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Results from cross-sectional investigations 
indicate the oral health status in society, 
whereas consecutive cross-sectional studies 
may be utilized to demonstrate trends with 
regard to changes in the level of oral health 
on a group basis. However, follow-up studies 
of the same individuals offer the best possi- 
bilities for disclosing and analyzing changes 
in oral health status. A follow-up study may 
identify individuals with different levels of 
changes. 

On the basis of cross-sectional studies in 
Western societies, a reduction of more than 
50% in the number of carious surfaces has 
been documented during the past 15 years 
(1-3). Despite this overall caries reduction, 
however, these studies have also shown that 
there are still individuals within these popu- 
lations with a high number of carious 
surfaces. 

The etiology of dental caries has been 
extensively investigated, and the dynamics 
of caries development and progression has 

been established on the basis of in vitro 
and in vivo studies in animals and man. In 
conclusion, the prerequisites for caries de- 
velopment are defined to be a susceptible 
host, sugar, and acidogenic microorganisms 
colonizing the tooth surface (4-6). However, 
it has also been increasingly evident that 
dental caries may be considered a multi- 
factorial disease with both social and 
behavioral characteristics in addition to the 
biologic determinants (7-14). 

The aims of the present study were to a) 
contrast the caries experience in a random 
sample of 35-year-old Oslo citizens inves- 
tigated in 1973 (15) and reexamined 15 years 
later; b) describe any observed changes; c) 
identify individuals with a stable or improved 
caries situation and compare them with indi- 
viduals with an increased number of decayed 
surfaces (DS + DFS) from the first to the 
second examination; and d) to characterize 
these two groups of individuals by means of 
a multifactorial approach, including environ- 
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mental, behavioral, biologic, and health care 
organization variables in a socioecologic 
model (Fig. 1) (11,13). The dependent vari- 
able, the number of dental caries lesions 
(DS + D,S), which includes decayed sur- 
faces previously filled and decayed surfaces 
previously not filled, was dichotomized as 
being the same, lower numbers, or higher 
numbers at the age of 50 compared with the 
situation recorded at age 35 years. 
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organized in accordance with the health field 
concept (18) and adapted to dental con- 
ditions through the socioecologic caries 
model (11,13). These variables and their 
operationalization are shown in Table 3. For 
further details, see previous studies (11, 13, 
19). 

Regular intraexaminer calibration tests 
were performed before and during the exam- 
ination period. The initial calibration period 
was terminated when it reached 90% con- 
sistency. 

Materials and methods 
A random sample of 116 35-year-old Oslo 
citizens examined in 1973 (15) were invited 
to participate in a follow-up examination in 
1988. Seventeen persons had moved from 
the Oslo region, and four had died during 
the 15 years. The final sample size, after 
exclusion of dropouts, was reduced to 81 
persons-that is, 85% attendance. Those not 
responding after a mail reminder and an 
invitation by telephone were asked to answer 
a questionnaire about the number of remain- 
ing teeth, their dental habits, several psycho- 
social factors, and the reasons for not 
attending the examination. In the follow-up 
study the clinical examination was per- 
formed by one examiner (E. Bjertness) who 
was thoroughly calibrated with the inves- 
tigator in 1973 (B. F. Hansen), and the 
methods applied in 1973 and 1988 were 
identical. 

Decayed surfaces were recorded clinically 
when a softened floor or wall of a cavity 
could be registered by probing (1,16) and 
radiographically in accordance with Hol- 
lender & Koch (1,17). Third molars were 
included. Bitewing radiographs of the pos- 
terior dentition were obtained from all sub- 
jects except two in whom teeth in the lateral 
segments were missing. 

In addition to the clinical and radiographic 
examination, saliva samples from all par- 
ticipants in 1988 were analyzed with regard 
to stimulated secretion rate, buffer capacity, 
and the number of Streptococcus mutans 
colony-forming units (1, 11, 13). Ques- 
tionnaires about psychosocial factors and 
dental health habits were also collected. 

The independent variables used were 

Statistical methods 
Analysis of variance (F-test) was used for 

statistical evalulation of the bivariate 
relationships between each independent and 
the dependent variable and for comparison 
of DMFS values from 1988 and 1973. Mul- 
tiple classification analysis (MCA) was the 
multivariate method chosen in the present 
study. A comprehensive discussion of the 
MCA is presented in previous papers 
(11,13). 

