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ABSTRACT

Aim The objective was to get histological insight in the
osteogenic potential of de novo formed tissue within extraction
sockets grafted with a blend of granules of deproteinized
bovine bone mineral and porcine collagen fibres (DMBB+C()
combined with a collagen matrix (CMX) after healing times
representative for ARP 1.1 or 2.1.

Methods Patients scheduled for ARP 1.1 or 2.1 with DMBB+(/
(MX were included. At implant placement, as part of implant
site preparation, after soft tissue flap elevation, core biopsies
from the extraction sites were taken. Thereafter, descriptive
histology and histomorphometric analysis was done.

Results Newly formed bone could be observed throughout
the entire sections of all core biopsies. Less newly formed
bone was located in the more coronal as compared to the
more apical parts. Coronal bone bridging was not found in any
section. Overall, after a mean healing time of 4.9 months (SD:
0.9 months; range: 4 - 6.5 months) a mean of 20.7% new bone
(SD: 10.1%; range: 1.4% - 38.9%) was found.

Conclusions It can be concluded that, (1) the de novo formed
tissue has an osteogenic potential throughout the entire
grafted part of the former extraction site, (2) coronal bone
bridging might not be expected, and (3) less new bone might
form in coronal as compared to apical parts of the extraction
sites.

Clinical significance De novo formed tissue after alveolar
ridge preservation with DMBB+C combined with CMX has
an osteogenic potential throughout the entire grafted part of
the former extraction site and thus the collagen matrix used
might be regarded as barrier membrane for guided bone
regeneration.
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INTRODUCTION

Nowadays, prosthodontic rehabilitation of missing teeth
with dental implants has developed into a largely predict-
able treatment option (1-7).

However, in case of unassisted extraction socket healing,
marginal alveolar bone reduction, which might hamper
implant placement, has been shown in dog models (8-13)
as well as in humans (14-25).

Remarkably, in dog models, grafting extraction sockets
with a xenogeneic graft, a blend of granules of depro-
teinized bovine bone mineral (90%) and porcine colla-
gen fibres (10%) (DBBM+C; Bio-0ss® Collagen; Geistlich
Pharma AG, Wolhusen, Switzerland), modified bone mod-
elling and counteracted marginal ridge contraction (9,
12, 13, 26).

These findings are paralleled in humans (17, 27-32). Thus,
after 6 months of healing, Jung et al. (33) found by means
of cone-beam computed tomography scans that socket
treatment with DBBM+C at the bone level and applica-
tion of either an autogenous, palatal, soft tissue graft or
a collagen matrix (CMX; Geistlich Mucograft®; Geistlich
Pharma AG, Wolhusen, Switzerland) at the soft tissue lev-
el resulted in less vertical and horizontal reduction of the
alveolar ridge as compared with unassisted, spontaneous
healing as control treatment. Like this, Aradjo et al. (27)
observed after 4 months of healing that socket treatment
with DBBM+C covered with an autogenous, palatal, soft
tissue graft markedly counteracted the reduction in the
hard tissue component of edentulous sites. Along these
lines, comparable results were reported by Scheyer et al.
(30) and Cardaropoli et al. (31) for DBBM+C in combina-
tion with a barrier membrane (BioGide®; Geistlich Phar-

113



Junker R. and Behring J.

JO

FIG.1 FlG.2
Overview Overview

Microphotographs of a core biopsy obtained in the premolar region of the
maxilla after a healing time of 4.5 months.

Newly formed bone can be observed throughout the whole specimen.
Obviously, more newly formed bone is located in the more apical as compared
to the more coronal part. Coronal bone bridging cannot be observed.

Overall, 23.4% new bone, 32.4% residual deproteinized bovine bone mineral
as well as 34.1% soft tissue, bone marrow was found.

FIG. 1 Azur Il und Pararosanilin staining;
original magnification x50
FIG. 2 New bone coloured in red and deproteinized bovine
bone mineral particles coloured in green: original magnification x50

FIG.4
Overview

Overview

Microphotograph of a core biopsy obtained in the premolar region of the
maxilla after a healing time of 4 months.

Newly formed bone can be observed throughout the whole specimen.
However, in the most coronal part new bone formation seems to be less as
compared to the more apical part. Coronal bone bridging cannot be found.
Overall, in this specimen 31.5% new bone, 9.9% residual deproteinized
bovine bone mineral as well as 58.3% non-mineralized tissue was found.

