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Background: Extraction of deep-impacted mandibular third
molars may lead to periodontal defects at the distal surface of
the adjacent second molar. The purpose of this study was to
compare the ability of three regenerative approaches to pre-
vent third molar extraction-related periodontal defects.

Methods: Forty-five patients with bilateral osseous or soft
tissue–impacted lower third molars were selected to partici-
pate in the study. Inclusion criteria were the presence of a
pocket that was located distally to the mandibular second mo-
lar with a probing depth (PD) ‡7 mm and with a probing clin-
ical attachment level (CAL) ‡6 mm. Ninety third molar
impactions were used and were randomly assigned to three
equal treatment groups (30 each): bovine porous bone min-
eral (BPBM) alone, BPBM plus collagen membrane (CM),
and an untreated control group. Clinical and radiographic
measurements were recorded at 3, 6, 9, 12, 18, 24, 36, 48,
60, and 72 months after the surgery.

Results: BPBM or BPBM + CM resulted in a significant re-
duction in PD and gain in CAL compared to the control group
at all time points. BPBM + CM had the best outcome for the pre-
vention of a second-molar periodontal defect.

Conclusion: The application of BPBM, with or without a col-
lagen membrane, can be a viable and stable treatment to alle-
viate the periodontal defects that are often associated with
impacted mandibular third molar extractions. J Periodontol
2009;80:389-396.
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T
he presence of deep-impacted
and irregular lower third molars
often leads to periodontal defects

next to the extraction tooth, which often
require surgical intervention.1-3

A small benefit may be derived from
performing root planing on the distal root
of the tooth adjacent to the impacted
third molar after the extraction.3 Some
investigators3-5 even demonstrated that
different flap designs for removing the
impacted third molar can result in reduc-
tion of the probing depth at the distal
surface of the adjacent second molar.
Conversely, guided bone regeneration
techniques with non-resorbable or bioab-
sorbable membranes were demonstrated
to be a valid aid in the prevention of these
periodontal defects.6,7

Bone grafts to fill the extraction socket
have long been discussed and showed
some promising results.8,9 Bovine po-
rous bone mineral (BPBM)§ was selected
because of its safety, high biocompatibil-
ity, and the highly porous nature of the
particles, which can promote cell adhe-
sion and differentiation.10-12 This mate-
rial also has sufficient consistency to
support and maintain the space that is
essential for bone regeneration. Further-
more, it can also be used to support the
overlying bioabsorbable membrane. A
collagen membranei (CM) was selected
because it has excellent biocompatibility
and is easy to handle, bioabsorbable (no
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need for retrieval surgery), and long lasting in relation
to the adequate functional integrity time (resorption
time of 4 to 6 months).10,13-16

The aim of this clinical study was to evaluate the
long-term efficacy of using BPBM or BPBM plus a bio-
absorbable CM (BPBM + CM) for the prevention of
second-molar periodontal defects after extraction of
an adjacent deep-impacted lower third molar.

MATERIALS AND METHODS

Patient Selection
Forty-five non-smoking patients, 25 males and 20 fe-
males aged between 21 and 30 years, with soft tissue
or osseous impacted bilateral lower third molars in a
mesio-angular or horizontal position were selected
for the study. All patients were selected at the Depart-
ment of Oral and Maxillofacial Sciences, Naples Uni-
versity ‘‘Federico II,’’ from January 2000 to January
2001. Ninety third molar impactions were randomly
assigned to the three groups: BPBM alone, BPBM +
CM, and untreated control group. This resulted in
three combinations of pairs (15 pairs for each combi-
nation). Clinical and radiographic measurements
were recorded at 3, 6, 9, 12, 18, 24, 36, 48, 60, and
72 months after the surgery. Inclusion criteria were
the presence of a pocket that was located distally to
the mandibular second molar, with a probing depth
(PD) ‡7 mm and a probing clinical attachment level
(CAL) ‡6 mm. Nevertheless, the postextraction de-
fect needed to have intact buccal and lingual cortical
bone to ensure standard defect selection. The exclu-
sion criteria were the presence of systemic diseases;
a compromised immune system; allergies or hyper-
sensitivity to drugs; or the use of antibiotics, antimi-
crobials, anti-inflammatory, or cortisone medication
in the 12 months preceding the surgery. All patients
were informed about the characteristics and the ob-
jective of the study and signed an informed consent
that was reviewed and approved by the Committees
for the Protection of Human Subjects and Scientific
Review. This study and the patient’s informed consent
were approved by University of Naples ‘‘Federico II’’
Institutional Review Board.

