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Abstract There is limited information regarding the prev-
alence and intraoral distribution of infrabony lesions po-
tentially suitable for regenerative procedures in common
patients seeking regular dental care in a dental practice. The
aim of the present study was to investigate the prevalence
and extent of alveolar bone loss and infrabony defects in
randomly selected orthopantomograms of adult patients in
different age groups seeking treatment at the dental service
of the German Armed Forces. A total of 240 panoramic ex-
posures were available for analysis, 60 in each of the age
groups <30, 30–39, 40–49, and ≥50 years of age. At each
tooth, distances between the cementoenamel junction or
margin of restoration and the alveolar crest as well as the
bone level weremeasuredwith a calliper to the next 0.1mm.
Whereas virtually no bone loss was present in the youngest
age group, a major change in bone level frequency distri-
butions occurred after age 30 years. At age 50 years, about
50% of subjects had considerable bone loss of more than 4
mm at 10% or more sites, and 6 mm or more at about 5%
sites. Deep infrabony defects were infrequently found
before age 40 years. About 20% of patients at least 50 years
of age had radiographic evidence of infrabony pockets of
4 mm or more at not more than 5% of sites. Bone loss was
more pronounced in the maxilla, especially at molars. In
this predominantly male population, periodontal bone loss
gradually increased with age. However, prevalence of in-
frabony defects was very low.

Keywords Periodontal bone loss . Infrabony defects .
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Introduction

An essential characteristic of destructive periodontal dis-
ease is loss of the tooth-supporting alveolar bone. In gen-
eral, even (or horizontal) bone loss is differentiated from
angular bony defects (or vertical bone loss). Since the bot-
tom of the defect is apical to the alveolar crest, these defects
are preferentially termed infrabony [23]. A prerequisite for
the development of destructive periodontitis is bacterial
deposits on involved teeth. Various, mostly gram-negative,
anaerobes have been implicated in the pathogenesis of the
disease [25]. Infrabony lesions seem to be mainly the result
of anatomical characteristics, for instance the form and
volume of alveolar bone [22]. In addition, periodontitis has
been associated with occlusal trauma [17] and infected root
canal systems [11].

It has been shown that meaningful advantages of com-
plicated therapeutic measures—for example, guided tissue
regeneration—can only be expected in specific, well-de-
fined osseous lesions. Based on the results of a recent meta-
analysis [12] of studies dealing with different surgical
procedures for infrabony defects, it was concluded that
these defects need to be deeper than, say, 3.5 mm in order
to effectively exploit, in terms of clinically relevant ad-
ditional attachment gain, beneficial potentials of regener-
ative procedures. The same group also emphasized that,
because of the presence of one or more defects of that size,
not more than 30% of the patients seeking regular dental
care at a University Dental School could benefit from this
kind of surgical intervention [19].

There is still limited information on the prevalence and
intraoral distribution of infrabony lesions potentially suit-
able for regenerative procedures in common patients seeking
regular dental care at a dental practice. The main objective
of the present study was therefore to assess alveolar bone
loss and the presence of infrabony defects on panoramic
radiographs of patients of different age classes sampled at
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the radiological archive of a dental unit at the German
Armed Forces. The association of restorations, periapical
condition, and other covariates with bone loss will be pre-
sented in a separate paper [15].

Materials and methods

Orthopantomograms from dentate patients in four age
classes (under 30 years of age, 30–39, 40–49, and 50 years
and older) were randomly selected from the radiological
archive of the German Armed Forces’ Medical Centre in
Bonn, Germany, until 60 exposures were available for
each age class. Radiographs with sufficient contrast and
brightness were checked by one investigator (UM) for the
presence of measurable distances between the tooth’s ce-
mentoenamel junction or, if missing, another suitable land-
mark, and the alveolar bone crest, and the bottom of any
periodontal defect. Orthopantomograms were eligible for
analysis if the respective measurements could be made on
more than 80% of the teeth. All films had been exposed to
an X-ray source (Heliomat, Siemens, Bensheim, Germany)
and automatically developed under controlled conditions
(Periomat, Dürr Dental, Bietigheim-Bissingen, Germany).
Enlargement factors of radiographs were calculated in a
separate study. Steel balls with a defined diameter of 5 mm
were fixed interdentally in a custom-made acrylic splint,
and exposed. Images of the balls were measured in two
dimensions. Vertical enlargement varied between 14–16%
in regions of anterior teeth, 16–20% in premolar regions,
and 22–28% in molar regions.

