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Loss of alveolar bone support is one of the character-
istic signs of destructive periodontal disease and is
generally considered to represent the anatomical se-
quela to the apical spread of periodontitis. The ex-
tent and the severity of alveolar bone loss in the den-
tition are usually assessed by a combination of
radiographic and clinical means and are important
adjuncts to the clinician in the diagnosis, treatment
planning, and assessment of prognosis of the peri-
odontal patient. The presence of periodontal oss-
eous lesions is clinically significant in many ways. It
relates to the associated loss of tooth support, to the
site specificity of periodontal destruction, and to the
possibility that ecological niches (deep pockets and
furcation involvement) associated with some oss-
eous lesions may represent site-specific risk factors
or indicators for disease progression.

Etiology

A variety of factors have been associated with the
formation of intrabony defects: among these, trauma
from occlusion and food impaction have been exten-
sively discussed in the older literature (9, 10). Ana-
tomic factors such as plaque-retaining local ele-
ments and the distance between adjacent root sur-
faces have also been proposed to play a role (47, 50,
52). The latter argument is based on the observation
that a close proximity between neighboring roots re-
sults in involvement of the whole interdental septum
in the inflammatory, resorptive process which, in
turn, results in destruction of the entire interdental
alveolar bone and precludes the formation of an
infrabony defect.

The development of a furcation invasion has been
mainly associated with the special anatomical niche
that is formed following the exposure of the fur-
cation fornix (51), while the presence of enamel
peatrls or projections has also been named as predis-
posing to breakdown (29). Variations in the mor-
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phology of multirooted teeth are also of importance
in determining at what stage in the periodontal
breakdown process a furcation will become involved.
The length of the common root trunk, the presence
of developmental depressions, the root morphology
and the presence of accessory pulp canals have re-
ceived considerable attention (23).

Irrespective of the number and nature of the con-
tributing factors involved, the formation of an oss-
eous periodontal lesion is today considered to be the
result of an apical downgrowth of subgingival plaque
with a concomitant resorption of bone within a 2-
mm radius from the root surface (17, 50-52). The
more remotely located bone structures and the root
surface retain their integrity and form the anatomi-
cal boundaries of the osseous lesion.

Classification

Since periodontal osseous lesions represent the ana-
tomical sequelae to the apical spread of peri-
odontitis, and in particular to the interplay between
site specific progression and the local anatomy, their
morphology is determined by a variety of factors
which include: location of the causative microorgan-
isms on the root surface, root and root trunk ana-
tomy, thickness of the alveolar bone, root position
within the alveolar process, and the steric relation-
ship with adjacent periodontal lesions (that is, prox-
imity with another involved root surface). Each indi-
vidual defect affecting a specific tooth in the den-
tition of a certain patient, therefore, presents a
unique anatomy. Many attempts, however, have
been made to classify periodontal osseous defects.
Classifications are generally based upon specific
morphological criteria and are aimed at guiding cli-
nicians with their diagnosis, treatment and prog-
nosis. A first level of classification differentiates be-
tween suprabony defects, infrabony defects, and in-
terradicular or furcation defects (Fig. 1).
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According to the classification by Goldman & Co-
hen (13), suprabony defects are those where the base
of the pocket is located coronal to the alveolar crest.
Infrabony defects, on the other hand, are defined by
the apical location of the base of the pocket with re-
spect to the residual alveolar crest. This chapter does
not deal with suprabony defects. With regard to
infrabony defects, two types of defects can be recog-
nized: intrabony defects and craters. Intrabony de-
fects are bony defects whose infrabony component
affects primarily one tooth, while in craters the defect
affects two adjacent root surfaces to a similar extent.

Intrabony defects (Fig. 2 A-C) have been classified
according to their morphology in terms of residual
bony walls, width of the defect (or radiographic
angle), and in terms of their topographic extension
around the tooth. Three-wall, two-wall and one-wall
defects have been defined on the basis of the num-
ber of residual alveolar bone walls. This represents
the primary classification system. Frequently, intra-
bony defects present a complex anatomy consisting
of a three-wall component in the most apical portion
of the defect, and two- and/or one-wall components
in the more superficial portions. Such defects are fre-
quently referred to as combination defects. Hemi-
septal defects, that is, vertical defects in the presence
of adjacent roots and where half of a septum re-
mains on one tooth, represent a special case of one
wall defects (11). Several authors have also used de-
scriptive terms to define special morphological
characteristics: funnel shaped defects, moat-like de-
fects, trenches, etc.