FIG. 3 Azur Il und Pararosanilin staining; original magnification x50
FIG. 40ld bone coloured in yellow, new bone coloured in red and
deproteinized bovine bone mineral particles coloured in green: original
magnification x50

ma AG, Wolhusen, Switzerland) after 6 months (30) and
4 months (31) of healing as well as Maiorana et al. (29),
Gabay et al. (32) and Cardaropoli et al. (28) for DBBM+C
combined with CMX after healing periods of 6 (29, 32)
and 4 months (28).

Moreover, human histomorphometric data for healing
times between 3 and 6 months confirmed de novo bone
formation in human extraction sockets grafted with DB-
BM+C (28-30, 32, 34-39). However, especially in the cor-
onal parts of the grafted extraction sockets, neither at 3
months (34) nor at 6 months (29, 30, 36) de novo bone
modelling and remodelling could be regarded as being
completed.

Currently, the authors (RJ and JB) have a tendency to graft
extraction sockets with DBBM+C at the bone level com-
bined with the application of CMX at the soft tissue level
and to install implants after a healing period of around
4 months, representing alveolar ridge preservation (ARP)
with implant placement Type 3 (delayed; between 12 and
16 weeks; ARP 1.1) or Type 4 (standard placement in a
healed ridge; after more than 16 weeks; ARP 2.1) (40).
However, to the best of our knowledge, human histo-

logical data for ARP 1.1 or 2.1 after grafting fresh ex-
traction sockets with DBBM+C and CMX, evaluating the
osteogenic potential of the de novo formed tissue, which
might influence implant stability and bone to implant
healing, are limited (28, 32, 36).

Therefore, the aim of the current clinical research project
was to get more - histological and histomorphometric -
insight in the osteogenic potential of de novo formed tis-
sue within extraction sockets grafted with DBBM+C and
CMX after healing times representative for ARP 1.1 or 2.1.

MATERIAL AND METHODS

Clinical Investigation design

This study was designed as a monocentric prospective case
series in the private dental office of JB with histomorpho-
metric analysis and descriptive statistics. Therefore, a case
number calculation was not carried out, but a realistic con-
secutive number of includable patients was estimated.

Ethical considerations

The clinical investigation was performed according to 1SO
Standard 14155:2011, to the Swiss medical law (Heilmit-
telgesetz, HMG), to VKlin and to the Declaration of Hel-
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Microphotographs of a

core biopsy obtained in

the premolar region of the
maxilla after a healing time
of 5months.

In the coronal part of the
specimen newly formed
bone (NB), in close contact
to residual deproteinized
bovine bone mineral
particles (BO), can be
distinguished. However,
most of the residual
deproteinized bovine

bone mineral particles are
obviously not associated
with ongoing bone
formation and are found in
non-mineralized tissue and
remnants of the collagen
matrix (MU). Moreover,
coronal bone bridging
cannot be found.

Overall, 16.2% new bone,
37.5% residual deproteinized
bovine bone mineral as well

FIG. 5 FIG.6 as 36% non-mineralized
Overview Detail view of the framed part in Fig. 5. tissue was found.
FIG. 5 AND 6 Azur Il und Pararosanilin staining; original magnification x50
Microphotographs of the

FIG.7
Overview

core biopsy shown in Fig. 5.
In the coronal part of the
specimen ongoing new
bone (NB) formation, in
close contact to residual
deproteinized bovine bone
mineral particles (B0), can
be seen (connective tissue
(CT), osteoblast (OB), osteoid
(0), osteocyte (0C)).

FIG.8
Detail view of the framed part in Fig. 7.

FIG. 7 AND & Azur Il und Pararosanilin staining - FIG. & original magpnification x50, Fig. 8 original magnification x200

sinki, 2013 (41). Prior to its initiation, this clinical trial was
reviewed and approved by the German Federal Institute
for Drugs and Medical Devices (Kurt-Georg-Kiesinger-
Allee 3, D-53175 Bonn, Germany) on June 12th, 2015,
as well as reviewed and approved by a legally compe-
tent ethics committee (Ethics Committee - Arztekammer
Hamburg, WeidestraBe 122b, D-22083 Hamburg, Germa-
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ny; EUDAMED CIV-14-10-012865) on November 27th,
2015. During the study the responsible authority (Freie
und Hansestatt Hamburg, Behorde fiir Gesundheit und
Verbraucherschutz, Amt flir Verbraucherschutz, Pharma-
ziewesen und Medizinprodukte, Fachbereich Medizinpro-
dukte - V42; BillstraBe 80, D-20539 Hamburg, Germany)
inspected the private dental practice of JB and checked
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FIG.9 FIG.10 FIG. 11:
Overview Detail view of the framed part in Fig. 9. Detail view of the framed part in Fig. 10.

