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Focus on intrabony defects
– conservative therapy
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According to the glossary of terms of the American
Academy of Periodontology, an intrabony defect is
defined as a ‘‘periodontal defect within the bone sur-
rounded by one, two or three bony walls or a combi-
nation thereof’’.

Intrabony defects are usually classified according
to the criteria presented by Goldman & Cohen (17):

O one-wall intrabony defects: defects limited by one
osseus wall and the tooth surface;

O two-wall intrabony defects: defects limited by two
osseous walls and the tooth surface; and

O three-wall intrabony defects: defects limited by
three osseous walls and the tooth surface.

Although defect morphology of angular (intrabony)
defects is generally described according to the oss-
eous walls limiting the defect, a more biological de-
scription of the defect morphology should include
the perspective of the periodontal ligament, since
the highest goal of periodontal therapy is the re-
generation of the periodontium including new ce-
mentum apposition with inserting periodontal liga-
ment fibers in addition to the filling of defects with
alveolar bone. Intraosseous periodontal defects of
varying morphology may have a varying regenerative
potential depending on the extent of the source of
the cells from the periodontium.

This report is mainly concerned with the healing
of intraosseous defects limited by at least two, and
preferably three bony walls or combinations of the
two. While one-wall intraosseous defects are char-
acterized by only one limited area for periodontal
ligament cell proliferation in the apical portion of
the defect, angular defects bordered by at least two
bony walls also yield lateral sources for periodontal
ligament cell proliferation and hence may heal in a
more predictable way than one-wall intrabony de-
fects.
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Rationale for periodontal therapy

Periodontal diseases represent opportunistic infec-
tions. Although the initiation of the conditions are
triggered by bacterial colonization on the surfaces of
the teeth, the clinical manifestation of these infec-
tions may be influenced by a number of host factors.
Even though bacterial specificity and pathogenicity
as well as the patient’s disposition and ability to cope
with the developing infection may influence the pat-
tern of distribution within the dentition and the rate
of progression of the disease, the regular and com-
plete elimination of bacterial plaque by means of
adequate individual plaque control practices and the
professional elimination of supragingival and sub-
gingival soft and hard deposits remains the most im-
portant aspect of periodontal therapy. Hence, cause-
related therapy is the primary objective irrespective
of the distribution and morphology of periodontal
defects. These therapeutic efforts have been shown
to be very effective in establishing periodontal
health in several human longitudinal studies.

Oral hygiene practices and supragingival plaque
control may be very effective in treating gingivitis
with shallow pockets, but more advanced peri-
odontal lesions benefit to a limited extent from these
measures. Deepened pockets with subgingival de-
posits usually require professional intervention. The
goals of subgingival instrumentation are to remove
the subgingival microbial plaque and subgingival
calculus and to generate a smooth root surface with
the aim of making recolonization of bacteria more
difficult. The beneficial effects of subgingival instru-
mentation on gingival health are well documented
(11). Several clinical studies have reported that sub-
gingival scaling and removal of non-mineralized and
mineralized deposits result in reduced probing
depths and maintenance of periodontal attachment
levels (3, 19, 21, 45).
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Although the rationale for scaling and root planing
is generally accepted, the rationale for the inten-
tional removal of root cementum is highly question-
able. It has been shown that rough tooth surfaces
enhance plaque formation, and this may be of cru-
cial importance in the subgingival area (58). Elimin-
ation of root cementum contaminated with bacterial
endotoxins has been advocated as a necessary objec-
tive during root planing (2, 21). Recent studies, how-
ever, clearly demonstrated that the intentional re-
moval of cementum during root planing was un-
necessary (30, 36, 37) and that the removal of
subgingival plaque followed by optimal supragin-
gival plaque control by the patient is the most im-
portant factor for successful periodontal therapy
(30). On the other hand, root planing will enhance
the possibility of complete removal of plaque and
calculus.

