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Abstract
Aim: To present the 6-year results of a randomized-controlled clinical trial evaluating
guided tissue regeneration (GTR) combined with or without deproteinized bovine bone
mineral (DBBM) in intrabony defects.

Material & Methods: In each of 45 patients, one defect was treated with GTR combined
with DBBM hydrated in saline (DBBM� ) or gentamicin sulphate (DBBM1) or with
GTR alone. Clinical parameters were recorded pre-surgery, at 1 and 6 years postsurgery.

Results: Thirty-six patients/33 teeth were available for the 6-year control. Statistically
significant clinical improvements were observed for all treatments. Clinical attachment
level (CAL) gain averaged 2.5 mm (DBBM� ), 4.1 mm (DBBM1), and 3.0 mm (GTR)
at 1 year postsurgery, and remained stable over 5 additional years (2.3, 4.1, and 2.7 mm,
respectively). Treatment did not appear to influence residual probing depths (PDs) or
CAL gains at 6 years postsurgery, or the extent of PD and CAL change from 1 to 6 years,
and did not associate with sites losing CAL during follow-up. No association of grafting
with sites showing CAL gain X4 mm at the 1- or 6-year control was observed.

Conclusion: The improvements in periodontal conditions obtained after GTR treatment
with or without the adjunct use of DBBM can be preserved on a long-term basis.
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There is a large body of clinical and
biologic evidence (i.e. human histology,
controlled clinical trials, controlled ani-
mal experiments, explainable concept)
documenting that the periodontal attach-
ment apparatus (i.e. cementum, perio-
dontal ligament, and alveolar bone) can,
under circumstances, be reestablished
by means of the guided tissue regenera-
tion (GTR) technique (for a review, see

Stavropoulos 2002). Additionally, the
clinical outcomes obtained following
GTR application – usually including
clinical attachment level (CAL) gains,
reduced probing depths (PDs), and
radiographic bone fill – can, under cer-
tain conditions, be preserved on a long-
term basis, irrespective of the nature of
the barrier material used (non-resorb-
able or bioresorbable) (Gottlow et al.
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1992, Becker & Becker 1993, Cortellini
et al. 1994, 1996, 1999, Weigel et al.
1995, De Sanctis & Zucchelli 2000,
Sculean et al. 2001, Kim et al. 2002,
Cortellini & Tonetti 2004, Stavropoulos
& Karring 2004).

The GTR technique is often com-
bined with bone grafts and/or bone graft
substitutes placed underneath the mem-
brane with the intention to support the
barrier material and to prevent it from
collapsing into the defect or onto the
root (i.e. achieve space provision) and/
or to enhance bone regeneration. Depro-
teinized bovine bone mineral (DBBM)
(Bio-Osss, Geistlich AB, Wohlhusen,
Switzerland) has been widely used as
such an adjunct to GTR. Indeed, histo-
logic observations from animal studies
(Yamada et al. 2002, Sakata et al. 2006)
and clinical cases (Camelo et al. 1998,
Mellonig 2000, Paolantonio et al. 2001,
Nevins et al. 2003, Sculean et al. 2004)
suggest that healing following GTR1
DBBM is, at least in part, characterized
by periodontal regeneration. Addition-
ally, several publications have reported
clinically successful results in the treat-
ment of intrabony periodontal defects
following this combined approach
(Camelo et al. 1998, Lundgren & Slotte
1999, Camargo et al. 2000, Paolantonio
2002, Sculean et al. 2003, Stavropoulos
et al. 2003a, Tonetti et al. 2004),
although the results are inconsistent
regarding an added effect of the combi-
nation regimen over GTR solo.

Nevertheless, in a discussion on the
suitability or not of a particular bioma-
terial as an adjunct to GTR, an impor-
tant point is regarding the longevity
of the outcome/effect of the combina-
tion regimen (i.e. GTR1 biomaterial).
However, the information on this issue
is still very limited when it comes to
this particular DBBM (Stavropoulos &
Karring 2005, Sculean et al. 2007, Slotte
et al. 2007).

Thus, the aim of the present study is
to report the clinical and radiographic
results from a randomized-controlled
clinical trial (RCT) on the treatment
of intrabony defects with GTR in
combination with or without DBBM
(Bio-Osss), 6 years after surgery.

Material & Methods

The study population and the 1-year
results of the RCT have been described
in detail previously (Stavropoulos et al.
2003a). The present paper reports pri-

marily on the 3 GTR groups of the
original RCT, because only limited
information could be obtained regarding
the fourth group treated solely with open
flap debridement (only six out of 15
patients attended the 6-year control);
thus, only average values of the clinical
and radiographic parameters from this
latter group are presented, while no
further analysis was performed on this
group. Briefly, 60 patients (age range
26–62 years) presenting at the Depart-
ment of Periodontology and Oral
Gerontology, School of Dentistry, Uni-
versity of Aarhus, Denmark, and seek-
ing treatment for advanced periodontitis
were included in the study (recruitment
and active treatment period: September
1998–May 1999).

Approximately 2 months after the
initial periodontal treatment, which con-
sisted of repeated oral hygiene instruc-
tion/reinforcement and scaling and root
planing under local anaesthesia, the
defects/teeth included in the study pre-

sented the following characteristics: (a)
PD X7 mm and radiographic evidence
of an intrabony component (IC)X4 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 or local antibiotics had
not been used within the last 6 months
before treatment. All patients gave a
signed written consent after having
received vocal and written information
about the purpose and the possible risks/
side-effects of the treatment. The study
protocol had previously been approved
by the Science Ethics Committee for the
district of Aarhus.

