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Abstract The aim of this study was to report on the clin-
ical and radiographic results 5 years following treatment of
intrabony defects with guided tissue regeneration (GTR) in
combination with deproteinized bovine bone (DBB) (Bio-
Oss). Fifteen patients, with at least one intrabony peri-
odontal defect with probing pocket depth (PPD)≥7 mm
and radiographic presence of an intrabony component
(IC)≥4 mm, were treated with a PLA/PGA bioabsorbable
membrane. Prior to placement of the membrane, the defect
was filled with DBB impregnated with gentamicin sulfate
2 mg/ml. Standardized intraoral radiographs were taken
prior to treatment and at the control examinations after 1
and 5 years. At baseline, the average PPD was 9.2±1.1 mm,
and the average probing attachment level (PAL) was 10.1±
1.6 mm; the radiographic bone level (RBL) was 10.4±
2.45 mm, and an IC of 6.2±2.3 mm was present. One year
after membrane placement, treatment had resulted in a PAL
gain of 3.8±1.8 mm, a residual PPD of 4.2±1.3 mm, an RBL
gain of 4.7±2.0 mm, and a residual IC of 2.1±1.2 mm. At
the 5-year examination, two patients did not show up, and
two patients had lost the treated tooth. However, both teeth
were endodontically treated, and progressive periodontal
destruction might not necessarily have been the reason for
extraction. At the 5-year control (11 patients), the PAL gain
was 4.1±1.6 mm, and the residual PPD was 4.6±1.2 mm; an
RBL gain of 4.9±2.7 mm and a residual IC of 1.8±0.8 mm
were observed. Statistically significant clinical improve-
ments had occurred between baseline and the 1- and 5-year
controls, whereas there were no significant differences
between the 1- and 5-year results. The results of GTR with
bioabsorbable membranes in combination with Bio-Oss in
the treatment of periodontal intrabony defects are basically
stable on a long-term basis.
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Introduction

There is ample evidence (i.e., human histologic specimens,
controlled clinical trials, controlled animal experiments, a
biologic concept) that by means of the guided tissue
regeneration (GTR) technique, regeneration of the peri-
odontal attachment apparatus can be achieved (for review
see [16]). It has also been documented that the clinical im-
provements obtained (i.e., probing attachment level (PAL)
gain, probing pocket depth (PPD) reduction, bone fill) after
GTR treatment of, for instance, periodontal intrabony de-
fects can be preserved on a long-term basis, irrespective of
the nature of the barrier material used (nonbioabsorbable/
bioabsorbable) [1, 6–10, 13, 17, 26, 31, 37].

Although conflicting results have been reported follow-
ing the use of adjuncts to the GTR technique regarding
an added effect of the combination treatment, bone grafts
and/or bone graft substitutes are often placed underneath
the membrane aiming to support the barrier material, and
thereby prevent its collapse, and/or to promote bone re-
generation (for review see [29]). Commercially available
deproteinized bone of bovine (DBB) origin (e.g., Bio-Oss,
Geistlich AB, Wohlhusen, Switzerland), for instance, has
been broadly used as an adjunct to GTR in the treatment of
a variety of periodontal defects, and clinically successful
results have been reported [2, 3, 18, 21, 25, 30]. However,
these studies have only presented results up to 1 year after
treatment, while to the best of our knowledge, there are no
publications reporting about the long-term outcome of the
combined treatment regimen. Thus, the aim of the present
paper is to report on the clinical and radiographic results
5 years following treatment of intrabony defects with GTR
in combination with DBB (Bio-Oss).
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Material and methods

Fifteen interproximal intrabony defects in 15 adult patients
presenting for treatment at the Department of Periodontol-
ogy and Oral Gerontology, Royal Dental College, Uni-
versity of Aarhus, Denmark, were included in the study.
Approximately 2 months after the initial periodontal treat-
ment, which consisted of oral hygiene instruction and scal-
ing and root planing, the defects presented the following
characteristics: (a) PPD≥7 mm and radiographic evidence
of an intrabony component (IC)≥4 mm (Fig. 1a and b),
which did not include a furcation involvement; (b) the site
had not been treated surgically within the last year before
initiation of the study; and (c) systemic antibiotics had not
been used within the last 6 months prior to treatment.

