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ABSTRACT  

Background: Oral health conditions have been investigated in 35-year-old Oslo citizens in four cross-sectio-
nal, age-specific epidemiological studies performed in 1973, 1984, 1993 and 2003. The main aim of the 
series of investigations was to monitor changes in oral health, including dental caries and endodontic and 
periodontal conditions. Data will give clues to what extent the documented improvements in oral health 
among children and adolescents also have been maintained into adulthood. 
Methods: Random samples of 200-250 35-year-olds were selected from The Norwegian Bureau of Statistics 
database and invited to participate. They completed a self administered questionnaire and were examined 
clinically and radiographically. The attendance rate varied between 64% and 80%. 
Findings: The results presented are based on time-trend analyses. Caries prevalence, measured as the mean 
DMFS scores, was high and stable from 1973 (DMFS=68.2) to 1984 (DMFS=66.5), but decreased from 1984 
(DMFS=40.9) to 2003 (DMFS=26.1), indicating a 62% reduction in caries and treatment experience. During 
the whole period, the prevalence of root filled teeth and prevalence of apical periodontitis decreased, but no 
improvement from 1993 to 2003 could be demonstrated. Assessment of periodontal status showed that the 
proportion of persons with one or more periodontal pockets ≥6mm decreased from 22% in 1984 to 8% in 
2003. The proportion of persons without recorded bone loss increased from 46% in 1973 to 76% in 2003. 
The oral hygiene improved from 1973 to 1993 with no further improvement during the last decennium. 
Conclusion: There has been a positive development in oral health among young, urban adults in Norway 
during the last 30 years. 
In the present paper, information from the first author’s PhD-thesis (1) is extensively used. 

 
 

INTRODUCTION 
 
Dental caries is one of the most prevalent chronic dis-
eases worldwide (2). Just over a half century ago dental 
caries was considered a major dental health problem, 
widespread in the Western countries including Norway 
and causing discomfort, pain and tooth loss across all 
age groups. During the last decades a substantial re-
duction in prevalence of dental caries has occurred, 
especially among children and adolescents, and the 
changes are well documented (3-5). 
 “Periodontal diseases” is a non-specific term given 
to any disease or disease process that affects the perio-
dontium. Most commonly the term refers to the inflam-
matory periodontal diseases – gingivitis and periodon-
titis. Periodontitis, or destructive periodontontal disea-
se, is the progressive loss of attachment of the gingival 
tissues and the subsequent loss of alveolar bone (6). 
Prevalence and severity of periodontal diseases, to-
gether with dental caries, are important indicators 
when assessing dental health in different populations. 
 Compared to data on changes in dental caries, there 
is less evidence for trends in periodontal health. 
Studies reporting time trends in periodontal diseases 

indicate improvements in gingivitis and mild/moderate 
periodontitis without clear indications of reduction in 
severe forms of periodontitis (7). 
 Epidemiological data on dental diseases has often 
been restricted to dental caries and periodontal disea-
ses while information on periapical and endodontic 
conditions is rather limited. Apical periodontitis is an 
inflammatory disorder caused by microorganisms co-
lonizing the root canal system. Apical periodontitis 
usually develops after pulp necrosis, which can occur 
as a sequel to caries, trauma, periodontal disease or 
operative procedures (8). A majority of apical perio-
dontitis lesions seem to occur in previously root filled 
teeth (9-11). Untreated apical periodontitis represents a 
chronic infection which may remain quiescent but may 
also become symptomatic or spread with serious con-
sequences for the individual (12). Epidemiological stu-
dies indicate that apical periodontitis affects 37-71% 
of individuals in different populations and the preva-
lence is increasing with age (13). Together with dental 
caries and marginal periodontitis, apical periodontitis 
can compromise tooth survival. 
 Dental caries has traditionally been considered as 
one of the main reasons for pulpal infection. The sub-
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Table 1.  Number of participants, response rates and socio-demographic characteristics of participants, 1973-2003. 
 