A detailed description of the treat-
ment protocol, including surgical tech-
nique, antimicrobial regime, and the
post-operative control schedule, is pro-
vided in the paper by Stavropoulos et al.
(2003a). Briefly, during the surgical
procedures, and first following site deb-
ridement, root scaling and planing, and

Fig. 1. (a) A deep pocket is probed on the distal side of 46 at baseline. (b) A deep defect with
evidence of an intrabony component 44 mm is observed in the baseline X-ray. (c) The
presence of a predominantly two-wall defect, with an intrabony component X4 mm, is
confirmed during surgery after removal of the granulation tissue. (d) Before the final
placement and stabilization of the membrane, Bio-Osss impregnated with saline is loosely
packed into the defect without overfilling it.
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confirmation of defect depth and con-
figuration (i.e. primarily one – or two –
wall) (Fig. 1c), treatment allocation was
performed at random – by choosing
a sealed envelope out of a bunch of 60
identical envelopes – among 1 of the
following four options: (1) GTR alone
(GTR group) with a bioresorbable bar-
rier membrane (Resolut XTs, W.L. Gore
& Associates, Flagstaff, AZ, USA), (2)
GTR in combination with Bio-Osss

soaked in sterile saline (DBBM�
group) (Fig. 1d), (3) GTR in combi-
nation with Bio-Osss soaked in genta-
micin sulphate 2 mg/ml (Garamycin,
Schering-Plough A/S, Farum, Denmark)
(DBBM1group), and (4) open flap deb-
ridement alone (OFD group). One year
after surgery, a control examination
was carried out and the patients were
transferred to their own private general
dentist either for additional general
treatment, if needed, or for maintenance
based on an individualized recall pro-
gramme. All patients received a written
invitation (per post; two attempts) for
another control of the treated sites
6 years after treatment.

Just before anaesthesia on the day
of surgery (baseline), after 1 and after
6 years, the following clinical para-
meters were recorded at each treated
site (both from the buccal and the pala-
tal/lingual aspect) to the closest milli-
metre, by means of a periodontal probe
with 0.5-mm tip and 1-mm marked
increments (Hu-Friedy LL 20: Hu-Frie-
dy Mfg. Co. Inc., Chicago, IL, USA): (a)
PD: the distance from the gingival mar-
gin to the level of probe–tip penetration;
(b) gingival recession (REC): the dis-
tance from the cemento-enamel junction
(CEJ) to the gingival margin – in case
the CEJ was difficult to distinguish or
absent, the margin of a restoration or a
crown was used as the coronal reference
point; and (c) CAL: PD1REC. In addi-
tion, the presence/absence of plaque (PI)
and the presence/absence of bleeding
on probing (BoP) were assessed. The
site (buccal or oral) of the interproximal
defect with the deepest PD value at
baseline was chosen as the site of ana-
lysis. In case the baseline PD values did
not differ, the site (buccal or oral) with
the deepest PD after 1 year was chosen
as the site of analysis.

Information about the patients’ smok-
ing habits was collected at both the
1- and the 6-year controls visits. The
frequency of regular control dental visits
since the 1-year examination and the
kind of periodontal treatment adminis-

tered during these visits were also
recorded according to information pro-
vided by the patients. Furthermore, in
case the treated tooth was not present
at the 6-year control, the reason and
timing of extraction was recorded
according to the information provided
by the patients. Finally, peri-apical
radiographs were taken under standar-
dized and reproducible conditions at
baseline, and at the 1- and 6-year con-
trols. The method of acquiring and
evaluating the radiographs has been
described in detail elsewhere (Stavro-
poulos et al. 2003a). Briefly, by means
of an image analysis program (PorDios,
Institute of Orthodontic Computer Science
Ltd., Aarhus, Denmark), the following
parameters were estimated on the images:
(a) the distance from the CEJ (or the
margin of a restoration) to the bottom of
the intrabony defect (BD), representing
the radiographic bone level (RBL), (b)
the distance 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 periodontal ligament space
showed subjectively a continuous regular
width. In order to avoid including in the
analysis radiographs that presented a
large dimensional distortion from the
real anatomical features due to their pro-
jection geometry, patients whose baseline
radiographs had an RBL 1.5 mm smaller
than the corresponding CAL were ex-
cluded. Additionally, radiographs where
the artificial CEJ of a restoration was not
distinguishable or had been altered during
the observation period and/or images
where the periodontal ligament space
could not be identified were also excluded.

A single investigator (A. S.) performed
all the surgeries and made the recordings
at baseline and after 6 years, while
another previously calibrated periodontist
(data not presented) made all the record-
ings during the 1-year control. The first
investigator, when collecting baseline
data, did not know into which treatment
group the individual patient would be
allocated, and when collecting the
6-year data, did not have access to pati-
ent files, while the second investigator
collecting the 12-month data did not
know what treatment had been adminis-
tered. The radiographic evaluation was
performed by a single experienced inves-
tigator (A. S.), masked regarding treat-
ment group and time of exposure.
Evaluation of this method of radiographic
analysis has previously shown high intra-
examiner reproducibility regarding CEJ–

BD and BC–BD distance estimation (i.e.
for RBL and IC, respectively) (Stavro-
poulos et al. 2003a).