Microphotographs of a core biopsy obtained in the front region of the mandible after a healing time of 6 months.

In the coronal part of the specimen ongoing new bone (NB) formation within the connective tissue (CT) can be noticed (osteoblasts (0B), osteoid (0), woven
bone (WB), residual deproteinized bovine bone mineral particles (BO)).

Overall, in this specimen 1.4% new bone, 40.5% residual deproteinized bovine bone mineral as well as 56.9% non-mineralized tissue was found.

FIG. 9,70 AND 17 Azur Il und Pararosanilin staining - FIG. 9 AND 10 original magnification x50, Fig. 11 original magnification x200

Microphotographs of a core biopsy
obtained in the premolar region of
the maxilla after a healing time of
4.5 months.
Within the mid-section of the
core biopsy ongoing new bone
(NB) formation can be found.
Seemingly, osteoid (0) is produced
by osteoblasts (OB) onto newly
formed bone (NB) already laid
down on residual deproteinized
bovine bone mineral particles
(BO). Additional, within newly
formed bone osteocytes (0C) can
be detected.
Overall, in this specimen 28% new
bone, 18% residual deproteinized
bovine bone mineral as well as
45.7% non-mineralized tissue was
FIG.12 FIG. 13 found.
Overview Detail view of the framed part in Fig. 12.

FIG. 12 AND 13 Azur Il und Pararosanilin staining - FIG. 12 original magpnification x50, Fig. 13 original magnification x200

the correct course of study execution on 29th August  Patient Population

2016. The study was registered in the German Register of  Inclusion criteria

Clinical Studies (DRKS00020451) and WHO listed (http:// e Adult patients of sound mind (i.e. consent patients)
apps.who.int/trialsearch/). Good general health

Further, all patients were informed about the study and Full-mouth plaque score (FMPS) < 20%

signed the applicable informed consent form before their Full-mouth bleeding score (FMBS) < 20%
enrolment. Absence of residual periodontal infection
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Microphotographs of the core
biopsy shown in Fig. 12.

Within the mid-section of the
core biopsy ongoing remodelling
of newly formed bone (NB) can
be observed. Osteons (0S) can
be identified and seemingly,
woven bone (WB) is replaced by
lamellar bone (LB).

FIG. 14 FIG. 15
Overview Detail view of the framed part in Fig. 14.

FIG. 14 AND 15 Azur Il und Pararosanilin staining - FIG. 14 original magpnification x50, Fig. 15 original magpnification x200

Microphotographs of the core
biopsy shown in Fig. 1.

In a more apical section residual
deproteinized bovine bone mineral
particles (BO) are embedded

in newly formed bone (NB).
Thereby, woven bone (WB) as

well as lamellar bone (LB) can be
distinguished. Furthermore, within
the lamellar bone (LB) osteons (0S)
are noticeable.

FIG.16 FIG.17
Overview Detail view of the framed part in Fig. 16.

FIG. 16 AND 17 Azur Il und Pararosanilin staining - FIG. 16 original magnification x50, Fig. 17 original magnification x100