  Gender  Region of birth 
Year of 
study 

Number of partici-
pants (response rate) Male Female 

 
Norway 

Western 
countries 

Non-Western 
countries 

1973 117 (66%) 60 (51%) 57 (49%)  111 (95%) 5 (4%) 1 (1%) 
1984 156 (80%) 78 (50%) 78 (50%)  136 (87%) 8 (5%) 12 (8%) 
1993 121 (68%) 55 (45%) 66 (55%)  105 (87%) 7 (6%) 9 (7%) 
2003 149 (64%) 89 (60%) 60 (40%)  111 (75%) 15 (10%) 23 (15%) 

 
 
 
stantial decline in dental caries among children and 
adolescents (5,14) and adults (15-18) in the Western 
countries has been extensively documented. It could be 
speculated that, because of this decline in dental caries, 
improvement in endodontic status is likely to occur. 
 Despite the increased focus on endodontic epidemi-
ology during the last decades, there are relatively few 
studies exploring time trends in frequency of root 
fillings and apical periodontitis. Available studies from 
Sweden indicate that proportions of endodontically 
treated teeth and teeth with apical periodontitis seemed 
to be decreasing (10,19). 
 Available studies indicate that the observed caries 
decline is gradually transferred into adult cohorts (20). 
Recently performed studies in Denmark (21), Sweden 
(19) and Norway (22) document the gradual improve-
ment in oral health among Scandinavian adults. The 
present paper will specifically focus on the changes in 
oral health in 35-year-olds from Oslo, Norway obser-
ved in four repetitive cross-sectional studies starting in 
1973 (1). 
 
 
MATERIAL AND METHODS 
 
The present study is based on four cross-sectional age-
specific epidemiological studies performed among 
randomly selected 35-year-olds in Oslo from 1973 to 
2003. Number of participants, response rates and some 
socio-demographic characteristics of the participants 
are presented in Table 1. 
 All the four studies employed simple random samp-
ling and the selected participants were invited to parti-
cipate by an invitation letter with general information 
about the study. A declaration of consent was obtained 
from the participants and the principles stated in the 
Helsinki declaration has been adhered to. Data collec-
tion included self administered questionnaires, clinical 
and radiographic examination of participants at the 
Faculty of Dentistry, University of Oslo. 
 
Caries registration  
Dental caries was registered clinically and radiographi-
cally at the surface level and recorded as decayed, 
missing and filled surfaces/teeth (DMFS/DMFT), 
following the same registration criteria in all the four 
studies (23). All missing teeth, independent of reason 
for not being present, were registered as M (missing). 
The F (filled) component comprised restorations 

without recurrent caries, including all types of filling 
materials and crowns and D (decayed teeth/surfaces) 
included both primary and recurrent caries. Third 
molars were not included in the registrations. 
 
Registration of endodontic status  
Root filled teeth and teeth with apical periodontitis (AP) 
were detected from panoramic radiographs (15x30cm 
HR-E30 (Fuji film), Orthophoss), and intraoral radio-
graphs of the respective teeth were then taken. In the 
1984-2003 investigations, the periapical status was eva-
luated using the periapical index system (PAI) (24). 
 
Periodontal status and oral hygiene assessment  
In 1973 the PTNS-index system was used (25). In the 
later studies periodontal status was registered based on 
the CPITN index using a CPITN probe and recording 
findings from index teeth (26). The participants were 
then classified according to the highest CPITN score 
per person. 
 Orthopantomograms from 83 (71%) of the partici-
pants in 1973, 115 (74%) participants in 1984, 117 
(97%) participants in 1993 and 138 (93%) in 2003 
were available for the assessment of radiographic bone 
loss. Marginal bone level was assessed with a trans-
parent plastic ruler using light board illumination and a 
measurement technique as described by Schei (27). 
Bone loss was considered to be present at sites where 
the distance from alveolar crest to the cemento-enamel 
junction (CEJ) exceeded 2 mm and measured to the 
nearest 10%. The participants were then categorized 
according to the highest bone loss score recorded at 
one or more sites. 
 Oral hygiene of the participants was assessed by the 
Simplified Oral Hygiene Index (OHI-S) (28), consis-
ting of two separate components, the Debris Index 
(DI-S) and the Calculus Index (CI-S). 
 