Significance of differences for PI and
BoP between baseline, 1-, and 6-year
registrations was evaluated using McNe-
mar’s test. Significance of differences
between baseline, 1- and 6-year clinical
data was evaluated with Student’s t-test
for paired observations. Patients declar-
ing that they smoked regularly (at
least five cigarettes on a daily basis) at
both the 1- and the 6-year controls were
classified as habitual smokers. The pre-
sence of plaque at the treated site in both
the 1- and the 6-year controls was
acknowledged as evidence of poor oral
hygiene. Treated sites that bled after
probing in both the 1- and the 6-year
controls were classified as showing fre-
quent BoP. Patients receiving a dental
control and/or professional prophylaxis
after the 1-year control at least three
times annually (on a regular basis) were
classified as being frequently controlled.

Generalized linear models were con-
structed to evaluate the influence of
GTR treatment group on the following
outcome variables: CAL gain, PD, RBL
gain, and IC at the 6-year control, as
well as on the change of CAL and PD
from 1 to 6 years after treatment, cor-
recting for smoking habits (smoking/no
smoking), oral hygiene (good/bad), BoP
(frequent/infrequent), and frequency of
dental controls (frequent/infrequent).
The tooth loss observed in the present
group of patients at the 6-year control
was most likely due to progressing/
advanced CAL loss. Therefore, a com-
posite outcome variable including ‘‘sites
with CAL loss between the 1- and
6-year controls or tooth extraction’’
was established and its association
with GTR treatment group, smoking,
and infrequent dental controls was eval-
uated with w2 statistics. The threshold to
characterize sites losing attachment was
set to (a) CAL loss X1 mm, (b) CAL
loss X2 mm, and CAL loss X4 mm (i.e.
three separate analyses were per-
formed). A similar evaluation regarding
the possible association of poor oral
hygiene and frequent BoP with sites
experiencing CAL loss X1, 2, or 4 mm
was also performed. Obviously, the lat-
ter evaluation did use the composite
outcome variable including tooth loss,
as no information regarding the level
of oral hygiene and presence/absence of
BoP could be obtained in the absence of
the teeth. Finally, in order to evaluate
the effect of grafting on the treatment
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outcome in terms of CAL, the two
DBBM groups were pooled together,
and the association of grafting with sites
showing CAL gain X4 mm at the 1- or
at the 6-year controls or CAL loss (using
the above-mentioned composite vari-
able; 3 separate analyses for CAL loss
X1, X2, or X4 mm) between the 1-
and the 6-year controls was examined
with w2 statistics. The level of signifi-
cance was set at po0.05. All calcula-
tions were performed using the SPSS for
Windows (version 13.0.0) software
package (SPSS Inc., Chicago, IL, USA).

Results

Post-operative healing occurred without
significant problems and the patients did
not report any complications/adverse
events other than medium-size swelling
and pain. Membrane exposure was a
common event in all GTR groups,
because a total of 61.4% of all mem-
branes became exposed to the oral envir-
onment. In most of these cases, the
exposure presented as an ‘‘opening’’
(separation) of the interdental papillae
occurring 2–3 weeks postsurgery, and
was not associated with signs of exces-
sive inflammation. None of the exposed
membranes was removed and the
exposed portion of the membranes was
resorbed after an additional time of
approximately 2 weeks. An analysis
performed in the previous paper by Stav-
ropoulos et al. (2003a) showed no sig-
nificant difference in the frequencies of
membrane exposure between groups.

In total, 42 patients (36 belonging to
the GTR groups and six to the OFD
group) responded to the invitation and
participated at the 6-year control exam-
ination (total drop-out in the three GTR
groups and in the OFD group was 20%
and 60%, respectively); two patients
belonging in the GTR groups did not
come due to general health problems,
but informed over the telephone that
they had not experienced any problems
with the treated teeth. From those 36
patients of the GTR groups, only
three (8.3%) had lost the treated tooth.
Two teeth, both maxillary second pre-
molars, belonged to the BDDM1group
(extracted 2–3 years and 5 years after
surgery, respectively) and were lost
according to the patients due to ‘‘persis-
tent periodontitis’’. Both teeth showed a
PD of 6 mm at the 1-year control; also,
both teeth were endodontically treated
by a general dentist at some point after

GTR surgery. The third lost tooth, a
mandibular second pre-molar, belonged
to the DBBM� group (extracted
5 years after surgery), and presented a
PD of 4 mm at the 1-year examination
and a clear reason for extraction could
not be established. From the six patients
belonging to the OFD group, one has
lost the treated tooth (a maxillary pre-
molar) 2–3 years after treatment due to
‘‘persistent periodontitis’’. All patients
conveyed that regular maintenance care
(i.e. professional tooth cleaning) was the
only periodontal treatment administered
to the teeth included in the project.

