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Caries treatment in Swedish adults:
effectiveness, costs and equity. A 4-year
follow-up study of data from the
Swedish national dental health register

ANDREAS CEDERLUND"? FRIDA LUNDGREN', SOFIA TRANZAUS?>?* ANDERS NORLUND®

Abstract

At a national level, planning and management of dental services should be based on assess-
ments of equity, effectiveness and costs. In Sweden, data for the adult population are now acces-
sible through The Swedish dental health register, at The National Board of Health and Welfare.
This study, on two large cohorts of Swedish adults, is based on longitudinal follow-up data,
retrieved from the Swedish dental health register. The aims were twofold: to assess frequencies
and costs of fillings and crowns, including subsequent repair; secondly to study the relationship
between preventive and restorative dental treatment. The Swedish dental health register pro-
vides data on the adult population which offers a new perspective on public health aspects of
management of dental care at the national level. A longitudinal, prospective study model was
used to follow-up two large cohorts for over four years. In the first cohort, data on 1,088,923 adult
patients were analysed with reference to provision of single crowns and fillings over a period of 42
- 48 months. The second cohort comprised 1,703,147 adult patients: the data were analysed with
reference to preventive interventions over a period of 48 — 54 months. Frequencies of distribution
of dental care by age group showed that the cohorts were representative for the whole patient
group. With respect to equity, the average number of dentist appointments per 1,000 inhabitants
for all 21 regions of Sweden was 140 to 160, despite major variations in geographic conditions and
population densities. With respect to effectiveness, about 76% of the teeth with index interven-
tions required no additional intervention over four consecutive years of follow-up. For the remain-
ing 24% of the teeth 77% had only one additional intervention. When differences of case-mix were
taken into account, the costs of repairs to earlier interventions were basically similar, regardless
of age-group. There were no gender differences. However, there were pronounced differences, of
up to three intact teeth, among patients from different regions of Sweden. Follow-up of effects
of caries prevention showed no gender differences. However, costs for reparative interventions
increased with higher costs for preventive treatment. Moreover, the longer the interval between
preventive interventions, the lower the costs for reparative interventions. The national dental
health register is a potentially valuable source of data for dental research. In this study, longitu-
dinal registry data on restorative and preventive treatment were retrieved and analysed, with
reference to efficacy, costs and equity. The results have potential application in improving mana-
gement of public dental health.
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Kariesbehandling av vuxna i Sverige: effektivitet,
kostnad och jamlik vard. En uppfdljning av data fran
tandhalsoregistret under 4 ar

ANDREAS CEDERLUND, FRIDA LUNDGREN, SOFIA TRANZAUS, ANDERS NORLUND

Sammanfattning

Planering och styrning av tandvard pa nationell niva bor baseras pa utvarderingar av jamlik
fordelning, effektivitet och kostnader. Med inrattandet av tandhalsoregistret vid Socialstyrel-
sen oppnas mojligheter for studier av tandvardens processer och resultat. Syftet med studien
var att utifran tva identifierade kohorter longitudinellt folja och analysera frekvens och kostna-
der for ny fylining eller tandkrona pa tidigare restaurerad tand (omgérningar) samt relationen
mellan forebyggande tandvardsatgarder i relation till reparativ och restaurativ tandvard orsa-
kad av karies. Med hjalp av tandhalsoregistret studerades tva kohorter omfattande den vuxna
befolkningen. En longitudinell modell anvandes for uppfljning. | den forsta kohorten foljdes
1878 887 tander hos 1088 923 patienter mellan 42 och 48 mdnader.| den andra kohorten
foljdes 1703 147 patienter under en period av mellan 48 och 54 manader. Férdelning av tand-
vard for olika dldersgrupper visade att kohorterna var representativa for hela patientgruppen.
Fordelning av tandvardsbesok varierade mellan 140 och 160 raknat per 1 ooo invanare trots
olika geografiska forutsattningar. Resultaten baserade pa den forsta kohorten visar att 76% av
tanderna inte fick ndgon ytterligare dtgard med fylining eller tandkrona under uppféljningspe-
rioden, och att for resterande 24% av tdnderna fick 77% endast en ny atgérd. Det foreldg ingen
konsskillnad, daremot skillnader pa upp till tre intakta tander mellan olika regioner.