Reliability  
Clinical registrations were performed by different indi-
vidual examiners in the four studies. Before the main 
investigation, calibration sessions regarding the diag-
nostic criteria for caries and periodontal conditions were 
performed with the examiner from the first (1973) 
investigation. In addition, double examinations were 
performed for assessment of intra-examiner agreement 
in the 1984-2003 studies (29,30). In 2003 double exa-
mination of 738 surfaces in 6 individuals was perfor-
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med in order to control intra-examiner consistency for 
clinical DMF registration. The kappa value for intra-
observer agreement was 0.97. For periodontal condi-
tions, double examination of 36 sextants in 6 partici-
pants was performed and the kappa value for intra-
observer agreement was 0.73. 
 Evaluation of periapical status in 2003 was made 
independently by two examiners using standardized 
examination conditions. One of the examiners did all 
the registrations in the previous studies. Kappa value 
for inter-examiner agreement of periapical index va-
lues (PAI) for all scored teeth was 0.81. 
 The measurements of radiographic bone loss from 
orthopantomograms were carried out by two different 
examiners, where examiner one assessed material from 
1973-1993 and examiner two assessed the 2003 study. 
Inter-observer agreement was assessed by duplicate re-
cordings of 10 randomly selected orthopantomograms 
by both examiners. The kappa value for inter-observer 
agreement was 0.93. In addition, intra-observer agree-
ment of the second examiner (2003 study) was assessed 
by duplicate examination of 12 radiographs. The kappa 
value for intra-observer agreement was 0.93. 
 
Statistics  
Both published and unpublished data available from 
the 1973-93 investigations as SPSS files together with 
data collected in 2003 constituted the basis for the pre-
sent study. All data were computerised and treated 
anonymously. Data analysis included assessment of 
variable distribution and bivariate analysis using t test 
and ANOVA for continuous variables with Tukey adj-
ustment for comparisons of more than two groups, and 
Chi-squared test for categorical variables. Data were 
analyzed by SPSS statistical program package (SPSS 
for Windows versions 11.0-16.0, SPSS Inc., Chicago, 
Ill, USA). The significance level was set at 0.05. 
 
 
RESULTS 
 
Dental caries  
The results of the present study indicate a substantial 
improvement in dental caries over the 30-year period 
(31). Since non-Western immigrants had a significant-
ly lower mean DMFS (16.0) and FS-scores (6.4) com-
pared to the rest of the sample, in 2003 this group was 
excluded from the comparisons with the previous stu-
dies (31). The results demonstrate a gradual decrease 
in caries prevalence from a mean DMFS-score of 68.2 
(SD=16.4) in 1973 to 26.1 (SD=17.3) in 2003 (Figure 
1). 
 The proportion of individuals with no cavities in-
creased from 5% of the sample in 1973 to 54% in 2003 
(Figure 2). In addition, based on evaluation of bite-
wing radiographs the fillings present appeared smaller 
and thereby more tooth-saving (less destructive) com-
pared with those observed in the initial studies. 
 The 35-year-olds in the 2003 investigation have 
been exposed to fluoride from an early age, compared 

to the cohorts investigated earlier. Nevertheless, there 
were only 2 individuals (2%) without caries and treat-
ment experience, or DMFS=0. In addition, cumulative 
frequency distributions of DS and FS scores revealed 
that a small fraction of individuals that still had a high 
disease level. 
 
Periodontal health  
Changes in periodontal disease indicators from 1973 to 
1984 among 35-year-olds in Oslo were assessed by the 
Periodontal Treatment Need System (PTNS) (25) and 
described by Hansen (32). The study reported marked 
reduction in the prevalence and extent of severe perio-
dontitis (PTNS score C). 
 The last Oslo study from 2003 indicate that the 
proportion of persons with CPITN-score 4 (one or 
more pockets ≥ 6mm decreased from 21.8% in 1984 
(CPITN-scores from 1973 are not available) to 8.1% in 
2003 (Figure 3). 
 The proportion of persons without recorded bone 
loss increased from 46% in 1973 to 76% in 2003 
(Figure 4) (33). 
 The assessment of oral hygiene according to the 
OHI-S index is presented in Figure 5. When the entire  

 
 

 
Figure 1. Changes in the mean DMFS scores, 1973-2003 (1). 