As already mentioned, the statistical
analysis considered only the 3 GTR
groups; the OFD group was excluded
due to the high drop-out rate (60%)
observed at the 6-year control. Regard-
ing PI and BoP, no significant differ-
ences were observed between the GTR
groups at any observation period. GTR
treatment, with or without DBBM,

resulted in significant clinical improve-
ments (i.e. CAL gain and PD reduction)
1 year after surgery, which were basi-
cally preserved during the following
5-year observation period (Table 1).
The GLMs showed no differences
among the three GTR groups regarding
CAL gain and PD at the 6-year control
(Table 2), as well as on the change of
CAL and PD from 1 to 6 years after
treatment (Table 3). In general, PD had
increased to a minor extent (range: 0.4–
1 mm) from the 1- to the 6-year controls
visit, but the average amount of residual
PD was not significantly different
between the two observation periods.
This increase in PD was mainly due to
REC reduction rather than CAL loss. In
a few patients, part of the CAL gain
originally obtained after 1 year from
treatment was lost during the following
5-year observation period (Table 4), but
no association of treatment group, graft-
ing, smoking, poor oral hygiene,

Table 1. Average PI and BoP (in %) and average PD and CAL [in mm ( � SD)] at baseline;
average PI and BoP (in %) and average PD and CAL gain [in mm ( � SD)] at the 1- and 6-year
controls, from those patients present at the 6-year control

GTR DBBM� DBBM1 OFD

Clinical data
N 12 10 11 5
Baseline

PI 0.00 0.00 0.00 0.00
BoP 58.3 60.0 81.8 60.0
PD 8.8 (� 1.7) 8.5 (� 1.1) 9.3 (� 1.2) 7.8 (� 0.5)
CAL 9.8 (� 2.1) 9.6 (� 1.6) 10.3 (� 1.6) 8.4 (� 1.1)

1 year
PI 50.0n 40.0 27.3 40.0
BoP 67.3 50.0 54.5 80.0
PD 4.8 (� 1.0)w 4.6 (� 1.0)w 4.2 (� 1.0)w 6.2 (� 1.6)
CAL gain 3.0 (� 2.0)w 2.5 (� 2.5)w 4.1 (� 1.8)w � 0.2 (� 2.8)

6 years
PI 58.3z 30.0 27.3 40.0
BoP 75.0 40.0 63.6 100.0
PD 5.8 (� 1.9)§ 4.9 (� 1.3)§ 4.6 (� 1.2)§ 7.6 (� 2.1)
CAL gain 2.4 (� 2.1)§ 2.3 (� 2.1)§ 4.1 (� 1.6)§ � 1.2 (� 2.4)

Radiological data
Baseline

N 8 8 7 4
RBL 9.78 (� 1.82) 10.5 (� 3.15) 10.2 (� 2.94) 8.95 (� 1.45)
IC 5.94 (� 1.51) 5.00 (� 2.33) 5.65 (� 2.34) 6.13 (� 1.62)

1 year
RBL gain 3.25 (� 2.12)w 2.79 (� 0.73)w 4.17 (� 2.15)w 1.48 (� 0.87)
IC reduction 3.56 (� 2.11)w 2.41 (� 0.98)w 3.52 (� 2.37)w 0.79 (� 1.22)

6 years
RBL gain 3.64 (� 2.44)§ 3.73 (� 2.37)§ 4.41 (� 2.42)§ � 0.15 (� 0.63)
IC reduction 4.22 (� 2.00)§ 3.82 (� 2.12)§ 3.93 (� 2.45)§ 0.20 (� 0.12)

np baseline versus 1 year: p 5 0.03.
wp baseline versus 1 year: 40.01.
zp baseline versus 5 years: 5 0.02, analysed with McNemar test.
§p baseline versus 6 years: 40.01, analysed with the Students’ t-test for paired observations.

BoP, bleeding on probing; CAL, clinical attachment level; SD, standard deviation; RBL, radio-

graphic bone level; IC, intrabony component; PD, probing depth; GTR, guided tissue regeneration;

DBBM, deproteinized bovine bone mineral.
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frequent BoP, and infrequent dental
controls with sites that showed CAL
loss during follow-up was observed
(Table 4). From the 33 sites included
in the present evaluation, 51.5% and
45.5% presented at least 4 mm CAL
gain 1 and 6 years after treatment. At
1 year post-op, CAL loss (compared
with baseline) was observed in only
two sites (1 and 2 mm of CAL loss),
both belonging to the DBBM� group
(Table 5). From those two ‘‘loser’’ sites,
the former exhibited the same amount of
CAL loss after 6 years, while the latter
showed a CAL gain of 1 mm compared
with baseline. The second site present-

ing 2 mm CAL loss (compared with
baseline) at the 6-year control belonged
to the GTR group (Table 5). No associa-
tion of grafting with sites showing CAL
gain X4 mm at the 1- or at the 6-year
controls was observed (p 5 0.48 and
1.00, respectively). A power calculation
on the per-protocol study population
using CAL gain as the primary outcome
variable showed that the study had
a power of 77% (an error probability
set at 0.05).

The analysis of the eligible radio-
graphs showed a statistically significant
effect of all three GTR treatment mod-
alities in terms of RBL gain and IC

reduction 1 year after treatment, which
was preserved during the rest of the
observation period (Table 1). No differ-
ences were observed among the three
GTR groups in terms of RBL gain
and IC at the 6-year control (Table 6).
In most of the cases in the DBBM�
and DBBM1 groups, the grafted defect
space was easily discernible on the
1-year radiographs due to its more
radio-opaque appearance compared with
the adjacent (pristine) alveolar bone (Fig.
2). On the 6-year radiographs, however,
the original defect space was only barely
distinguishable, i.e. the occupying tissues
resembled closely the neighbouring pris-
tine bone, except on a few occasions,
where limited change in the radiographic
appearance of the site since the 1-year
examination was observed (Fig. 3).

