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Abstract The purpose of the present study was to
histologically evaluate the healing of human intrabony
defects following treatment with either a bovine-derived
xenograft (BDX) and guided tissue regeneration (GTR)
[BDX + GTR] or a bovine-derived xenograft mixed with
collagen (BDX Coll) and GTR [BDX Coll + GTR]. Eight
patients with chronic periodontitis and each with one
very deep intrabony defect around a tooth scheduled for
extraction were treated with either a combination of BDX
+ GTR (five patients) or with BDX Coll + GTR (three
patients). The postoperative healing was uneventful in all
eight cases. After a healing period of 6 months, the teeth
or roots were extracted together with some of their
surrounding soft and hard tissues and subsequently fixed
in 10% buffered formalin. Following decalcification in
EDTA, the specimens were embedded in paraffin and 8-
�m histological sections were cut in the mesio-distal
direction, parallel to the long axes of the teeth. The
sections were alternatively stained with hematoxylin and
eosin, van Giesson’s connective tissue stain or with the
Ladevig’s connective tissue staining method and exam-
ined under the light microscope. Generally, formation of
new cementum with inserting collagen fibers was found
in seven out of the eight treated cases, whereas in the
remaining case (treated with BDX + GTR) the healing

was characterized by formation of a long junctional
epithelium along the debrided root surface and no
formation of cementum or bone. In the specimens
demonstrating periodontal regeneration the new cemen-
tum was always of a cellular type. In most cases, the graft
particles were surrounded by bone. In some areas, the
bone tissue around the graft particles was connected by
perpendicularly inserting collagen fibers to the newly
formed cementum on the root surface. The epithelium
downgrowth stopped always at the most coronal part of
the newly formed cementum. No remnants of the
membrane material were observed in any of the biopsies.
Connective tissue encapsulation of the graft particles was
rarely observed and was limited to the most coronal part
of the defects. The findings of the present study provide
evidence that treatment of intrabony defects with both
BDX + GTR and BDX Coll + GTR may enhance
periodontal regeneration in humans.
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Introduction

Regenerative periodontal therapy aims at restoring the
tooth’s supporting structures which have been lost fol-
lowing inflammatory periodontal disease or trauma [8]. In
humans, periodontal regeneration has been shown to be
accomplished following the use of intraoral or extraoral
autografts, demineralized freeze-dried bone allograft
(DFDBA), guided tissue regeneration (GTR) and enamel
matrix protein derivative (EMD) [1, 2, 5, 6, 7, 9, 10, 15,
16, 17, 18, 24]. Since the use of autografts for regenerative
periodontal therapy is limited by its source and the
increase in patient morbidity, different types of alloplastic
grafts have been developed [12]. The use of different types
of alloplastic grafts for regenerative periodontal treatment
has been shown to improve the clinical parameters
significantly, but histologically, no or only unpredictable
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periodontal regeneration may be obtained following the
application of alloplastic materials [13, 20, 21, 22].

Histologic findings from human case reports have
recently demonstrated that a bovine-derived xenograft
(BDX) alone, or in combination with autogenous bone,
GTR or EMD, may also enhance a regenerative type of
healing as evidenced by formation of new cementum, new
periodontal ligament and new alveolar bone [3, 4, 11, 19].
Very recently, the combination of BDX and collagen
(BDX Coll) with or without GTR has also been shown to
enhance periodontal regeneration in human intrabony
defects [14]. Despite the positive results reported, there
are still very limited data from human histological
material evaluating these treatment modalities.

The purpose of the present study was, therefore, to
histologically evaluate in humans the healing of advanced
intrabony defects following regenerative periodontal
therapy with either BDX + GTR or BDX Coll + GTR.

Materials and methods

Eight patients (five females and three males) suffering from chronic
periodontitis were included in the study. The study protocol was
approved by the ethical committee of the Semmelweis University
of Medicine, Budapest, Hungary. Each patient displayed one deep
intrabony defect at a tooth or root scheduled for extraction due to
advanced destruction of the attachment apparatus and further
prosthetic considerations. The clinical measurements and defect
characteristics for all eight patients are presented in Table 1.
Criteria for inclusion in the study were: a) no systemic diseases
which could influence the outcome of the therapy; b) good level of
oral hygiene; and c) compliance with the maintenance program.
The patients received oral hygiene instructions and full mouth
scaling and root planing under local anesthesia 2 months prior to
the surgical procedure.

The measurements were made with the same type of manual
periodontal probe (PCP 12, Hu-Friedy, Chicago, IL, USA; probe tip
diameter 0.4 mm) by one blinded and previously calibrated
investigator. In cases where the position of CEJ was not clearly
distinguishable, a restoration margin was used for the measurements.

In the calculations evaluating PPD, GR and CAL, only the deepest
site per tooth was included. The histometry was performed at the
sites where these clinical measurements were previously made.