Radiographs were inspected in a darkened room on a
viewing box (Maier, Garmisch-Partenkirchen, Germany).
The following landmarks were identified at mesial and
distal surfaces of any erupted tooth: (1) coronal landmark
(CL): the interproximal projection of the cementoenamel
junction or, if destroyed after restorative therapy, the apical

termination of a restoration or crown margin; (2) bone level
(BL): the most coronal interproximal projection of a peri-
odontal ligament space with a constant width. If a peri-
odontal ligament space was not visible, the observer had to
choose a point where the alveolar crest crossed the root
surface [3]; (3) if the observer was of the opinion that there
was no infrabony lesion visible on the radiograph, BL was
identical to the alveolar crest (AC). Otherwise, AC was
measured as follows. The perpendicular from the most
coronal part of the interproximal alveolar bone was raised
to the root axis. The intersection between this perpendic-
ular and the root surface was the second apical landmark,
AC. Measurements of the distances between CL and BL,
and AC and BL were made with a calliper to the next 0.1
mm. If one or more of these landmarks could not be deter-
mined, the tooth was excluded from the study. Whenever
caries had destroyed the cementoenamel junction, the re-
spective tooth was also excluded.

In addition to bone level measurements, possible furca-
tion involvement of multirooted teeth, the condition of the
apical periodontium and the quality of proximal restorations
were graded. Respective results are reported in a companion
paper.

A reliability study was conducted after intensive calibra-
tion of the principal observer. Two experienced periodontists
were additionally involved. Twelve suitable orthopanto-
mograms from all age categories were circulated among
observers within 14 days.

Statistical analysis

Data acquired in the reliability study were analyzed ac-
cording to Fleiss [7]. The intraclass correlation coefficient
of reliability R ¼ �2

T

�
�2
T þ �2

e

� �
was estimated, where σT

2

is the true variance of distance and σe
2 is the variance of

random error. The primary variables of the present study
were the bone loss and the depth of infrabony defect. Using
bitewing radiographs, it had been estimated that the normal
distance between the cementoenamel junction and AC is
1.9 mm with 95% confidence [9]. Thus, bone loss was only
assumed if the distance betweenCL andBL exceeded 2mm.
The orthopantomogram was the statistical unit. Patients’
mean values and standard deviations were calculated. To
describe differences in different age groups, one-wayANOVA
was employed. Within-patient differences between mesial
and distal sites were assessed by paired t-tests. Extent and
severity of bone loss and infrabony defects was graphically
displayed by bivariate quantile plots of frequency distribu-

Table 2 Mean (±standard
deviation) of patient average
mesial and distal bone loss
(in mm) by age group

ns not significant

Age group
(year)

Mesial Distal p

Mean±sd Range Mean±sd Range

19–29 0.031±0.088 0.000–0.496 0.045±0.118 0.000–0.635 <0.05
30–39 0.432±0.755 0.009–4.383 0.462±0.769 0.013–4.350 <0.05
40–49 0.896±0.880 0.000–4.660 0.907±0.805 0.000–4.725 ns
50+ 1.792±1.550 0.009–6.330 1.729±1.422 0.018–5.729 ns

p<0.001 p<0.001

Table 1 Number of teeth present and assessed by age group

Age group
(year)

Number of teeth
present

Number of teeth
assessed

Mean±sd Range Mean±sd Range

19–29 30.1±2.5 21–32 29.5±2.9 20–32
30–39 27.0±3.9 6–32 26.2±3.7 6–32
40–49 26.4±3.6 15–32 25.5±3.5 15–32
50+ 24.7±5.1 6–32 24.0±5.0 6–32

p<0.001 p<0.001
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Fig. 1 Quantile plots (cumulative frequency plots) showing the percentage distribution of mesial (left side) and distal bone loss (right side)
within subjects at different cut-offs of bone loss in different age classes
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tions. A statistical programme was used (SYSTAT 8.0, SPSS,
Chicago, IL, USA).

Results

The reliability study revealed a substantial intraclass corre-
lation coefficient for bone level measurements of 0.725,
indicating acceptable interexaminer reliability of measure-
ments. Too few siteswith infrabony, furcation and periapical
defects were present for valid reliability estimation. Sub-
sequentmeasurements weremade by the principal examiner
(UM).

Radiographs of mainly male patients (98%) between 19
to 62 years of age (mean±standard deviation 38.8±11.9
years) were examined. The mean ages in the different age
classes were 22.4±2.3, 34.7±2.6, 44.7±2.9, and 53.5±3.0
years. A total of 6,490 teeth were present, and bone levels
could be assessed at 6,309 (97%) (Table 1). There was a
gradual and significant decrease in both parameters with
increasing age. Mean bone levels also decreased with age,
as shown in Table 2. In the two youngest age groups,
slightly more bone loss, on average, was observed at distal
sites than at mesial sites (p<0.05).