Healing following scaling and root planing usually
occurs in 1–2 weeks depending on the severity of in-
flammation and the depth of the periodontal pocket.
A new epithelial attachment will form covering the
entire length of the pocket wall (44, 56). The clinical
healing process is positively influenced by effective
supragingival plaque control (42, 44).

The composition of the subgingival microbiota is
dramatically altered by a single course of scaling and
root planing (32). However, without adequate supra-
gingival plaque control, the subgingival microbiota
may be recolonized with bacteria associated with ad-
vanced periodontal lesions in 40 to 120 days (53).

Patients with moderate to advanced periodontal
disease benefit to varying degrees from nonsurgical
cause-related therapy (18, 31). One month following
therapy that included patient motivation, instruction
in oral hygiene and thorough scaling and root plan-
ing, mean probing depths declined by approximately
1 mm in pockets originally displaying a probing
depth of 4–6 mm and 2 mm in pockets originally
yielding a probing depth of 7–12 mm. About half of
the reduction was caused by resolution of gingival
edema, resulting in recession of the gingival margin.
The other half was a result of gain of clinical attach-
ment by tightening the soft tissues at the bottom of
the lesions.

Periodontal surgical procedure

Since treatment progress is limited in advanced peri-
odontitis lesions following cause-related therapy,
periodontal surgical procedures have been advo-
cated as integral part of periodontal therapy for
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many decades. Depending on the objectives to be
achieved, various surgical techniques are used. Such
objectives include:

O the surgical elimination of pockets;
O access to the root surfaces for open debridement;
O periodontal regeneration characterized by the for-

mation of new root cementum new periodontal
fibers and new alveolar bone; and

O healing of bony defects by filling in with new
bone.

Periodontal lesions characterized by horizontal bone
loss that do not extend apically to the mucogingival
junction may be treated by gingivectomy, but intra-
bony defects and pockets extending beyond the mu-
cogingival junction have to be treated by flap
surgery.

In angular bony defects, access flap surgery has
often been supplemented by osseous recontouring
or osseous resection (ostectomy) to eliminate the in-
trabony component of the periodontal pocket.
Attempts have also been made to replace lost al-
veolar bone in angular defects by placing bone grafts
or bone substitutes. Bone-resecting techniques,
grafting and regenerative procedures are dealt with
in other chapters; this report evaluates the more
‘‘conservative’’ surgical approaches, including access
flaps.

The goal of these surgical flap procedures is to
create optimal conditions for reattachment and, if
possible, new attachment. The procedures advo-
cated include the modified Widman flap (43), the ex-
cisional new attachment procedure (51), open flap
curettage (54) and other replaced flaps. The main
characteristics of these procedures is the minimal
excision of gingival tissue, the minimal extent of flap
reflection, the close adaptation of the tissue and re-
placement of the flap close to the presurgical posi-
tion of the gingival margin. Open access to the root
surface is provided, thus facilitating root debride-
ment (49).

Periodontal wound healing in
angular defects

Periodontal regeneration in angular defects is docu-
mented by the demonstration of de novo formation
of root cementum with inserting collagen fibers on
a root surface previously exposed to periodontitis.
Such healing result can only be demonstrated if the
coronal level of the connective tissue attachment
prior to therapeutic intervention is known. Hence,
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an animal model was developed (8, 9) by which
practically identical periodontal defects were pro-
duced at contralateral teeth and used to evaluate the
result of various treatment procedures. In addition
to scaling and root planing, the modified Widman
flap procedure (43) with and without the placement
of previously frozen autogenus red marrow and can-
cerous bone or a bone substitute (beta tricalcium
phosphate) were tested for their regenerative poten-
tial (10). However, irrespective of the treatment
rendered, healing of the intrabony defects did not
result in regeneration of a new periodontal attach-
ment, but rather, in repair: the formation of a long
junctional epithelium extending to or closely to the
bottom of the intraosseous defects (10). Concomi-
tantly with the development of an epithelial lining
facing the instrumented root surfaces with no new
connective tissue attachment, new bone formation
was a frequent finding in the intrabony portion of
the lesion. However, junctional epithelium was al-
ways interposed between the bone-fill and the root
(9). The formation of a long junctional epithelium
has been verified in human block biopsies following
open flap curettage of intrabony pockets (5).

