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ABSTRACT
Objective: To investigate dental caries prevalence amongst adults in Central Norway and assess
changes over the last 45 years.
Materials and methods: The cross-sectional HUNT4 Oral Health Study was conducted in 2017-2019. A
random sample of 4913 participants aged �19 years answered questionnaires and underwent clinical
and radiographic examinations. Data were compared to findings from previous studies in the same
region conducted from 1973 to 2006.
Results: Mean number of decayed, missing and filled teeth (D3-5MFT) was 14.9 (95% CI 14.7, 15.1),
56% of adults had one or more carious teeth (D3-5T) and 11.8% had �4D3-5T, with the mean number
of 1.4 (95% CI 1.32, 1.42). For initial caries, mean D1-2S was 3.8 (95% CI 3.7, 3.9), being the highest for
19-24-year-olds at 8.6 (95% CI 7.9, 9.3). Comparisons with earlier studies showed a decline in mean
D3-5MFT for 35-44-year-olds from 26.5 in 1973 to 10.8 in 2019. In 1973, 4.8% of 35-44-year-olds were
edentulous, while in present study edentulousness was found only in individuals >65 years.
Conclusions: Despite a substantial reduction in caries experience over the last 45 years, untreated den-
tine caries was common, evenly distributed across all age groups. Initial caries particularly affected
younger individuals, indicating a need to evaluate prevention strategies and access to dental services.
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Introduction

Untreated caries in permanent teeth is the most prevalent
health condition globally [1], estimated to affect �35% of
the worldwide population in 2017 [2]. In high-income coun-
tries, including the Scandinavian countries, the prevalence of
caries and number of missing teeth, in both children and
adults, has declined over the past decades [1,3–8]. Studies
from Norway from the period 1968-2006 indicate a marked
reduction in adult caries experience [9–14]. However, data
from a recent epidemiological study in Northern Norway
imply that caries is still prevalent among adults, and that
higher levels of disease are associated with living in rural
areas and lower socio-economic status [15]. More recent data
on caries prevalence and distribution from other parts of
Norway are lacking and to what level the trend of decline in
caries experience still prevails is uncertain.

It has been argued that initial caries should be included
in epidemiological studies, especially in populations with
lower caries prevalence, to gain a comprehensive picture of
the present caries disease status [15–18]. Such inclusion
reflects the trend of non-operative interventions in dentistry,

facilitates a preventive approach to oral health care, and
encourages resource allocation for preventive efforts [19].
Two epidemiological studies in Northern Norway, showed a
high prevalence of initial caries both among adolescents and
adults [15,18]. However, data on initial caries prevalence and
distribution from the rest of the country are lacking.

There is international focus on universal oral health care,
that is, essential services available for all segments of a
population, and the integration of dental care with other
health care services, particularly primary care [20]. It has
been argued that integrated, universal services are best
suited for focussing on promoting oral health, also as part of
general health, with the aim of achieving oral health equity
and handling underlying causes of oral disease [20]. In
Norway, equal access to oral health care was stated as a pol-
itical aim in the 2006/7 White Paper on oral health care [21].
In the recent election campaign for the 2021 parliamentary
election, considerable attention was given to the present
organisation and delivery of oral health care. The Norwegian
government has declared its intention to gradually expand
the Public Dental Service, with the aim of equating it with
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other health services [22]. This political focus has called
attention to the need for epidemiological data on the pre-
sent oral health situation in the country, particularly among
adults, as systematic collection of oral health data currently
only exists for young people, 18 years of age and below [23].

The first survey on oral health in the region of Central
Norway in 1973 was initiated as part of the WHO International
Collaborative Study and followed up in 1983, 1994 and 2006.
The Trøndelag Health Study (HUNT) in 2017-2019 in the same
region, included a cross-sectional study on adult oral health
(HUNT4 Oral Health Study), intended to map current preva-
lence and distribution of oral diseases and time trends. The
aims of the present study were to describe caries prevalence
and distribution, including initial caries and edentulousness,
amongst adults (�19years) in Central Norway and to assess
45-year-period time trends in caries disease using available
data from previous studies in the region.

