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Abstract
Background: The Aims of this retrospective study were: (i) to describe the
applicability of Fibre Retention Osseous Resective Surgery (FibReORS) to infrabony
defects with different radiographic depths and (ii) to identify significant anatomical
elements associated with the decision of tooth extraction or application of FibReORS
in the context of a treatment approach aimed at pocket elimination.

Material and Methods: Baseline radiographs with detectable infrabony defects were
collected from 68 periodontal patients. Selected teeth with radiographic evidence
of infrabony defects had probing depths (PD) 44 mm at revaluation following
non-surgical periodontal therapy. Teeth were then surgically treated with FibReORS or
extracted on the basis of the decision making of an experienced periodontist and in the
context of the overall treatment plan. The total root length and the defect depth were
quantified for each selected tooth using radiographic reference points.

Results: A total of 324 teeth with infrabony defects were identified. Fifty-three (16%)
teeth with a mean radiographic infrabony defect of 8.5 � 1.7 mm (range 6–12 mm)
were extracted; 271 (84%) teeth with a mean infrabony defect of 3.0 � 1.4 mm
(1–8 mm) were surgically treated, achieving PD 43 mm in all sites at 6-month
follow-up. Surgically treated teeth showed baseline radiographic infrabony defects
44 mm in 86% of the cases. Logistic multilevel modelling indicated that the
probability of extraction was influenced by root length (p 5 0.0230) and by the
radiographic defect depth (p 5 0.0112).

Conclusion: FibReORS is applicable in the treatment of shallow to moderate bony
defects and deeper defects associated with longer roots.
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Alveolar bone loss is one of the most
common anatomical sequelae of perio-
dontitis (Papapanou & Tonetti 2000).
Periodontal osseous lesions are often
associated with the persistence of deep

pockets following cause-related therapy,
which, in turn, may represent a site-
specific risk marker for disease progres-
sion during supportive periodontal care
(Claffey & Egelberg 1995, Armitage
1996).

Grbic & Lamster (1992) analysed the
possible role of persisting pockets in
predicting future attachment loss in
non-surgically treated and maintained
patients. In this study, residual deep
pockets 6 months after therapy showed
a higher risk of future attachment. Sites

with probing depth (PD) 43 mm, con-
versely, had minimal risk of attachment
loss. Moreover, several long-term stu-
dies showed that non-surgically treated
patients tend to display a higher inci-
dence of progression of periodontal dis-
ease when compared with surgically
treated patients in a similar supportive
periodontal condition (Kaldahl et al.
1996a, Serino et al. 2001). Therefore,
surgical correction of deep pockets that
responded less favourably to non-
surgical treatment might be the proper
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approach to restore periodontal con-
ditions that can be more easily
maintained.

Different surgical procedures to treat
osseous lesions have been reported.
Regenerative procedures are generally
indicated in the treatment of pockets
associated with deep infrabony defects
(43 mm) (Tonetti et al. 1998). An open
flap for debridement or an apically
positioned flap procedure is generally
performed for the treatment of moderate
to advanced periodontal pockets.

Flap surgery with osseous resection
and elimination of bony defects is a
well-known method to obtain shallow
pockets (Ochsenbein 1958, 1986). This
procedure classically needs the reshap-
ing of infrabony defects to normal bone
with a positive architecture by changing
the most apical interdental portion of the
defect to the most coronal point of the
reshaped interdental bone. When care-
fully conducted, this procedure results
in minimal PD following surgery
(Kaldahl et al. 1988) and in a lower
incidence of disease recurrence during
maintenance as compared with root
planing and/or access flap surgery
(Kaldahl et al. 1996b).