The level of significance was set top = 0.01 
owing to the hypothesis-generating nature of 
the study and the high number of statistical 
tests performed. 

Results 
There was a tendency towards a higher caries 
experience (DMFS) and higher number of 
missing (MS) and filled (FS) surfaces at the 
age of 50 than at 35 years, but the differences 
were not statistically significant (Table 1). 
With the regard to the mean number of 
carious surfaces (DS + D,S) a statistically 
significant reduction from 6.7 carious sur- 
faces to 3.5 during the 15-year interval was 
registered (Table 1). 

Of the 81 persons investigated, 62 (7'7%) 
showed an improved or stable caries situa- 
tion expressed as DS + DFS, whereas 19 

Fig. 1. A socioecologic model indicating the four main 
items with subgroups yielding a pressure towards stable/ 
improved versus deteriorated dental health. Centrally, 
the distribution of carious surfaces detected at 35 years 
of age (----) and at 50 years of age (-). 
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Table 1. Comparison of D,  M, and F values on the basis of surfaces (S) at age 35 and 50 
years in 1973 and 1988, respectively 

35 years old (1973) 50 years old (1988) 

n = 81 SD n = 81 SD P 
Caries experience (DMFS) 84.0 17.3 90.3 17.4 NS 

Missing surfaces (MS) 27.2 17.7 30.2 18.2 NS 
Filled surfaces (FS) 54.2 16.5 59.3 17.5 NS 

Decayed surfaces (DS + D$) 6.7 4.8 3.5 3.9 * 

Statistical significance, * p < 0.01; NS = not significant. 

(23%) showed a worsened situation. The 
mean number of carious surfaces among 
those in the stable/improved group was 7.6 
at the age of 35 years and 2.3 at age 50 (Table 
2). The corresponding figures among the 19 
with increased caries were 3.7 and 7.6, 
respectively. 

Subjects with the same number of or fewer 
carious surfaces (DS + D,D) in 1988 as com- 
pared with 1973 were assigned a score of 1, 
whereas subjects with a greater number of 
carious surfaces in 1988 were given a score 
of 2. The ‘mean scores’ in Table 3 reflect 
the mean of these scores and are correlated 
bivariately with each independent variable 
included. 

A statistically significant difference be- 
tween subjects with either the same/fewer 
or more carious surfaces was found for some 
of the independent behavioral variables 
(alcohol problems, psychologic status, and 
address changes during the past 15 years) 

(Table 3). In multivariate analysis the 
behavioral variables together explained 26% 
(R2 = 0.256) of the variation in the de- 
pendent variable (Table 4), whereas the 
explanatory powers of the environmental, 
human biology, and health care organization 
variables were negligible (not shown). When 
the independent variables with highest beta 
value from each of the four main items 
together (Fig. 1) (that is, those explaining 
most of the variance in the dependent vari- 
able in each of the four items) were selected 
and tested, 18% of the variation of the 
dependent variables was explained (R2 = 
0.181) (Table 5) .  

Discussion 
The attendance (85%) was considered high 
when compared with cross-sectional studies 
(1,19). More persons with low education 

Table 2. The mean number of carious surfaces (DS + DFS) for the groups with stable/ 
improved versus deteriorated dental health at the age of 35 and 50 years in 1973 and 
1988, respectively 

Stable/improved Deteriorated 

n = 62 SD n = 19 SD P 

Mean no. of carious 7.6 4.8 3.7 3.4 

Mean no. of carious 2.3 2.6 7.6 4.6 

Comparison of mean caries 

* 
surfaces 1973, 35 years old 

surfaces 1988, 50 years old 

in 1973 versus 1988 

1 

* * 

Statistical significance, * p < 0.01. 
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Table 3. A bivariate analysis of the independent variables used in the present study 
with operationalization, distribution of individuals, mean and standard deviation of the 
dependent variable: stable/improved (score 1) versus deteriorated (score 2) dental health 
from the age of 35 to 50 years expressed as number of carious surfaces (DS + D$) 

n 

Environment 

s 1 0  
>10 

Social class 
Class 1 
Class 2 
Class 3 

Economy 
Unsatisfied 
Satisfied 

0 
3 1  

Years at school 

Divorce last 15 years 

Behavioral factors 
Nutritional status (main meals) 