Resultat fran den andra kohorten visade heller ingen konsskillnad. De genomsnittliga kost-
naderna for reparativa atgarder pa grund av karies 6kade gradvis i relation till 6kade kostnader
for forebyggande atgarder. Vidare var kostnaderna for reparativa atgarder lagre ju langre tid
som foljde mellan férebyggande atgarder. Det nationella tandhalsoregistret utgor en vardefull
kalla for forskning om tandvard. Longitudinella registerdata for reparationer och preventiva
atgarder kan anvandas for att studera effektivitet, kostnader och jamlik fordelning av tandvard.
Resultaten har en potential for forbattrad styrning av tandvarden.
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Introduction

Good oral health is an important goal for most in-
dividuals and this motivates them to adopt habits
which will maintain good dental status. This leads to
what is sometimes called a derived demand for den-
tal health habits (1), such as consuming food with
less sugar content, but also for a derived demand for
preventive dental care. In many countries the goal
of maintaining good dental status in the population
is enhanced by dental professionals and politicians.
Thus the availability of preventive dental care may be
improved, for instance by an increase in the number
of dental hygienists. Another means of improving
availability is by subsidizing preventive dental care.
Dental care in Sweden is to a large extent self-funded
i.e. paid for by the patients themselves (60% in the
year 2011). A dental care reform, introduced in 2008,
included increased government subsidies. In order
to be eligible for the subsidies, dentists were required
to register their patients in a computerized system: a
national dental register. The register comprises data
for what might be regarded as a system for man-
agement information and administrative control of
dental care, at a high organizational level i.e. from
a public health perspective. Although not collected
specifically for research purposes, a database can still
provide important information based on observa-
tional data (2). Thus, the reform can be followed-up
from different managerial aspects. For example, in
this study dental care outcomes are compared with
dental care objectives to reveal “effectiveness’, the
distribution of these aspects of effectiveness in so-
ciety is analysed to reveal “equity”, costs are analysed
to reveal “productivity”, and professional caries pre-
ventive measures are followed-up. Although recently
established, this register offers new potential for as-
sessments not only of the clinical effectiveness, but
also of the cost-effectiveness of dental care. Such in-
formation is increasingly sought after (3). This paper
presents some results of the initial evaluation of the
2008 Swedish Dental Reform, based on analysis of
four years of data retrieved from the national dental
register. To date, findings reported in the literature
are contradictory. A study based on an administra-
tive database of dental service records for more than
500 000 Canadians, followed for eight years, failed to
disclose any association between regular dental at-
tendance and lower expenditure on dental care (4).
In contrast, an Irish study of 1 271 937 patients with
a 12-year follow-up, reported that increased preven-
tive treatment was associated with improvements
in oral health (5). However, costs were not included
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in this study. A recently published mapping of eco-
nomic evaluations of caries preventive programs re-
ported an increasing number of published studies,
but concluded that the quality of reporting needed
improvement (6). Thus, there seems to be no evi-
dence of cost-effective preventive dental care based
on studies of efficacy (7), and studies based on large
databases, i.e. effectiveness, express conflicting re-
sults (4, 5). A relevant question is whether longitudi-
nal effectiveness data, based on a large Swedish data-
base, could shed some light on associations between
regular dental attendance and lower expenditure on
dental care. In the present study, data were retrieved
from the Swedish dental health register. The aims
of the present study were to assess frequencies and
costs of fillings and crowns, including subsequent
repair, and secondly to study the relationship be-
tween preventive and restorative dental treatment.

Method

The Swedish Dental Health register is a national reg-
ister introduced in July 1st 2008. Four basic catego-
ries of information are registered:

-patient data: gender, age, residence, personal iden-
tification number, citizenship, country of origin,
civil status

-dental care data: name and address of dental clinic
or dental practice

-administrative data: dates of treatment, reference
fees for dental care

-clinical data: diagnoses, tooth number and posi-
tion, type of intervention, number of standing teeth,
number of intact teeth.

Thus, dental care outcomes were compared with
the intended objectives (“effectiveness”), how these
aspects of effectiveness are distributed in society
(“equity”), as an analysis of costs (“productivity”),
and finally as a follow-up of caries preventive meas-
ures, here defined as dental diagnostic/preventive
appointments.