It is, therefore, evident that clinical probing as-
sessment cannot reflect the histologically defined
levels of connective tissue attachment. While clinical
attachment gains may represent the healing out-
come of the soft tissue portion of a periodontal
lesion and bone-fill into intraosseous lesions may be
documented radiographically following therapy, the
true level of attachment as defined by the location
of the most apical cell of the long junctional epithel-
ium may remain unaffected by any therapy. Never-
theless, bone-fill of the intrabony and tightening of
the soft tissue components of a periodontal lesion
reflects a positive clinical treatment outcome.

Evidence-based scientific results

Few studies have addressed the treatment outcomes
of intrabony defects following conservative treat-
ment approaches such as scaling and root planing
and access flap surgery (34, 48, 50, 51).

However, numerous studies have evaluated treat-
ment outcomes following therapy of intrabony de-
fects in combination with either bone or bone sub-
stitute grafting or guided tissue regeneration. The
control groups of patients from randomized con-
trolled clinical trials of different treatment modalities
may serve as a database for meta-analysis. In this
context, a total of 28 studies have been selected for
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which pre- and postsurgical data after 6 months
were available for probing attachment level changes.
Furthermore, 15 studies were available for meta-
analysis of pre- and postsurgical evaluation of the
bony components of the intrabony lesions.

Healing of intrabony defects in
plaque-free dentition

Two rather unique studies were performed in the
mid-1970s (50, 51) in which the healing of intrabony
defects was studied in patients who were maintained
on optimal standards of oral hygiene before and fol-
lowing the surgical procedures. In the first study (50),
24 patients with multiple osseous defects revealed by
full-mouth diagnostic radiographs were divided into
a test and a control group. The test group was re-
called once every second week following treatment
for a 2-year period of professional tooth cleaning,
while the control patients were only recalled once
a year for prophylaxis. Treatment in both groups of
patients included motivation of the patient and in-
struction in the practice of proper oral hygiene and
scaling and root planing of all sites. Following this,
modified Widman flaps (43) were performed in all
four quadrants. Under direct inspection, all the
lesions were carefully instrumented, the anatomy of
the dento-alveolar tissues was determined and the
number of two- and three-wall intrabony defects
was assessed. Care was exercised not to resect or re-
shape the alveolar bone. After flap replacement,
complete coverage of the wound was obtained by
using interproximal suture. Postsurgical care in-
cluded the application of two daily rinses of
chlorhexidrine for 2 weeks.

After 6 months, there was a gain of clinical attach-
ment of 3.0 mm (standard error 0.3 mm) in the test
group, while the control group had continued to lose
attachment (ª1.0 mm, standard error 0.3 mm) in the
intrabony pockets. In the test group, Plaque Index
and Gingival Index Scores were at very low levels
(0.3–0.4) during the entire healing period. Also, this
positive therapeutic outcome was maintained over 2
years. A total of 64 two-wall and 60 three-wall intra-
bony defects were present in the test group at the
initial examination. All these defects were com-
pletely filled with bone after 6, 12 and 24 months as
documented by standardized radiographs. However,
in the control group only 4 of 62 two-wall and 10
of 40 three-wall intrabony defects were filled. The
dimensional changes of this study are summarized
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in Fig. 1. This study has clearly demonstrated that
successful healing of intrabony defects not only de-
pended on competent hygienic phase therapy and
proper surgical management but also a very high
standard of oral hygiene guaranteed in this study by
an intensive professional tooth-cleaning regimen.