0-2 
>2 

Alcohol 
No alc. probl. 
Alc. problems 

Exercise 
No 
Yes 

Smoking 
No 
Yes 

Satisfied 
Unsatisfied 

<Daily 
3Daily 

Good 
Medium 
Bad 

Brushin 
Once fda y 
>Once/day 

No 
Yes 

No 
Yes 

0-1 
>1 

Psychologic status 

Sugar between meals 

Tooth cleaning 

Interdental cleaning 

Use of fluoride 

Address changes last 15 years 

26 
55 

11 
52 
18 

7 
74 

65 
16 

24 
57 

78 
3 

42 
39 

52 
29 

72 
9 

64 
17 

25 
40 
16 

19 
62 

24 
57 

5 
76 

55 
26 

Mean 

Score SD Probability ( p )  

1.27 
1.22 

1.46 
1.19 
1.22 

1.14 
1.24 

1.19 
1.44 

1.29 
1.21 

1.21 
2.00 

1.29 
1.18 

1.15 
1.38 

1.18 
1.67 

1.23 
1.24 

1.08 
1.30 
1.31 

1.32 
1.20 

1.17 
1.26 

1.60 
1.21 

1.15 
1.42 

0.452 
0.417 

0.522 
0.398 
0.428 

0.378 
0.432 

0.391 
0.512 

0.464 
0.411 

0.406 
O.OO0 

0.457 
0.389 

0.364 
0.494 

0.387 
0.500 

0.427 
0.437 

0.277 
0.464 
0.479 

0.465 
0.407 

0.381 
0.444 

0.548 
0.410 

0.356 
0.504 

0.618NS 

0.179NS 

0.555NS 

0.033NS 

0.43gNS 

0.001* 

0.26SNS 

0.022NS 

0.001* 

0.994NS 

0.091NS 

0.346NS 

0. 356NS 

0.047NS 

0.005* 

(Continued next page) 
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Table 3. (Continued) 

ACTA ODONTOL SCAND 50 (1992) 

Human biology 

Woman 
Man 

Physical fitness 
Unsatisfied 
Satisfied 

Weight status 
Unsatisfied 
Satisfied 

Allergy 
N o  
Yes 

s 20 colonies 
> 20 colonies 

>4.0 
s 4 . 0  

6 5  
>5 

a1.0 
<1.0 

No 
Yes 

No 
Yes 

Sex 

Streptococcus mutans 

Buffer capacity (pH) 

Missing teeth 

Saliva secretion (ml/min) 

Chronic disease 

Medication 

Health care organization 
Regular dental visit (today) 

No 
Yes 

(age 15 to 25 years) 
No 
Yes 

No 
Yes 

No 
Yes 

Regular dental visits 

School dental care 

Recall system 

Mean 

n Score SD Probability ( p )  

36 
45 

10 
71 

21 
60 

63 
18 

33 
47 

46 
34 

52 
29 

45 
36 

63 
18 

59 
22 

4 
77 

26 
55 

17 
64 

15 
66 

1.19 0.401 
1.27 0.447 

1.20 0.422 
1.24 0.430 

1.24 0.436 
1.23 0.427 

1.24 0.429 
1.22 0.428 

1.30 0.467 
1.19 0.398 

1.22 0.417 
1.27 0.448 

1.21 0.412 
1.28 0.455 

1.29 0.458 
1.17 0.378 

1.25 0.439 
1.17 0.383 

1.22 0.418 
1.27 0.456 

1.25 0.500 
1.23 0.426 

1.23 0.430 
1.24 0.429 

1.12 0.332 
1.27 0.445 

1.27 0.458 
1.23 0.422 

0.941NS 

than with high education were lost in the 
recall study. This situation, also demon- 
strated in other longitudinal studies (20), 
may have influenced the results, and con- 
clusions about changes in dental health vari- 
ables (DMFS) (Table 1) must therefore be 

drawn with care. The study population may 
have a somewhat better dental health than 
the normal population. The socioecologic 
model may, however, not be influenced if 
we consider the model as a process that is 
not sample-dependent (21). The reliability 
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Table 4. Multiple classification analysis of the inde- 
pendent variables related to 'behavioral factors'. 
Twenty-six per cent of the total variation in the depen- 
dent variable stable/improved versus deteriorated den- 
tal health was explained by behavioral factors 
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their dental health during this 15-year inter- 
val (Table 3) indicates that follow-up studies 
are of importance when describing changes 
in the caries situation in a population, 
because mean values from consecutive cross- 
sectional studies may mask important dif- 
ferences in a disease pattern in society. 