 
 

 
Figure 2.  Cumulative frequency distributions of DS 
scores, according to the year of survey (31). Reprinted 
with permission from Taylor & Francis A S. 
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Figure 3. Percentage distributions of participants according to the highest CPITN score per 
person, 1984-2003 (33). Reprinted with permission from John Wiley and Sons. 

 
 

 
Figure 4. Percentage distribution of participants according to the level of marginal bone loss measured 
from orthopantomograms in 1973-2003 (33). Reprinted with permission from John Wiley and Sons. 

 
 
30-year period is considered, there has been a statisti-
cally significant reduction in both calculus and plaque 
scores, indicating that oral hygiene improved substan-
tially. As shown in Figure 5, a shift towards lower 
OHI-S scores occurred in 1993. Although there was a 
further decrease in OHI-S score observed between 
1993 and 2003, the reduction was minor and not sta-
tistically significant. 
 
Endodontic conditions  
The Oslo studies have recorded endodontic conditions 
in 35-year-olds from 1973 to 2003. A decrease in indi-

viduals with root filled teeth from around 50% in 1973 
to 24% (1993) and 23% (2003) was found (Figure 6). 
A concomitant reduction in individuals with apical 
periodontitis from 30% (1973) to around 15% in 1993 
and 2003 was observed (34). 
 
Other oral health parameters  
In the series of Oslo studies, other aspects of oral 
health like mucosal lesions, dental erosions, dental fear 
and aspects of orally related quality of life have been 
included, but not in a regular, consecutive manner. 
They will therefore not be dealt with in this article. 
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Figure 5. Cumulative percentage distributions of partici-
pants according to OHI-S scores, 1973-2003 (33). 
Reprinted with permission from John Wiley and Sons. 
 
 

 
Figure 6. Proportions of individuals with root filled teeth 
and apical periodontitis, 1973-2003 (1). 

 
 
DISCUSSION 
 
The results presented in this article provide documen-
tation on trends the last four decades in dental caries, 
endodontic and periodontal conditions among 35-year-
old urban Norwegians from 1973 to 2003. Ongoing 
reduction in caries and treatment experience among 
adults observed in the present study is in agreement 
with most recent results reported from studies in Nor-
way (22), Sweden (19) and other Western countries 
(17,39,40). As several of these trend studies report 
further caries reduction also in younger age groups, it 
might be reasonable to expect that the observed im-
provement in caries among adults is going to continue. 
 The results on endodontic conditions indicate that 
despite of further caries decline observed during the 
last decade, prevalence of apical periodontitis and 
endodontic treatment remained at the same level from 
1993 to 2003. A similar trend has been reported by 
Bjørndal & Reit in Denmark (41) where no decrease in 
annual endodontic treatment frequency from 1977 to 