Materials and methods

Population

Data for the present study were collected as part of a
repeated population-based health investigation in Central
Norway, The Trøndelag Health Study (HUNT). HUNT was initi-
ated in 1984 and constitutes a large database for medical
and health-related research [24]. The HUNT4 Survey, was a
cross-sectional survey conducted in the period September
2017-February 2019, where all adult residents (19 years or
older) in the designated area (a total of 103,734 individuals),
were invited to participate. A random sample (20%) of
HUNT4-participants in six municipalities (Levanger, Stjørdal,
Steinkjer, Verdal, Naerøy and Namsos) were invited to an oral
health examination, the HUNT4 Oral Health Study, consisting
of a total of 7347 individuals.

Data from the HUNT4 Oral Health Study were compared
to previously published data from oral health studies con-
ducted in the same geographical region (The Trøndelag
studies and the HUNT3 Dental Survey [25–27]. The first
Trøndelag study in 1973 started as part of the WHO
International Collaborative Study and was followed up by
repeated studies in the same geographical area in 1983,
1994 and 2006. Random samples of participants were drawn
by Statistics Norway and, despite declining response rates,
data were considered representative at the time. For assess-
ment of trends over time, the group of 35-44-year-olds, the
WHO standard age-group for surveillance of oral health con-
ditions in adults, was selected. Data from 827 individuals in
1973; 769 individuals in 1983; 135 individuals in 1994; and
158 in 2006, examined using the WHO methodology [28]
were available for comparisons. More detailed descriptions of
the sampling and data collection in the previous studies
have been formerly published [10,11,25,26].

Ethics

The study was approved by Regional Ethics Committee
South-East Norway (REK 2019/28506) and all participants

signed a written informed consent. Previous studies from the
same geographical area to which data from this study are
compared, were also given approval by public authorities
and the Regional Ethics Committee Central Norway.

This article was prepared in accordance with the
STROBE guidelines.

Caries registration and questionnaire

Data collection included self-administered questionnaires,
interviews, and clinical and radiographic examination of par-
ticipants at the HUNT4 field stations. Oral examinations were
conducted by trained and calibrated dentists (n¼ 12) and
dental hygienists (n¼ 7) from the Public Dental Service,
according to a standardized examination protocol. A mobile
dental unit with a compressor-run, air-syringe for drying, and
a separate mobile stand examination light (Dr. Mach LED
130 F � 70,000 lux) was used for the examinations.

Caries registration included primary, secondary, and root
surface caries. Clinically, dental caries was registered on dry
surfaces using a dental mirror, a blunted probe (WHO peri-
odontal probe, Plandent LM 550BSI) and cotton rolls using a
5-grade scale [19]. Caries lesions on the root surface were
registered by applying the International Caries Detection and
Assessment System (ICDAS) criteria [29]. Secondary caries
was registered only when involving dentine. No magnifica-
tion for caries detection was used. All missing teeth, inde-
pendent of the reason for not being present, were registered
as missing. Registrations of restorations included all types of
filling materials and crowns.

Four bitewing radiographs of each participant were taken
using an intraoral imaging unit, Planmeca Intra/Prostyle Intra,
with a rectangular collimator (length 35 cm) and an intraoral
sensor, Planmeca ProSensor HD. Edentulous and pregnant
(first trimester) participants were excluded from radiographic
examinations. Radiographic caries registration for approximal
surfaces of premolars and molars and distal surfaces of can-
ines was carried out after the clinical examination by three
trained and calibrated examiners (one dentist and two dental
hygienists) using standardized conditions and were recorded
using a 5-grade scale [19]. These registrations supplemented
the clinical registrations and final approximal D1-5S scores
were computed for each approximal surface based on the
most severe caries registration.

Decayed, missing (MS) and filled surfaces (FS) and teeth
(DMFS and DMFT) were calculated using the clinical and
radiographic caries registration of dental status. Third molars
were not included.

For DMFS calculations, four surfaces were assigned to inci-
sors and canines and five surfaces to premolars and molars.
Calculated D1-2 component included caries grades 1-2 and
root caries without cavitation. D3-5 component included car-
ies grades 3-5, secondary caries, and root caries with cavita-
tion. The F (filled) component comprised restorations
without secondary caries including all types of filling materi-
als and crowns.