The socioecologic model was first estab- 
lished to explain the variation in the number 
of carious surfaces by means of a cross-sec- 
tional design (11,13). The independent vari- 
ables included in the present longitudinal 
study (Table 3) are based on the results ob- 
tained from testing the original socioeco- 
logic model in another group of 50-year-olds 
with regard to variation in dental health (11, 
13). The present longitudinal design is an 
attempt to explain changes in dental health, 
and the study is inductive and hypothesis- 
generating by means of disclosing predictors 
for changes in dental health over time. 

The behavioral factors were the most 
important variables with regard to changes 
in dental caries (Table 4). Psychologic status 
was the single most important variable, 
which was shown in previous studies to 
reflect the participants' situation at least dur- 
ing the last 5 years (25). All participants 
except four had visited the dentist every year 
the last 3 years, so the results should not be 
influenced by visiting habits. Furthermore, 
none of the health care organization factors 
was of importance 'bivariately (Table 1) or 
multivariately . 

The effect of psychologic status did not 
change (beta = eta) when controlling for 
other independent behavioral variables (use 
of fluorides, tooth cleaning, address changes 
last 15 years, smoking) (Table 4) and human 
biology, environmental, and health care 
organization variables (Table 5).  This indi- 
cates that the effect of psychologic status on 
changes in dental caries is independent of 
the other variables included. The mechanism 
is, however, unknown. 

It is important to note that use of fluorides 
and tooth cleaning are two independent fac- 
tors of importance for maintaining dental 
health (Table 4) and that changes in dental 
health, as measured in the present study, are 
not affected by educational level or social 
class. 

Eta Beta 

Psychologic status 0.361* 0.340* 
Use of fluorides 0.221" 0.282* 
Tooth cleaning 0.244* 0.263* 
Address changes last 15 years 0.306* 0.151NS 
Smoking 0.255* 0.069NS 

R2 = 0.256. Statistical significance * p < 0.01; NS = 
not significant. 

of the caries measurement procedures was 
discussed in previous papers (11) and con- 
sidered satisfactory. 

The design of the DMF index is hierarchic 
and therefore not very sensitive to changes in 
populations with initially high DMF values. 
Changes in DS + DFS were therefore con- 
sidered more relevant for expressing an 
altered dental caries situation. The number 
of decayed surfaces (DS + D$) showed a 
statistically significant decrease over the 15- 
year period, but there was no statistically 
significant increase in DMFS, which may 
reflect the low sensitivity of the DMF index 
(Table 1). The reduction in decayed surfaces 
may represent an altered treatment phil- 
osophy among the dentists, but this may also 
confirm the improvement of dental health 
reported in many Western societies (1-3,22- 
24). However, the fact that 23% of the 
sample had experienced deterioration in 

Table 5.  Multiple classification analysis of the inde- 
pendent variables selected to represent the main factors 
included in the socioecologic model. Eighteen per cent 
of the variation in the dependent variable stable/ 
improved versus deteriorated dental health can be 
explained by these independent variables 

Eta Beta 

Psychologic status 0.361* 0.369* 
Divorce last 15 years 0.238* 0.218* 
Saliva secretion rate 0.143NS 0. 156NS 
School dental care 0.142NS 0. looNS 

RZ = 0.181. Statistical significance * p < 0.01; NS = 
not significant. 
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The explained variance of 18% (Table 5 )  
with regard to the total socioecologic model 
indicates that we have not disclosed all vari- 
ables of importance for changes in dental 
caries, but behavioral variables should be 
considered important predictors. This is in 
accordance with the conclusions from multi- 
variate studies on variation in dental health 
(11,13). 
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