Such optimal treatment outcomes were, again,
presented in a clinical study by the Gothenburg
group (51) in which different surgical modalities
were evaluated in plaque-free dentition. In this
study, 50 patients were divided into five surgical
groups. Following initial examination and presurgi-
cal hygienic phase therapy, the various patient
groups were subjected to one of five surgical proto-
cols:

O apically repositioned flaps with ostectomy;
O apically repositioned flaps without bone surgery;

Fig. 1. Bone-fill in intrabony defects following periodontal
therapy including hygienic phase and modified Widman
flaps. Two- and three-wall defects fill almost completely
in the test group after 2 years, while control defects show
very little bone-fill. Test group: received professional tooth
cleaning every 2 weeks. Control group: patient recall every
12 months. Data from Rosling et al. (50).
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O modified Widman flaps with bone recontouring;
O modified Widman flaps without bone surgery; and
O gingivectomy.

For the discussion of the healing potential of intraos-
seous defects with ‘‘conservative therapy’’, only the
procedures without bone surgery (apically reposi-
tioned flaps without bone surgery and modified
Widman flaps without bone surgery) are considered.
After the surgical procedures, all patients were kept
plaque-free by the institution of professional tooth
cleaning every second week for 2 years. The results
indicated that periodontal disease was successfully
treated with all surgical techniques. However, vary-
ing degrees of bone-fill were observed with the dif-
ferent surgical approaches. Again, the most con-
servative techniques that did not involve bone
surgery yielded the most favorable treatment out-
comes for intrabony defects. In the surgical group
subjected to apically repositioned flaps without
bone surgery the mean reduction in the depth of in-
trabony defects was 2.5 mm; in the group subjected
to modified Widman flaps without bone surgery, the
mean reduction was 3.3 mm. All the two-wall intra-
bony defects (nΩ18 for apically repositioned flaps
without bone surgery, nΩ16 for modified Widman
flaps without bone surgery) and all the three-wall in-
trabony defects (nΩ16 for apically repositioned flaps
without bone surgery, nΩ20 for modified Widman
flaps without bone surgery) were filled.

For the modified Widman flaps without bone
surgery, the degree of bone fill was 3.1 mm, and
for the apically repositioned flaps without bone
surgery 1.9 mm. Hence, this study confirmed that
‘‘conservative’’ surgical approaches followed by
strictly applied plaque control resulted in complete
bony fill of intraosseous defects (Fig. 2). With the
modified Widman flaps without bone surgery, this
defect fill was attributed to 10% crestal resorption
and 90% fill of the bony defect. For the apically re-
positioned flaps without bone surgery, the crestal
resorption amounted to 32% and the bone fill to
68%.

Unfortunately, these fantastic treatment outcomes
have never been duplicated by other clinical re-
search groups. Hence, the studies by Rosling et al.
(50, 51) deserve special attention in the discussion
of the therapy of intrabony defects. However, it has
to be realized that their clinical maintenance care
system was especially designed for these clinical ex-
periments and that, in daily practice, these very high
standards of maintaining the dentition plaque-free
may be difficult to achieve.
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Fig. 2. Intrabony defects before (above) and 24 months
after (below) periodontal surgery. Apically repositioned
flap (AF) and modified Widman flap (WF) yield a bone-fill
of 1.9 mm (AF) and 3.1 mm (WF), respectively. Data from
Rosling et al. (51).

Healing of intrabony defects
after root planing and access flap
surgery

Two controlled clinical studies compared the
attachment level changes in intraosseous defects
following nonsurgical periodontal therapy with the
treatment outcomes after periodontal surgery (20,
48). While the first study yielded no significant dif-
ferences in probing attachment level gains be-
tween nonsurgical and surgical periodontal treat-
ment (20), the latter study demonstrated a gain of
probing attachment of 0.8 mm following root plan-
ing versus a gain of probing attachment of 1.3 mm
after access flap surgery with citric acid root con-
ditioning (48). Also, bone fill in the intraosseous
defects differed following nonsurgical therapy com-
pared with the treatment outcome after peri-
odontal surgery. The former value averaged 0.2
mm, while the latter showed a mean of 0.6 mm.
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From a clinical point of view, the differences in the
treatment outcomes, attachment level gains and
bone-fill of intraosseous defects are not very im-
portant. Hence, it may be questioned whether or
not surgical procedures indeed contribute to an
improved treatment outcome compared with thor-
ough conservative periodontal therapy.