All participants answered questionnaires regarding gen-
eral and oral health, lifestyle, and socio-economic factors,
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and were interviewed regarding ethnicity/family background.
In the present study, information on age, gender, family
background, education, and income were included for exam-
ination of external validity. The study population was catego-
rized into the following age groups: 19-24; 25-34; 35-44; 45-
54; 55-64; 65-74 and 75þ. Education was registered for the
highest level of education and categorized into ‘basic’ (9-
10 years compulsory school), ‘middle’ (secondary school or
vocational training, started/completed) and ‘higher’ (college/
university level). Yearly income was registered on the house-
hold level before taxation and categorized into ‘low’
(�NOK450,000), ‘middle’ (NOK451,000-1,000,000) and ‘high’
(>NOK1,000,000). Family background was registered as the
residence at one year of age for participants and the birth-
place of their biological parents. These variables were dicho-
tomized into ‘Norway’ or ‘Other’ (Europe, Africa, Asia, North
and Central America, South America, Oceania).

Reliability

Training of the 19 examiners prior to data collection con-
sisted of information meetings and clinical examination of
volunteers, during which the criteria used in the dental
examinations were discussed.

Calibration sessions for the dentists and dental hygienists
(n¼ 19) were performed prior to and during the data collec-
tion period. Prior to data collection, examiners at each field
station performed independent clinical examinations of nine
volunteers. The Cohen’s kappa values for inter-examiner
agreement based on these examinations were calculated for
sound, decayed initial (grades 1-2), decayed dentine (grades
3-5) and filled surfaces (FSs). The score varied from 0.71
to 0.91.

In addition, the 19 examiners performed caries registra-
tions on a set of clinical, intra-oral photographs. Kappa val-
ues for inter-examiner agreement reliability were 0.82 at the
beginning of the data collection and 0.85 later in the period.
Kappa values for intra-examiner agreement based on the
same set of intra-oral photographs for sound, decayed initial
(grades 1-2), decayed dentine (grades 3-5), and FSs ranged
from 0.79 to 0.93.

For the radiographic caries registrations, the three exam-
iners dedicated to this task performed independent repeated
scorings on ten sets of bitewings. Kappa values for inter-
examiner reliability were calculated for sound, decayed initial
(grades 1-2), decayed dentine (grades 3-5) and FSs and were
0.87 and 0.84 for the first and second calibration sessions,
respectively. The kappa values for intra-examiner reliability
for the three examiners were between 0.84 and 0.87.

The time between repeated examinations varied between
the field stations, with a minimum of three weeks. For radio-
graphs registrations, repeated examinations were performed
after a minimum of one month.

Statistical methods

The electronic dental record system (Opus Dental 7.1) was
used for data collection at the HUNT4 field stations. At the

Centre for Oral Health Services and Research, Mid-Norway, a
script, developed by Garnes data, was applied to extract the
dental status registrations. IBMVR SPSSVR Statistics 26 was used
for the analyses.

In descriptive analyses, prevalence estimates and mean
values were presented with 95% confidence intervals and
median values with interquartile ranges (IQR). Socio-demo-
graphic characteristics of participants in the HUNT4 Oral
Health Study were compared to the general population,
county of Trøndelag, using data from Statistics Norway
Microdata [30], to assess the potential selection bias. DMFT
and DT were shown as frequency distributions, while
changes in DMFT and edentulousness over a 45-year-period
were presented using estimates of prevalence from previous
studies. Independent samples t-test with 5% significance
level was used to compare means.

Results

Study population

Of 7347 individuals invited to participate in the HUNT4 Oral
Health Survey, 4933 accepted and 4913 completed clinical
and radiographic examination (response rate: 67%).

A comparison of the study participants with the general
population in the region showed that among study partici-
pants, there was an underrepresentation of men, individuals
with basic education, and high income (Table 1).

The study population was homogenous with regard to
family background. Altogether, 4666 (94.9%) participants of
the study population lived in Norway at one year of age. Of
the 247 (5.1%) individuals who lived outside Norway at one
year of age, 124 individuals (50.2%) lived in Europe. Most of
the total study population had biological parents born in
Norway (94% had a mother born in Norway; 93.1% had a
father born in Norway). In the reference population, 16.5%
are registered with a background other than Norway, either
through their own birth or parents’ birth outside Norway,

Table 1. Socio-demographic characteristics of participants in the HUNT4 Oral
Health Study and general population, county of Trøndelag.