Discussion

The results from this study show that the
clinical improvements (i.e. PD reduc-
tion, CAL gain, radiographic defect
resolution) observed 1 year after treat-
ment of intrabony periodontal defects
with GTR combined with or without
DBBM implantation can basically be
maintained over 5 additional years.
These observations are in line with
previous reports on the long-term stabi-
lity of treatment outcomes following
GTR therapy in intrabony defects using
various types of bioresorbable (Sculean
et al. 2001, Kim et al. 2002, Stavropou-
los & Karring 2004) and non-resorbable
(Gottlow et al. 1992, Becker & Becker
1993, Cortellini et al. 1994, 1996, 1999,
Weigel et al. 1995) barrier devices,
without the adjunct use of bone grafts
or substitutes. Moreover, the obser-
vations herein support and expand
previous reports on the long-term out-
come of the GTR1DBBM combina-
tion regimen (Stavropoulos & Karring
2005, Sculean et al. 2007, Slotte et al.
2007).

Slotte et al. (2007) treated one deep
intrabony defect (mean baseline
PD 5 10.0 mm and CAL 5 11.9 mm) in
each of 24 patients using DBBM and a
bioresorbable collagen or PLA/citric-
acid–ester copolymer membrane. One
year after surgery, treatment resulted
in a significant mean PD reduction and
CAL gain amounting to 5.2 and 4.2 mm,
respectively. These clinical improve-
ments were on average preserved almost
unchanged for 4 additional years (5.3
and 4.3 mm, respectively). In this study,

Table 2. Significance levels (p), estimates of differences (Est.) and lower and upper limits of
95% confidence interval for PD and CAL gain at the 6-year control, corrected for smoking, poor
oral hygiene (OH), frequent BoP, and frequent dental controls

df Sum of
squares

Mean square F-value p

PD at 6 years
Model 6 27.3 4.55 2.24 0.71
Error 26 52.9 2.03
Total 32 80.2
R2 0.34

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� � 0.49 � 0.67 � 2.01 1.02 0.51
GTR versus DBBM1 � 0.49 � 0.67 � 1.99 1.01 0.50
DBBM� versus
DBBM1

0.001 0.001 � 1.34 1.34 0.99

Smoking 0.39 0.72 � 0.71 1.49 0.48
Poor OH 0.95 1.48 � 0.38 2.28 0.15
Frequent BoP 1.10 1.97 � 0.05 2.24 0.60
Frequent controls � 0.002 � 0.003 � 1.22 1.22 0.99

df Sum of
squares

Mean square F-value p

CAL gain at 6 years
Model 6 51.43 8.57 2.58 0.04
Error 26 86.4 3.32
Total 32 137.8
R2 0.37

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� � 0.52 � 0.56 � 2.46 1.41 0.58
GTR versus DBBM1 0.99 1.06 � 0.93 2.90 0.30
DBBM� versus
DBBM1

1.51 1.81 � 0.20 3.22 0.08

Smoking � 0.46 � 0.67 � 1.87 0.95 0.51
Poor OH � 0.84 � 1.02 � 2.54 0.85 0.32
Frequent BoP � 1.56 � 2.19 � 3.02 0.09 0.04
Frequent controls 0.28 0.36 � 1.29 1.84 0.72

BoP, bleeding on probing; PD, probing depth; CAL, clinical attachment level; DBBM, deproteinized

bovine bone mineral; GTR, guided tissue regeneration.
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a significant radiographic defect resolu-
tion was also reported for both time-
points (i.e. 1 and 5 years) after surgery.
However, lack of standardization of
exposure parameters makes any rational
interpretation of the presented informa-
tion difficult. Similarly, Sculean et al.
(2007) reported that the significant PD
reduction and CAL gain (5.4 and 4.0 mm,
respectively, on average) observed 1
year after treatment of deep intrabony
defects (mean baseline PD 5 9.1 mm
and CAL 5 10.4 mm) with a bioresorb-
able collagen membrane1DBBM
implantation (10 patients) were basi-
cally preserved over an additional 4

years (4.8 and 3.7 mm, respectively, on
average). The paper of Stavropoulos &
Karring (2005) presented the 5-year data
of the 11 patients belonging to the
DBBM1group of the current report.

In the DBBM and GTR groups of the
present study, a minimal, statistically
and clinically insignificant mean CAL
loss (0.2 and 0.3 mm, respectively) was
observed between 1 and 6 years post-op;
in the DBBM1 group, the average CAL
remained unchanged but some sites did
lose attachment during the follow-up
period also in this group. In general,
however, and after taking into account
the three teeth most likely lost due to