The reference fees for different items of den-
tal treatment were (and still are) determined by a
government agency, The Dental and Pharmaceuti-
cal Benefits Agency of Sweden (Swedish acronym
TLV), assumed to correspond to the costs of differ-
ent dental interventions. The definition of costs used
by TLV, in each consecutive year, was also added to
this paper. Two patient cohorts were included in the
study. The first comprised adult patients (20 years of
age and older) who had undergone restorative treat-
ment, for single crowns or fillings, between January
1st and June 30th 2009. This treatment was followed
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Table 1. Patients included in cohort number 1, as a percentage of the total Swedish population aged >19 years

All patients in Ratio cohort vs. Ratio cohort vs.
Age groups Cohort % Population % dental care % population all patients
20-29 6.1 16.8 9.0 0.36 0.68
30-39 11.3 16.8 12.9 0.67 0.88
40 -49 16.7 17.9 16.9 0.93 0.99
50-59 22.9 16.0 19.7 1.43 1.16
60 -69 25.6 16.1 22.4 1.59 1.14
70-79 12.2 9.6 12.5 1.27 0.98
80+ 5.2 6.8 6.6 0.76 0.79
Figure 1.
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for each consecutive year until December 31st 2012.
Third molars were excluded from this analysis be-
cause these teeth are often extracted when problems
occur, and thus restoration is seldom an option. The
second cohort comprised adult patients (20 years of
age and older) who had received preventive dental
treatment between January 1st and June 30th 2009,
followed for each consecutive year until June 30th
2013. Thus, register data covering the period from
July 1% 2008 (Time o) up to June 30" 2013 (Time 1),
were analysed in retrospect during the second half
of 2013. As no socio-economic variables were in-
cluded in the analyses, the potential for analyses of
socio-economic aspects was limited. The currency
exchange rate in 2012 was 1 Euro = 9.033 SEK.

The statistical analyses were conducted using de-
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scriptive statistics such as mean, standard deviation,
median and percentiles, based on SAS version 9.4.

Ethical considerations

The Swedish national Board of Health and Welfare
is a government agency and is permitted by Swed-
ish law to use population-based registers in order to
monitor and analyse health and social conditions in
the population. Data were retrieved in such a way
that individuals could not be identified.

Results

Cohort number 1

From January 1 2009 to June 30™ 2009, 2,830,378
dental appointments with private or public health
dental practitioners were recorded in the register.
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The cohort receiving restorative treatment in the
form of single crowns or fillings comprised 1,088,923
patients: in all 1,878,887 teeth were restored with sin-
gle crowns or fillings. Females comprised 52.3% of
the cohort; 43% of all patients were aged 60 years
or more (Table 1). Compared to the age distribution
of the Swedish population, the dental care cohort
comprised fewer from the age group 20-39 years,
about the same from the age group 40-49 years,

Figure 2.
Number of repairs of earlier restorations according to tooth positions

Number of repairs

higher numbers of those aged 50-79 years, and fewer
from the oldest age group, 80+ years. The distribu-
tion of dental attendance in the cohort, expressed as
the number of patients per 1,000 inhabitants over a
period of six months, showed an average of 140 to
160 patients for all 21 regions of Sweden (Figure 1).
The average for men was 145 per 1,000 inhabitants
(range 7.3% to -13.4%) and for women, 156 per 1,000
(range 6% to -10%). Despite geographical differenc-
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Table 2. Percentage of restored teeth and of costs of restorative treatment stratified according to age group

% of volume of % of costs for Mean cost of Fillings, mean costs  Crowns, mean
Age group restored teeth restoring teeth restorations SEK  SEK costs SEK
20-29 3.3 2.5 1165 925 3954
30-39 7.7 6.6 1296 960 3964
40-49 14.4 13.8 1392 979 3987
50-59 24.9 26.1 1481 968 4022
60-69 29.5 31.6 1502 928 4025
70-79 14.1 14.0 1383 877 3905
80+ 6.1 5.4 1241 827 3592
All 100 100 1423 934 3973

es in population densities, expressed as inhabitants
per square kilometre, the number of dental appoint-
ments was similar across the country.