Influence of defect morphology
(defect angle) on bone healing

One prospective study has evaluated the bony
changes occurring following periodontal treatment
of intraosseous defects with an attempt to predict
the healing potential of these lesions according to
defect morphology (55). In this radiographic study,
Widman flap surgery (43) without any osseous re-
contouring was performed after initial periodontal
therapy including motivation and instruction of
oral hygiene and thorough scaling and root plan-
ing. Immediately prior to the surgery – at the re-
evaluation of the treatment results of hygienic
phase – and 15 to 16 months thereafter, radio-
graphs with identical exposure geometry were ob-
tained from the areas with intraosseous defects.
Magnified tracings of the contours of the alveolar
bone outlines and the tooth structure allowed a
calculation of the defect angulation before treat-
ment as well as the changes in bone height (filling
effect) in the defect 18 months following therapy.
The defects at nonfurcated teeth that had a defect
angle of less than 45æ yielded a bone-healing pat-
tern clearly distinguishable from other defects. All
these lesions showed gain with a mean filling ef-
fect of 1.22 mm (standard error of the mean (SEM)
0.29). If the defect angle was between 45æ and 90æ,
only 0.05 mm (SEM 0.04) of bone was gained in a
coronal direction. With a defect angle greater than
90æ a loss of bone of ª0.05 mm (SEM 0.05) in an
apical direction was noted. For furcated teeth, the
treatmen outcome was much less favorable. Again,
the defects with an angle of less than 45æ yielded
a very small gain of bone of 0.06 mm (SEM 0.23).
If the angle was over 90æ, a significant loss of bone
of ª0.61 mm (SEM 0.20) was seen. Hence, it may
be stated that defect morphology expressed by a
more acute angle of the defect (less than 45æ) re-
sults in a substantially better treatment outsome
than when the defect angle is greater. Also furcated
teeth rarely seem to yield bone gain in the intraos-
seous defects with acute defect angles.
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Table 1. Meta-analysis of 28 studies in which
access flaps were performed for the treatment of
intrabony defects: gain of probing attachment in
millimeters

Probing
attachment

Authors Year n gain mm SD

Al-Arrayed et al. (1) 1995 14 2.70
Altiere et al. (4) 1979 10 0.50
Broghetti et al. (6) 1993 13 0.90∫1.30
Chung et al. (12) 1990 10 ª0.71∫0.91
Cortellini et al. (13) 1995 15 2.50∫0.80
Cortellini et al. (14) 1996 12 2.30∫0.80
Cortellini et al. (15) 1998 23 1.60∫1.80
Froum et al. (16) 1982 31 1.40∫0.98
Isidor et al. (20) 1985 19 0.70
Kenny et al. (22) 1985 25 1.20
Kim et al. (23) 1996 18 2.00∫1.70
Masters et al. (27) 1996 15 2.40∫1.80
Mattson et al. (28) 1995 9 0.40∫2.10
Mellonig (29) 1984 32 1.50∫1.90
Nery et al. (33) 1990 36 0.94
Proestakis et al. (38) 1992 36 1.35
Proestakis et al. (39) 1992 9 0.60∫1.00
Quteish & Dolby (40) 1992 26 1.97∫0.86
Rabalais et al. (41) 1981 42 1.30∫1.30
Renvert et al. (46) 1981 33 1.45∫1.21
Renvert & Egelberg (47) 1981 13 1.19∫0.90
Renvert et al. (48) 1985 25 0.80∫0.85
Rosling et al. (50) 1976 124 3.00∫0.50
Shahamiri et al. (52) 1992 15 2.70
Tonetti et al. (57) 1998 67 2.18∫1.46
Yukna (62) 1990 68 1.00
Yukna (63) 1994 39 1.30∫0.20

847 1.78

Meta-analysis of treatment
outcomes with access flaps

A variety of controlled studies have reported on
treatment outcome following therapy of intraosse-
ous defects using various bone fillers and bone sub-
stitute grafts in combination with or without guided
tissue regeneration. In these studies the control
treatment consisted of an access flap surgery and
hence, 28 studies with a total of 847 intraosseous de-
fect sites are available for analysis. All these studies
reported probing attachment gain data after at least
6 months following completion of therapy. The sum
of the weighted means amounted to 1.78 mm gain
in probing attachment (Table 1).