further CAL loss, the vast majority of
treated sites – 48%, 75%, or 84%,
depending on whether the threshold to
characterize sites losing attachment was
set at 1, 2, or 4 mm, respectively – did
not experience CAL loss during follow-
up. Moreover, 45.5% of the sites
showed at least 4 mm CAL gain 6 years
after treatment; the corresponding value
at 1 year post-op was 51.5%. Analogous
results have been reported in previous
publications on the long-term outcome
after GTR treatment (Sculean et al.
2001, 2007, Cortellini & Tonetti 2004,
Stavropoulos & Karring 2004). For
example, in the study of Sculean et al.
(2007) mentioned earlier, an average
CAL loss of 0.3 mm from 1 to 5 years
post-op GTR1DBBM was observed,
but this was attributable to only two
(out of 10) sites; 50% of the sites in
this study showed a CAL gain of 4 mm
or more compared with baseline at the
5-year control. Likewise, Stavropoulos
& Karring (2004) reported that from an
average of 3.8 mm CAL gain obtained 1
year after GTR treatment with PLA/
citric acid ester copolymer bioresorb-
able membranes, only 0.2 mm were
lost 6–7 years after surgery, and that
this CAL loss could be attributed to only
four (out of 25) sites. In that patient
group, CAL gain X4 mm at the 6- to 7-
year controls was observed in 36% of
the sites. In a recent retrospective ana-
lysis of a large material including 175
deep intrabony defects treated by means
of GTR with or without various bone
grafts and/or substitutes, it was found
that only one third of all treated sites had
lost more than 1 mm in CAL over a 15-
year period (Cortellini & Tonetti 2004).
Thus, it is reasonable to conclude that
the clinical improvements obtained after
GTR therapy can be preserved for a
rather long period of time in the major-
ity of the cases/sites.

Partial loss of the CAL gain obtained 1
year after GTR treatment has been pre-
viously associated with smoking, poor oral
hygiene (Cortellini et al. 1996, Cortellini
& Tonetti 2004), and lack of compliance
with a supportive periodontal programme
(Cortellini et al. 1994, Weigel et al. 1995).
In contrast to these observations, smoking,
poor oral hygiene, frequent BoP, and
infrequent dental controls did not seem
to play a role in the stability of CAL gain
in the present study. This discrepancy is
difficult to explain, but may be due to the
rather limited total number of sites in the
present study. However, it must also be
kept in mind that classification of sites

Table 3. Significance levels (p), estimates of differences (Est.) and lower and upper limits of
95% confidence interval for PD and CAL gain changes from the 1- to the 6-year controls,
corrected for smoking, poor oral hygiene (OH), frequent BoP, and frequent dental controls

df Sum of
squares

Mean square F-value p

CAL gain change
Model 6 17.8 2.98 0.85 0.54
Error 26 90.7 3.49
Total 32 111.0
R2 0.16

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� 0.24 0.25 � 1.73 2.22 0.80
GTR versus DBBM1 0.37 0.39 � 1.59 2.34 0.69
DBBM� versus
DBBM1

0.13 0.15 � 1.63 1.88 0.88

Smoking � 0.22 � 0.31 � 1.66 1.23 0.76
poor OH 0.28 0.33 � 1.46 2.01 0.75
Frequent BoP � 1.39 � 1.91 � 2.89 0.10 0.07
Frequent controls 0.34 0.44 � 1.26 1.94 0.66

df Sum of
squares

Mean square F-value p

PD change
Model 6 11.8 1.98 0.92 0.49
Error 26 56.0 2.15
Total 32 67.88
R2 0.17

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� 0.47 0.62 � 1.09 2.02 0.54
GTR versus DBBM1 0.19 0.25 � 1.35 1.73 0.80
DBBM� versus
DBBM1

� 0.28 � 0.41 � 1.66 1.10 0.68

smoking � 0.25 � 0.45 � 1.38 0.89 0.66
poor OH � 0.13 0.19 � 1.49 1.24 0.85
Frequent BoP � 1.00 � 1.74 � 2.18 0.18 0.93
Frequent controls 0.06 0.10 � 1.19 1.32 0.92

BoP, bleeding on probing; PD, probing depth; CAL, clinical attachment level; DBBM, deproteinized

bovine bone mineral; GTR, guided tissue regeneration.
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showing poor oral hygiene and frequent
BoP in the present study was based on
findings obtained at only two time-points
and with a large time interval (5 years)

between examinations/registrations, which
in turn may only poorly reflect the true
situation during most of the follow-up
period.

The magnitudes of clinical and radio-
graphical improvements observed in the
DBBM groups of the current study are
comparable to those reported by others
after regenerative treatment of intrabony
defects using bioresorbable membranes
combined with this particular DBBM
product (Camargo et al. 2000, Sculean
et al. 2003, Tonetti et al. 2004, Stavro-
poulos et al. 2004b), while some papers
reported an even larger CAL gain (up to
5.5 mm) (Camelo et al. 1998, Lundgren
& Slotte 1999). Despite such positive
outcomes, however, direct evaluation of
the GTR1DBBM combination regimen
versus GTR solo in intrabony defects
seems to yield contradictory results.
Although another randomized-con-
trolled study (Paolantonio 2002) yielded
a significantly larger CAL gain after
GTR1DBBM as compared with GTR
solo (5.1 versus 4.0 mm, respectively),
no significant differences were observed
in the clinical and radiographic impro-
vements between the groups in the pre-
sent material (Stavropoulos et al.
2003a). Likewise, a recently published
systematic review evaluating a variety
of bone grafts and/or substitutes (includ-
ing DBBM) as adjuncts to GTR has also
failed to find any added clinical benefit
of the combination regimen over that
achieved by the use of only a membrane
(Murphy & Gunsolley 2003).

