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In investigating the loss of alveolar bone by 
means of radiographs, different techniques 
have been used-both rotational panoramic 
and intraoral examinations. The intraoral 
techniques have been full-mouth examina- 
tions completed by the bitewing technique. 
To assess the alveolar bone loss on the radio- 
graphs, different reference units have been 
used, such as the length of the root (1-3), 
the length of the tooth (4-7), and the length 
of the crown (8-10). 

For long-term longitudinal investigations 
it is important to choose an adequate and 
reproducible radiographic technique. Fur- 
thermore, the assessment of the proximal 
alveolar bone level has to be performed in 
such a manner that well-defined measuring 
points are selected which can be identified 
on the radiographs to be compared and can 
provide high-precision measurements with a 
minimum of dropouts. 

Longitudinal investigations have mostly 
been performed on selected materials. The 
purpose of the present investigation was to 
determine the progress of alveolar bone loss 
assessed on intraoral radiographs in a longi- 
tudinal study of an unselected population. 

Materials and methods 
In 1970 the population of the County of 
Stockholm (old geographical boundaries) 
consisted of roughly 450,000 inhabitants 
aged 18-65 years, and from these an unselec- 
ted sample of 1423 individuals was drawn. 
They were examined with regard to their 
need for medical, social, and dental care. 
There were 32 refusals and unavailable per- 
sons. Thus the dropout rate was 2.25%. 

The sample was divided into two statis- 
tically equivalent parts, and one of them, 
consisting of 669 individuals, constituted the 
total material for a dental follow-up study in 
1980. The interval between the midpoints of 
the two investigations was 9 years and 8 
months, and in this report the interval 
referred to is 10 years. 

In 1970 the 669 individuals were examined 
by at least 1 of 3 examination techniques- 
clinical, radiographic, or interview. At the 
follow-up study in 1980, 597 of the indi- 
viduals could be examined by at least 1 of 
these techniques. The dropout (10.8%) was 
caused by the death of 32 persons, the emi- 
gration of 19 persons, and refusal to par- 
ticipate of 21 persons. 
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Of the 669 individuals examined in 1970, 
591 were examined radiographically. Of 
these, 463 were re-examined radiographi- 
cally in 1980; in this group 33 persons were 
edentate, and 24 had received such extensive 
dental restorations as to make measurements 
of alveolar bone loss impossible. The 
remaining 406 individuals were available for 
this study. 

To investigate whether differences existed 
between the subjects who were only inter- 
viewed and the others, analyses were made 
concerning the pattern of interview answers, 
socioeconomic and demographic reports, 
and important clinical and radiographic 
results from the 1970 investigation (11). 
There were no significant differences 
between the groups with regard to social 
class, income, sex, or age. The mean age of 
the group examined in 1980 was 47.6 years, 
that of the interviewed group 47.8 years, and 
that of the dropout group 48.1 years. Nor did 
such variables from the 1970 investigation as 
‘number of remaining teeth’, ‘alveolar bone 
loss score’, ‘presence of complete dentures’, 
and ‘presence of fixed bridges’ show sig- 
nificant differences between the groups. 
These results suggest that the material avail- 
able for analysis in 1980 still represents an 
unselected population. 

The radiographic investigation was per- 
formed as an intraoral full-mouth survey 
with standardized paralleling and long-cone 
technique and 2-4 bitewing radiographs. 
The same alignment principles were used in 
1970 and 1980. 
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is linearly transformed to the ABL (alveolar 
bone loss) index by the formula: 

ABL index = 10 X MBL index - 5. 
Thus, the ABL index is expressed in per- 
centage of the root length, 

To evaluate the difference in alveolar bone 
height between 1970 and 1980, the meas- 
urements were made with vernier calipers 
with an accuracy within 0.05mm (Kanon 
Dial Caliper-SO), and the values were 
expressed in tenths of a millimeter. 

Only periapical radiographs were used. 
The difference between 1970 and 1980 with 
regard to the percentage relation between 
the alveolar bone height and the length of 
the root side for each site has been called the 
ABD value (alveolar bone height differ- 
ence), and the mean of the ABD values in 
a subject has been named the ABD index. 

