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The aim of the present study was to analyze the relative importance of oral hygiene and other
selected independent variables on the number of carious surfaces in a random sample of 35-
year-old Oslo citizens. In addition to oral hygiene status (OHI-S), the independent variables
frequency of tooth cleaning, regular dental visits, years at school, sex, and number of filled
and missing surfaces were included in the analyses. Multiple Classification Analysis (MCA)
was used for statistical evaluation of the results. The results indicate that oral hygiene status
was the most important predictor in explaining variation in the number of carious surfaces.
The total explanation factor was, however, low (R? = 0.146). O Dental visits; epidemiology;
filled surfaces; missing surfaces

Espen Bjertness, National Institute of Public Health, Section for Epidemiology, Department

of Community Medicine, Geitmyrsvn. 75, 0462 Oslo 4, Norway

Plaque has to be present on a tooth surface
to promote caries (1), but the relationship
between oral hygiene and caries remains
controversial (2,3). Professional tooth
cleaning programs with treatment intervals
of 1 to 3 months have resulted in a high level
of oral cleanliness and almost completely
eliminated dental caries in children, ado-
lescents, and adults (4-9). Clinical trials with
self-performed oral hygiene programs have,
however, not proved to be a successful way
of preventing dental caries. The relationship
of caries prevalence to oral cleanliness,
variation in brushing frequency, and oral
hygiene level shows controversial results
(2). Among 35-year-old Oslo citizens a stat-
istically significant bivariate relation between
oral hygiene scores (OHI-S) (10) and num-
ber of carious lesions was disclosed in a study
from both 1973 and 1984 (11).

Most investigations of oral hygiene and
caries have dealt with children and young
adults and have not considered confounding
variables. The aim of the present study was
to analyze the relation between OHI-S (10)
and the number of carious surfaces, in a

multivariate design including selected con-
founding variables such as socioeconomic
variables, frequency of tooth cleaning, reg-
ular dental visits, and number of filled and
missing surfaces. Sex and level of education
are factors reported to be of importance
for variation in dental caries among adults
(12, 13). Studies have also shown that female
sex (14) and high educational level (12) cor-
relate with good oral hygiene habits. In some
old studies frequency of tooth cleaning was
a factor showing a controversial relationship
with caries (2). Today fluoride dentifrice
constitutes the main share of the dentifrice
market (11). The frequency of tooth cleaning
might therefore also be an indicator of the
frequency of fluoride exposure. From pre-
vious studies it is concluded that regular den-
tal visits are of importance for dental health
(13), but a relationship with the oral hygiene
level is uncertain.

Plaque retention studies have demon-
strated that restorations predispose for
plaque retention (15). It was therefore con-
sidered important to include the number of
filled surfaces in the present study as a con-



98 E. Bjertness

founding variable. Furthermore, the number
of missing surfaces was included as a control
for surfaces at risk of dental caries.

Materials and methods

The present study was based on data from
35-year-olds collected in 1984 (11). From a
total of 200 randomiy sampled individuals,
156 met for the clinical and roentgenologic
examination. Twelve non-Caucasian immi-
grants were excluded from the present study
because of oral conditions different from
those of the Norwegians (11). Two indi-
viduals presented with high numbers of
untreated carious lesions compared with the
remaining 142 participants (22 and 41 carious
lesions). Owing to the excessive influence on
the mean values of these atypical partici-
pants, they were not included in the present
analyses. Decayed surfaces were recorded
clinically and radiographically (11, 16, 17).
The independent variables supposed to con-
tribute to variation in number of carious
surfaces included in the investigation are pre-
sented in Table 1. The oral hygiene was
scored in accordance with the Simplified
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Oral Hygiene Index (OHI-S) (10), and the
scores were operationalized in groups of low,
medium, and high (11). A regular dental
visitor was defined as a person having visited
a dentist at least once a year for the past 3
years.

A statistical program package, the DDPP
(Discrete Data Program Package) (18),
developed at the University of Oslo was used
for analysis of the present results. Multiple
Classification Analysis (MCA) (19) was the
multivariate method chosen in this study to
detect possible correlations between the
dependent and the selected independent
variables within the frame of an additive
model. The method supposes that every
score for the dependent variable is created
by many additive coefficients (independent
variables). The degree of relationship
between each independent and the depen-
dent variable in the MCA is expressed by
the eta and beta coefficients. Beta and eta
indicate the relationship between the inde-
pendent and the dependent variable, with
and without adjustment for the relationships
between the other variables, respectively.
Beta gives a measure of the relative ability
(power) of the independent variable in

Table 1. Bivariate relation between selected independent variables and the dependent
variable, Number of carious surfaces. Analysis of variance (F test)