Figure 1 presents eight quantile plots indicating frequen-
cy distributions of bone loss at mesial (left side) and distal
sites (right side) within subjects (extent) in different age
groups. Different cut-offs of bone loss (severity) in different
age classes were considered. There was a remarkable de-
crease of alveolar bone level from the youngest (up to 29
years of age) to the second youngest age group (30–39 years
of age). For instance, in the youngest age group, bone loss
was uncommon. In a small minority of subjects (about 5%)
some bone loss (2 to 4mm)was discernible in not more than
15–20% of sites. In subjects of the second youngest age
group mild bone loss was more prevalent and more wide-
spread. Virtually all of these subjects presented with some
bone loss, and 20%hadmild bone loss of up to 4mm at 10%
or more sites. In the oldest age group, about 50% of subjects
had considerable bone loss of more than 4 mm at 10% or
more sites, and bone loss of at least 6 mm at about 5% sites.

A somewhat different picture emerged when considering
the infrabony component of bone loss. Except for patients in
the youngest age group, this portion was about twice as
deep at mesial than at distal sites on average (Table 3). This
was especially obvious in the respective quantile plots (Fig. 2).
Deep infrabony pockets of more than 4 mm were virtually
not detected before age 40 years. About 20% of patients 50
years of age and older had radiographic evidence of in-

frabony pockets of 4 mm or more at not more than 5% sites.
A total of 119 infrabony pockets of 4 mm or more (1% of
sites) were found in 38 orthopantomograms (15.8%), two in
one patient of the youngest age class, five in four patients
30–39 years of age, 25 in 15 patients between 40 and 49
years, and 36 in 18 older patients. The intraoral distribution
of these rather deep infrabony defects is shown in Fig. 3.
They were more or less exclusively found in the two oldest
age groups, although usually not exceeding 4–8% of re-
spective teeth.

Discussion

Different methods have been proposed to estimate bone loss
due to periodontal disease on intraoral or panoramic ra-
diographs. Calculating bone height relative to the root or
tooth length [4, 6, 20, 21] may be the simplest way to
assess periodontal destruction. This method is clearly too
insensitive to uncover minimal catabolic or anabolic bone
remodelling during relatively short periods of time. On
standardized radiographs, linear measurements between
the cementoenamel junction and the alveolar bone crest
and bottom of defect can easily be made. The effect of
X-ray beam vertical angulations on the alveolar crest
level measurement has been studied [8], and tilting of the
film during exposure can be avoided by using vertical
bitewing radiographs [5]. While standardized intraoral ra-
diographs are necessary to document, for example, small
bone-level changes after therapy, panoramic radiographs
provide a general overview of the extent and severity of
periodontal disease and the distribution of osseous defects.
They are invaluable tools for initial diagnosis and treat-
ment planning. Because of the reduced radiation dose,
panoramics are usually the only radiographs available in
epidemiological surveys. As confirmed in the present pilot
reliability study, bone level measurements could be repro-
duced sufficiently. Among the limitations of bone level
measurements on orthopantomograms, varying image
enlargements in different areas are of special concern. In
the present study, enlargement varied between 14–16% in
anterior and 22–28% in posterior areas of the dentition.
For instance, a true 4 mm distance between anatomical
landmarks would appear as 4.6 mm in anterior, but 5 mm
in posterior regions, a difference of 0.4 mm. While mea-
surements were generally made to the next 0.1 mm, re-
sults were mainly reported in millimetre categories (see
Figs. 1, 2), taking into account the limited accuracy of the
measurements.

Table 3 Mean (±standard devi-
ation) of patient average infrab-
ony component in mm by age
group

ns not significant

Age group
(year)

Mesial Distal p

Mean±sd Range Mean±sd Range

19–29 0.006±0.035 0.000–0.247 0.007±0.037 0.000–0.262 ns
30–39 0.060±0.126 0.000–0.750 0.029±0.162 0.000–1.250 <0.05
40–49 0.149±0.225 0.000–1.165 0.065±0.161 0.000–1.090 <0.01
50+ 0.311±0.395 0.000–1.940 0.165±0.258 0.000–1.056 <0.001

p<0.001 p<0.001
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Fig. 2 Quantile plots of percentage distribution of mesial and distal infrabony defects

