hck1ocv.@www.surgeon.fullrpt.
pdf. Accessed: 9 May 2016.
Japanese Society for Oral Health (JSOH). What’s JSOH? Available
at: http://www.kokuhoken.or.jp/jsdh/en.html. Accessed 9 February
2015.
Iwamotoi A, Ishikawa Y, Yagi M, Ohuchi A, Sato T, Fukai K, Ando
Y, Chinushi N. Changing Patterns of Behavior Related to Oral Health
Examination Program for Adults that Gives Priority to Risk-Finding
and Health Guidance. J Dent Health 2012;62:33–40.
Hussein RJ, Walter U, Schneller TH. Dentists’ attitudes towards prevention [in German]. DZZ 2014;69:90–96.
Liu S, Chollet D. Price and Income Elasticity of the Demand for
Health Insurance and Health Care Services: A Critical Review of the
Literature. Final Report, March 24, Mathematica, Policy Research,
Inc., 2006. Available at: http://www.mathematica-mpr.com/~/media/
publications/PDFs/priceincome.pdf. Accessed 20 March 2015.
Sintonen H, Linnosmaa I. Economics of dental services. In: Culyer
AJ, Newhouse JP(eds). Handbook of health economics, ed 1. Amsterdam: Elsevier Science, 2000;1251–1296.

Volume 19, Number 2, 2016

