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In Sweden people in all age groups now have more remaining teeth than previously. An
investigation has been made to identify some predictors of alveolar bone loss in a 10-year
period in subjects with at least 20 remaining teeth. The material consisted of 349 individuals,
examined radiographically, clinically, and by interview in 1970 and in 1980. These subjects,
born in 1904-1952, constituted a subgroup, with regard to remaining teeth, of an unselected
sample of the population of the old county of Stockholm. In the unselected sample statistically
significant predictors of alveolar bone loss found in a stepwise multiple regression analysis
were 1) alveolar bone loss in 1970, 2) age, 3) number of lost teeth, and 4) Russell’s Periodontal
Index (PI). In the subgroup the predictors were in the order 1) Russell’s PI and 2) smoking.
The prediction values (R?) of further variables were marginal. The analyses showed that there
was an interaction between PI and smoking, implying that the effect of smoking on alveolar
bone loss was increased in individuals with high PI values. Furthermore, a tendency was found
for a dose-response effect of tobacco consumption. This tendency almost disappeared when
controlling for PI. O Epidemiology; periodontal disease; periodontal index; prognosis; radio-

graphy, dental; smoking
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Many factors influence alveolar bone loss.
Some of them can be studied in longitudinal
epidemiologic investigations. When factors
with possible influence on the development
of alveolar bone loss in an unselected popu-
lation are being analyzed, some predictors
seem to predominate. In a previous long-
term longitudinal radiographic investigation
of 406 individuals, aged 1865 years in 1970,
a stepwise multiple regression analysis with
18 predictors was performed (1). The result
showed that the strongest correlations
existed between the dependent variable,
alveolar bone height difference between
1970 and 1980, and the following predictors:
‘alveolar bone loss in 1970° (p <0.001),
‘age’ (p < 0.001), ‘number of lost teeth’ in
1970 (p < 0.001), and ‘Russell’s Periodontal
Index’ (PI) in 1970 (p < 0.01). Inclusion of

the remaining 14 predictors increased the
coefficient of determination from 0.40 to
0.42.

At present Swedish people in all age
groups have more remaining teeth than pre-
viously (2, 3). Therefore, it might be of in-
terest to determine the predictors of sig-
nificance for the progress of alveolar bone
loss in a population with a current number
of remaining teeth. In such a material pre-
dictors other than those mentioned above
might be of significance. One such predic-
tor could be smoking (4-6). The aim of the
present investigation was to study how the
same predictors as in the previous investi-
gation (1) influence the progress of alveolar
bone loss in a sample with a current number
of remaining teeth over a period of 10
years.
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Table 1. Distribution of 349 participants with at least
20 remaining teeth in different age groups
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Materials and methods

Of the inhabitants aged 18-65 years in 1970

Age, 1970 No. of subjects Percentage (450,000 persons) in the county of Stockholm
18-25 109 31 (old geographic boundaries) an unselected
26-35 92 26 sample of 406 dentate persons was drawn.
36-45 3 21 This material has been described in a pre-
gg__gg g}, 13 vious paper (7). From this sample we
18-65 349 100 excluded 57 individuals who had fewer teeth

than the average—that is, the individuals in

Table 2. Variables with quantifications, mean values, and standard deviations (SD) used in the
statistical analyses. V1-V18 refer to the 1970 investigation. Reference number in parentheses