102



The present study was conducted to gain more informa-
tion on the prevalence, extent and severity, as well as the
distribution of alveolar bone loss and infrabony defects
possibly suitable for regenerative periodontal treatment. For
this purpose, panoramic radiographs of dentate patients in
four age classes (<30, 30–39, 40–49, and 50+ years) were
randomly selected from a radiological archive of a greater
Medical Centre of the German Armed Forces. One con-
sequence of this sampling schedule (and a limitation on the
generalization of results) was that most of the radiographs
had been made in male patients. On the other hand, patients
were not preselected for periodontal disease, as can gen-
erally be assumed in cases in which a full-mouth periapical
status was indicated. Radiographic findings in this study
might rather reflect oral conditions in common patients
seeking all kinds of dental care. In a study with a similar
purpose [19], bone levels on full-mouth periapical radio-
graphs were assessed, which had been made in 416 indi-
viduals attending a University Dental Clinic over a defined
period of time. At 47.2 years, the mean age was more than
eight years higher than that in the present study. These
authors looked, in particular, for infrabony defects suitable
for regenerative periodontal procedures. From results of a
previous meta-analysis, the same group had concluded that
these defects should exceed 3.5 mm to predictably obtain
benefits from regenerative procedures beyond what can be
achieved from surgical debridement alone [12]. Among
their study population, Persson et al [19] identified about
30% patients presenting with one or more infrabony defects
of that size, in total 126 out of more than 10,000 teeth. Since
bone loss is usually underestimated in periapical radio-
graphs [1], their conservative threshold was set, however, to
3 mm. Although bone loss also seems to be underestimated
on panoramic radiographs, a substantial mean enlargement

of about 27% had been reported [1], whereas it varied
between 15% in anterior regions and about 26% in molar
regions in the present study. Therefore, on orthopantomo-
grams, infrabony defects of 4 mm or more were to be iden-
tified. A total of 119 sites (1%) were affected, similar to the
results of Persson et al [19]. One or more defects of that
depth were found in 15.8% of patients, more or less ex-
clusively in the two oldest age groups. A 3 mm threshold
would not have altered this low prevalence, since only four
additional defects had that respective depth. Thus, the lower
percentage of patients presenting with this condition in our
study might be explained mainly by the lower mean age of
the patients. Prevalence of infrabony defects clearly gen-
erally depends on the definition of the critical size. For
example, in another study of patients presenting for treat-
ment in a Dental School, infrabony defects of 2 mm width
and depth were found in 18% patients [16]. In a study on
randomly sampled adults in Sweden [24], the authors re-
ported a prevalence of patients with infrabony defects of at
least 1 mm width and 2 mm depth of 32%. The overall
impression of rather low prevalence of osseous lesions
probably suitable for regenerative periodontal treatment is
in line with a study on furcation involvement in patients
attending a University Dental School [14]. In a retrospec-
tive analysis of data acquired in 558 patients with more than
1,100 furcation-involved teeth, who were treated by two
periodontists over a period of six years, regenerative fur-
cation therapy was indicated in only 20% and 27% patients
and not more than 16% of diseased furcations.

In the present study, bone loss virtually did not occur
before age 30, and average bone loss gradually increased at
each decade up to 50 years and older, when it reached about
1.8 mm. Bearing in mind that bone level measurements of
up to 2 mm were regarded as no bone loss (and limitations
with interpreting cross-sectional data), an overall slow re-
gression of bone level is in accordance with Persson et al
[19] and several longitudinal studies on alveolar bone loss
[2, 6, 10, 18]. A similar trend was observed with the depth
of the infrabony component of bone loss, which seemed to
be deeper at mesial than at distal sites. This observation
could be supplemented in bivariate quantile plots illustrat-
ing frequency distributions of bone level measurements.
Thus, infrabony defects were more prevalent at mesial than
at distal sites, which is in accordance with other studies
[19, 24]. There appears to be no compelling biological rea-
son for this observation, but it may support the view that the
development of periodontal disease in any site cannot be
entirely explained by the etiological factors present [13].
Quantile plots of frequency distributions also showed de-
cisive differences in bone level between the youngest and
the second youngest age group. Bone loss became more
widespreadwith age. Finally, it was also apparent that rather
deep infrabony defects of 4 mm or more with a potential for
superior healing after guided tissue regeneration were found
in not more than 16% of the patients. They virtually only
occurred after age 40 years, in a small percentage of sites.
The association of bone loss with imperfect restorations,
periapical lesions, and other covariates will be presented in
a separate paper [15].
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