Study population, n (%) Reference population, n (%)

Total 4913 (100) 361,860 (100)
Men 2165 (44.1) 182,904 (50.5)
Women 2748 (55.9) 178,954 (49.5)

Age
19-24 331 (6.7) 38,506 (10.6)
25-34 624 (12.7) 65,913 (18.3)
35-44 724 (14.7) 56,948 (15.7)
45-54 1019 (20.7) 62,529 (17.3)
55-64 1023 (20.8) 53,921 (14.9)
65-74 838 (17.1) 46,834 (12.9)
75þ 354 (7.2) 37,210 (10.3)

Education
Basic 345 (7.1) 78,665 (22.3)
Middle 2300 (47.4) 154,956 (43.9)
Higher 2209 (45.5) 119,529 (33.8)

Household income
Low 1232 (25.8) 83,757 (23.5)
Middle 2511 (52.6) 141,713 (39.7)
High 1033 (21.6) 131,165 (36.8)

Reference population: Population �19 years in the county of Trøndelag by
1.1.18 [30].
The n in some cells is reduced because of missing responses.
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and individuals with such a background are thus under-rep-
resented in the study population.

Dental caries prevalence

Of 4913 participants, 33 were edentulous and therefore
excluded from calculations regarding caries experience.
Among dentate individuals (n¼ 4880), the mean number of
present teeth was 25.5 (95% CI 25.4, 25.6) and 55.7% (95% CI
54.3, 57.0) of the examined individuals had one or more
teeth with caries (D3-5T).

Caries experience in the present study is presented in
Table 2. The overall mean number of teeth with dentine car-
ies (D3-5T) was 1.4 (95% CI 1.3, 1.4), and there was little vari-
ation in relation to age, with a mean D3-5T between 1.2 and
1.5 in the different age-groups. The results showed that
men had a significantly higher D3-5T score compared to
women, 1.6 (95% CI 1.5, 1.7) versus 1.2 (95% CI 1.1, 1.3)
teeth, p< .01.

Supplementary Table S1 presents the median values (IQR)
for caries experience.

Secondary caries comprised the largest part of the overall
mean number of D3-5T component (0.7), followed by the
mean number of dentine caries grade 3 (0.5) and the mean
number of dentine caries grades 4-5 (0.1).

Cumulative distribution of caries in relation to age

The cumulative percentage distributions of D3-5MFT in Figure
1 show that caries experience was low for the three young-
est age groups; while 11.5% (95% CI 8.3, 15.4) for the 19-24-
year-olds; and 6.4% (95% CI 4.6, 8.6) for the 25-34 age-group
had D3-5MFT ¼ 0. The distributions for four age-groups over
45 years of age all have slightly s-shaped curves, indicating

increasing proportion of individuals with a higher D3-

5MFT-scores.
The distribution of untreated dentine caries followed a

similar pattern in all age-groups (Supplementary Figure S1);
11.8% (95% CI 10.9, 12.7) of the study population had four
or more teeth with untreated dentine caries, while 1.4%
(95% CI 1.1, 1.8) had eight or more teeth with untreated
dentine caries.

Initial caries

When both initial and dentine lesions (D1-5S) were consid-
ered, 85.8% (95% CI 84.8, 86.8) of the total study population
had one or more carious surfaces. Initial caries was particu-
larly prevalent in the younger age groups, with a mean num-
ber of D1-2T of 4.7 for 19-24-year-olds.

Figure 2 illustrates distribution of DMFS index compo-
nents in relation to age. Despite low total caries experience
in the youngest age groups, the mean number of surfaces
with initial caries was highest among 19-44-year-olds. In the
youngest age-group (19-24), 94.6% (95% CI 91.5, 96.8) had
one or more surfaces with initial or dentine caries (D1-5S),
compared to 48.3% (95% CI 42.8, 53.9) with one or more
surfaces with dentine caries only (D3-5S) in the same
age group.