Variables Units and quantifications Mean SD
vi Sex Male = 1, female = 0 0.487 0.501
V2 Age 18-65 years 34.8 122
V3 Social class Upper = 1, middle = 2, working = 3 2.14 0.70
V4 Tooth-brushing Less than once a day = 0, 1.79 0.51
frequency once a day = 1,
twice a day or more = 2
V5 Tooth-brushing Two dummy variables: 0.086 0.281
technique a) if horizontal strokes = 1
if other methods = 0
Vé Tooth-brushing b) if vertical strokes 0.590 0.493
technique orroll =1
if other methods = 0
\'% Smoking, Smoking = 1, no smoking = 0 0.524 0.500
general
V8  Smoking, No smoking = 0, 1-9/cigarettes/ 1.11 1.19
quantified day = 1, 10-19/cigarettes/day = 2
>19/cigarettes/day = 3. One pipe
fill = 1 cigarette = 1 g tobacco in
accordance with Pindborg (8)
V9 Frequency of At least one treatment/year 0.221 0.415
dental treat- = 0, more seldom = 1
ment
V10  Number of 0-12 5.34 3.01
lost teeth
Vil DMFT 0-32 21.75 5.18
V12 Partial den- If present = 1, if not = 0 0.023 0.150
tures
Vi3 Number of Number of periradicular 0.048 0.072
periradicular destructions divided
destructions by the number of remaining
teeth
V14 Plaque index DI-S in OHI-S index by Greene 1.46 0.65
& Vermillion (9)
V15 Calculus index CI-S in OHI-S index by Greene 1.16 0.64
& Vermillion (9)
V16  OHI-S index Greene & Vermillion (9) 2.63 1.23
V17 Periodontal PI in accordance with Russell (10) 2.14 1.54
index
V18 Proximal al- ABL index (7) 10.03 5.93

veolar bone
loss index
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the subsample had at least 20 remaining
teeth. Thus the material in the present inves-
tigation consisted of 349 persons (Table 1).
The individuals were in 1970 and in 1980
examined radiographically, clinically, and
by interview about dental care habits, smok-
ing habits, and frequency of dental treat-
ment. The predicting variables used in the
present analyses are those examined in the
1970 investigation (5) and are presented in
Table 2.

The alveolar bone loss (ABL) in 1970 was
recorded in scores denoting 10% of the root
length. The mean ABL value for one indi-
vidual was named the ‘ABL index 1970’. For
evaluating the difference in alveolar bone
height (ABD) between 1970 and 1980 a par-
tial recording index, 12 m, 11 m, 33d, 314,
and 41m, was used (11), and the mean
alveolar bone difference for an individual
was called the ‘ABD index’. No substitution
for the sites of the index was used. The
alternative to the partial recording was total
recording. The ABD index was expressed in
percentage of the root length.
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Table 3. Distribution of 349 participants with at least
20 remaining teeth in different ABD index groups.
Mean and standard deviation of the ABD index was
48+3.4

ABD index No. of subjects Percentage
0.0-1.9 42 12.0
2.0-3.9 129 37.0
4.0-5.9 91 26.1
6.0-7.9 45 12.9
8.0-9.9 19 5.4

10.0-25.5 23 6.6

The assessment procedure and the exam-
ination errors have been described in pre-
vious papers (7, 11).

In the analyses the ABD index constitutes
the dependent variable. The variables in
Table 2 are the predictors of alveolar bone
loss over the 10-year period to be analyzed.
The statistical methods used were frequency
calculations, simple correlation analyses,
and stepwise multiple regression analyses.

Table 4. Coefficients in the correlation between the alveolar bone difference, the ABD
index, PI, smoking, general, and the predictors used in the stepwise multiple regression
analysis. V1-V18 refer to the 1970 investigation. Significance limits: r = 0.105-0.136: p <
0.05; r = 0.137-0.173: p < 0.01; r > 0.173: p < 0.001; N = 349

Predictor ABD index V17 v7
V17 PI 0.48 1.00 0.04
V18 ABL index 0.39 0.71 0.00
V16 OHI-S index 0.34 0.69 0.11
V14 Plaque index 0.33 0.63 0.11
V15 Calculus index 0.32 0.69 0.09
V8 Smoking, quantified 0.25 0.09 0.88
V10 Number of lost teeth 0.25 0.41 -0.07
V7  Smoking, general 0.23 0.04 1.00
V13 Number of periradicular 0.17 0.39 -0.11

destructions
V2  Age 0.15 0.46 -0.23
V4  Tooth-brushing frequency -0.14 -0.13 0.00
V12 Partial dentures 0.14 0.11 -0.01
V11 DMFT 0.10 0.19 -0.03
VS Horizontal brushing technique 0.09 0.03 -0.01
V9  Frequency of dental treatment 0.06 0.07 0.17
V6  Vertical or roll brushing -0.03 0.04 -0.01
technique