The defects were treated as follows. After local anes-
thesia, intrasulcular incisions were made on the buccal and
oral aspects of the jaw at the defect site and extended to the
adjacent teeth mesially and distally. Care was taken to
preserve as much as possible the interdental tissues at the
defect site. Full thickness mucoperiosteal flaps were then
raised at both the buccal and oral aspect of the teeth. The
defect was debrided, and the roots were scaled and planed
and rinsed with sterile saline. It was then assessed whether
the defect was ≥4 mm deep (Fig. 1c). A bioabsorbable
barrier membrane made of a PLA/PGA copolymer (Resolut
XT, W.L. Gore & Associates, Flagstaff, AZ, USA) was
trimmed and adapted so that it totally covered the defect and
extended at least 3 mm beyond its margins. Prior to the final
placement of the membrane, DBB impregnated with gen-
tamicin sulfate 2 mg/ml (Garamycin, Schering-Plough A/S,
Farum, Denmark) for approximately 10 min was loosely
packed into the defect without overfilling it (Fig. 1d). Then,
the membrane was fixed by means of a bioabsorbable
ligature around the neck of the adjacent teeth, and the mu-
coperiosteal flaps were coronally displaced to fully cover
the membrane. To avoid tension on the tissues, horizontal
split thickness and/or vertical releasing incisions were made
as needed. The flaps at the defect site were sutured by
means of vertical mattress and single interdental 4.0 Teflon
sutures (Gore-Tex suture material, W.L.Gore & Associ-
ates). The sutures were removed 2–3 weeks later.

The patients received systemic antibiotic therapy with
a combination of amoxicillin 750 mg and metronidazol
250 mg thrice a day for 5 days, starting 1 h before surgery.
Chemical plaque control (0.2% chlorhexidine digluconate
rinsing twice a day) was instituted for a period of 6 weeks,
after which mechanical oral hygiene measures including
interproximal tooth cleaning were reinstituted. In addition,
the patients were recalled for control and professional pro-
phylaxis with supragingival polishing with a rubber cup,
once every week during the first 6 weeks after treatment.
At these visits, it was recorded whether the membrane
had become exposed. The patients were then examined
once per month for the following 5 months of the study
period, where calculus, if present, was removed and the
teeth were polished. Deep subgingival instrumentation and
probing were avoided at the GTR treated sites for the first
year after surgery. One year after surgery, a control exam-

ination was made, and the patients were transferred to their
own private dentist, where each of them followed an in-
dividualized maintenance program. All patients were re-

Fig. 1 a A deep pocket is probed on the distal side of 46 at baseline.
b A deep defect with evidence of an IC>4 mm is observed in the
baseline x-ray. c The presence of a predominantly 2-wall defect,
with an IC≥4 mm, is confirmed during surgery after removal of the
granulation tissue. d Prior to the final placement and stabilization of
the membrane, Bio-Oss impregnated with gentamicin sulfate 2 mg/
ml is loosely packed into the defect without overfilling it. e The
clinical result 1 year after treatment. f Resolution of the defect with
RBL gain and slight crestal resorption is observed in the x-ray 1 year
after treatment. g The clinical result 5 years after treatment. Note the
slight improvement on the soft tissue conditions when compared
with the 1-year result. h Radiographically stable conditions are
observed 5 years after treatment
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called for another control of the membrane treated sites 5
years after treatment.

At the day of surgery (baseline), and after 1 and 5 years,
the following clinical parameters were recorded at each
GTR-treated site (both from the buccal and the palatal/
lingual aspect) to the closest millimeter by means of a
manual periodontal probe with a round tip of 0.5 and 1 mm
marked increments (Hu-Friedy LL 20): (a) PPD, the
distance from the gingival margin to the level of probe-tip
penetration; (b) gingival recession (REC), the distance
from the cemento–enamel–junction (CEJ) to the gingival
margin—in case that the CEJ was difficult to distinguish or
absent, the margin of a restoration or crown was used as the
coronal reference point; (c) PAL=PPD+REC. In addition,
presence or absence of plaque [plaque index (PI)] and
presence or absence of bleeding on probing (BOP) were
assessed.

Information about the patients’ smoking habits was col-
lected at the 1- and 5-year control visits. The frequency of
dental visits at their own dentist since the 1-year control
and the kind of treatment administered during these visits
were also recorded according to information given by the
patients. A single investigator performed all the surgeries
and made the recordings at baseline and after 5-years, while
another (previously calibrated) investigator made all the
recordings during the 1-year control.