To reduce the number of measurements 
from about 70,000 in the entire material to 
a moderate number, a method for partial 
recording was used (13). Thus, in individuals 
with at least 15 measurable sites, meas- 
urements have been made at the following 
tooth sides: 12 mesially, 11 mesially, 33 
distally, 31 distally, and 41 mesially. When 
1 or more of the sites were unmeasurable 
or less than 15 sites were available in an 
individual, a recording of all measurable 
tooth sides was made. The construction of 
this partial index is described in greater detail 
in a separate paper (13). 

Two of the authors examine’d simul- 
taneously the radiographs from 1970 and 
1980 for each subject. The intraexaminer 
error of the ABD index was determined by 
duplicate assessments of 27 randomly selec- 
ted subjects. The re-examinations were 
made 3 years after the first examination, and 
the correlation between the two exam- 
inations was calculated. 

Furthermore, the intraexaminer variation 
was estimated as the standard error of an 
estimate of a single determination, Sd, which 
is related to the precision and is calculated 
by the formula 

Assessment procedure 
The radiographs from the examination 

performed in 1970 had been evaluated with 
regard to the alveolar bone loss by a method 
described by Schei et al. ( l) ,  without the 1- 
mm space in the ruler (12). The alveolar 
bone loss was thus expressed in scores de- 
noting tenths of the root length. Score 1 was 
equal to less than 10% of the root length, 
score 2 was equal to 10% but less than 20%, 
and so on. The score at a single-root side 
was named MBL value, and the mean of the 
MBL values at all measuring sites of a subject 
was called the MBL index. The MBL index 
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Results 
Intraexaminer error 

The two determinations of the ABD index 
resulted in mean values and standard devi- 
ations of 7.72 2 5.90 and 7.77 & 5.86. The 
correlation coefficient between the two 
examinations was 0.97. The precision, 
expressed as the standard error of an esti- 
mate of a single determination, was 0.93. 
This corresponds to 12% of the mean values 
mentioned above. The distribution of the 
individual values of ABD indices from the 
two determinations is given in Fig. 1. 

ABDindex 
Recording1 

I 

5 10 15 20 25 
ABD Index 
Record ing2 

Fig. 1. Scatter diagram of the two determinations of 
ABD indices of 27 randomly selected full-mouth surveys 
( r  = 0.97). 

where d is the difference between the two 
recordings and n is the number of indi- 
viduals. 

Progress of proximal alveolar bone loss 
The mean and standard deviation of the 

ABD index was 5.5 5 4.99. This corresponds 
to an average bone loss of 0.9 mm, since the 
mean root length was 16 mm. Table 1 shows 
the ABD index in different age groups. With 
some exceptions the ABD index increased 
with age. The most noteworthy divergence 
concerned the oldest group. Also notable 
was the size of the standard deviations. Men 
in most of the age groups had higher ABD 
indices than women. When the subjects were 
grouped by their ABD index (Table 2), 60% 
of them had an ABD index lower than 5.0 
and 10% an index higher than 10.0. 

Table 1. ABD index, mean and standard deviation (SD) (alveolar bone loss in the period 1970-1980 determined 
in percentage of the mean root length): age and sex distribution (N = 406) 

ABD index 
Age 

in Men Women Both sexes 
1970, 
years n Mean SD n Mean SD n Mean SD 

18-20 15 
21-25 37 
26-30 28 
31-35 25 
36-40 25 
41-45 18 
46-50 21 
5 1-55 10 
56-60 12 
6 1-65 11 
18-65 202 

4.2 
4.5 
4.3 
6.0 
4.9 
5.7 
7.1 
7.3 

10.9 
6.7 
5.7 

3.06 14 
3.00 44 
4.18 30 
4.34 15 
3.17 19 
3.09 21 
7.91 23 
5.95 17 

11.36 15 
6.73 6 
5.37 204 

4.5 
4.2 
4.3 
5.2 
6.2 
6.5 
4.6 
6.7 
8.6 
6.5 
5.4 

2.66 29 
2.01 81 
1.82 58 
4.11 40 
3.35 44 
5.92 39 
3.08 44 
4.82 27 

11.19 27 
4.38 17 
4.60 406 

4.3 
4.3 
4.3 
5.7 
5.5 
6.2 
5.8 
6.9 
9.7 
6.6 
5.5 

2.83 
2.50 
3.16 
4.22 
3.27 
4.78 
5.97 
5.16 

11.11 
5.90 
4.99 
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Table 2. The distribution of the subjects by ABD index 

Subjects in the sample 

ABD index No. % 

0.0-0.9 
1.0-1.9 
2.0-2.9 
3.0-3.9 

5 .O-5.9 

7 .O-7.9 
8.0-8.9 
9.0-9.9 

10.0-13.9 
14.0-50.0 

4 . 0 4 . 9  

6.0-6.9 

Total 

13 
33 
70 
74 
57 
40 
30 
24 
12 
11 
20 
22 

406 

3 
8 

17 
18 
14 
10 
7 
6 
3 
3 
4 
6 

99 

Mean ABD index, 5.5: SEM, 0.2517. 