Of particular interest is a special morphology: the
crater (Fig. 2D). It is defined as a cup- or bowl-
shaped defect in the interdental alveolar bone with
bone loss nearly equal on the roots of two contigu-
ous teeth and more coronal position of the buccal
and lingual alveolar crest; the facial and lingual/
palatal walls may be of unequal height (11). This de-
fect can be considered as the result of the apical
spread of periodontitis along two adjacent roots in a
relatively narrow (mesiodistally) interproximal area.

Notably, all the definitions above are not based on
radiographic assessments but on the actual mor-
phology of the defects after flap elevation.

Conditions entailing pathological resorption of
bone within the furcation of a multi-rooted tooth,
defined as furcation invasions, are also included in
the group of periodontal bony defects (11). These are
classified as: class I, indicating minimal, but notable,
loss of bone in a furcation; class 1I, displaying a vari-
able degree of bone destruction in a furcation but
not exceeding completely through the furcation; and
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Fig. 1. Classification of periodontal osseous defects

class III, in which bone resorption extends com-
pletely through the furcation. In the European litera-
ture, these lesions are usually referred to as furcation
involvements, and their classification is formulated
somewhat differently, although the essence of the
definition is, by and large, identical. Thus, according
to Hamp et al. (16), degree I furcation involvements
are characterized by horizontal loss of periodontal
support not exceeding one third of the width of the
tooth, degree II refers to involvements that display
horizontal loss of periodontal support exceeding one
third of the width of the tooth, but not en-
compassing the total width of the furcation area and
degree III involvements require a “through and
through” destruction of the periodontal tissues in
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the furcation area. The classification of Hamp et al.
has been simplified by giving critical numerical
values to the horizontal component of the attach-
ment loss (Fig. 3): less than 3 mm in a class I fur-
cation; 3 mm or more but not through and through
in a class II furcation, while the class III definition
was left unchanged (8).

More recently a vertical component to the diag-
nosis of furcation involvement was also introduced:
for each class of horizontal classification (I-III), a
subclass based on the vertical bone resorption from
the furcation fornix was added (Fig. 4). Subclass A
denotes furcation involvements with vertical bone
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Fig. 2. Infrabony defects. A. One-wall
intrabony defect. B. Two-wall intra-
bony defect. C. Three-wall intrabony
defect. D. Interproximal crater.

loss of 3 mm or less, subclass B 4 to 6 mm, while
subclass C presents with bone loss from the fornix
of 7 mm or more (48). The morphology of interrad-
icular osseous defects is further complicated by the
fact that suprabony defects and/or infrabony defects
of various morphology may also be associated with
furcation involvements.

Furcation invasion is assessed by clinical means;
by “horizontal” probing of the furcation site with
specifically designed furcation probes. Radiographic
assessments are valuable aids, but cannot replace
the clinical examination, if a correct diagnosis is to
be obtained.
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Fig. 3. Horizontal classification of furcation involvements.
A. Class I, less than 3 mm of horizontal attachment loss.
B. Class II, more than 3 mm of horizontal attachment loss

Fig. 4. Vertical classification of furcation involvements.
A. Subclass A denotes furcation involvements with vertical
bone loss of 3 mm or less. B. Subclass B denotes furcation

Diagnosis

The diagnosis of the presence and the morphology
of periodontal osseous lesions represents a major
clinical challenge. It is primarily performed combin-

A - :
but not through and through. C. Class III, through and
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through furcation involvement.

involvements with vertical bone loss of 4 to 6 mm. C. Sub-
class C denotes furcation involvements with vertical bone
loss from the fornix of 7 mm or more.