Trends in edentulousness and caries experience
over time

Edentulousness was found in 0.7% (95% CI 0.69, 0.71) of the
study population. All edentulous individuals were above the
age of 65 years, with 21 individuals (63.6%) above the age of
75 years. The prevalence of edentulousness in the 65þ popu-
lation was 3.3% (95% CI 2.0, 5.0) for women and 2.2% (95%
CI 1.2, 3.8) for men.

Table 2. Caries experience in the HUNT4 Oral Health Study.

Surface level n D1-2S D3-5S MS FS D3-5MFS

Total 4880 3.8 (3.7, 3.9) 1.7 (1.6, 1.8) 11.8 (11.3, 12.3) 31.0 (30.4, 31.6) 44.5 (43.7, 45.3)
Men 2152 3.8 (3.6, 4.0) 2.0 (1.9, 2.2) 12.6 (11.7, 13.4) 31.3 (30.4, 32.2) 45.9 (44.7, 47.1)
Women 2728 3.8 (3.6, 4.0) 1.4 (1.3, 1.5) 11.3 (10.6, 11.9) 30.7 (30.0, 31.5) 43.3 (42.3, 44.4)

Age
19-24 331 8.6 (7.9, 9.3) 1.6 (1.3, 1.8) 2.8 (2.2, 3.5) 6.5 (5.7, 7.3) 10.9 (9.7, 12.1)
25-34 624 7.5 (7.0, 7.9) 1.8 (1.5, 2.0) 3.6 (3.1, 4.1) 11.5 (10.7, 12.3) 16.8 (15.8, 17.9)
35-44 724 5.6 (5.3, 5.9) 1.6 (1.4, 1.8) 5.7 (5.1, 6.4) 18.6 (17.6, 19.6) 26.0 (24.7, 27.3)
45-54 1019 3.8 (3.6, 4.0) 1.5 (1.3, 1.7) 6.9 (6.3, 7.5) 29.4 (28.4, 30.4) 37.8 (36.6, 38.9)
55-64 1023 2.1 (1.9, 2.2) 1.5 (1.4, 1.7) 11.4 (10.4, 12.3) 42.9 (41.8, 44.0) 55.8 (54.6, 57.0)
65-74 826 1.0 (0.9, 1.1) 1.9 (1.7, 2.2) 23.0 (21.5, 24.5) 48.8 (47.5, 50.2) 73.8 (72.6, 74.9)
75þ 334 0.6 (0.5, 0.7) 2.2 (1.8, 2.6) 38.4 (35.3, 41.5) 42.3 (39.9, 44.7) 82.9 (80.9, 84.9)

Tooth level n D1-2T D3-5T MT FT D3-5MFT

Total 4880 1.9 (1.8, 1.9) 1.4 (1.3, 1.4) 2.4 (2.3, 2.5) 11.1 (10.9, 11.3) 14.9 (14.7, 15.1)
Men 2152 1.8 (1.7, 1.9) 1.6 (1.5, 1.7) 2.6 (2.4, 2.8) 11.1 (10.8, 11.3) 15.2 (14.9, 15.5)
Women 2728 1.9 (1.8, 1.9) 1.2 (1.1, 1.3) 2.3 (2.2, 2.4) 11.1 (10.9, 11.4) 14.6 (14.4, 14.9)

Age
19-24 331 4.7 (4.3, 5.0) 1.4 (1.2, 1.6) 0.6 (0.4, 0.7) 3.9 (3.5, 4.3) 5.9 (5.4, 6.4)
25-34 624 3.9 (3.7, 4.2) 1.5 (1.4, 1.7) 0.7 (0.6, 0.8) 6.1 (5.7, 6.4) 8.3 (7.9, 8.7)
35-44 724 2.9 (2.7, 3.0) 1.4 (1.3, 1.5) 1.2 (1.0, 1.3) 8.2 (7.8, 8.6) 10.8 (10.4, 11.2)
45-54 1019 1.8 (1.6, 1.9) 1.2 (1.1, 1.3) 1.4 (1.3, 1.5) 11.5 (11.2, 11.8) 14.2 (13.8, 14.5)
55-64 1023 0.9 (0.8, 0.9) 1.2 (1.1, 1.4) 2.3 (2.1, 2.5) 14.8 (14.5, 15.1) 18.4 (18.1, 18.7)
65-74 826 0.4 (0.3, 0.4) 1.5 (1.3, 1.6) 4.7 (4.4, 5.1) 14.8 (14.4, 15.1) 21.0 (20.8, 21.2)
75þ 334 0.2 (0.2, 0.3) 1.5 (1.3, 1.7) 8.0 (7.3, 8.6) 12.0 (11.4, 12.7) 21.5 (21.1, 21.9)