Standardized periapical radiographs were taken prior to
surgery (baseline) and at the 1- and 5-year control. An
individual, custom-made silicon bite index and a film-
holder device consisting of a metal bar connected to a muff,
in which the x-ray tube fitted, were utilized to ensure
reproducible projection angles. Identical exposure param-
eters were used at all examinations, and the films were
processed automatically [28]. The radiographs were dig-
itized by means of a scanner with a transparency module at
300 dpi and fed to a computer-imaging device that recog-
nized the scanner signal. By means of an image analysis
program (PorDios, Institute of Orthodontic Computer Sci-
ence Ltd., Aarhus, Denmark) [12], the following param-
eters were estimated on the images: (a) the distance from
CEJ to the bottom of the intrabony defect (BD), rep-
resenting the radiographic bone level (RBL); (b) the dis-
tance from CEJ to the bone crest (BC); and (c) the distance
from BC to BD, representing the IC of the lesion. The BD
was defined as the most coronal point where the periodon-
tal ligament space showed a continuous width. A single
investigator made the analysis of the pre and posttreat-
ment radiographs. The intraexaminer reproducibility of this
method of analysis of the radiographs has been evaluated
previously [30].

Significance of differences for PI and BOP between
baseline, 1-year, and 5-year data was evaluated with the
McNemar’s test. Significance of differences between
baseline, 1-year, and 5-year clinical data was evaluated
by means of the Student’s t test for paired observations.
Patients declaring that they smoked regularly (i.e., at least
five cigarettes on a daily basis) at both the 1- and the 5-year
control were classified as smokers. Patients receiving a
dental control/and or professional prophylaxis at least

every 4 months after the 1-year control were classified as
being frequently controlled. Presence of plaque at the
treated site in both the 1- and the 5-year control was
acknowledged as evidence of poor oral hygiene. Treated
sites that bled after probing in both the 1- and the 5-year
control were classified as showing frequent BOP. Associa-
tion of smoking, frequency of dental controls, oral hygiene,
and BOP with sites that showed PAL loss was evaluated
with Fisher’s exact test, with the threshold to characterize
sites loosing attachment between the 1- and the 5-year con-
trol set to (a) PAL loss≥1 mm and (b) PAL loss≥2 mm. The
level of significance was set at P<0.05. All calculations
were performed with the SPSS for Windows (version
10.0.5) software package (SPSS Inc., Chicago, IL, USA).

Results

During surgery, the presence of an IC≥4 mm was con-
firmed; in four patients the defects were primarily of 1-
wall, whereas in the rest of the patients, the defects had
primarily 2-bone walls. All surgically treated sites healed
without significant problems (Fig. 1e,f). Membrane expo-
sure, however, was a common event; 13 membranes be-
came exposed to the oral environment. In most of these
cases, the exposure presented as an “opening” (separation)
of the interdental papillae that occurred 2–3 weeks after
surgery. The exposed membranes were not associated with
any signs of excessive inflammation, and none of them was
removed. Usually, the exposed portion of the membranes
was resorbed after approximately 2 weeks, disclosing new
immature tissue formed underneath the barrier. Occasion-
ally, graft particles incorporated in the newly formed tissue
could be observed. The site (buccal or oral) of the inter-
proximal defect with the deepest PPD value at baseline was
chosen as the site of analysis. In case baseline PPD values
did not differ, the site (buccal or oral) with the deepest PPD
after 1 year was chosen as the site of analysis. At the 5-year
examination, two patients did not come for the control due
to general health problems. They informed (over the tele-
phone) that they had not experienced any problems with
the treated teeth. Two patients that came for the 5-year
control had lost their treated tooth. One of these teeth was
removed 3 years after, and the other tooth, 4.5 years after
surgery due to “persistent periodontitis” (according to the
patients). Both these teeth were endodontically treated by a
general dentist at some point after GTR surgery and
exhibited a rather deep PPD (6 mm) at the 1-year control.
Thus, at the 5-year control, 11 sites were available for
evaluation. According to the patients, regular maintenance
care (i.e., professional tooth cleaning) was the only peri-
odontal treatment administered to these teeth.