Effectiveness of interventions

The need for further treatment of an earlier interven-
tion, considered as the index intervention, was used
to express effectiveness. Over a follow-up period of
42 — 48 months, on average 75.6% of the teeth with
index intervention required no further treatment:
the geographical spread between regions was 71.0%
to 78.2%. Of the 24.4% of teeth requiring further in-
tervention, on average 77.1% required only one fur-
ther intervention. While there was no difference re-
lated to gender with respect to further intervention,
there were differences with respect to tooth type
(Figure 2). The highest frequencies were for the first
molar teeth in all quadrants, accounting for 32.1%
of all interventions. Moreover, only one further in-
tervention was required in 76% of all interventions
for the first molar teeth. There was a mean number
of additional interventions expressed as tooth posi-
tions of 1.78 for men and of 1.67 for women, respec-
tively. The median was however 1.0 tooth for both
men and women. As presented above, 24.4% of the
teeth with index intervention required additional
treatment during the four years of follow-up. The
median interval between initial treatment and fur-
ther intervention varied, depending on tooth type
(Figure 3). The average mean interval, regardless of
tooth type, was 655 days, i.e. about 22 months, with
a range from o to 1452 days. The central and lateral
incisor teeth had the shortest mean interval before
further intervention (630 to 655 days); the longest
was for the second molar teeth (664 to 675 days). In
total, 24.4 % of the index teeth needed at least one
additional repair within 48 months. Including the
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index intervention and the additional repair inter-
ventions, each tooth underwent on average 1.3 inter-
ventions during the follow-up period.

Costs of interventions

The distribution of costs of further intervention,
compared with the distribution of dental appoint-
ments per age group, showed a smaller proportion
of costs for patients aged 20 — 49 years than for those
aged 50 - 69 years (Table 2). However, the mean
costs of fillings and crowns, respectively, were fairly
similar in all age groups. This indicates that with in-
creasing age there is a greater need for interventions,
which leads to higher costs, i.e. that in older patients
there is a different case-mix of crowns and fillings.
This was also reflected in the average cost of further
interventions: 1,165 SEK (129.00 Euro) for the age
group 20-29 years, compared to 1,502 SEK (166.30
Euro) for the age group 60-69 years. The total aver-
age for all age groups was 1,423 SEK (157.55 Euro).
However, fillings accounted for 83.6% of all renew-
als, and crowns the remaining 16.4%. The average
cost for renewal of crowns was about 4 times greater
than for fillings. The oldest age group, 80+ years, had
a somewhat lower average cost for renewal of fillings
as well as for crowns.

Equity

The average number of standing teeth, for all regions
of Sweden, was 26.1, with a range of 24.9 to 26.9, pre-
sented in Figure 4 as two groups: intact and restored
teeth. Stratified according to age, the number of in-
tact teeth decreased successively, from about 22 in
the age group 20-29 years, to about 5 for those aged
8o+ years (Figure 5). The number of intact teeth, as
an expression of outcome of quality of tooth-health,
was fairly equally distributed among all regions in
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Figure 4.
Intact teeth and restored teeth per Swedish region
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Number of intact teeth according to age group
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Sweden, with an average of 11.3 intact teeth and a
range of 9.2 to 12.7 (Figure 4). However, analysis at
group level disclosed regional differences. For those
aged 20 — 59 years, there was a difference of almost 3
teeth between the regions with the highest and low-
est average numbers of intact teeth. Even at age 8o+
years, regional differences remained.

Cohort number 2

Out of a total of 2,830,378 dental appointments reg-
istered for the period January 1** to June 30™ 2009,
the second cohort comprised 1,703,147 patients
registered as receiving caries preventive treatment,
through private practices or public dental clinics:
46.5% were women. Compared with all patients in
dental care, patients included in cohort number 2
aged 20 — 49 years were somewhat more frequent,
and patients aged 60 — 80+ of cohort number 2 were
somewhat less frequent (Table 3).