Presurgical Therapy and Clinical Measurements
Prior to surgery, all patients received oral hygiene in-
structions to attain £25% O’Leary plaque index.17 An
orthopantomograph and periapical radiograph using
the Rinn alignment system were taken of all partici-
pants. Plaque index and gingival bleeding index were
recorded immediately before surgery and at each
follow-up visit.18,19 Measurements of PD, CAL, and
gingival recession (GR) were made using cold resin
occlusal stents taken from a model that was obtained
from an alginate cast. These stents were made to
cover the occlusal surface and the coronal third por-

tion on the buccal and lingual side of the lower second
molar adjacent to the site to be treated. Grooves were
made in the resin stents so repeated measurements
could be conducted during the study period. The mea-
surements were taken with a Marquis periodontal
probe¶ in three different positions (disto-vestibular,
distal, and disto-lingual) for all lower second molars
and then averaged. PD, CAL, and GR were recorded
every 3 months during year 1, every 6 months during
year 2, and every 12 months for the remaining 4 years.

Surgical Procedure
After profound anesthesia, a full-thickness mucoperi-
osteal flap was raised for extraction of the third molar.
The flap incision extended from the buccal side of the
retromolar region to the marginal periodontal portion
of the disto-lingual cusp of the second molar. The in-
cision continued vestibularly around the intrasulcular
surface of the second molar and proceeded with a re-
lease incision that originated distally to the papilla
between the first and second molar, with ;45� inclina-
tion, and extending in the buccal mucosa for 2 to 3 cm.
After flap reflection, an osteotomy was performed with
a Lindemann bur and constant irrigation; subsequently,
an odontotomy was performed using diamond burs on
the impacted portion to avoid damage to the adjacent
buccal and lingual cortical plate. Osseous surgery
was generally not performed. An osseoplasty was
conducted to eliminate potential residual defects if a
buccal or lingual widow’s peak was noted. The resid-
ual bone cavity was curetted after extraction of the im-
pacted third molar, and scaling and root planing of the
adjacent second molar’s distal surface, limited to the
diseased root surface, as delineated by the apical ex-
tension of calculus (Fig. 1), was performed using
manual instruments. The bone cavity was randomly
assigned (by picking a paper from a brown bag) to

Figure 1.
The bone cavity after deep-impacted lower third molar extraction.

¶ Marquis Dental, Aurora, CO.
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one of the three treatment approaches (n = 30 each):
untreated control group, 0.25- to 1-mm particles of
BPBM, or BPBM + CM.

BPBM was placed and condensed with amalgam
plugger to the bony defect as well as the adjacent sec-
ond molar (Fig. 2). In the cases in which the mem-
brane was used, it was trimmed to cover the defect
4 mm beyond the buccal and lingual defects and
firmly adapted to the defect and the distal surface of
the second molar to avoid mobility. Only scaling
and root planing of the second molar was performed
in the control group. Then the flap was closed using
silk 4-0 sutures that were removed 10 days later.
The patients were administered antibiotics (amoxicil-
lin and clavulanic acid, every 12 hours for 8 days),
oral anti-inflammatory therapy (ibuprofen, 800 mg,
every day for 3 days), and 0.12% chlorhexidine gluco-
nate rinse every 12 hours for 10 days. An oral hygiene
check-up and periodontal support therapy were pro-
vided for all patients at 2, 4, and 6 weeks after surgery.