The clinical and radiographical data from baseline and
from the 1- and 5-year control are presented in Table 1. On
average, treatment resulted in statistically significant clin-
ical improvements (i.e., PPD reduction, PAL gain) 1 year
after surgery, which were preserved during the following 4-
year observation period. PPD had increased to a minor
extend (0.4 mm) from the 1- to the 5-year control visit, but
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the average amount of residual PPD was not significantly
different between the two observation periods. On the other
hand, REC had decreased from 1- to 5 years and the
gingival margin was no longer at a significantly different
level from that at baseline (Fig. 1g). The clinical
measurements of each individual patient at baseline and

at the 1- and 5-year control are presented in Table 2. Out
of the 11 sites available for analysis at the 5-year control,
only a few had lost part of the PAL gain obtained 1-year
after GTR surgery (36.6% with PAL loss≥1 mm and 9.1%
with PAL loss≥2 mm), whereas 63.7% of the sites
presented with PAL gain≥4 mm (Table 3).

Table 1 Clinical and radiographical data (mean±sd) at baseline and at the 1- and 5-year control

Baseline 1 year 5 years P

1 vs baseline 5 vs baseline 5 vs 1

Clinical data
Number 15 15 11
PI 0% 26.7% 27.3% 0.12*,† 0.25*,‡ 1.00*,Æ

BOP 80% 46.7% 63.6% 0.18*,† 0.63*,‡ 1.00*,Æ

Mean±sd Mean±sd Mean±sd
PPD 9.2±1.1 4.2±1.3 4.6±1.2 <0.01¶,† <0.01¶,‡ 0.14¶,Æ

PPD reduction 5.0±1.2 4.6±1.1
REC 0.9±0.9 2.1±1.8 1.5±1.4 <0.01¶,† 0.05¶,‡ 0.36¶,Æ

REC increase 1.2±1.5 0.5±0.8
PAL 10.1±1.5 6.3±1.8 6.2±1.7 <0.01¶,† <0.01¶,‡ 1.00¶,Æ

PAL gain 3.8±1.9 4.1±1.6
Radiographical data
Number 10 10 8
RBL 10.4±2.45 5.6±1.5 5.2±2.6 <0.01¶,† 0.01¶,‡ 0.27¶,Æ

RBL gain 4.7±2.0 4.9±2.7
IC 6.2±2.3 2.1±1.2 1.8±0.8 <0.01¶,† 0.02¶,‡ 0.66¶,Æ

IC reduction 4.1±2.3 4.1±2.3

PI Plaque index (presence or absence of plaque), BOP bleeding on probing, PPD probing pocket depth, REC gingival recession, PAL
probing attachment level, RBL radiographic bone level, IC intrabony component
*Analyzed with the McNemar’s test
†1 year compared with baseline
‡5 years compared with baseline
Æ5 years compared with 1 year
¶Analyzed with the Student’s t test for paired observations

Table 2 Clinical measurements (in millimeter) of each individual patient at baseline and at the 1- and 5-year control

Patient number Baseline 1 year 5 years

PPD REC PAL PPD REC PAL PAL gain PPD REC PAL PAL gain

1. E.E. 9 0 9 3 0 3 6 4 0 4 5
2. P.N. 9 0 9 3 0 3 6
3. A.A. 9 0 9 5 2 7 2 5 0 5 4
4. R.W. 8 1 9 2 6 8 1
5. J.N. 7 1 8 4 2 6 2 3 3 6 2
6. H.K. 10 1 11 6 2 8 3
7. L.V. 9 1 10 6 2 8 2
8. U.H. 8 2 10 5 3 8 2 5 2 7 3
9. R.A. 9 0 9 3 3 6 3 4 1 5 4
10. I.W. 9 2 11 3 4 7 4 5 3 8 3
11. I.K. 9 0 9 4 1 5 4 5 0 5 4
12. H.H. 11 1 12 6 0 6 6 7 3 10 2
13. S.S. 11 0 11 5 1 6 5 6 0 6 5
14. P.J. 10 3 13 4 5 9 4 3 3 6 7
15. G.L. 10 2 12 4 1 5 7 4 2 6 6

PPD Probing pocket depth, REC gingival recession, PAL probing attachment level
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To avoid that radiographs, which due to their projection
geometry presented a large dimensional distortion from
the real anatomical features included in the analysis, those
with an RBL 1.5 mm smaller than the corresponding PAL
were excluded. Radiographs where the artificial CEJ of
a restoration was not distinguishable or the periodontal
ligament space could not be identified were also excluded.
Thus, radiographs from only ten patients were available
for appraisal at baseline (Table 1). The evaluation of the
radiographs showed that a statistically significant gain in
RBL was obtained 1 year after treatment (Fig. 1f), and that
this gain was preserved during the rest of the observation
period (Fig. 1h). In addition, a statistically significant
reduction in IC depth was observed at both the 1- and the 5-
year control (Table 1) compared with baseline. In most of
the cases, the grafted defect space was still discernible on
the 1-year radiographs due to its more radio-opaque ap-
pearance compared with the adjacent (host) alveolar bone.
After 5 years, the original defect space was barely distin-
guishable, i.e., the new tissue resembled more the neigh-
boring bone with only few exemptions.