Surgical procedure

Following intracrevicular incisions, mucoperiosteal flaps were
raised vestibularly and orally. All granulation tissue was removed
from the defects and the roots were thoroughly scaled and planed
using hand and ultrasonic instruments. Notches serving as land-
marks for the histological measurements were prepared on the root
surfaces at the most apical part of the defects. Vertical releasing
incisions were performed only if necessary for a better access or to
achieve a better closure of the surgical site. All granulation tissue
was removed from the defects and the roots were thoroughly scaled
and planed using hand and ultrasonic instruments. No root surface
conditioning was performed.

The defects were filled with either bovine porous bone mineral
granules of particle size 0.25–1.0 mm (BDX) (BioOss, Geistlich,
Wolhusen, Switzerland) (five defects) or with bovine porous
granules mixed with collagen (BDX Coll) (BioOss Collagen,
Geistlich, Wolhusen, Switzerland) (three defects). Following graft-
ing, a bioresorbable collagen membrane of porcine origin (BioGide
Perio, Geistlich, Wolhusen, Switzerland) was trimmed and adapted
over the defect so as to cover 2–3 mm of the surrounding alveolar
bone and to ensure stability of the graft material. No sutures or pins
were used for membrane fixation or stabilization. Finally, the
mucoperiosteal flaps were repositioned coronally and fixed with
vertical or horizontal mattress sutures.

Since no randomization was performed, the patients were
treated consecutively first with BDX + GTR (the first five defects)
and then with BDX Coll + GTR (the remaining three defects).

All patients received antibiotics for 1 week (1 g Augmentin/
day). The postoperative care consisted of 0.2% chlorhexidine
digluconate rinses twice daily for 4 weeks. Sutures were removed at
14 days after surgery. Recall appointments associated with profes-
sional tooth cleaning were performed once per week for the first
4 weeks and once per month for the remaining period. No
subgingival instrumentation in the operated areas was performed
during the entire experimental period of 6 months.

Table 1 Clinical and histological results following treatment of intrabony defects with BDX + GTR and BDX Coll + GTR

Treatment Tooth Defect
type

INTRA PPD (mm) CAL (mm) NC
(mm)

NB + G
(mm)

Baseline 6 months Baseline 6 months

Case 1 BDX + GTR 26 1 wall 6 10 6 11 7 2.5 2.8
(mesial root)

Case 2 BDX + GTR 27 1–2 wall 5 11 7 11 7 2.9 3.0
(distal root)

Case 3 BDX + GTR 26 1–2 wall 4 8 4 12 8 3.8 3.8
(distal root)

Case 4 BDX + GTR 37 2 wall 6 10 7 13 10 2.8 3.4
(distal root)

Case 5 BDX + GTR 16 1–2 wall 4 8 2 13 11 LJE LJE
(distal root)

Case 6 BDX Coll + GTR 26 2 wall 4 13 5 15 10 2.4 1.6
(distal root)

Case 7 BDX Coll + GTR 16 1–2 wall 3 7 4 11 8 1.5 0.5
(mesial root)

Case 8 BDX Coll + GTR 16 1–2 wall 5 12 9 13 10 2.2 1.0
(distal root)

PPD probing pocket depth, CAL clinical attachment level, NC new cementum, NB + G graft particles surrounded by bone, LJE long
junctional epithelium
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Histological procedure

Under local anesthesia mucoperiosteal flaps were raised and the
roots were removed together with some of their surrounding soft
and hard tissues. The biopsies were placed in 10% buffered
formalin for fixation. After healing of the extraction sites the
patients received fixed prosthetic reconstructions. The teeth were
decalcified in EDTA, dehydrated and embedded in paraffin. Mesio-
distal sections were cut parallel to the long axes of the teeth with
the microtome set at 8 �m and subsequently stained with hema-
toxylin-eosin, van Giesson’s connective tissue stain or with the
Ladevig’s connective tissue staining method. For the histological
analysis three sections 100 �m apart and representing the central
part of the teeth were selected. The histological analysis was
performed by one blinded and calibrated examiner.

Results

The clinical and histological measurements are presented
in Table 1.

Clinical findings

There were no complications such as abscesses or
allergies against the graft or the membrane material.
Membrane exposure occurred at 3 weeks after surgery in
two cases (cases 1 and 7 from Table 1). The exposed parts
of the membranes disintegrated within a few days without

any adverse reactions. The clinical measurements re-
vealed a PPD reduction and a CAL gain in all eight cases
(Table 1).

Histological findings

No differences in the histological findings were observed
between the two treatments. Therefore, the histological ob-
servations are characteristic for both treatments provided.

Formation of new cementum with inserting collagen
fibers was found in seven out of the eight treated cases,
whereas in the remaining case (case 5 from Table 1,
treated with BDX + GTR) the healing was characterized
by formation of a long junctional epithelium along the
debrided root surface and no formation of cementum or
bone. In the specimens demonstrating periodontal regen-
eration the new cementum was always of a cellular type
(Figs. 1, 2, 3 and 4). In the areas demonstrating formation
of cementum and periodontal ligament, the graft particles
were embedded in bone (Figs. 1, 2, 3 and 4). In some
areas, the bone tissue around the graft particles was
connected by perpendicularly inserting collagen fibers to
the newly formed cementum on the root surface (Figs. 3
and 4). The epithelium downgrowth stopped generally at
the most coronal part of the newly formed cementum. No
remnants of the membrane material were observed in any
of the biopsies. Connective tissue encapsulation of the

Fig. 1 Photomicrograph of healing following treatment with BDX +
GTR. New cementum with inserting collagen fibers has formed on
the debrided root surface. Most BDX particles (G) are surrounded
by bone (NB). NC new cementum, D dentin, A artifact. (Original
magnification �25: van Giesson’s connective tissues stain)

Fig. 2 Higher magnification of the defect shown in Fig. 1. The
BDX particles (G) are surrounded by bone (NB). NC new
cementum, NPL new periodontal ligament, A artifact. (Original
magnification �150: van Giesson’s connective tissues stain)

72



graft particles was rarely observed and was limited to the
most coronal part of the defects.