e Scheduled for ARP 1.1 or 2.1 with DMBB+C and CMX e Patients using anticoagulants
before enrolment e Patients requiring antibiotic prophylaxis
e Willing to adhere to a strict Supportive Periodontal e Smokers > 5 cigarettes [ day
Therapy (SPT) protocol e Patients with known allergic reactions/sensitivity
® At least one primarily four-walled extraction socket against collagen products
e Patients presenting unstable or life-threatening con-
Exclusion criteria ditions
® Minors
® Pregnancy / breastfeeding Treatment
e Patients taking medications that could influence bone  Eleven adult patients scheduled for tooth extraction, ARP
metabolism 1.1 or 2.1 with DMBB+C / CMX and implant supported
e Patients with uncontrolled or poorly controlled dia-  restoration in the maxilla or mandible with at least one
betes primarily four-walled extraction socket were included.
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Core biopsy Number | Region Healing time New bone New bone New bone TABLE T
[months] [9%] [%)] [9%)] New bone formation
Healing time Healing time Healing time
410 6.5 months 4and 4.5 months | 6and 6.5 months
N=12 N=8 N=3
1 14 4.5 23.4 23.4
2 37 4.5 13.7 13.7
3 25 5 16.2
4 21 4.5 21.1 211
5 15 4.5 28 28
6 15 4 315 31.5
7 45 4 21.7 21.7
8 41 6 1.4 1.4
9 35 4.5 7.7 7.7
10 36 6.5 389 389
n 37 6.5 16.1 16.1
12 45 4 29.2 29.2
Mean (SD) 49 (0.9 20.7 (10.1) 22 (7.5) 18.8 (15.4)
Minimum 4 1.4 7.7 1.4
Maximum 6.5 389 315 389

The patients - 2 female and 9 male - were between 30 and
69 years of age and did not suffer from systemic diseases
or taking medications affecting bone metabolism. Ten pa-
tients contributed with one tooth extraction site and one
patient with two.

After applying local anaesthesia (adrenaline 1:100000;
Ultracain® D-S forte; Sanofi-Aventis Deutschland GmbH,
Frankfurt, Germany) flapless tooth extraction with peri-
otomes and elevators was performed with great care to
preserve the buccal bone plate and the surrounding soft
tissues. The extraction socket was thoroughly curetted, the
completeness of the surrounding bone, in the sense of a
primarily four-walled extraction socket, was determined
with a periodontal probe and the adjacent gingival borders
of the extraction socket were de-epithelized. Subsequently,
the socket was, in accordance with the surgical guidelines
of the manufacturer, filled with a xenogeneic graft, a blend
of granules of deproteinized bovine bone mineral (90%)
and porcine collagen fibres (10%) (DBBM+C; Bio-0Oss®
Collagen; Geistlich Pharma AG, Wolhusen, Switzerland).
In brief, DBBM+C was moistened with sterile saline, cut
to size, introduced into the socket with forceps and care-
fully packed with a plugger. Thereby, care was taken not
to compress it too strongly. Thereafter, a collagen matrix
(CMX; Mucograft® seal; Geistlich Pharma AG, Wolhusen,
Switzerland) was applied according to the manufacturer's
surgical protocol. Briefly, if necessary CMX was customised,
to assure a tension-free, close adaptation to the de-ep-
ithelized marginal soft-tissue borders of the extraction
socket and sutured with non-resorbable, single interrupted
sutures (Prolene® suture 6-0, P3, EH7291H; Ethicon-John-
son & Johnson, Sommerville, USA). Care was taken that
the compact CMX structure faced outwards and the pongy

structure towards the extraction socket. Provisional resto-
rations were place without pressure on the graft or causing
tissue impingement. The patients were asked not to brush
the surgical area until suture removal and were assigned
for wound control and cleansing every second to third day.
louprofen (400 mg, 5 times per day for 1 day) and chlor-
hexidine solution (0.2%, 2 times per day, starting the day
after surgery until suture removal) as well as systemic an-
tibiotics (amoxicillin 500mg [ 3 times per day for 3 days)
were prescribed.

Sutures were removed between 10 and 14 days after the
surgical procedure.

At implant placement, after a healing period of 4 to 6.5
months, representing ARP 1.1 or 2.1, a core biopsy from the
extraction site was taken as part of implant site prepara-
tion. In brief, after soft tissue flap elevation, trephine drills
with an internal diameter of 2.9 mm (Komet Dental; Gebr.
Brasseler GmbH & Co. KG, Lemgo, Germany) were used
to remove 5 to 8 mm long apico-coronal blocks of hard
tissue. Thereafter, implant bed preparation was continued
according to the manufacturer's surgical protocol, dental
implants (BIOMET T3®; Zimmer BIOMET, Warsaw, USA)
were installed, cover screws attached, and the soft-tissue
flap replaced and secured with interrupted sutures. Subse-
quent to three months of submerged healing the restora-
tive treatment was initiated.

The core biopsies were immediately inserted in 4% neutral
buffered formalin solution and sent to a certified histolog-
ical laboratory (CTA - Cell Tissue Analysis; Universitatsklinik
fur Zahn-, Mund- und Kieferheilkunde, Hugstetterstr. 55,
Freiburg im Breisgau, Germany).