ing clinical information derived from the evaluation
of the attachment level with information derived
from diagnostic-quality parallel-technique intraoral
radiographs (49). A precise knowledge of root ana-
tomy and its variations is also an important compo-
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nent for the diagnosis of periodontal osseous de-
fects, and interradicular defects in particular. Diag-
nostic quality radiographs provide additional
information on the morphology of the alveolar bone
resorption. In this context, the interpretation of the
radiographic image of the interdental septum is
complicated, since the radiograph provides a two-
dimensional illustration of a three-dimensional ana-
tomy consisting of superimposed structures includ-
ing alveolar bone, hard tooth substances and soft
tissue (12). This complexity of the visualized struc-
tures entails that a certain amount of tissue destruc-
tion must occur before its radiographic detection be-
comes possible, often rendering incipient bone
lesions obscure (6, 21). Furthermore, even advanced
lesions may be masked by the presence of superim-
posing structures. It is therefore generally stated that
radiographic diagnosis has a high positive predict-
ability (that is, the visualized lesions are indeed
there) but a low negative predictability (that is, ab-
sence of radiographically detectable bone loss does
not exclude the presence of an osseous lesion) (6,
21). Clinical attachment level, on the other hand, is a
highly sensitive diagnostic tool; its combination with
radiographs, therefore, confers a higher degree of ac-
curacy to the diagnostic approach. In particular, the
site-specific comparison of radiographic bone loss
with clinical attachment loss (34) allows the clinician
to make a qualified guess of the true osseous archi-
tecture, whose exact morphology, however, can only
be established after flap elevation. Detection of the
defect, its location and extension, along with its
major morphological features should be performed
before flap elevation. A further aid to this end is the
use of transgingival probing or bone sounding (15).

Clinical significance

Clinicians dealing with treatment of periodontitis
patients often consider osseous periodontal defects
as “aggressive” forms of periodontal disease and ad-
just their treatment decisions accordingly. In several
respects, this attitude appears justified: as discussed
above, an event underlying the formation of an oss-
eous defect is the uneven apical propagation of the
subgingival plaque front at different root surfaces or
at distinct areas of a single root. Loss of attachment
has, in other words, de facto progressed at a higher
speed along certain “root paths” than others, for a
variety of reasons. In addition, deep bony defects
and furcation involvements may not be readily ac-
cessible to effective debridement. Treatment de-
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cisions, however, should ideally be based on scien-
tific evidence rather than assumptions and beliefs,
no matter how sound and logical the latter may ap-
pear. The aim of this text is to review the available
evidence related to the epidemiology of the peri-
odontal osseous lesions. Hence, the remainder of
this chapter presents data on the occurrence of peri-
odontal osseous lesions in the population and sums
up data stemming from longitudinal studies that
examine the role of osseous periodontal lesions in
the progression of periodontal disease, in order to
provide a rationale for the treatment of periodontal
osseous lesions discussed in the following chapters
of this volume.

Prevalence of osseous defects

The available evidence on prevalence of periodontal
osseous defects shows that the vast majority of
studies that include information on the occurrence
of such defects have not been designed to specifi-
cally address this issue. Thus, true epidemiological
studies that assess the prevalence of bony defects or
furcation involvements in large random samples
from various populations are sparse. Indeed, the
available information primarily stems from studies
in which samples of periodontitis patients have been
examined clinically and/or radiographically and, to
a much lesser extent, from a few studies that involve
samples of random subjects. Table 1 provides an
overview of such studies. With one exception (36),
all studies report European subject samples; three
surveys (30, 33, 46) have been carried out on subjects
presenting for dental or periodontal treatment. Of
the three studies originating from random samples,
two (1, 43) present data from particular age cohorts,
and only one study (55) covers a wide age spectrum.
Overall, the studies reveal a rather high prevalence
of periodontal osseous lesions. However, careful ex-
amination of the reported data in order to acquire a
more precise estimate of their rate of occurrence re-
veals that the existing information is, in some re-
spects, inconsistent. Thus, the 32% prevalence of
bony defects at the individual subject level reported
by Wouters et al. (55) from a random sample in
Sweden is higher than the 8% figure reported by
Nielsen et al. (30) from a selected sample of peri-
odontitis patients. Bony defects were reported to oc-
cur among 8% of the subjects in an urban sample in
Sweden 31-40 years of age (43) and in every second
subject in a sample of community-dwelling elderly
people in Finland (1). To a great extent, these discre-
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pancies appear to be attributed to the non-uniform
criteria used in defining defects in the different
studies rather than true differences in prevalence be-
tween the examined subject samples.