Mean (95% CI) number of decayed, missing and filled surfaces/teeth, in relation to age and gender.
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Figure 1. Cumulative frequency distributions of D3-5MFT according to age group, in the HUNT4 Oral Health Study.

Figure 2. Mean (95% CI) number of initial decay surfaces (D1-2S) and dentine (D3-5S), missing surfaces (MS) and filled surfaces (FS), in relation to age.
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Table 3 shows a decrease in edentulousness in the age
groups 35-44, 45-54, and 55-64 over a 45-year-period. In
1973, 40 individuals (4.8%) of the 35-44-year-olds population
(n¼ 827) were edentulous [26]. There were also registered
edentulous individuals in this age group in 1983 and 1994
[10,25]. In the present study, edentulousness was absent in
all these age groups.

There has been a substantial decline in mean D3-5MFT
scores for 35-44-year-olds, indicating a decrease of 59% dur-
ing this 45-year-period, from 26.6 to 10.8. Figure 3 illustrates
how the relative distribution of the different D3-5MFT compo-
nents has changed over time. The mean number of missing
teeth (MT) has steadily declined from 11.9 in 1973 to 1.2 in
the current study, a 90% decline during the period. Filled
teeth (FT) peaked in 1994 at a mean value of 17.9, while in
the present study it was down to 8.2. Mean figures for
decayed teeth (D3-5T) show the least variation over time,
with the lowest mean of 0.6 registered in 1994.

Discussion

More than half the population in the current study had
untreated dentine caries, evenly distributed between the dif-
ferent age-groups. The distribution of caries was skewed,
with about 12% of examined individuals having four or more
teeth with untreated dentine caries, while �65% had one
tooth with dentine caries or no caries registered. When initial
caries was included in the calculations, the overall prevalence

increased to 80%, with most of the initial caries found in the
younger age-groups. At the same time, a substantial
improvement in mean D3-5MFT numbers among 35-44-year-
olds since 1973 was observed, when caries experience from
the present study was compared to data from previous stud-
ies in the region. This was particularly evident in a gradual
decrease in mean numbers of missing and filled teeth. There
was also a considerable decline in the proportions of edentu-
lous individuals.

Findings in the present study are in line with results from
a recent epidemiological caries study in Northern Norway.
Compared to the TOHNN study [15], mean D3-5MFT for the
two study populations is very similar, as are the gender dif-
ferences in the D3-5MFT index. However, participants in the
present study had higher mean numbers for both initial and
dentine caries compared to both the TOHNN study and two
other studies from Northern Norway, one in a Sami area [31]
and one in an elderly population [16]. The observed differen-
ces may partly be explained by differences in caries registra-
tion methods and characteristics of the study populations.
Secondary caries was not included in caries registrations in
the TOHNN study [15] and the population in our study was
less urban. Moreover, further comparisons with the afore-
mentioned studies are challenging due to the different age
stratification of the study populations.

When initial caries was included in the DMF calculations,
a marked increase in caries prevalence was observed, espe-
cially for the youngest age groups. In the present study, 95%

Table 3. Changes in prevalence (95% CI) of edentulousness, by age 35-44, 45-54 and 55-64 in 1973, 1983,
1994 and 2017-2019.

Year of study 35-44 years 45-54 years 55-64 years

1973 4.8 (3.5, 6.5) – –
1983 2.9 (1.9, 4.4) 14.3 (11.8, 17.0) -
1994 0.2 (0.0, 1.2) 2.7 (1.4, 4.7) 10.2 (7.6, 13.4)
2017-2019 0.0 0.0 0.0

Data from previous studies [10,25,26] and the present study.
–: Data not available.