Fibre Retention Osseous Resective
Surgery (FibReORS) is a novel surgical
approach combining the classical meth-
od of osseous resection with the gingival
fibre retention technique (Carnevale
2007). Traditional approaches to oss-
eous resective surgery firstly imply the
identification of the defect bottom and
then the reshaping of the bony anatomy
by eliminating the buccal and lingual
walls, changing the previous bottom of
the defect into the most coronal part of
the new interproximal bone surface
(Ochsenbein 1958). The FibReORS
technique shifts the bottom of the defect
in a more coronal position at the level of
the connective tissue fibre attachment,
determining a more conservative sup-
porting bone resection. The biological
basis of this approach is founded on
experimental studies demonstrating
that the preservation of attached fibres
prevents the apical epithelial down-
growth with no bone and attachment
loss (Levine & Stahl 1972, Carnevale
et al. 1983). Long-term retrospective
studies suggested that, in carefully
maintained patients, this procedure was
associated with minimal tooth loss and
recurrence of pockets (Carnevale et al.
2007a, b).

Expert opinions have suggested the
use of osseous resective surgery to treat

shallow to moderate infrabony defects
(Ochsenbein 1986, Carnevale &
Kaldahl 2000), but no data are available
regarding the depth of defects that can
be treated by means of osseous-resective
surgery and the possible limit of this
procedure when treating teeth with more
advanced bony lesions.

The aims of this study were:

1. To describe the baseline radiographic
depth of infrabony defects for pock-
ets treated by means of FibReORS or
extraction.

2. To assess the anatomical elements
associated with the decision to apply
FibReORS or to extract a tooth with
an infrabony defect.

Material and Methods

The radiographs used for this retrospec-
tive study were consecutively collected
from clinical records in a private perio-
dontal office. All patients had received
active periodontal treatment (APT)
delivered by a single clinician (G. C.)
and had a minimum set of periodontal
variables recorded at the original con-
sultation and at the first supportive
periodontal care (SPC) visit following
the completion of APT.

All patients had:

1. The presence, at baseline, of at least
one radiologically detectable infrab-
ony defect with a PD X4 mm follow-
ing non-surgical periodontal therapy;

2. less than 20% FMPS, and no perio-
dontal site with bleeding on probing
or PD 43 mm at the first SPC visit
following the completion of APT
(6-month follow-up);

3. no contributory medical history
recorded (no medical diagnosis of
diabetes mellitus, or use of
immune-depressant, anti-epileptic
and calcium channel blockers);

4. availability of complete clinical
records including periodontal prob-
ing and diagnostic quality
radiographs.

Details of clinical evaluation and
treatment were presented in companion
papers (Carnevale et al. 2007a, b). In
brief, following the initial examination,
all patients received non-surgical perio-
dontal therapy, including oral hygiene
motivation and instruction, coronal and

subgingival scaling, as needed. At re-
evaluation, surgical procedures were
planned in order to achieve pocket elim-
ination in each site with PD X4 mm.
Periodontal surgery consisted only of an
apically positioned flap with FibReORS
(Carnevale 2007). After verification of
the achievement of the surgical objec-
tives, patients were enrolled in an SPC
programme.

Radiographic evaluation

Routine diagnostic periapical radio-
graphs were taken with the long-cone
parallel technique using Rinn holders
(Updegrave 1951). On the basis of the
examination of full-mouth baseline
radiographs, single films displaying a
tooth (teeth) with a detectable intrabony
defect were selected. When a single
tooth displayed two bony defects, the
deepest one was considered in the
analysis. Then, for each radiograph,
the following reference points were
identified:

1. Cemento-enamel junction (CEJ).
According to the criteria of Schei et
al. (1959). Where the CEJ was not
detectable because of restoration, the
margin of that restoration was used
as a reference point.

2. Root apex (RA). For upper molars,
the apex of the palatal root was
considered; for inferior molars, the
median point of a conjunction
line between the mesial and distal
apex was considered; for single
rooted teeth, the unique apex was
considered.