Reentry and Histologic Procedure
All patients had a routine orthopantomograph and a
periapical radiograph using the Rinn alignment sys-
tem 3, 6, 9, 12, 18, 24, 36, 48, 60, and 72 months after
surgery to evaluate the long-term results (Figs. 3 and
4). Six months after treatment
(BPBM and BPBM + CM groups),
a second surgery was performed
using a core drill with constant irri-
gation to harvest a bone core of 0.5
cm from the center of the treated
area to assess the degree of bone
formation. The sample was fixed
with 10% buffered formalin, demin-
eralized with chloridric acid/formic
acid for 48 hours, decalcified in ni-
tric acid, processed routinely, and
embedded in paraffin. Sections of
the sample (5 mm thick) were
stained with acid fuchsin and tolu-
idine blue. All surgeries were done
byonesurgeon(MT),andamasked
examiner (TB) collected all clinical
measurements. Histologic analysis
was done in a masked manner: the
person who performed it did not
know from which group the sample
had come. Intraexaminer calibration
was achieved following the clinical
measurement of patients twice: 48
hours after the surgery and imme-
diately before the beginning of the
study. Calibration was accepted if
the two clinical measurements
were within 1 mm in >92% of cases.

Figure 3.
The deep impaction of the lower third molar causes a periodontal defect to the second molar.
A) Before treatment. B) Three months after BPBM + CM treatment. C) Six months after
treatment. D) Seventy-two months after the regeneration.

Figure 2.
Defect filled with BPBM.
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Table 1.

PD (mm; mean – SD) at the Distal Surface of the Lower Second Molar

Months

Control

Group

(n = 30)

BPBM

Group

(n = 30)

BPBM + CM

Group

(n = 30) P Value

Difference Between

Control and

BPBM Groups

Difference Between

Control and

BPBM + CM Groups

Difference Between

BPBM and

BPBM + CM Groups

0 (baseline) 7.68 – 0.56 7.60 – 0.55 7.66 – 0.55 >0.05 NS

3 6.56 – 0.54 4.49 – 0.51 3.87 – 0.56 <0.05* 2.07 – 0.75 2.69 – 0.89 0.62 – 0.63

6 6.48 – 0.53 4.10 – 0.69 3.53 – 0.39 <0.05* 2.38 – 0.91 2.95 – 0.66 0.57 – 0.71

9 6.46 – 0.52 3.98 – 0.60 3.29 – 0.31 <0.05* 2.48 – 0.83 3.17 – 0.61 0.69 – 0.63

12 6.40 – 0.53 3.85 – 0.54 3.08 – 0.33 <0.05* 2.55 – 0.80 3.32 – 0.62 0.77 – 0.75

18 6.35 – 0.52 3.79 – 0.50 3.09 – 0.27 <0.05* 2.56 – 0.79 3.26 – 0.56 0.70 – 0.51

24 6.36 – 0.51 3.80 – 0.50 3.09 – 0.26 <0.05* 2.44 – 0.76 3.27 – 0.54 0.71 – 0.50

36 6.34 – 0.52 3.84 – 0.46 3.10 – 0.26 <0.05* 2.50 – 0.76 3.24 – 0.54 0.74 – 0.44

48 6.35 – 0.50 3.85 – 0.45 3.11 – 0.27 <0.05* 2.50 – 0.74 3.24 – 0.53 0.74 – 0.43

60 6.38 – 0.51 3.87 – 0.43 3.13 – 0.20 <0.05* 2.49 – 0.68 3.25 – 0.53 0.74 – 0.44

72 6.40 – 0.51 3.88 – 0.45 3.15 – 0.20 <0.05* 2.28 – 0.69 3.25 – 0.57 0.73 – 0.43

NS = not statistically significant.
* Statistically significant.

Figure 4.
A) BPBM was used to treat a right third molar postextraction defect, and BPBM + CM was used to treat a left third molar postextraction defect.
B) Six months after the treatment with BPBM + CM. C) Twenty-four months after the treatment on the left side. D) Six months after treatment with
BPBM. E) Twenty-four months after the treatment on the right side. F) Orthopantomograph 24 months after the bilateral treatment.
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Statistical Analysis
Statistical analysis was performed using statistical
software.# Measurements were performed in tripli-
cate and averaged to obtain the final value for PD
and CAL. This reduced any potential measurement
errors. Data were calculated and reported as mean –
SD, and the significance level was set at P <0.05. Be-
cause of the paired and unpaired nature of this study,
repeated-measures analysis of variance (ANOVA) was
used to detect the treatment and time effect among all
three groups. The paired-sample t test was used to
compare between pairs and between two different time
points.