Figure 3. Changes in caries experience (mean D3-5MFT) among dentate Norwegians aged 35-44 in 1973, 1983, 1994, 2006 and 2017-2019. Data from previous
studies [25–27] and the present study. Numbers from 1973 are estimates based on weighted averages of urban and rural populations [25].
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of 19-25-year-olds had one or more surfaces with initial and
dentine caries (D1-5S). This is in line with findings from
another study from Northern Norway [18], where in a sample
of 16-year-olds, 34% had untreated dentine caries, and,
when proximal initial caries lesions were included, the overall
prevalence increased to 85%. There was no differentiation
between inactive and active initial caries lesions in the pre-
sent study, thus the number of lesions in need of non-opera-
tive treatment is probably to some extent overestimated.
However, the findings indicate a continual need for prevent-
ive measures and non-operative treatment of caries disease.

Despite the reduction in the total caries experience, the
prevalence of untreated dentine caries remained high: 56%
of the study population had untreated dentine caries and
one in ten had four or more dentine lesions. The prevalence
of untreated dentine caries in the present study was higher
compared to recent international studies in adults. In a
Swedish study [8] in a similar population, 33% were found to
have at least one decayed surface, and recent findings in an
Australian study [32], identified 32% in an adult population
to have untreated caries. Interestingly, a recent German
study [7], shows consistently both higher mean D3-5MFT and
lower mean D3-5T numbers compared to the present study.
The authors hypothesize that the low D component is
explained by the standard of dental care and insurance
coverage in Germany. It might be speculated that one of the
reasons the prevalence of untreated dentine caries in the
present study was higher, is because of the Nordic minimally
invasive approach, that is, some of the dentine lesions in the
present study may have been under observation and man-
aged non-operatively at the time of data collection [33]. This
is further supported by the close examination of the dentine
caries data in the present study, showing that �1/3 of the
dentine caries were grade 3 lesions. Thus, the higher thresh-
old for operative treatment may partly explain the increase
in the D-component since 1994 observed in the present
study. Still, there is a need for further investigation of the
distribution and determinants of untreated dentine caries in
the study population.

Findings from the present study indicate a continuation
of the overall trend of decrease in total caries experience for
35-44-year-olds observed in earlier cross-sectional studies
from the same region in Norway [10,25–27] and in studies
on 35-year-old individuals in Oslo [12–14]. A similar trend of
caries decline is observed in several European countries, pre-
sented in a recent review [34]. Data from repeated cross-sec-
tional studies in 13 different European countries, the oldest
study from 1985, displayed mean D3-5MFT for 35-44-year-
olds ranging from 6.5 to 17.6 [34]. With a mean D3-5MFT of
10.8 for this age-group, the present study is in line with the
European figures [34]. In 2003, WHO classified Norway at
‘high level dental caries’ for 35-44-year-olds [35], while the
present study would place Norway in the ‘moderate’ cluster
for this age-group.

The present study is the largest oral health study per-
formed in Norway and provides comprehensive information
about the current oral health situation in the country, includ-
ing data on initial caries, caries distribution, and

epidemiological changes in caries. In addition, the study was
part of a larger health survey, which allows for further stud-
ies of oral health in a broader perspective. The region in
which the study was conducted is considered to be fairly
representative of Norway, except for the lack of large cities
and immigrant populations [36].

However, there are some methodological limitations of
the present study that must be considered when interpreting
the results. The general decline in participation rates in
health surveys is apparent also in this study; the participation
rate for the first HUNT survey in 1986 was 89%, while in the
HUNT4 Survey it was 54% [36]. The randomly selected indi-
viduals in the HUNT4 Oral Health Study were invited from
participants already included in the HUNT4 Survey, and thus
selection bias may have occurred in the population studied
and the external validity of this study must be considered
with caution. A study from HUNT4 [36] showed that non-par-
ticipants had a less healthy lifestyle, lower self-reported
health, and higher morbidity than participants. When the
present study population was compared with the general
population in the geographical area (Table 1), over-represen-
tation of participants with higher education and women was
evident. As women had a lower mean number of decayed
teeth and surfaces than men in the present study, there is a
possibility that caries experience in the general population is
underestimated. Comparisons of data from the six municipal-
ities of the study population versus the reference population,
show both lower levels of education and of household
incomes in the area where the study was performed [37].
Also, home nursing and nursing home residency were less
common among participants [36]. Institutionalized older
adults have been found to be in reduced general and oral
health in comparison to the general elderly population [38].
As a result, it may be that caries prevalence and edentulous-
ness is higher in the general population than estimated in
the present study, particularly among older adults.
Considering the mentioned aspects, the findings of the pre-
sent study may be generalized to other non-urban popula-
tions in similar settings, however, due to ethnically
homogeneous population, the generalisability of the findings
to people of non-European origin is limited [36].