Effectiveness of preventive interventions

About 6 % of the patients had only one dental
check-up in 4.5 years, 13 % about every second year,
and 25 % had three check-ups in 4.5 years, and 31 %
had about one per year. The remaining 25 % of the
cohort had dental appointments more than once a
year. There was no difference in the pattern of dental
attendance between women and men (Table 4). Ac-
cumulated data showed that for 70% of the patients
the costs of diagnostic and preventive treatment,
over a period of 4.5 years, were less than 3,000 SEK
(€ 332), i.e. less than 500 SEK (€ 55) per year, calcu-
lated as a weighted average. Compared with the costs
of restorative treatment, the number of appoint-
ments for preventive treatment indicated a positive
correlation (0.12) (Figure 6). The solid horizontal
line represents median values and the columns rep-
resent costs of repairs for the 4™ quartile. As shown

Table 3. Patients included in cohort number 2

in Figure 7, in each consecutive quartile the average
cost of restorative treatment gradually increased
with higher costs for preventive treatment (Figure
7). The average interval (in weeks) between check-
ups and the cost of new restorative treatment indi-
cated a minor negative correlation, 0.13; somewhat
higher for men than for women, -0.15 and -0.12, re-
spectively. Although weak, this correlation indicates
that the longer the interval between preventive in-
terventions, the lower the costs for restorative inter-
ventions. Based on the average costs of diagnostic
and preventive interventions between age groups,
the range of costs was highest for the age group 70-
79 years, and lowest for the age group 20-29 years
(Figure 8). The oldest age group also had the highest
range of costs for preventive interventions, and costs
were higher for women than for men.

Discussion

Of fundamental importance for determining den-
tal health service priorities at a high organizational
level is the availability of reliable outcome data for
the population. However, the underlying data is not
always readily available (8, 9). This study describes
a means of finding outcomes for the Swedish adult
population, by analysis of follow-up data from a
recently introduced national dental health register,
which includes scheduled fees for service. The out-
come measures, revealed by analysis of follow-up of
data on two large cohorts from the national dental
register, were effectiveness, equity, and the costs of
minor restorative treatment and caries preventive
measures. The main strengths of the study lie in the
size of the cohorts and the prospective follow-up
design. The major limitation is the lack of socio-
economic data. With respect to effectiveness, about
76% of the teeth registered for index intervention
required no further treatment during consecutive

All patients in

Ratio cohort vs. Ratio cohort vs.

Age groups Cohort % Population % dental care % population all patients
20-29 10.5 16.8 9.0 0.63 1.2
30-39 14.6 16.8 12.9 0.87 1.1
40 -49 18.0 17.9 16.9 1.0 1.1
50-59 19.4 16.0 19.7 1.2 1.0
60-69 21.1 16.1 22.4 1.3 0.9
70-79 11.5 9.6 12.5 1.2 0.9
80+ 4.9 6.8 6.6 0.7 0.7
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Table 4. Number of dental check-ups over 4.5 years

Visits Women % Men %
1 50,937 6 51,654 7
2 116,227 13 102,860 13
3 226,606 25 191,055 24
4 284,526 31 237,793 30
5 178,776 20 162,643 21
6- 54,470 5 45,600 5
Total 911,542 100 791,605 100
Figure 6.
Number of diagnostic/ preventive appointments vs. Costs of restorations
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follow-up of up to 4 years. Of the remaining 24%,
about 77% required only one further intervention.
The interval between initial treatment and subse-
quent repair varied from 21 to 23 months, depending
on tooth type. Including both the index-interven-
tions and the subsequent repair, the average need for
interventions was 1.3 per tooth. Whether these ex-
pressions of effectiveness can be considered accept-
able or not depends upon the objectives determined
by the dental authorities. There were no gender
differences, thus in this respect effectiveness seems
adequate and also fulfils the goal of society to mini-
mize gender differences. With respect to the costs
of further repair to earlier interventions, the mean
costs for fillings and single crowns, respectively, are
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basically similar regardless of age-group, except for
the oldest age-group, 80+ years. When costs for fill-
ings and for crowns are combined, there is a greater
percentage difference between age groups. This is
attributable to differences of case-mix: repair of
crowns was more frequent from 50+ years, whereas
in the younger age groups, repair of fillings domi-
nated. With respect to equity, there were no impor-
tant differences in the number of dental appoint-
ments per 1,000 inhabitants, despite differences of
regional population densities due to geography. Nor
were there any major interregional differences in the
number of standing teeth. However, there were some
pronounced regional differences in the number of
intact teeth. Thus, with respect to equity, it may be
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Figure 7.