3. Bone crest (BC). As the most coronal
position of the alveolar bone crest of
the infrabony defects.

4. Defect bottom (DB). As the most
apical extension of the infrabony
destruction, as described previously
by Tonetti et al. (1993)

On the basis of these reference points,
a single operator evaluated:

1. The total root length measuring from
CEJ to RA (Radix).

2. The depth of the defect from BC to
BD (Defect).

Data management and statistical analysis

Descriptive statistics included calcula-
tion of means and standard deviations. A
multilevel analysis was also applied
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(Goldstein 1998) using a special soft-
ware (Multilevel Model Project Institute
of Education, Mlwin software, version
1.00, London, U.K.) in order to explore
the possible influence of different vari-
ables on the decision of tooth extraction.
Two levels – the patient and the tooth –
were analysed using a logistic model
with an estimation procedure first-order
marginal quasi-likelihood (MQL). At
the patient level, age (Age), gender
(Gender) and smoking habits (Smoke)
were considered. At the tooth level, the
length of the root (Radix), the radio-
graphic depth of the infrabony compo-
nent of the defect (Defect) and molar or
non-molar teeth (Molar) were included.

The theoretic model used was:

Logit pij ¼ b0ij þ b1j Ageþ b2j Gender

þ b3j Smokeþ b4ij Molar

þ b5ij Radixþ b6ij Defect

þ b7ij PD

‘‘Age’’ was age in years, ‘‘Gender’’
was 1 if male and 0 if female, ‘‘Smoke’’
was 1 if smoking and 0 if not smoking,
‘‘Molar’’ was 1 if molar and 0 if other
teeth, ‘‘Defect’’ was the radiographic
defect depth in mm and ‘‘Radix’’ was
the radiographic root length in milli-
metres. pij represented the proportion
of extraction. In the theoretic model
formula, the subscript ‘‘j’’ referred to
the Patient level and the subscript ‘‘i’’
referred to the Tooth level. b0ijk is the
‘‘Intercept’’.

The goodness of fit of the linear
logistic multilevel model was assessed.
Two groups were identified, group
‘‘extraction’’ and group ‘‘not extrac-
tion’’, on the basis of their predicted
response probability. A threshold value
of p0 5 0.5 was considered: tooth was
assigned to group ‘‘extraction’’ if
p0X0.5 and to group ‘‘not extraction’’
if p0o0.5 (Collett 1991).

Results

A total of 68 consecutive patients dis-
playing at least one infrabony defect
with a PD X4 mm at the re-evaluation
were enrolled in this study. Forty-two
patients were females (62%). The mean
age was 54.3 � 9.2 years (32–77).
Twenty-eight patients were smokers
(41%). The mean number of residual
teeth per patient was 25.3 � 3.4.

Three hundred and twenty-four
infrabony defects were detected in this

material (mean defects for patient
4.8 � 3.5). Osseous lesions were asso-
ciated with molars in 57% of cases (186
infrabony defects), with pre-molars in
23% of cases (73 lesions), with canines
in 7% of cases (23 lesions) and with
incisors in 13% (42 lesions).

The mean root length (Radix) was
11.7 � 2.2 mm (7–19) (Fig. 1). The
mean PD associated with an infrabony
defect was 6.6 � 2.0 mm (4–14). The
mean radiographic depth of the infrab-
ony defect (Defect) was 3.9 � 2.5 mm
(1–12). Deeper defects (43 mm) were
frequently located in posterior teeth.
Thirty-two defects 5 4 mm (74.4%), 24
defects 5 5 mm (100%) and 10 defects
X6 mm (71.4%) were located at pre-
molar–molar teeth.

On the basis of PD, radiological and
clinical evaluations, 53 teeth (16%)
were considered as hopeless and conse-
quently extracted during active therapy.
The mean root length of the extracted
teeth (Radix) was 10.3 � 1.4 mm (7–13).
The mean PD of these teeth was
9.8 � 1.7 mm (7–14), while the mean
radiographic depth of the infrabony
defect (Defect) was 8.5 � 1.7 mm
(6–12).

On the other hand, 271 teeth (84%)
were surgically treated with FibReORS.
The mean root length (Radix) was
11.9 � 2.3 mm (7–19), the mean PD
associated with the infrabony defect
was 5.9 � 1.2 mm (4–10) and the mean
radiographic depth of the infrabony
defect (Defect) was 3.0 � 1.4 mm
(1–8). In 69.7% of cases, Defect was
43 mm (189 defects), in 15.9% it

was 5 4 mm (43 defects), in 8.9% it
was 5 5 mm (24 defects) and in 5.5%
it was X6 mm (15 defects) (Fig. 2). All
treated sites displayed a PD 43 mm at
the 6-month examination following the
completion of APT.