As already mentioned, the aim of
combining the GTR technique with a
bone graft and/or a substitute placed
underneath the membrane is that the
material supports the barrier and pre-
vents its collapse, thus avoiding a com-
promised healing result due to reduced/
limited space for tissue ingrowth, and/or
it directly promotes bone regeneration,
hence enhancing periodontal regenera-
tion. In an experimental study in dogs,
Yamada et al. (2002) surgically induced
two-wall intrabony defects and treaded
them with either a bioresorbable collagen
membrane1DBBM or with GTR solo.
After 2 months of healing, the authors
reported that although the amount of new
attachment (i.e. new cementum with
inserting collagen fibres) was similar in
the two groups, bone formation – hence,
also periodontal regeneration – occurred
up to a statistically significant higher
level in the sites receiving the combina-
tion approach. Thus, despite the lack of
difference in the clinical outcome of
GTR1DBBM versus GTR solo observed
in the current study, the possibility that
a more favourable healing outcome in
terms of periodontal regeneration was

Table 4. Classification of ‘‘sites with CAL loss between the 1- and 6-year controls or tooth
extraction’’, according to group, smoking habits, level of oral hygiene, frequency of BoP, and
frequency of dental controls

CAL loss X1 mm
or extraction

CAL loss X2 mm
or extraction

CAL loss X4 mm
or extraction

no yes pn no yes pn no yes pn

Group
GTR 8 4 10 2 10 2
DBBM� 6 5 7 4 10 1
DBBM1 7 6 0.77 10 3 0.54 10 3 0.66

Grafting
Yes 13 11 17 7 20 4
No 8 4 0.47 10 2 0.41 10 2 1.00

Smoking
Yes 12 9 14 7 17 4
No 9 6 0.86 13 2 0.17 13 2 0.65

Dental controls
Frequent 9 8 12 5 14 3
Infrequent 12 7 0.53 15 4 0.56 16 3 0.88
Total 21 15 27 9 30 6
% 41.6% 25% 16%

BoP
Frequent 7 6 9 4 10 3
Infrequent 14 6 0.35 18 2 0.13 20 0 0.06

Oral hygiene
Good 15 10 20 5 23 2
Bad 6 2 0.44 7 1 0.63 7 1 0.70
Totalw 21 12 27 6
% 36.4% 18.2%

nAnalysed with Pearsons’ w2 test.
wObviously, the parameters ‘‘Frequency of BoP’’ and ‘‘Level of Oral Hygiene’’ could only be

evaluated for the teeth present at the 6-year control (i.e. 33 sites).

BoP, bleeding on probing; CAL, clinical attachment level; DBBM, deproteinized bovine bone

mineral; GTR, guided tissue regeneration.

Table 5. Number of lost teeth and classification of sites showing CAL loss or CAL gain at the
1- and 6-year controls as compared with baseline CAL values

Lost
teeth

CAL
loss

04CAL
gain o2

24CAL
gain o4

44CAL
gain o6

64CAL
gain

1 year
Group

GTR 0 0 2 5 4 1
DBBM� 0 2 1 2 5 0
DBBM1 0 0 0 4 4 3
Total 0 2 3 11 13 4
% 0 6.1 9.1 33.3 39.4 12.1

6 years
Group

GTR 0 1 2 4 5 0
DBBM� 1 1 2 4 3 0
DBBM1 2 0 0 4 5 2
Total 3 2 4 12 13 2
% 8.3 6.1 12.1 36.4 39.4 6.1

% of lost teeth was calculated on the total number of patients present at the 6-year control.

% of CAL loss or gain was calculated on the total number of treated teeth available for evaluation at

the 6-year control.

BoP, bleeding on probing; CAL, clinical attachment level; DBBM, deproteinized bovine bone

mineral; GTR, guided tissue regeneration.
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indeed achieved with the combined
approach cannot be ruled out. Neverthe-
less, the possibility that the defects in the
present study (although being predomi-
nantly of the one- or two-wall type) did
not have a configuration and dimensions
that really involved a risk for membrane
collapse cannot be excluded; this could in
fact explain why an added effect of
grafting was not observed. Indeed, along
the same line, a recent systematic review
of preclinical models involving combina-
tions of barrier membranes and grafting
materials concluded that additional bene-
fits of combination treatments over the
use of membranes alone were detected

only in non-contained two-wall intrabony
or supraalveolar defects (Sculean et al.
2008b). On the other hand, results from
controlled experimental studies using a
variety of pre-clinical models and species
have questioned the potential of DBBM
to enhance bone regeneration when used
as an adjunct to GTR (Stavropoulos et al.
2001, 2003c, Araujo et al. 2002, Carmag-
nola et al. 2002, 2003). In this context, it
is acknowledged that significant biologi-
cal differences exist between alveolar
bone regeneration in the presence and
absence of teeth (Polimeni et al. 2004),
and thus the above concerns regarding the
bone-forming potential in GTR1DBBM-

treated periodontal defects may not be
valid.

To date, there is no information on
the basis of histological evidence
regarding the long-term outcome of
GTR1DBBM in periodontal defects.
Nevertheless, DBBM particles have
been observed inside augmented/
implanted bone sites after rather long
periods of time – 1.5 years in rats
(Stavropoulos et al. 2004a) and up to 6
years in humans (Schlegel & Donath
1998) – and in a single-case histology of
a periodontal site 5 years after implanta-
tion (Sculean et al. 2008a). Thus, there
is no reason not to expect that DBBM
particles would remain present for quite
a long time also in GTR-treated perio-
dontal sites. In fact, in the above-men-
tioned paper of Slotte et al. (2007), it
was reported that DBBM was still dis-
tinguishable in the 5-year radiographs in
the majority of the cases, similar to what
observed in some 6-year radiographs in
this study. Nevertheless, the results of
the present study, where the clinical
improvements obtained after surgery
were basically preserved for at least 5
additional years and no association of
treatment group and/or grafting with
sites losing CAL was observed, suggest
that the mere presence of DBBM parti-
cles in the regenerated and/or repaired
periodontal tissues may have no conse-
quence per se on the stability of the
improved clinical conditions.