RESULTS

All subjects completed the study. The PD measure-
ments for the untreated control, BPBM, and BPBM +
CM sites were 6.56 – 0.54 mm, 4.49 – 0.51 mm,
and 3.87 – 0.56 mm, respectively, at 3 months after
surgery and 6.40 – 0.51 mm, 3.88 – 0.45 mm, and
3.15 – 0.20 mm, respectively, at 72 months post-
treatment. This was equal to 0.62 – 0.63 mm, 2.07 –
0.75 mm, and 2.69 – 0.89 mm of PD reduction at
3 months and 0.73 – 0.43 mm, 2.28 – 0.69 mm,
and 3.25 – 0.58 mm of PD reduction at 72 months
for the untreated control, BPBM, and BPBM + CM
groups, respectively. A statistically significant PD re-
duction was noted when the two treated groups were
compared to the untreated control group. Further-
more, the BPBM + CM group showed a statistically sig-

nificant PD reduction compared to the BPBM group
(P <0.05) (Table 1).

Table 2.

CAL (mm; mean – SD) at the Distal Surface of the Lower Second Molar

Months

Control

Group

(n = 30)

BPBM

Group

(n = 30)

BPBM + CM

Group

(n = 30) P Value

Difference Between

Control and

BPBM Groups

Difference Between

Control and

BPBM + CM Groups

Difference Between

BPBM and

BPBM + CM Groups

0 (baseline) 6.42 – 0.61 6.45 – 0.61 6.45 – 0.61 >0.05 NS

3 6.31 – 0.59 4.31 – 0.66 3.59 – 0.64 <0.05* 2.00 – 0.66 2.72 – 0.62 0.72 – 0.52

6 6.26 – 0.60 3.96 – 0.64 3.28 – 0.47 <0.05* 2.30 – 0.58 2.98 – 0.57 0.68 – 0.56

9 6.23 – 0.59 3.79 – 0.53 3.09 – 0.37 <0.05* 2.44 – 0.59 3.14 – 0.59 0.70 – 0.51

12 6.20 – 0.57 3.63 – 0.50 2.89 – 0.34 <0.05* 2.57 – 0.61 3.31 – 0.63 0.74 – 0.57

18 6.19 – 0.58 3.50 – 0.49 2.84 – 0.34 <0.05* 2.69 – 0.57 3.35 – 0.61 0.72 – 0.48

24 6.14 – 0.58 3.50 – 0.48 2.85 – 0.30 <0.05* 2.64 – 0.58 3.29 – 0.60 0.69 – 0.48

36 6.14 – 0.55 3.53 – 0.47 2.83 – 0.21 <0.05* 2.61 – 0.58 3.31 – 0.55 0.74 – 0.48

48 6.11 – 0.54 3.52 – 0.45 2.84 – 0.20 <0.05* 2.61 – 0.56 3.27 – 0.56 0.75 – 0.42

60 6.09 – 0.55 3.53 – 0.48 2.87 – 0.20 <0.05* 2.66 – 0.56 3.22 – 0.54 0.75 – 0.47

72 6.09 – 0.57 3.54 – 0.49 2.89 – 0.22 <0.05* 2.65 – 0.58 3.20 – 0.57 0.74 – 0.46

NS = not statistically significant.
* Statistically significant.

Table 3.

GR (mm; mean – SD) at the Distal Surface
of the Lower Second Molar

Months

BPBM

(n = 30)

BPBM + CM

(n = 30)

Control

Group

(n = 30) P Value

Baseline 0.93 – 0.89 0.92 – 1.06 1.02 – 0.54 >0.05 NS

3 0.97 – 0.92 0.93 – 1.09 1.01 – 0.57 >0.05 NS

6 1.01 – 1.03 0.96 – 0.92 1.04 – 0.56 >0.05 NS

9 0.96 – 0.92 1.01 – 0.95 1.03 – 0.55 >0.05 NS

12 0.93 – 0.91 1.02 – 0.97 1.06 – 0.58 >0.05 NS

18 0.88 – 0.88 0.96 – 0.99 1.00 – 0.59 >0.05 NS

24 0.85 – 0.92 0.97 – 0.93 1.04 – 0.58 >0.05 NS

36 0.84 – 0.92 0.94 – 0.92 1.06 – 0.60 >0.05 NS

48 0.82 – 0.89 0.94 – 0.91 1.02 – 0.62 >0.05 NS

60 0.81 – 0.90 0.95 – 0.89 0.97 – 0.66 >0.05 NS

72 0.81 – 0.90 0.95 – 0.90 0.95 – 0.66 >0.05 NS

NS = no statistically significant difference was found for any comparison.