With respect to topography of bony defects in the
dentition, it appears that mesial tooth surfaces are
affected more frequently that distal ones, but again,
the information on whether certain teeth are more
prone to develop defects than other is rather incon-
sistent (33, 55). The sole study that, to our knowl-
edge, studied the distribution of furcation lesions in
detail (46), reports that such lesions were present in
more than 50% of periodontitis patients aged 30
years or older and affected every second molar after
the age of 40 years. According to the same authors,
furcation lesions were more prevalent in the maxilla
than in the mandible and showed the highest occur-
rence at distal sites of upper first molars.

Osseous defects and progression of
periodontal disease

Intrabony defects

Table 2 outlines the design and findings from a num-
ber of longitudinal studies that have related the pres-
ence of periodontal bony defects to healing response
after periodontal therapy and the progression of peri-
odontal disease over extended time periods. The first
two studies advocate two fundamental principles:
when post-treatment plaque control is poor, the pro-
gression of periodontal disease is not arrested (32).
Regarding bony defects, surgical elimination of the
defect during surgery appears to be equally ineffective
in achieving periodontal tissue stability as other sur-
gical techniques. The second important observation
was made in the study of Badersten et al. (3) and is, in
a way, the flip side of the previous conclusion: in the
presence of meticulous plaque control after an optim-
ally performed debridement, the severity of the initial
periodontal defect does not adversely affect the out-
come of therapy. Nevertheless, this observation re-
lates exclusively to single-rooted teeth.

Among the three other studies cited in Table 2,
one (38) speaks against the scenario of a bony defect
as a locus minoris resistentiae, that is, as a site par-
ticularly prone to deterioration and disease recur-
rence after periodontal therapy. Limited material in-
cluded in the study by Steffensen & Weber (44) indi-
cated that “wide” bony defects suffered further bone
loss after periodontal surgery, whereas “narrow” de-
fects displayed radiographic bone gain. Finally, a 10-
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year longitudinal radiographic study of a sample not
exposed to systematic periodontal therapy revealed
a clear association between the presence of angular
bony defects and further periodontal bone loss as
well as tooth loss (35). Thus, it appears that the cur-
rently available literature does not generate a coher-
ent picture on the role of bony defects as a risk indi-
cator for the progression of periodontal disease.

Indirect evidence that is potentially relevant to the
discussion of the significance of intrabony defects
for the progression of periodontitis comes from an
evaluation of the risk associated with persistent deep
pockets after completion of periodontal therapy. A
recent meta-analysis of a restricted number of in-
vestigations has indicated that the site-specific risk
of periodontal disease progression was 10 times
higher at pockets with post-treatment probing
depths of 6 mm or deeper (2). Since pockets are
thought to persist more frequently at sites presenting
with uneven bone architecture, it may be argued that
the presence of intrabony defects after therapy might
represent a factor contributing to the persistence of
deep residual pockets and, thus, be associated with
an increased risk of progression of periodontal dis-
ease. Pertinent to this discussion is also an investiga-
tion by McGuire & Nunn (26). In that study, a variety
of factors were associated with tooth survival 5 years
after completion of periodontal therapy. Among the
site-specific factors, increased risk of tooth loss was
associated with deeper pockets and pronounced
radiographic bone resorption.

Interradicular defects

Furcation lesions have been studied extensively in
the literature, and their significance as determinants
of progressive disease is dealt with in the eight longi-
tudinal studies included in Table 3. Although the
studies vary considerably in design, methods, sub-
ject sample and time span, they do elucidate differ-
ent aspects of healing potential and progression risk
at the furcation site.