In the DBBM1 group, the graft
particles were impregnated with genta-
micin sulphate 2 mg/ml before im-
plantation. Preliminary data from an
experimental study, published a few
months earlier than the time the RCT
was initiated, had suggested that genta-
micin might promote early vasculariza-
tion of bone grafts (Holck et al. 1998).
Recognizing the importance of angio-
genesis in bone – (Rhinelander & Wil-
son 1982) and periodontal regeneration
(Wikesjo & Selvig 1999), it was thought
that impregnation of DBBM with gen-
tamicin might enhance wound healing in
intrabony periodontal defects. Neverthe-
less, the lack of significant differences
observed between the DBBM1and the
DBBM� groups did not lend support to
such a hypothesis. Additionally, in an
experimental study in rats no added
effect of gentamicin on bone formation
produced by DBBM and GTR was
observed (Stavropoulos et al. 2003b).
On the other hand, the possibility that
the trend for better clinical improve-
ments observed in the BDDM1 group

Table 6. Significance levels (p), estimates of differences (Est.) and lower and upper limits of
95% confidence interval for RBL gain and IC at the 6-year control, corrected for smoking, poor
oral hygiene (OH), frequent BoP, and frequent dental controls

df Sum of
squares

Mean square F-value p

RBL gain at 6 years
Model 6 7.39 1.23 0.18 0.98
Error 16 111.5 6.97
Total 22 118.9
R2 0.06

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� 0.21 0.13 � 3.22 3.64 0.89
GTR versus DBBM1 1.45 0.77 � 2.53 5.43 0.45
DBBM� versus
DBBM1

1.24 0.79 � 2.06 4.54 0.44

Smoking 0.68 0.53 � 2.06 3.43 0.60
Poor OH 1.20 0.69 � 2.51 4.19 0.50
Frequent BoP � 0.91 � 0.66 � 3.84 2.01 0.52
Frequent controls 0.28 0.20 � 2.62 3.17 0.84

df Sum of
squares

Mean square F-value p

IC at 6 years
Model 6 5.72 0.95 0.70 0.65
Error 16 21.6 1.35
Total 32 27.4
R2 0.21

Est. T for H0 95% confidence interval p

lower upper

Group
GTR versus DBBM� 0.13 0.19 � 1.38 1.65 0.85
GTR versus DBBM1 0.70 0.85 � 1.05 2.45 0.41
DBBM� versus
DBBM1

0.56 0.82 � 0.89 2.02 0.42

Smoking � 0.30 � 0.53 � 1.51 0.91 0.61
Poor OH 0.67 0.86 � 0.97 2.30 0.40
Frequent BoP 0.45 0.75 � 0.84 1.74 0.47
Frequent controls 0.72 1.19 � 0.56 1.99 0.25

BoP, bleeding on probing; DBBM, deproteinized bovine bone mineral; GTR, guided tissue

regeneration; IC, intrabony component; RBL, radiographic bone level.
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after 1 and 6 years would have reached
statistical significance if a larger number
of patients had originally been included
and/or a larger number of patients had
attended the 6-year control cannot be
definitely ruled out. In fact, a power
calculation based on the per-protocol
study population, using CAL gain at 6
years as the primary outcome variable,
showed a power of 77% (an error prob-
ability set at 0.05).

In the present study, only a small
number of patients treated with OFD
attended the 6-year follow-up control.
The reason for this high drop-out (60%)
cannot be identified, but one might think
that only patients experiencing some
problems with the treated tooth were
interested in attending. In fact, an aver-
age CAL loss of 1.2 mm compared with
baseline values was observed in those
five patients; nevertheless, the informa-
tion on the OFD group was deemed

limited (Oxford Centre for Evidence
Based Medicine 2009), and no further
statistical evaluation was performed. On
the other hand, the lower drop-out rate
observed in the GTR groups could be
due to the awareness of those patients
that a ‘‘special’’ (i.e. regenerative) treat-
ment was administered.

In conclusion, the findings of the
present study suggest that the improve-
ments in periodontal conditions
obtained after GTR treatment in intrab-
ony defects, with or without the adjunct
use of DBBM, can be preserved on a
long-term basis.
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Clinical Relevance

Scientific rationale for the study:
Limited information exists on the
long-term clinical outcomes of GTR
combined with DBBM implantation
in the treatment of periodontal
intrabony defects.
Principal findings: The clinical
improvements (i.e. PD reduction,

CAL gain, radiographic defect reso-
lution) observed 1 year after treat-
ment remained basically unchanged
over 5 additional years.
Only relatively few sites lost part of
the CAL gain during follow-up, and
almost half of the sites showed
X4 mm CAL gain 6 years after
treatment. No inter-group differences

in disease recurrence were observed
at 6 years postsurgery.
Practical implications: GTR com-
bined with DBBM in the treatment
of intrabony defects results in
improved clinical conditions that can
be maintained on a long-term basis.
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