Discussion

The observations of this study have shown that healing of
human intrabony defects following treatment with either
BDX + GTR or BDX Coll + GTR was characterized by
formation of new cementum, new periodontal ligament
and new bone. In one out of the eight biopsies the healing
occurred through formation of a long junctional epithe-
lium along the debrided root surface and no periodontal
regeneration. In the seven specimens demonstrating
periodontal regeneration, the new cementum was always
of a cellular type, which is in agreement with observations
made in previous studies evaluating the healing of human
intrabony defects following various regenerative tech-
niques [1, 2, 6, 11, 15, 16, 17, 18, 19, 20]. In the seven
specimens demonstrating a regenerative type of healing,
most of the graft particles were surrounded by bone,
which in turn points to the highly osteoconductive
potential of the graft material. It is important to point
out that in the two cases where a membrane exposure was
observed, the healing was either characterized by a long
junctional epithelium or the amount of regenerated
cementum and bone was very limited. These observations

corroborate findings from previous studies which have
provided evidence that membrane exposure and subse-
quent bacterial colonization is one of the most important
factors affecting healing following regenerative periodon-
tal therapy with GTR [8, 23].

The finding that treatment with BDX + GTR may
enhance periodontal regeneration in humans is in agree-
ment with previously published reports [3, 4, 11, 19].
Furthermore, the observation that in all cases treated with
BDX Coll + GTR, formation of cementum, periodontal
ligament and bone were found indicates that also this
treatment approach may promote a regenerative type of
healing. In a very recent human histological study the
healing response following treatment of intrabony defects
with either BDX Coll alone or BDX Coll + GTR was
evaluated [14]. The clinical results have shown that both
treatment protocols led to a reduction in pocket depth and
gain in clinical attachment level, whereas the histologic
evaluation demonstrated in all four biopsies formation of
cementum, periodontal ligament and bone.

All eight defects treated in the present study were very
advanced 1–2 wall intrabony defects which are not
optimal candidates for any type of regenerative therapy
[8]. Conversely, it may be assumed that these defects had
a rather limited potential for regeneration and thus, the
histological results may only serve as proof of principle.
On the other hand, it should be kept in mind that larger
histological studies in humans are very difficult to
perform due to obvious ethical reasons and, therefore,

Fig. 4 High-power magnification of the regenerated area shown in
Fig. 3. BDX particle (G) is surrounded by bone. C new cementum,
NPL new periodontal ligament, NB new bone. (Original magnifi-
cation �250: van Giesson’s connective tissues stain)

Fig. 3 Representative histologic view of a healing following
treatment with BDX Coll + GTR. The healing occurred in
formation of new cementum with inserting collagen fibers (C)
and new bone (NB) coronally to the notch (N) in the root surface.
BDX (G) particles are surrounded by bone. A artifact. (Original
magnification �50: van Giesson’s connective tissues stain)
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such findings should be used for supporting the biologic
rationale for any type of regenerative treatment.

In none of the cases presented in this report was a
collapse of the mucoperiosteal flap observed during the
entire healing phase, a factor that may have significantly
affected the amount of regenerated tissues [23]. Since all
treated defects were very advanced intrabony defects, it
may be assumed that the prevention of a flap collapse
could especially be due to the graft material and may be
responsible for ensuring space provision and wound
stability [23].

The surgical protocol employed in the present study
did not involve any chemical root surface conditioning, as
was the case in previous studies evaluating the same
treatment modalities [3, 4, 14]. Thus, it may be antici-
pated that the histological findings were most likely the
effect of the employed regenerative materials.

It is, however, important to point out that based on the
present results no conclusions on the possible advantage
of using BDX + GTR or BDX Coll + GTR for treating
intrabony defects can be drawn. As of now there are no
data from controlled clinical studies comparing treatment
with BDX Coll to access flap surgery or to treatment with
BDX + GTR. Prospective, randomized, controlled clinical
studies are needed in order to clarify these issues.

In conclusion, our findings together with the available
data from the literature suggest that the clinical healing
following treatment of intrabony defects with BDX +
GTR and BDX Coll + GTR may represent, at least to a
certain extent, periodontal regeneration characterized by
formation of cementum, periodontal ligament and bone
[3, 4, 11, 14, 19].

Conclusion

The findings of the present study provide evidence that
treatment of intrabony defects with both BDX + GTR and
BDX Coll + GTR may enhance periodontal regeneration
in humans.
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