The alveolar bone loss index (ABL index 
1970) was evaluated on the radiographs 
obtained in 1970 and is given in Table 3. To 
study the correlation between the ABL and 
ABD indices, a linear regression analysis was 
performed. The ABD index constituted the 
dependent and the ABL index the inde- 
pendent variable. The analysis gave the fol- 
lowing regression equation (Fig. 2): 
ABD index = 1.323 + 0.368 x ABL index. 

Table 3. ABL index 1970. mean and standard deviation 
(SD) in age groups (the ABL index is expressed in per- 
centage of the root length; N = 406) 

Age in ABL index 1970 
1970, 
years n Mean SD 

18-20 
21-25 
26-30 
3 1-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
18-65 

29 
81 
58 
40 
44 
39 
44 
27 
27 
17 

406 

5.8 
6.1 
6.6 

10.8 
12.6 
15.0 
16.2 
21.4 
20.8 
21.7 
12.0 

1.2 
1.5 
2.2 
5.6 
6.2 
7.9 
9.0 

11.9 
10.6 
6.9 
8.3 

The correlation coefficient between the 
ABL index in 1970 and the ABD index was 
0.58, which is significant (p C 0.001). As can 
be seen in Fig. 2, however, the variation 
between individuals is considerable. 

From the equation and the diagram it can 
be seen that the bone loss rate is a fllnction 
of the initial bone loss, the ABL index. The 
group that in 1970 had an ABL index of 
10% of the root length (which approximately 
represents the mean of the sample) is esti- 
mated to have had an average bone loss of 
5.0%-that is, a bone loss of 15.0% after 10 
years. The group with an estimated initial 
loss of 20% had, on an average, 28.7% bone 
loss in 1980, and the group with an estimated 
initial loss of 30% had, on an average, 42.4% 
bone loss in 1980. 

Discussion 
In previous longitudinal studies of proximal 
alveolar bone loss the material consisted of 
patients or students at dental schools, pa- 
tients of general practitioners, or employees. 
All these populations might be regarded as 
selected. The present material, however, 
consists of inhabitants of the County of Stock- 
holm. This region was composed of both 
urbanized areas and rural areas. The central 
part of Stockholm was not included. Since the 
unchecked dropout of the original sample was 
small and the remaining dropout did not sig- 
nificantly differ from those investigated with 
regard to demographic and some dental vari- 
ables, the material may be regarded as rep- 
resentative of the 450,000 inhabitants aged 
18-65 years in 1970. 

The material, randomly selected for deter- 
mination of the error, consisted of 20 indi- 
viduals with ABD index lower than 10 and 
7 individuals with ABD index higher than 
10. For all individuals with the lower ABD 
index there was close agreement between 
the two determinations. In the group with 
higher ABD index there were two subjects 
with marked differences. This may be 
explained by the fact that in radiographic sets 
representing high ABD indices the choice of 
measurable sites and of measurement method 
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Fig. 2. Scatter diagram of the ADB indices (alveolar bone height difference 1970-1980) and the ABLindices (alveolar 
bone loss 1970). The scatter diagram covers 406 individuals. The regression line is determined from individuals 
constituting the material. 

(12) may differ between the two determina- 
tions. For the whole material only 10.4% had 
an ABD index higher than 10. 

It should be noted that the alveolar bone 
loss is underestimated because several teeth 
had been lost after severe periodontitis. Of 
the total 389 teeth (third molars excluded) 
lost in the material during the period 1970 
to 1980, approximately one fourth had an 
alveolar bone loss of two thirds or more of 
the root length in 1970. 