At the top of the table, the classic study by
Ramfjord et al. (39) revealed minimal variation in the
efficiency of periodontal therapy at different tooth
types in subjects with moderate to advanced peri-
odontitis. One interpretation of the observation that
single-rooted and multi-rooted teeth “behaved”
rather similarly in terms of healing may be that fur-
cation lesions are not detrimental for the treatment
result in a clinically significant manner. It must be
remembered, however, that neither specific infor-
mation on the number of initially furcation-involved
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Diagnosis and epidemiology of periodontal osseous lesions

Table 3. Continued

Comments

Findings

Sample and methods

Study and country

In addition to an inferior treatment
response to active periodontal therapy
and subsequent maintenance care

response, furcation sites were in this
attachment loss during maintenance

study associated with a higher rate of

The study indicates that molar

probing depth after therapy for both medium and deep furcation regions have a less favorable

initial probing depths; T, sites also showed the highest

tendency of probing depth “relapse” during
maintenance; with respect to probing attachment level,

sites responded less favorably compared to non-molar
sites and molar flat-surface sites of similar probing
observation interval; 25% of molar furcation sites lost
T, sites showed the least gain after therapy and the
greatest loss of previously gained attachment

depth; initial improvements in probing measurements
probing attachment as compared with 7% for

were limited and tended to revert during the
non-molar sites and 10% for molar flat-surface sites

Initially moderately deep and deep molar furcation
Furcation sites (T,) showed the least reduction in

teeth (T5) and furcation sites of molar teeth (T4); sites
were further subgrouped according to initial probing

single-rooted teeth (T,), non-furcation sites of molar
depth (1-4 mm, 5-6 mm and =7 mm)

by Kalkwarf et al. (20); treated sites belonging to 2090
teeth were grouped as follows: interproximal sites of

12 periodontitis patients subjected to prophylaxis
Subjects and experimental procedures as in the study
single-rooted teeth (T,), facial and lingual sites of

every third month for a period of 24 months, after

nonsurgical mechanical therapy

Kaldahl et al. (19)

Loos et al. (22)
USA

USA

teeth included in the calculations nor a description
of the healing response at these particular sites is
available in this study. The possibility exists, there-
fore, that an inferior healing response of the fur-
cation sites may have been “diluted” by the success-
ful response of other sites.

Moderate progression of periodontal disease at fur-
cated lower molars was also revealed by Bjorn & Hjort
(7), from a sample of industrial employees who were
not involved in any periodontal therapy scheme,
while Becker et al. (4) observed additional progression
at 12% of the teeth with detectable furcation involve-
ment initially, although furcated molars dominated
among the lost teeth. The remaining five studies (19,
20, 22, 31, 37) all revealed an inferior treatment re-
sponse of furcation involved sites and an additional
risk for further deterioration during maintenance.

Table 4 summarizes the design and major findings
from 11 surveys, all of which involved repeated exami-
nations of patients, in which the presence of furcation
involvement was associated with the risk of tooth loss
over the observation period. Unlike the first two
studies (40, 41), the main message of which was that
teeth with furcation involvement can be retained over
considerably long time periods, all other studies (5,
14, 18, 24-26, 28, 53, 54) clearly demonstrate that the
presence of furcation involvements entails a signifi-
cantly elevated risk for tooth loss. Notably, this con-
clusion is valid for well-maintained patients as well
(14, 18, 24, 28, 54). Interestingly, the observed risk ap-
pears to be dependent on the degree of furcation in-
volvement. As indicated in the study by McGuire &
Nunn (26), teeth with class III furcations had a sig-
nificantly greater risk of being lost than teeth with
class II involvement, which in turn, were associated
with a significantly greater risk of tooth loss than teeth
with class I or no furcation involvement.

Concluding remarks

Periodontal osseous defects are a frequent sequela
of periodontitis. Diagnosing their presence and es-
tablishing their morphology before surgical access
requires a careful clinical examination combined
with diagnostic quality radiographs. This poses a
clinical challenge that should not be underesti-
mated.

Sites with infrabony defects have been shown to
be at higher risk of disease progression in subjects
who did not receive systematic periodontal therapy.
On the other hand, evidence that persistence of an
infrabony defect after completion of active peri-
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Papapanou & Tonetti

odontal treatment may increase the site-specific risk
of progression of periodontitis is only indirect and
associated with the reported increased risk of peri-
odontal breakdown at sites with residual pockets.

Several lines of evidence indicate that teeth with
furcation involvements are at higher risk for peri-
odontal disease progression and tooth loss during
periodontal recall.

These data justify the special attention that peri-
odontists are paying to areas with osseous defects
and provide the rationale for the different treatment
approaches that are described in the later chapters
of this volume.
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