If the 124 sites of the Rosling studies (50, 51) are
ignored because they originate from a rather unique
study design with a meticulous postsurgical pro-
fessional plaque control protocol, the weighted
means amounted to 1.60 mm gain of attachment.

For the meta-analysis of radiographic bone fill in
the intraosseous defects, 15 studies with similar data
sets were available. A total of 523 sites yielded a

56

mean gain of 1.55 mm of alveolar bone in intraosse-
ous defects (Table 2).

Again, if the 194 sites of the Rosling studies (50,
51) are removed from the data sets, the mean gain
of alveolar bone amounted to only 1.00 mm, indi-
cating that meticulous mechanical plaque control
following periodontal therapy improved the treat-
ment outcome substantially. Unfortunately, these
favorable results have never been duplicated in a
later study.

The meticulous postsurgical plaque control of the
patients treated in the Rosling Studies (50, 51) in
combination with close professional supervision
yielded treatment outcome for intrabony defects
with almost twice the attachment level gain (3.00
mm) of the other studies of the meta-analysis (1.78
mm). For the bone-fill in the intrabony defects,
treatment outcome improved more than 100% com-
pared with the studies of the meta-analysis (2.50–
2.80 mm versus 1.00 mm).

A very high standard of postsurgical oral hygiene
represents a crucial factor influencing the treatment
outcome and hence cannot be overemphasized in
routine periodontal practice.

In conclusion, the treatment of intrabony defects
using conservative approaches including access
flaps is expected to produce an average gain of prob-
ing attachment of close to 2.00 mm. The defects may
be filled with new bone for approximately 1.5 mm
without the placement of grafts. This bone-fill does
not automatically implicate the generation of new
attachment to the root surface (9). The defect size
profoundly affects the treatment outcome for both

Table 2. Meta-analysis of 15 studies in which
access flaps were performed to treat intrabony
defects: bone fill as a result of radiographic
analysis

Defect Bone fill
Authors Year n mm mm

Altiere et al. (4) 1979 10 1.40
Broghetti et al. (6) 1993 10 2.70 0.50
Chung et al. (12) 1990 10 0.00
Kenny et al. (22) 1985 15 0.73
Kim et al. (23) 1996 18 9.10 0.50
Mellonig (29) 1984 15 3.30 1.30
Nery et al. (32) 1990 31 9.20 1.40
Rabalais et al. (41) 1981 42 3.40 0.80
Renvert et al. (46) 1981 33 5.40 1.10
Renvert & Egelberg (47) 1981 13 4.15 0.89
Renvert et al. (48) 1985 25 0.20
Rosling et al. (50) 1976 124 3.50 2.80
Rosling et al. (51) 1976 70 3.10 2.50
Yukna (62) 1990 68 3.50 1.00
Yukna (63) 1994 39 3.40 0.70

523 1.1
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probing attachment loss gain and bone-fill values.
Further, the angle between the root surface and the
bony wall of an intraosseous defect represents an-
other important factor in the healing process. If it is
less than 45æ, bone is gained in the defect, whereas
larger angles show now change or even bone loss.
Defects on root surfaces without furcations appear
to have better chances of healing than defects as-
sociated with furcations. Also, the postsurgical sup-
portive care appears to be one of the most important
determining factors for positive treatment outcomes.
Finally, these conclusions are derived from meta-
analyses and hence depict trends in treatment out-
comes. For any given intraosseous defect, the pre-
dictability of the treatment outcome still remains
unknown.
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