A multilevel model explored the pos-
sible association of different variables at
patient and tooth levels on the decision
of tooth extraction. The model showed a
statistically significant association
between the radiographic depth of the
infrabony defect (Defect) (p 5 0.0112)
and the length of the root (Radix)
(p 5 0.0230) and the probability of tooth
extraction (Table 1).

No statistically significant association
was found between extracted teeth and
severity of pocket depth and other vari-
ables such as gender, smoking habits,
age, or tooth type.

In order to simulate the risk of tooth
extraction, the estimated model was
applied on a female, 54 years old, non
smoker, single-rooted tooth, root length
11 mm, PD 7 mm. The graphic in Fig. 3
shows that when considering a root
length corresponding to 11 mm (the
mean value in this study), the risk of
extraction is marginal to none for
infrabony defects o6 mm, it tends to
increase dramatically in the range
comprised between a radiographic
defect depth of 6 and 8 mm, with the
risk of extraction ranging from 5% to
90% (yellow-coloured area in Fig. 3),
and it is very probable for defect
48 mm with the risk of extraction ran-
ging from 90% to 100% (pink-coloured
area in Fig. 3).

Fig 1. Root length distribution considering surgically treated and extracted teeth.
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The goodness of fit of the linear
logistic multilevel model, considering
p0 5 0.5 as the threshold, showed that
only six on 324 teeth were as misclassi-
fied. In fact, three teeth were considered
by the model to be ‘‘surgically treata-
ble’’ and were extracted, and three teeth
were considered ‘‘to be extracted’’ and
were surgically treated.

Discussion

The surgical treatment of residual perio-
dontal pockets following cause-related
therapy is a common approach to
reduce PD and improve the level of
clinical attachment in compliant patients
(American Academy of Periodontology
1996). Over the last three decades, the
selection of the most suitable surgical
procedure has been an important matter
of debate. Different long-term studies
have demonstrated that surgical proce-
dures based on the apical position of the
gingival margin and osseous resective
surgery resulted in higher pocket depth
reduction and gingival recession at
6 months when compared with a con-
servative approach (Access flap and
modified Widman flap) but these differ-
ences tended to be in significant over 5
years of supportive periodontal care
(Knowles et al. 1979, Ramfjord et al.
1987, Becker et al. 2001). On the other
hand, some authors reported the main-
tenance of a higher magnitude of pocket
reduction at 5- (Townsend Olsen et al.
1985) and 7-year (Kaldahl et al. 1996a)
observations, when a resective approach
leading to the achievement of a positive
bony architecture was produced at the
time of surgery. Moreover, sites treated
with this approach and maintained over
time showed a lower incidence of recur-
rent periodontal breakdown when com-
pared with sites treated with different,
more conservative techniques (Kaldahl
et al. 1996b). Therefore, osseous resec-
tive surgery still remains a predictable
surgical option when the main treatment
objective is pocket depth reduction. The
osseous resective technique applied
in conjunction with fibre retention
(FibReORS) shifts the bottom of the
defect in a more coronal position at the
level of the connective tissue attach-
ment, resulting in more conservative
removal of supportive bone (Carnevale
2007). Until now, no information con-
cerning the depth of treatable infrabony
defects and the limits of applicability of
osseous-resective techniques has been
provided.

Fig 2. Distribution of osseous-resected defects for each category of defect depth.