When interpreting the findings, the methodological limita-
tions of the DMF index and its different components require
further discussion. The missing component (M) in the present
study included teeth missing due to any reason, while in
1973 only teeth lost to caries were included. In the present
study, including all tooth loss may have led to an overesti-
mation of caries experience with regards to the M-compo-
nent in the DMF index, as teeth lost to, for example
orthodontic extractions or periodontal disease were included.

The filled component (F) comprised the largest proportion
of the DMF index in the present study and the number of
filled teeth/surfaces increased with age. The F-component is
influenced by the dentists’ restorative treatment decisions.
The clinical judgement of the dentist determines the choice
of treatment, influenced by the prevailing philosophy of
care. Fluoride-containing toothpaste became available over-
the-counter in Norway in 1971 and since the 1980s there has
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been a gradual shift in treatment criteria, with an increased
focus on preventive measures, delayed operative treatment,
and minimally invasive approach using adhesive techniques
[39]. There has also been an estimated reduction in yearly
sugar consumption per individual in Norway from 44 to
24 kg in the period from 1999 to 2019 [40]. Availability of
oral health care services has increased over time, and geo-
graphical access to dental care is for most areas good with a
national average of nine dentists per 10,000 inhabitants [23].
These factors have jointly over time contributed to a
decreasing F-component and they are mirrored in the differ-
ent age-groups in the present study. Especially the two old-
est age-groups have had less benefit of fluorides and will
have received restorative treatment in a period when treat-
ment principles and dental materials resulted in more and
larger preparations. It is apparent that the two oldest age-
groups in the cumulative frequency distribution of DMFT in
Figure 1, have the largest proportions of individuals with
high DMFT numbers compared to younger age groups.

The decline in total caries experience over time for 35-44-
year-olds shown in this study, indicates an overall decreased
need for operative dental treatment in the population, also
in the years to come. It has been argued that the decline in
caries seen globally over the past decades should bring
about adjustments to the training of dental professionals
and the setup of oral health care services with a less opera-
tive and more preventive practice [34,41]. The findings in
this study support this approach. At the same time, the rela-
tively high prevalence of untreated dentine caries in all age-
groups and an uneven distribution of caries in the study
population, suggest that despite the high availability of den-
tal services, barriers to treatment for some individuals may
exist and need to be further investigated. In Norway, the
Public Dental Service offers free treatment for children and
adolescents up to 19 years of age. Dental treatment for
adults is provided by private practitioners and paid out of
pocket with few exceptions. Although the number of den-
tists in relation to the population is higher in Norway than in
most countries in the world [42], a recent study in Norway
found that approximately one fifth of adult participants had
postponed dental visits during the past two years due to
financial reasons [43]. There is a need for more research on
barriers and availability of services among different age
groups. Determinants for caries in subgroups with reduced
oral health also need further exploration. Currently, universal
health coverage and integrating dentistry within general
health services is suggested as an approach to reduce
inequity in health and to promote prevention [20]. Our find-
ings regarding untreated caries, including initial caries,
emphasize the importance of a preventive approach both at
individual and population level. Younger age-groups in par-
ticular have high levels of initial caries and there is a poten-
tial for oral health gain in a lifelong perspective through
preventive measures.

This study demonstrates a considerable reduction in caries
disease over the past decades. At the same time, more than
half the examined population had untreated dentine caries,
with a skewed distribution of lesions in all age-groups. There

was a high prevalence of initial caries, affecting younger indi-
viduals primarily. The findings suggest a need to reconsider
both preventive measures and the access to oral health care
services for subgroups of the adult population.
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