Histologic preparation, descriptive histology and histomor-
phometric analysis

© ARIESDUE  June 2023; 15(2)
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Core biopsy Number | Region Healing time Bio-0ss® particles | Bio-0ss® particles | Bio-Oss® particles TABLE 2 residual
[months] [%] [%] [%] deproteinized
Healing time Healing time Healing time bovine bone mineral
410 6.5 months 4 and 4.5 months 6 and 6.5 months
N=12 N=8 N=3
1 14 4.5 324 324
2 37 4.5 14.2 14.2
3 25 5 379
4 21 4.5 24.2 24.2
5 15 4.5 18 18
6 15 4 9.9 9.9
7 45 4 31.7 31.7
8 41 6 40.5 40.5
9 35 4.5 54.3 543
10 36 6.5 19.3 19.3
M 37 6.5 283 28.3
12 45 4 20.7 20.7
Mean (SD) 49 (0.9) 27.6 (12) 25.7 (13.1) 29.4 (8.7)
Minimum 4 9.9 9.9 19.3
Maximum 6.5 54.3 543 40.5

In brief, after complete fixation in 4% neutral buffered
formalin solution, the core biopsy was dehydrated in al-
cohol solutions of increasing concentration, cleared in
xylene, and embedded in polymethylmetacrylate (Tech-
novit 9100; Kulzer, Wehrheim, Germany). Thereafter, serial
sections including the central portion of the core biopsy
were cut with diamond saws parallel with its long axis,
glued onto special slides and ground to a final thickness
of approximately 60 um (modified from Schenk RK, Uni-

versity of Berne, Switzerland). Thereafter, the histological
slides were stained with Azur Il and Pararosanilin to allow
a clear differentiation between older bones, newly formed
bone, residual deproteinized bovine bone mineral as well
as soft tissue. For qualitative evaluation, the sections were
analysed by light microscopy (Axio Imager M1 microscope
equipped with a digital AxioCam HRc; Carl Zeiss, Gottingen,
Germany). In addition, for quantitative measurements an
image analysing software (analySIS FIVE; Olympus, Ham-

Core biopsy Number Region Healing time New soft tissue New soft tissue New soft tissue

[months] [%] [%] [%]
Healing time Healing time Healing time
4t0 6.5 months 4and 4.5 months 6 and 6.5 months
N=12 N=38 N=3

1 14 45 34.1 34.1

2 37 4.5 71.7 71.7

3 25 5 36

4 21 4.5 425 425

5 15 4.5 45.7 45.7

6 15 4 58.3 58.3

7 45 4 35.2 35.2

8 41 6 56.9 56.9

9 35 4.5 38 38

10 36 6.5 41.8 418

" 37 6.5 55.6 55.6

12 45 4 479 479

Mean (SD) 49(0.9) 47 (11,1) 47.8 (9.5) 482 (7.2)

Minimum 4 34.1 28.3 419

Maximum 6.5 71.7 62 58.2

© ARIESDUE  June 2023; 15(2)
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burg, Germany) was used. By this means, the proportions
of original bone, newly formed bone, residual deprotein-
ized bovine bone mineral and soft tissue were determined
on the total surface of the preparation and expressed in
percent.

Statistical analysis

For histomorphometric analysis descriptive statistics with
mean, standard deviation (SD), minimum (min) and max-
imum (max) were used.

RESULTS

In total, 11 patients (2 females and 9 males, 30 to 69
years of age), who had neither systemic diseases nor
medications affecting bone metabolism, were included.
Ten patients contributed with one tooth extraction site
and one patient with two. Extraction sites included one
incisor and four premolars in the maxilla as well as one
incisor, three premolars and three molars in the mandible.
Healing after tooth extraction and ARP was uneventful
and each scheduled implant could be inserted. At implant
placement, after a healing period of 4 to 6.5 months, all
sites were covered with non-inflamed, attached kerati-
nized mucosa.

Histologic findings

Overall, newly formed bone could be observed through-
out the entire sections of all core biopsies. However, less
newly formed bone was located in the more coronal as
compared to the more apical parts. In addition, coronal
bone bridging was not found in any section. Further, also
residual deproteinized bovine bone particles of different
size, not always in close contact to newly formed bone,
could be distinguished all the way through all specimens
of all core biopsies (Fig. 1 and 2; Fig. 3 and 4). Neither
signs of deproteinized bovine bone particle resorption,
nor inflammatory reaction were seen.