Table 1. Multilevel Model to explore the possible influence of different variables at patient and
tooth level on the clinical decision of tooth extraction

Term Estimate SE p-value

Intercept � 3.96 12.64 0.7537
Patient Level
Gender 0.07 1.95 0.9714
Age � 0.03 0.18 0.8808
Smoke 1.04 2.19 0.6359
Tooth Level
Molar 0.31 1.59 0.8434
Radix � 1.23 0.54 0.0230
Defect 3.45 1.36 0.0112
PD � 0.63 1.10 0.5709
Variances
s2 7.28 4.46

Fig 3. Logistic Model MLQ First Order for simulation of the risk of tooth extraction in a
hypothetical patient (female, 54 years, no smoker, single-rooted tooth, root length 11 mm, PD
7 mm). The Yellow-coloured area includes defects with critical depths (6–8 mm), the pink-
coloured area includes defects associated with tooth extraction (48 mm) (see text for
explanation).
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This retrospective survey was per-
formed on periodontal patients display-
ing at least one infrabony defect treated
by a single periodontist. The treatment
philosophy consisted only of pocket
elimination with FibReORS (Carnevale
2007) to facilitate self-administrated
oral hygiene procedures and to obtain
shallow PD 6-months post-surgery irre-
spective of the defect configuration or
depth. For correct data interpretation, it
should be kept in mind that data analysis
was based on clinical and radiographic
variables and no intra-surgical measure-
ments of defects were provided. Clinical
studies (Suomi et al. 1968, Tonetti et al.
1993) showed that radiographic mea-
surements tend to underestimate the
depth of the defect by approximately
1 mm compared with intra-surgical
measurements.

The first aim of this study was to
evaluate the radiographic depth of 271
infrabony defects in pockets treated by
means of FibReORS. The resulting
mean depth of infrabony defect was
3.0 � 1.4 mm; the corresponding pre-
surgical mean PD was 5.9 � 1.2 mm.
All sites displayed a PD 43 mm at the
end of the APT. This retrospective sur-
vey confirms that FibReORS, like tradi-
tional osseous-resective surgery, may be
normally applied for the elimination of
shallow-moderate bony defects (Och-
senbein 1986). Interestingly, 29.9% of
the treated defects showed an infrabony
component 43 mm. Different hypoth-
eses may explain these data:

1. Multilevel analysis showed that dee-
per defects were associated with
longer roots. This implies, from a
clinical standpoint, the possibility of
re-creating a positive bony architec-
ture in deeper defects, avoiding an un
favourable crown–root ratio.

2. Descriptive statistics showed that
deeper defects (X4 mm) were fre-
quently associated with pr-emolar–
molar teeth (81.5%). When consider-
ing only defects 45 mm, 57.5%
were located at molar sites. This
may be associated with the possibi-
lity to treat with a resective technique
deep defects with less aesthetic con-
cern for the patients.

3. The application of FibReORS, to
restore positive bony anatomy,
should result in less osseous resec-
tion allowing the treatment of more
severe defects if compared with the
traditional approach.

4. Treated teeth might have often been
prosthetic abutments, although these
data were not recorded in this analy-
sis. This would imply the possibility
to maintain mobile teeth because of
the presence of rigid splints and to
reduce aesthetic problems in anterior
areas by means of a prosthetic
restoration.

The rationale of FibReORS is based
on experimental studies (Levine & Stahl
1972, Carnevale et al. 1983) demon-
strating that the retention of the fibre
apparatus attached to the root surface
prevents, during periodontal healing, the
apical migration of epithelium with no
supplementary bone loss. This implies
that restoration of a positive bony archi-
tecture with the retention of attachment
fibre may determine a minimal pocket
depth (43 mm) following surgery
(Carnevale 2007a), as reported in this
sample of patients. In addition, the
maintenance of attached fibres into inci-
pient furcation defects treated with ORS
may prevent further loss of horizontal
attachment during healing (Ochsenbein
1986). However, one should take into
account that a retrospective study is
prone to bias and further prospective
trials to assess the healing dynamics of
this procedure compared with traditional
osseous resective approach are needed.