Out of the 11 patients, 5 were smokers (1 of the patients
that smoked at the 1 year control had quit smoking, where-
as no patient had started smoking regularly during the fol-
low-up period), 10 of them had good oral hygiene, but only
3 had gone to control visits frequently. Out of the 11 sites,
only 3 bled on probing at both the 1- and the 5-year control.
There was no statistically significant association among
the above-mentioned parameters and the sites with PAL
loss≥1 mm or PAL loss≥2 mm (data not shown).

Discussion

The results of the present study show that the clinical
improvements obtained 1 year after the GTR treatment
with PLA/PGA bioabsorbable membranes in combination
with DBB in periodontal intrabony defects can be pre-
served for at least 4 additional years. Only two teeth were
lost (13.3%) due to persistent periodontal destruction (ac-
cording to the patients). However, care should be taken
regarding self-reporting of periodontal health status [11,
15], and because both of these teeth were endodontically
treated at some point after GTR therapy, they might in fact
have been lost due to a continuing/recurrent pathological
condition of endodontic etiology. The findings in the
present study are in accordance with previous publications
about the long-term effect of GTR treatment in intrabony
defects, where various types of bioabsorbable membranes
without the use of bone grafts/substitutes were employed
[17, 26, 31]. Stavropoulos and Karring [31], for example,

reported that only 0.2 mm from an average of 3.8 mm PAL
gain obtained 1 year after GTR treatment with polylactic
acid/citric acid ester copolymer bioabsorbable membranes
was lost 6 to 7 years after surgery. Similarly, Sculean et al.
[26] reported that only 0.3 mm of the average PAL gain
(3.2 mm) obtained 1 year after GTR treatment with PLA/
PGA bioabsorbable membranes was lost over an additional
3-year follow-up period, whereas Kim et al. [17] failed to
detect any difference in PAL gain (3.0 mm) from 1 to 5
years after GTR surgery. Comparable results have been
reported following GTR treatment with nonbioabsorb-
able membranes, where the majority of defects/patients
remained relatively stable over various long-term observa-
tion periods [1, 6–8, 13, 37]. In a recent retrospective
analysis of 175 deep intrabony defects treated by means of
GTR using both types of membranes with or without
various grafts, tooth retention was greater than 96% and
only one third of all treated sites had lost more than 1 mm
in PAL over a 15-year period [9].

In the present group of patients, the graft particles were
impregnated with gentamicin sulfate 2 mg/ml prior to
implantation. Preliminary data from an experimental study,
published only a few months earlier than the time these
patients were treated, had suggested that gentamicin might
promote early vascularization of bone grafts [14]. Recog-
nizing the importance of angiogenesis in bone formation
[23] and periodontal regeneration [38], it was thought that
impregnation of DBB with gentamicin might promote
healing of intrabony periodontal defects. The improve-
ments of the clinical and radiographical parameters 1 year
after treatment in the present group of patients, however,
were not found to be significantly better than those ob-
tained after GTR+Bio-Oss without gentamicin in a ran-
domized controlled clinical trial set-up [30]. In addition, an
experimental study in rats using a “discriminating” capsule
model failed to disclose an added effect of gentamicin
on bone formation produced by Bio-Oss and GTR [32].
Inasmuch as gentamicin does not seem to enhance bone
healing, it is also unlikely that it has played a role in the
long-term stability of the clinical improvements observed
in the present study.

The improvements of the clinical (PAL gain=3.8 mm,
residual PPD=4.2 mm) and radiographical (RBL gain=
4.7 mm, residual IC=2.1 mm) parameters 1 year after treat-
ment in the present group of patients are similar to those
reported by others after GTR treatment with bioabsorbable
membranes in combination with Bio-Oss grafting in in-
trabony defects [25, 36], but in some reports, an even larger
PAL gain (range, 5.0–5.5 mm) was observed [3, 18, 21].
The aim of supplementing the GTR technique with a bone
graft and/or a biomaterial placed underneath the membrane