V3  Social class —-0.01 -0.02 0.08
V1  Sex 0.00 0.07 0.07
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Results

The mean values and standard deviations
for the 18 predicting variables used in the
analyses can be seen in Table 2. The mean
and standard deviation of the dependent
variable, the ABD index, was 4.8 = 3.4%
of the root length. The ABD indices are
grouped in six classes in Table 3, and it can
be seen that 49% of the individuals had
an ABD index lower than 4.0—that is, an
alveolar bone loss in 10 years less than 4%
of the root length. Only 6.6% of the subjects
had an ABD index higher than 10.0.

The simple correlation analyses showed
that the correlations between the ABD index
and 12 of the 18 predictors were significant
(p <0.05) (Table 4).

In the stepwise multiple regression analy-
sis (Table 5) two predictors reached sig-
nificance at the 1% level. The dominant pre-
dictor was PI (V17), followed by smoking,
general (V7). The coefficient of determi-
nation, R?, was 0.28. The first predictor, the
PI, had an R? value 0.23. The regression
coefficient 1.05 for PI implies that an in-
crease in mean value of PI by one unit corre-
sponds to an estimated average increase of
the ABD index by 1.05% of the root length.
The means of the ABD index in different PI
intervals are given in Fig. 1.

In a previous investigation of 406 indi-
viduals with ABD index as the dependent
variable four predictors were significant at
the 1% level: ABL index 1970, age, number
of lost teeth, and PI (1). When these pre-
dictors and smoking, general, were used in
a multiple regression analysis in the present
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Fig. 1. The means of the ABD index for the 349 indi-
viduals in different PI intervals, with the standard
deviations.

investigation, the coefficient of determi-
nation reached the value 0.30. Including all
variables as predictors, irrespective of sig-
nificance levels, the coefficient of deter-
mination increased to 0.33. In this analysis
the predictor OHI-S index was excluded
because it is a summation of plaque index
and calculus index.

The difference between the ABD indices
for smokers and non-smokers increased
(p < 0.05) with increasing value of PI (Fig.
2). Even at low values of PI the results sug-
gested that the smokers had a higher ABD
index than non-smokers.

When the material was analyzed in terms
of smoking, quantified, in 1970 versus ABD

Table 5. Stepwise multiple regression analysis with alveolar bone difference 1980-1970 (the
ABD index) as the dependent variable and the V1-V18 in Table 2 as predictors. The
individuals constituting the material for the analysis (N = 349) had at least 20 remaining

teeth. The variables refer to the 1970 investigation

Regression
Predictor coefficient t Significance
V17 Periodontal Index 1.05 0.10 9.99 p < 0.001
V7  Smoking, general 1.46 0.32 4.67 p < 0.001
Intercept 1.82

R? = 0.28.
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Fig. 2. The regression of the relation between smokers
and non-smokers in the ABD index and the perio-
dontal index 1970 (PI). The regression equation was
ABD index 2.34 + 0.49(V7) + 0.79(V17) +
0.44(V7)(V17).

3

index, a tendency to increasing ABD index
was found with increasing tobacco con-
sumption (Table 6). When controlling for
PI, the dose-response effect became weaker.

Discussion

Long-term longitudinal investigations of
alveolar bone loss are scarce. Since periodon-
titis usually progresses slowly, an inves-
tigation of progression needs a long interval
between the examinations. It has therefore
been an advantage to use a 10-year obser-
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vation period. In spite of this long interval
there is a need for a technique with high
precision and minimum loss of measurable
sites (11).

In the present investigation the material
is selected with regard to the number of
remaining teeth. The dental prophylaxis and
the changed attitudes among the population
have resulted in less tooth mortality. The
number of remaining teeth will probably
increase further in future populations. The
current number of remaining teeth may be
20 or more. For that reason only individuals
with at least 20 teeth are included in the
analyses. This level is supported by the
results in a previous paper (1). Furthermore,
multiple regression analysis has been per-
formed for subjects with at least 16 and with
at least 24 remaining teeth. The predictors
in significant positions were the same as in
the sample with at least 20 remaining teeth.