2003 has been found despite of reduction in caries. In 
contrast, studies among adults in Sweden show conti-
nuous reduced proportions of root filled teeth for all 
age groups except 80-year-olds (19). The assessment 
of periodontal conditions also showed a positive trend, 
by increased proportion of individuals without margi-
nal bone loss and reduced proportion of individuals 
with deep pockets. Oral hygiene improvement was 
observed during the period. The improvement in perio-
dontal conditions observed in the present study is in 
agreement with results from available investigations 
on periodontal disease trends (42-44). 
 Adult dental health status reflects the long-term cu-
mulative impact of prevention and treatment policies. 
In the report on Future Dental Health Services by the 
Norwegian Ministry of Health and Care Services, 
different dental generations have been defined (35). 
According to this definition, adults born before 1935 
belong to the extraction and denture generation, those 
born from 1935 to 1960 to the filling generation, those 
born from 1960 to 1990 belong to the fluoride genera-
tion and born after 1990 constitute the future genera-
tion. Consequently, the first two cohorts investigated 
in Oslo 1973-1993 studies belong to the filling genera-
tion and have received substantial amounts of dental 
treatment and restorations before fluoride became 
widely available. The second last study (1993) and 
particularly the last study includes representatives from 
the fluoride generation. It is therefore of particular 
interest to monitor the oral health status of these last 
groups, indicating what may be expected for future 
generations. 
 Efforts have been made to secure reliable and 
comparable data in the four investigations presented. 
Calibration sessions and testing of intra- and inter-
examiner reliability have been regularly performed. 
Substantial changes in the demographic composition 
of 35-year-olds in Oslo have occurred during this 30-
year period. The proportion of non-Western immigrants 
increased from 1% in 1973 to 15% in 2003. Both data 
from earlier Oslo-studies and the present study showed 
that caries and treatment experience among non-
Western immigrants was different from the rest of 
participants. In order to minimize possible effect of 
demographic composition on time-lag differences in 
caries, this group was excluded from the comparisons 
in 2003. The female to male ratios were close to 
expected in 1973 and 1984 but are 10 percent points 
higher in 1993 and 20 points higher in 2003. This 
might have slightly altered the reported trends, as no 
adjustments have been performed. 
 The present study was based on random samples of 
35-year-olds and the response rates varied from 64% 
to 80%, being lowest in 2003. Since the detailed infor-
mation from 53% of all the non-attenders in 2003 was 
available, this gave an indication about possible effects 
of the non-respondents on the results. In addition, data 
available from Statistics Norway about the general 
population of 35-year-olds in Oslo gave an indication 
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about possible selection bias. Due to the fact that 
participants with university education and males were 
overrepresented compared to the general population 
and also due to the higher proportion of smokers 
among the non-attenders, there is a possibility that the 
dental health conditions reported from the 2003 study 
might be better compared to the general population of 
35-year-olds in Oslo. 
 In 1973 the first epidemiological study on prevalence 
of dental diseases among 35-year-old Oslo citizens 
was carried out based on a random sample of 200 
individuals (32). Prior to that, information about dental 
diseases in adults in Norway was fragmentary and 
based on selected groups of participants (36,37) and 
representative studies were lacking. The 1973 study 
provided data on dental diseases in an adult urban po-
pulation and served as a baseline for future compari-
sons. Although 89% of the participants in 1973 visited 
the dentist regularly at least once a year, the study 
reported high mean numbers of filled teeth and teeth 
with untreated decay as well as extensive periodontal 
treatment need. Five individuals (4%) were found 
being edentulous in one jaw (32). 
 The second cross-sectional study, performed in 1984, 
reported an improvement in oral health (38). Although 
the total DMFS score remained high, the number of 
decayed and missing surfaces decreased and was sub-

stituted by increased number of filled surfaces. The 
proportion of individuals with periodontal pockets dee-
per than 5 mm had also decreased from 1973 to 1984. 
Both participants in the 1973- and the 1984 studies 
represented extensively treated adult populations. 
 When a third study among 35-year-olds in Oslo was 
performed in 1993, the results indicated marked im-
provement in oral health compared to 1973 and 1984. 
The study reported a 38% reduction in caries preva-
lence (30) and also an improvement in periodontal 
conditions. 
 The last study in the series of repetitive cross-
sectional assessments performed in 2003 documented 
further improvement regarding dental caries and perio-
dontal disease, but no improvement in endodontic con-
ditions compared to 1993 (1). The important difference 
from the cohorts investigated earlier was that the par-
ticipants (born in 1968) have been exposed to fluorides 
from an early age. 
 
 
CONCLUSIONS 
 
The results for the entire 30-year period indicate posi-
tive development in oral health among young urban 
adults in Norway suggesting that the focus on and 
efforts in dental disease prevention have resulted in 
substantial reduction of dental diseases among adults. 
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