# SPSS 13.0 for Windows, SPSS, Chicago, IL.
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The CAL measurements at the untreated
control, BPBM, and BPBM + CM sites had
decreased from 6.31 – 0.59 mm, 4.31 –
0.66 mm, and 3.59 – 0.64 mm at 3 months
after surgery to 6.09 – 0.57 mm, 3.54 –
0.49 mm, and 2.89 – 0.22 mm at 72
months post-treatment, respectively. The
gain in CAL at 3 months post-treatment
was 0.72 – 0.52 mm, 2.00 – 0.66 mm,
and 2.72 – 0.62 mm and at 72 months after
the surgical procedure it was 0.74 –
0.46 mm, 2.65 – 0.58 mm, and 3.20 –
0.57 mm for the untreated control, BPBM,
and BPBM + CM groups, respectively.
Again, as with the PD reduction, a statis-
tically significant CAL gain was noted
when the two treated groups were com-
pared to the untreated control group. Fur-
thermore, the BPBM + CM group showed
a statistically significant CAL gain com-
pared to the BPBM group (P <0.05)
(Table 2).

With regard to GR, no significance differ-
ence was noted among the three groups or
the different time points (Table 3). This
was also true for the plaque index and the
gingival bleeding index (Table 4).

The 6-month histologic specimens
showed the presence of new bone sur-
rounding many residual graft particles in
the BPBM group (Fig. 5). For the BPBM +
CM group, the new bone existed with a
more mature, distinguished osteoid matrix,
which indicated the presence of osteoblastic
activity. In addition, there were fewer residual graft
particles in the BPBM + CM group compared to the
BPBM group (Fig. 6).

DISCUSSION

Extraction of the deep-impacted third molar often re-
sults in periodontal intrabony defects at the distal as-
pect of the second molar. A few investigators2,20 even
demonstrated, in a retrospective study of 215 cases,
that 43% of cases had PD ‡7 mm in the adjacent sec-
ond molar 2 years after surgical extraction of the
impacted lower third molar. Kugelberg21 also demon-
strated that the initial periodontal probing defect, the
angle of the impacted molar (‡50�), and the age of the
patient (‡25 years) were important factors that influ-
enced the incidence of the periodontal defects. For
these reasons, the use of bioabsorbable and non-re-
sorbable membranes have been suggested to prevent
future periodontal defects during impacted third
molar extraction.7,22,23 Recently, autologous plate-
let-rich plasma was used to promote healing, which
reduced the incidence of possible periodontal compli-

cations.24 The regeneration techniques proposed in
this article showed that the use of BPBM, with or with-
out a CM, is capable of preventing periodontal defects
while promoting bone regeneration.

Table 4.

Plaque Index and Gingival Bleeding Index
in the Three Groups

Months

BPBM

Group

(n = 30)

BPBM + CM

Group

(n = 30)

Control

Group

(n = 30) P Value

Plaque index
0 (baseline) 0.65 – 0.44 0.64 – 0.39 0.69 – 0.37 >0.05 NS
3 0.53 – 0.21 0.46 – 0.59 0.56 – 0.54 >0.05 NS
6 0.51 – 0.41 0.50 – 0.39 0.53 – 0.32 >0.05 NS
9 0.52 – 0.36 0.55 – 0.48 0.70 – 0.38 >0.05 NS