When the results of the present inves- 
tigation are compared with previous ones, it 
is necessary to consider differences in mean 
age and periodontal health of the subjects 
and differences in radiographic methods. 
Furthermore, when the alveolar bone loss is 
expressed in absolute measures, the different 
degrees of magnification will influence the 
results. Thus panoramic radiographs involve 
a magnification of 2040% (14), whereas 

the magnification of intraoral radiographs is 
about 5-10%. No correction for magni- 
fication has been made in the present inves- 
tigation or in previous investigations based 
on intraoral radiographs from 1970. 

Good correspondence was observed be- 
tween the present and most of the previous 
radiographic studies. The average annual 
alveolar bone loss in the investigation in 
which intraoral radiographs were used 
ranged between 0.03 and 0.07mm (3, 9, 
15). In panoramic radiographs the value was 
0.07mm after correction for a 30% magni- 
fication (6, 7, 14). In a cross-sectional study 
performed by means of orthopantomograms 
alveolar bone loss was observed in 249 indi- 
viduals aged 18-60 years. The mean annual 
loss was 0.06mm (16), and this had been 
corrected for in the enlargement. 

On the other hand, studies in which clini- 
cal probing was performed showed a more 
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rapid rate of loss of periodontal tissue than 
those with radiographic measurements. 
Thus, in longitudinal studies an annual 
increase in pocket depth of 0.20 mm or more 
was found (17-19). The divergence between 
clinical probing and radiographic inves- 
tigations concerning destructive perio- 
dontitis does not seem to accord with the 
findings of Suomi et al. (20), who demon- 
strated that there was no significant dif- 
ference between probing and radiographic 
measurements. 

In the present investigation the pro- 
gression of alveolar bone loss increased with 
age. This is in agreement with some other 
investigations. Bjorn (6) and Soderholm (7) 
found a tendency to increased rate of bone 
loss with age. The former investigation com- 
prised a period of 6 years and the latter 
9 years. In another longitudinal study (3), 
however, the yearly rate of bone loss was 
not found to be greater in older than in 
younger patients. However, in that study the 
assessment technique was coarse and the 
material relatively small. 

As can be seen in Fig. 2, the bone loss rate 
during the 10-year period is dependent on 
the initial bone loss. Assuming that all factors 
constituting the periodontal conditions are 
unchanged compared with the period 1970- 
1980, a prediction of the changes in alveolar 
bone loss might be made. If an initial value 
of ABL index (ABL") is given, it is possible 
to estimate the alveolar bone loss with the 
aid of the regression equation after 10 
(ABLlo), 20 (ABLo), 30 (A%"), and 40 
(ABLM1) years. The average bone loss at 
these times can be expressed by the following 
equations: 

ABLlo = 1.323 + 1.368 X ABLo 
ABL2o = 3.133 + 1.871 X ABLo 
ABL3o = 5.609 + 2.560 X ABLo 
ABLN = 8.996 + 3.502 X ABLo 

The regression lines corresponding to these 
equations can be seen in Fig. 3. 

A prediction of the alveolar bone loss for 
groups of individuals with certain average 
levels of alveolar bone height may be based 
on the regression equations given (Fig. 3). 
This can be exemplified as follows. 
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Fig. 3 .  Regression lines for the relation between the 
ABL,, (alveolar bone loss 1970) and the predicted ABL, 
after 10,20,30, and 40 years. The measures ABL(, and 
ABL, represent the alveolar bone loss in percentage of 
the root length. N = 406. 

A group of individuals with a mean value 
of initial ABL,, index of 50% will reach the 
same bone height after 10 years as a group 
with an initial ABLo index of 25% after 
30 years. The attempt to predict the progress 
of periodontitis is based on the assumption 
that the factors influencing the bone loss are 
unchanged. The assumption may be sup- 
ported by the fact that there is a good agree- 
ment with other radiographic investigations 
carried out on different populations and at 
different times. 

In the present investigation mean values of 
the alveolar bone loss over time have been 
determined for individuals, groups of indi- 
viduals, and the whole population. No atten- 
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tion has been paid to the bone loss at different 
sites, although it is well known that bone loss 
is irregular in many individuals (21). 
However, our purpose has been to evaluate 
mean values of the progress of destructive 
periodontitis, which is also of interest for esti- 
mating the need for dental treatment of a 
Swedish population. As is shown in Table 2, 
most of the subjects had a very small alveolar 
bone loss during the period, and only 10% 
had an ABD index greater than 10.0-that is, 
1.6 mm average bone loss during 10 years. 
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