Costs of caries preventive interventions vs. Costs of restorative treatment, Quartiles 1 to 4

16000 -

14000

/

7

12000

10000

P

8000

/

Quartile 1

6000 -
4000 -

2000

= Quartile 2
= Quartile 3

= Quartile 4

/_.-ﬂ-—

Costs of reparative intervention

e

0 T T T
2 9 D
S N

£
& &S

&
&

Costs of prevention

Figure 8.
Costs of caries preventive interventions for different age groups
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stated that for the Swedish population, access to
dental care seems to be relatively equally distributed.
However, the pronounced regional differences in the
number of intact teeth could indicate that distribu-
tion of dental care resources is less than optimal. The
ethical platform adopted by the Swedish parliament
(10), requires that priorities in healthcare should be
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determined on the basis of three fundamental ethi-
cal principles: human dignity, treatment need and
solidarity, and cost effectiveness. In the present study,
some issues of special ethical interest were disclosed.
Firstly, there is a possible discrepancy between ef-
fectiveness and efficacy of treatment. Approximately
75% of the index teeth in this study required no
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further intervention in the following 42-48 months.
For comparison, efficacy data have shown a survival
rate for dental fillings of at least 85% up to 12 years,
calculated as an average for four evaluated variables
in Table 2 of the study by van Dijken (11). A pos-
sible influencing factor is that restoration of teeth
by fillings or single crowns is a surgical procedure,
and therefore highly operator dependent. Secondly,
the fact that in Sweden, adults pay for most of the
dental care themselves may create distributional
effects. Individuals who are well-off can access the
more expensive treatments, while those with poor
finances may be forced to refrain entirely from treat-
ment. Subsidies for more advanced, more expensive
treatment procedures may lower the threshold for
those who can benefit from such care, but this does
not solve all distributional problems. In particular,
it is likely that people in the lower economic strata
are those least able to take advantage of the subsidy.
Moreover, the responsibility for maintenance of fill-
ings could be a financial burden for the elderly, those
with multiple diseases, the disabled and those with
limited finances. There might also be a risk that in
patients presenting with major restorative treat-
ment needs, preventive measures are overlooked,
however, no important regional differences in the
number of fillings and replacements emerged and
no age or gender differences were disclosed. There
were regional differences in the number of intact
teeth, for which no explanation is forthcoming.
Analysis of data on effectiveness failed to disclose
any results to support the assumption that preven-
tive interventions reduce the costs of treatment of
dental caries. The opposite result was actually found.
Moreover, there was a negative association of —0.13
between the interval between check-up/preventive
appointments and the costs of fillings and repairs,
i.e. a longer interval between preventive interven-
tions was associated with lower costs for reparative
interventions. This might be explained by the fact
that patients most susceptible to caries are recalled
for more frequent preventive treatment i.e. there is
a potentially greater treatment need among those
receiving frequent preventive interventions than in
those recalled less frequently. The latter association
could not be confirmed from the data available for
the present analysis. Thus, it was not possible to de-
termine an interval between check-ups which would
be optimal for minimizing the costs of repairs and
of fillings. These results correspond to what could be
expected according to a longitudinal Canadian study
(4). Furthermore, no particular association was dis-
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closed between age and the costs of caries preven-
tive interventions. One interpretation of this lack of
association between the frequency of caries preven-
tive interventions and operative interventions is that
tooth brushing twice daily with fluoride toothpaste
gives good protection against caries (7). Thus, the
additional benefits from other preventive measures
will become less evident. This is in accordance with
a recently published conference report based on
reviews of professional and self-care prevention of
caries (12). Another interpretation is that there may
be some sub-groups of patients with a greater need
of caries preventive interventions. These patients
would not have been identified through analyses
of data retrieved from the whole cohort of patients.
However, this interpretation should be explored by
detailed analysis in future assessments based on data
from the dental health register. There are subsidies
for dental care in Sweden, but the fact that adults
are personally responsible for the bulk of the cost
of their dental care may create distributional effects.
Although it seems likely that most individuals seek
interventions for problems caused by dental caries, it
is possible that the derived demand for regular den-
tal check-ups may differ according to the individual
patient’s means. In conclusion, the study shows that
data retrieved from the Swedish national dental
health register can be analysed longitudinally with
respect to various aspects of dental care in the adult
population, the present study analysed the effective-
ness, costs and equity of minor restorative dentistry
and assessed the role of professional caries preven-
tive intervention. From a public health perspective,
this information is of fundamental importance to
management of dental services at the national level.
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