12 0.59 – 0.39 0.49 – 0.37 0.66 – 0.31 >0.05 NS
18 0.57 – 0.37 0.64 – 0.28 0.64 – 0.22 >0.05 NS
24 0.62 – 0.29 0.57 – 0.45 0.73 – 0.38 >0.05 NS
36 0.63 – 0.53 0.61 – 0.52 0.68 – 0.31 >0.05 NS
48 0.56 – 0.22 0.53 – 0.68 0.61 – 0.22 >0.05 NS
60 0.64 – 0.39 0.65 – 0.71 0.67 – 0.31 >0.05 NS
72 0.66 – 0.41 0.67 – 0.73 0.69 – 0.34 >0.05 NS

Gingival bleeding index
0 (baseline) 0.70 – 0.68 0.67 – 0.85 0.75 – 0.79 >0.05 NS
3 0.63 – 0.34 0.59 – 0.81 0.68 – 0.48 >0.05 NS
6 0.58 – 0.39 0.52 – 0.78 0.59 – 0.58 >0.05 NS
9 0.70 – 0.43 0.65 – 0.83 0.72 – 0.63 >0.05 NS

12 0.63 – 0.45 0.48 – 0.76 0.76 – 0.49 >0.05 NS
18 0.58 – 0.48 0.59 – 0.62 0.72 – 0.47 >0.05 NS
24 0.70 – 0.67 0.69 – 0.44 0.78 – 0.38 >0.05 NS
36 0.63 – 0.58 0.57 – 0.41 0.69 – 0.68 >0.05 NS
48 0.58 – 0.65 0.49 – 0.67 0.59 – 0.57 >0.05 NS
60 0.63 – 0.67 0.55 – 0.58 0.68 – 0.67 >0.05 NS
72 0.64 – 0.68 0.58 – 0.59 0.69 – 0.68 >0.05 NS

NS = no statistically significant difference was found for any comparison.

Figure 5.
Six-month histologic section shows many residual graft particles (P)
surrounded by new bone (NB) after BPBM treatment (acid fuchsin-
toluidine blue; original magnification ·40).
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BPBM was chosen for its safety, high porosity, and
wide interior surface of the granules that are capable
of favoring adhesion and cellular differentiation be-
cause of the penetration of the blood vessels inside.
The crystalline structure and its chemical composi-
tion ensure a high compatibility with the tissues. Many
studies10-12,25,26 confirmed the efficacy of using
BPBM in treating different clinical problems. A CM
was selected because of its excellent biocompatibility,
ease of handling, and no need for a second retrieval
surgery. In addition, this CM lasts for 4 to 6 months,
which is the ideal time frame for this type of defect
treatment.10,13-16

The results obtained in this study support the use
of either regenerative technique, especially the com-
bination approach (BPBM + CM), to prevent future
distal second-molar periodontal defects adjacent to
the third molar extraction socket. Only 3 months
after removal of the horizontal or mesio-angular
impacted lower third molar, the BPBM and BPBM +
CM groups, compared to the control sites, showed re-
duction in PD and gain in CAL at the second molar’s
distal surface adjacent to the extraction site. The re-
duction in PD and gain in CAL were clinically signif-
icant until 9 months after the treatment in both
experimental groups, and the measurements were
stable until the end of the study period (72 months).
The best clinical results were noted in the BPBM + CM
group. Histologic evidence at 6 months confirmed
this clinical observation: a small amount of residual
graft particles and a higher degree of new bone mat-
uration were present in the BPBM + CM treatment
group. This further supports the clinical improve-
ment in PD and gain in CAL values compared to
the BPBM group. A different amount of residual graft
particles was also found 6 months after the surgery.
Furthermore, radiographic analysis showed a greater
radiopacity that was similar to the natural bone in the
BPBM + CM treatment group compared to the radio-

graphic findings in the BPBM group
(Fig. 4). The results remained sta-
ble over the 6-year study period in
both treated groups, attesting to
the long-term success of BPBM in
the regenerative treatment of peri-
odontal defects.27,28

Nevertheless, it would be desir-
able to have long-term histologic
studies (>1 year) of the healing
sites to confirm the clinical and ra-
diographic findings.

CONCLUSIONS

The application of BPBM, with or
without a CM, can be a viable treat-
ment to alleviate the periodontal

defects that are often associated with deep-impacted
mandibular third molar extraction. The results con-
firmed the long-term stability (6 years) of the pro-
posed regenerative techniques.
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