Table 3 Frequency distribution of PAL gain at the 1- and 5-year control

Group Number PAL loss 0≤PAL gain<2 2≤PAL gain<4 4≤PAL gain<6 6≤PAL gain

1 year 15 0 1 (6.7%) 6 (40.0%) 4 (26.7%) 4 (26.7%)
5 years 11 0 0 4 (36.4%) 5 (45.5%) 2 (18.2%)

PAL Probing attachment level
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is to support the barrier material and prevent collapse (i.e.,
to avoid a compromised healing result due to reduced/
limited space for tissue ingrowth) and/or to promote bone
regeneration (i.e., to enhance periodontal regeneration).
Conflicting results, however, have been reported when the
GTR+Bio-Oss combination regimen was evaluated against
only GTR in the treatment of intrabony defects. In a recent
study [21], a significantly larger PAL gain was observed
after GTR+DBB as compared with GTR with a collagen
membrane only (5.1 vs 4.0 mm, respectively), but in an-
other recent randomized controlled clinical trial, the im-
provements obtained with these two treatment modalities
were not significantly different [30]. The results of a re-
cently published systematic review evaluating a variety of
bone grafts and/or substitutes as adjuncts to GTR have also
failed to find any added clinical benefit of the combination
treatment regimen over that achieved by the use of only a
membrane [20]. On the other hand, in a recent experimen-
tal study in dogs [39], where surgically induced 2-wall
intrabony defects were treated with either a bioabsorbable
collagen membrane+Bio-Oss or with GTR alone, the au-
thors reported that periodontal regeneration occurred to a
statistically significant greater extend (higher level) in sites
receiving the combination regimen as compared with those
treated only with a membrane. In addition, recent histo-
logical evidence confirmed that the GTR+Bio-Oss com-
bination indeed produced various amounts of periodontal
regeneration in humans [3, 19, 22, 27]. However, the re-
sults from recent controlled studies in experimental ani-
mals have questioned the potential of Bio-Oss to enhance
bone regeneration in association with GTR [4, 5, 33, 34].
Stavropoulos et al. [33, 34], for example, observed that in
Bio-Oss grafted hemispherical Teflon capsules (placed on
the lateral side of the mandibular ramus in rats), bone
formation was rather limited and occurred only in the prox-
imity of the pristine mandibular ramus, whereas the ma-
jority of the capsule space was filled with graft particles
embedded in loose connective tissue even after prolonged
periods of time. Nongrafted capsules, on the other hand,
were consistently filled with voluminous amounts of new
bone. Based on these results and the results of Carmagnola
et al. [4, 5], Stavropoulos et al. [35] suggested that the
outcome of treatment in terms of bone fill in a Bio-Oss
grafted defect depends on the configuration (i.e., number of
bone walls) and the dimensions of the defect.

The above-mentioned observations question whether
bone grafts and/or substitutes are beneficial as adjuncts to
GTR in the treatment of intrabony periodontal defects.
However, an important aspect in such a discussion should
also be the long-term effect of the combination treatment.
To date, there is no histological evidence on the long-term
result of GTR+Bio-Oss in periodontal defects, but it has
been observed that Bio-Oss particles remain in augmented
bone defects for a rather long period of time—1.5 years in
rats [35] and up to 6 years in humans [24]. It is reasonable
to expect that Bio-Oss particles will also be present in
treated periodontal sites for quite a long time. The present
results suggest that the mere presence of Bio-Oss particles

in the reformed periodontal tissues may have no influence
on the stability of the improved clinical conditions.

Loss of the PAL gain obtained 1 year after GTR treat-
ment has been associated with smoking, poor oral hygiene
[6, 9], and lack of compliance with a supportive peri-
odontal program [7, 37]. In contrast to these observations,
smoking, oral hygiene, BOP, and the frequency of dental
controls did not seem to play a role for the stability of PAL
gain in the present study. This discrepancy may be due to
the fact that a rather few sites in the present study lost part
of the PAL gain obtained 1 year after GTR treatment
(36.6% if PAL loss≥1 mm and 9.1% if PAL loss≥2 mm)
and/or the rather limited total number of sites (11 sites) and
not due to an increased resistance in periodontal destruc-
tion due to Bio-Oss grafting. In fact, there is no information
on how periodontal and/or bone tissue regenerated by GTR+
Bio-Oss reacts in the event of recurrent inflammation.

In conclusion, the findings of the present case series,
although based on a small number of observations, suggest
that the clinical improvements in the periodontal conditions
of intrabony defects treated with GTR+Bio-Oss are basi-
cally stable on a long-term basis.
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