Mean no.
Independent of carious
variables Values n surfaces
A. Sex Women 72 2.4NS
Men 70 34
B. Regular dental No 15 5.1*
visits Yes 127 2.6
C. Years at school <=10 34 3.9*
>10 108 2.6
D. No. of missing 0-20 81 2.5
surfaces 21-34 40 2.9NS
35+ 21 43
E. No. of filled 0-40 18 31
surfaces 41-65 73 2.6NS
66+ 51 32
F. Oral hygiene status Low (0-0.99) 47 1.6
{OHI-S scores) Middle (1-1.99) 61 3.1
High (2+) 34 43
G. Frequency of tooth 1/day 26 3.7INS
cleaning >1/day 116 2.7

Statistical significance, * p < 0.05; NS = not significant.
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explaining the variation of the dependent
variable. R-square indicates the part of the
variation of the dependent variable which
can be explained by the total number of
independent variables included.

In addition to the MCA, analyses of vari-
ance were applied in the present study (20).
The level of significance was set at p < 0.05.

Results

Of the individual factors tested bivariately,
Oral hygiene status, Regular dental wvisits,
and Years at school were statistically sig-
nificantly related to number of carious sur-
faces (Table 1). Table 2 shows the eta and
beta values for the selected independent
variables assumed to contribute to the vari-
ation in number of carious surfaces. The
independent variables are ranked in accord-
ance with the calculated beta values. The
most important factor for explaining the vari-
ation in untreated carious surfaces was Oral
hygiene status (Table 2). The effect of Oral
hygiene status on the number of carious sur-
faces decreased slightly when other inde-
pendent variables were taken into consider-
ation (beta <eta). The total explanatory
factor (R?) based on all the independent
variables together was 15% (R?=0.146)
(Table 2).

Table 3 presents the mean number of cari-
ous surfaces three-variately for the groups
low, medium, and high OHI-S scores when
the selected independent variables were con-
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sidered one by one. A positive relation
between caries and OHI-S scores was
detected as a general trend (Tables 3A-F).
However, low n values for some of the
groups must be considered when interpreting
these results. When Frequency of tooth cle-
aning (Table 3C) was taken into consider-
ation, there was no difference in the number
of carious surfaces between those with low
OHI-S scores and only a small difference
between those with medium or high scores.
There was a lower number of carious sur-
faces for all the three OHI-S groups among
the regular dental visitors than among the
irregular attenders (Table 3D).

Discussion

The attendance and the reliability of the
caries registrations are discussed in a pre-
vious paper and were considered satisfactory
(11).

Epidemiologic investigations should util-
ize the potential of multivariate methods to
elucidate a multifactorial etiology of dental
caries. The MCA makes it possible to cor-
relate a set of independent variables to one
dependent variable, as demonstrated in
Table 2. The MCA was chosen for this pur-
pose in the present investigation owing to
the possibility of analyzing categorical inde-
pendent variables (19).

The participants were divided into groups
in accordance with the OHI-S scores low
(0.0-0.9), medium (1.0-1.9), and high

Table 2. The correlation of selected independent variables with the depen-
dent variable, Number of carious surfaces. R? indicates the total explained
variance of the dependent variable. Multiple Classification Analysis

(MCA)

Independent variables Eta Beta
Oral hygiene status (OHI-S scores) 0.327* 0.248*
Regular dental visits 0.244* 0.196*
No. of filled surfaces 0.105NS 0.162NS
No. of missing surfaces 0.200* 0.146NS
Years at school 0.170* 0.123NS
Sex 0.145NS 0.077NS
Frequency of tooth cleaning 0.093NS 0.013NS

R*=0.146

Statistical significance, * p < 0.05; NS = not significant.
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Table 3. Relation between Simplified Oral Hygiene Index scores (OHI-S) (low, 0.0-
0.9; medium, 1.0-1.9; high, 2.0+) and the number of carious surfaces, when taking
different independent variables into consideration. Analysis of variance (F test)

No. of carious

OHI-S n surfaces
A. Number of missing surfaces
Low Low 30 1.6
Medium 36 2.7*
High 15 4.1
Medium Low 12 0.8
Medium 19 3.5*
High 9 4.3
High Low S 3.6
Medium 6 4.5NS
High 10 4.6
B. No. of filled surfaces
Low Low 8 1.9
Medium 2 2.5NS
High 8 4.4
Medium Low 25 1.8
Medium 29 2.3*
High 19 4.2
High Low 14 11
Medium 30 4.0*
High 7 4.4
C. Frequency of tooth cleaning
1/day Low 5 1.6
Medium 12 3.5NS
High 9 5.0
> 1/day Low 42 1.6
Medium 49 3.0*
High 25 4.0
D. Regular dental visits
Yes Low 44 1.5
Medium 56 3.0*
High 27 3.7
No Low 3 3.2
Medium 5 4.2NS
High 7 6.6
E. Sex
Women Low 31 1.6
Medium 28 3.0NS
High 13 3.1
Men Low 16 1.6
Medium 33 3.2%
High 21 5.1
F. Years at school
= 10 years Low 11 2.0
Medium 12 4.5NS
High 11 53
> 10 years Low 36 1.5
Medium 49 2.8%
High 23 3.8

Statistical significance, * p <0.05; NS = not significant.