The second aim of this paper was to
compare the depth of infrabony defects
of surgically treated teeth versus
extracted teeth in order to detect a
possible limit of applicability of the
FibReORS technique. During APT, 53
teeth (16%) with an infrabony defect
were extracted. The mean radiological
depth of the defects was 8.5 mm.
A common criticism in applying osseous
resective surgery is that teeth with mod-
erate infrabony defects are extracted to
avoid excessive bone resection at the
adjacent teeth. In a prospective trial on
different surgical modalities, Kaldahl
et al. (1988) reported the extraction of
teeth or roots with severe bone loss with
a mean PD exceeding 9 mm, in quad-
rants treated with osseous resective sur-
gery. In the present material, 16% of
teeth displaying an infrabony defect
were extracted for advanced bone loss:
the mean PD for this sample of teeth
(9.7 � 1.7 mm) was very similar to that
reported by Kaldahl et al. (1988)
(9.8 � 2.3 mm). Multilevel modelling
showed a statistically significant asso-
ciation between the depth of the infrab-
ony defect, the root length and the

probability of tooth extraction as
decided by a single experienced clini-
cian. When comparing surgically treated
and extracted teeth, two well distinct
ranges of infrabony defects were
detected: osseous-resected defects
showed a depth ranging between 1 and
8 mm, while defects associated with
extracted teeth displayed a depth ran-
ging between 6 and 12 mm. This implies
that defects with infrabony depth
o6 mm were successfully treated with
FibReORS restoring positive bony
architecture and leading to shallow
pockets, while in defects with infrabony
depth 48 mm FibReORS was generally
considered to be inappropriate and these
teeth were extracted. The logistic model
applied to simulate the risk of tooth
extraction, considering a root length
corresponding to 11 mm (mean root
length in this study), showed that the
risk of extraction had a sharp increase
for bony defects with 6–8 mm depth
(risk of extraction ranging from 5% to
90%). On the basis of descriptive statis-
tics and the logistic model, defects with
a radiographic depth of 6–8 mm are
considered to be critical for the applica-
tion of FibReORS. The multilevel mod-
el showed that root length is of
paramount importance: the increase in
root length is associated with tooth
survival, while reduction in root length
is associated with tooth extraction. The
significance of defect depth and root
length in clinical decision-making was
confirmed by the goodness of fit of the
linear logistic multilevel model that
identifies only six of 324 teeth as ‘‘mis-
classified’’. In this small sample of
teeth, the reason for extraction/surgical
treatment is not completely explained
by the anatomical elements investigated.
However, it should be kept in mind that
the same sites were used both to deter-
mine the classification rule and to judge
their performance. This procedure may
give a biased estimate of the misclassi-
fication probabilities and should be
tested in a further study to confirm its
goodness of fit.

When interpreting the results from
this study, it should be considered that
these data refer to consecutive patients
treated by a single periodontist operat-
ing in a perio-restorative practice. Con-
cerns about the validity and external
applicability of these results need to be
addressed. Moreover, this paper did not
address the applicability of regenerative
therapy as an alternative to either
extraction or FibReORS in the presence
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of deep intrabony defects (Tonetti et al.
1998, Cortellini & Tonetti 2004). The
application of predictable periodontal
regenerative procedures to treat very
severe defects may have led to a reduc-
tion in the incidence of tooth extraction
reported in this study.

Expert opinions (Ochsenbein 1986,
Carnevale & Kaldahl 2000) generally
considered osseous-resective surgery as
indicated in shallow–moderate bony
defects. The findings of this study con-
firm the strength of this clinical judge-
ment and suggest that deeper defects
associated with longer roots may also
be successfully treated using FibReORS
when tooth survival with minimal PD is
the treatment endpoint.
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Clinical Relevance

Scientific rationale for the study: No
information concerning the depth of
defects treated by means of osseous-
resective techniques is available in
the literature.
Principal findings: The mean depth
of the infrabony defects treated by a

single experienced periodontist
applying FibReORS was 3 mm (ran-
ging from 1 to 8 mm). Deeper defects
were treated when associated with
longer roots.
Practical implications: The primary
range of applicability of FibReORS
is infrabony defects with 44 mm

(86% of treated defects). The deci-
sion of applicability seems to depend
primarily on the depth of the infrab-
ony component in relation to the root
length.
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