The two variables plaque index and cal-
culus index have a significant correlation
with the ABD index (Table 4). However,
Russell’s PI may also be interpreted as being
related to bacteriologic factors. This explains
the fact that plaque index and calculus index
did not attain significant positions in the step-
wise multiple regression analysis. These fac-
tors have been absorbed by PI.

The correlation between smoking,
general, and PI was weak (r=0.04). The
weak correlation might be explained partly
by the fact that PI is positively correlated to
age, whereas smoking, general, was nega-
tively correlated to age. When we analyzed
for age, the correlation coefficient increased
to 0.17.

Table 6. Mean and standard deviations of the ABD index for non-smokers and smokers
in three classes. The daily tobacco consumption is expressed as number of cigarettes or
grams of tobacco. Standardization is performed by means of regression analysis, and the
mean PI of the non-smokers is used as standard

ABD index
Smoking quantity, No. of Mean ABD index when
1970 individuals Mean SD standardized for PI
Non-smokers 166 4.0 2.7 4.0
1-9 45 5.0 4.36 5.1
10-20 73 5.5 3.16 5.5
>20 65 6.1 4.11 5.6
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Table 7. Multiple regression analysis to examine the
internal validity of Russell’s Periodontal Index. The
ABD index is the regressand, and the regressors are the
fractions of teeth assigned 1, 2, 6, and 8 in accordance
with Russell's index

Regression
Regressor coefficient SE
1 0.26 1.02
2 2.13 1.08
6 5.69 0.99
8 14.09 18.26
2 =0.231.

In Russell’s PI the scale 0, 1, 2, 6, 8 has
been used. To investigate whether any other
scale would improve the correlation with the
ABD index, a multiple regression analysis
with the ABD index as the dependent vari-
able was performed. Four independent vari-
ables were introduced into the regression
model: for each individual the fraction of
teeth assigned 1 in accordance with the
Russell system, the fraction assigned 2, the
fraction assigned 6, and the fraction assigned
8. The value O is used as reference. The
regression coefficients in Table 7 constitute
the scale that maximizes the correlation with
the ABD index in this material. The
improvement is, however, slight, and the
coefficient of determination (R?) increased
from 0.229 to 0.231. The resulting scale
shows fairly good correspondence with the
original one, and the internal validity of PI is
consequently fairly good. It should be noted
that the total fraction of PI value 8 was only
1.5%oc (that is, 8 teeth).

Fifty-two per cent of the individuals were
smokers, which is the same frequency as in
the unselected material (1). The smoking
habits seem to be stable, as 296 of the 349
individuals had the same smoking habits in
1970 and 1980. The correlation coefficient
between smoking, general, in 1970 and in
1980 was 0.71.

Over several decades several investiga-
tion$ have been made to ascertain whether
smoking, in one way or another, has a nega-
tive influence on the dental-supporting
tissues. Smoking seems to be a significant
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and complicating factor when the predictors
are analyzed for alveolar bone loss (4). In
some investigations it is shown that oral
hygiene has deteriorated or the plaque index
is higher in smokers (12, 13); other studies
provide no support for such relations
(14, 15).

In a longitudinal investigation of an
unselected material of 406 persons (1) there
was no significant correlation between the
alveolar bone loss and smoking in a stepwise
regression analysis. However, when a sub-
group of the material mentioned consisting
of the individuals with at least 20 remaining
teeth was analyzed, smoking, general,
assumed a significant level in the multivariate
analysis. The different results in the inves-
tigations mentioned above can be explained
by factors such as selected materials or length
of the smoking period.

The tendency to a dose-response relation
decreased when it was controlled for Pl in a
regression analysis; that is, a slight con-
founding influence of PI was seen.

In preventive and curative periodontal
treatment it is important to inform smoking
patients that smoking is a factor that accel-
erates alveolar bone loss. Furthermore, this
effect is more pronounced the higher the PI.
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