(2.0 4+) (11). The division reduces the prob- dental caries to oral hygiene in general on
lem of outliers but may simultaneously the basis of the OHI-S index, which utilizes
reduce the information from the oral hygiene  recordings from six surfaces only.

factor. However, the intention was to relate The factor Years at school was dichot-
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omized into <10 and > 10. A distinction
between low and high level of education is
commonly made at 10 years of education
(21, 22). This distinction fits well with the
common utilization of the Norwegian school
system and has been used in other oral health
studies (21). The factor Regular dental visits
includes individuals who have visited the
dentist at least once a year for the past 3
years. This factor and the factor Frequency
of tooth cleaning are difficult to assess and
may be a source of bias due to misclassi-
fication. The percentage of people brushing
their teeth more than once a day was slightly
higher than in a study from Sweden (23).
There is a tendency for some people to want
to give a more positive impression of their
own situation than the real one (24). The
direction of this bias is, however, favorable
with regard to the probability of committing
a type-1 error (25).

Bivariately, a statistically significantly
higher number of carious surfaces was found
in the group with high OHI-S scores than in
the low score group (Table 1). The import-
ance of oral hygiene status was also con-
firmed in the multivariate analyses (Table
2). However, it must be realized that the
selected independent variables together
explained only a small part of the variation
in the number of untreated carious surfaces
(15%) (Table 2). Other factors, not taken
into consideration in the present study, such
as dietary habits, the oral microflora, salivary
factors, behavioral factors, and the dentist’s
philosophy of intervention, may be of
importance.

Possible interactions with oral hygiene on
the number of carious surfaces may be dis-
covered by presenting data in a three-variate
analysis as demonstrated in Table 3. The
mean number of carious surfaces is recorded
for each of the three groups with low,
medium, and high OHI-S scores when taking
selected independent variables into con-
sideration. In the present material there is an
example of an interaction between Regular
dental visit and OHI-S scores on the number
of carious surfaces (Table 3D), indicating a
lower number of carious surfaces among the
regular dental visitors than among the irregu-
lar ones for all levels of OHI-S scores. It is
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reasonable to believe that the lower number
of carious surfaces among the regular dental
visitors is due to a higher repair rate.

An argument against a relation between
oral hygiene and dental caries has been that
individuals with a good oral hygiene are
more frequent brushers and thereby receive
more fluorides from the toothpaste (2). In
accordance with other studies (2), the oral
hygiene tended to be better, and there was a
tendency towards a lower number of carious
surfaces (Table 1F) among frequent than
among less frequent brushers. However,
when Frequency of tooth cleaning was taken
into consideration in a three-variate analysis
(Table 3C), the group with a low OHI-S
score had the same number of carious sur-
faces regardless of the frequency of tooth-
brushing. For the groups with medium and
high scores there were only small differ-
ences. This indicates that the quality, not the
frequency, of toothbrushing is of importance
for caries prevention among adults. This may
also be discovered from the multivariate
analysis (Table 2), for which the beta values
were low with regard to Frequency of tooth
cleaning and high for the quality (oral
hygiene status), further indicating that flu-
orides from the toothpaste give no additional
effect on the number of carious surfaces
when increasing the frequency of application
from once to twice a day.

Conclusions

The present study has demonstrated a
lower number of carious surfaces among 35-
year-old Oslo citizens with low OHI-S scores
than among those with high scores (Table
1). This is confirmed multivariately (Table
2). One should realize that oral hygiene was
assessed by a coarse method (OHI-S) and
that a more detailed assessment of plaque
on caries-susceptible surfaces might have
demonstrated a stronger relation between
caries and oral hygiene status in the present
study population. The explanatory factor for
all the independent variables (R? = 0.146)
might also have been higher. This low factor
indicates that the set of independent vari-
ables chosen for the additive model in the
present study gives limited knowledge of the
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dynamics of caries in the study population.
A multifactorial approach taking into con-
sideration more of the total number of vari-
ables of possible influence on the caries
status may be essential in detecting the full
potential of variables relevant for dental
caries in adults.
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