Though, in the coronal portions of all specimens newly
formed bone was found (Fig. 5 and 6). Thereby, ongoing
new bone formation onto residual deproteinized bovine
bone particles (Fig. 7 and 8) as well as within the con-
nective tissue (Fig. 9, 10 and 11) was observed. Further,
most residual deproteinized bovine bone particles were
not associated with ongoing bone formation and were
found in soft tissue and remnants of the collagen matrix
(Fig. 5 and 6, Fig. 9 and 10).

Also, within the mid- and apical sections ongoing new
bone formation onto residual deproteinized bovine bone
particles was seen (Fig. 12 and 13). Moreover, next to
formation, remodelling of newly formed bone could be
identified (Fig. 14 and 15, Fig. 16 and 17). In addition,
deproteinized bovine bone particles, not associated with
ongoing bone formation, were found within soft tissue
fractions.

Histomorphometric findings

Newly formed bone

Overall, in primarily four-walled extraction sockets from
the front, premolar and molar region (N=12), after a mean
healing time of 4.9 months (SD: 0.9 months; range: 4 - 6.5
months) a mean of 20.7% new bone (SD: 10.1%; range:
1.4% - 38.9%) was found. It should be noted that in core
biopsies representing healing times of 4 and 4.5 months
(N=8) a mean of 22% new bone (SD: 7.5%; range: 7.7% -
31.50%) and in core biopsies representing healing times of
6 and 6.5 months (N=3) a mean of 18.8% new bone (SD:
15.4%; range: 1.4% - 38.9%) were found (Table 1).

Residual deproteinized bovine bone mineral graft, newly
formed soft tissue

Further, after a mean healing time of 4.9 months (SD:
0.9 months; range: 4 - 6.5 months) a mean of 27.6% of
residual deproteinized bovine bone mineral (Bio-Oss®
particles; SD: 12%; range: 9.9% - 54.3%) and a mean
of 47% of new soft tissue (SD: 11.1%; range: 34.1% -
71.7%) was found. In addition, it should be noticed that
in core biopsies representing healing times of 4 and 4.5
months (N=8) a mean of 25.7% of residual deproteinized
bovine bone mineral (SD: 13.1%; range: 9.9% - 54.3%)
as well as a mean of 47.8% of new soft tissue (SD: 9.5%;
range: 28.3% - 62%) was found. Moreover, in core bi-
opsies representing healing times of 6 and 6.5 months
(N=3) a mean of 29.4% of residual deproteinized bovine
bone mineral (SD: 8.7%; range: 19.3% - 40.5%) as well
as a mean of 48.20% of new soft tissue (SD: 7.2%; range:
41.9% - 58.29%) was found (Table 2 and 3).

DISCUSSION

Up to now, human histological data evaluating the oste-
ogenic potential of de novo formed tissue, which might
influence implant stability and bone to implant heal-
ing, for alveolar ridge preservation (ARP) with a blend
of granules of deproteinized bovine bone mineral and
porcine collagen fibres (DBBM+C) in combination with a
collagen matrix (CMX), at the time points of delayed (12
- 16 weeks; ARP 1.1) or standard (> 16 weeks; ARP 2.1)
implant placement, are limited. Therefore, the aim was
to get more - histological and histomorphometric - in-
sight in the osteogenic potential of de novo formed tissue
within extraction sockets grafted with DBBM+C and CMX
after healing times representative for ARP 1.1 or 2.1.

In general, after 4 - 6.5 months of healing, newly formed
bone was found from marginal to apical portions of all
core biopsies. Thereby, new bone formation onto residual
deproteinized bovine bone particles of different sizes as
well as within the connective tissue was observed. Seem-
ingly, less new bone was located in coronal as compared
to apical sections. Regarding new bone quantity marked
differences were seen between the samples. Further, cor-
onal bone bridging was never found. In addition, no ob-

© ARIESDUE  June 2023; 15(2)
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vious signs of deproteinized bovine bone particle resorp-
tion were seen.

More particular, in the current investigation, within the
newly formed tissue a mean of 20.7% new bone (SD:
10.1%; range: 1.4% - 38.9%) was found. Further, means
of 27.6% residual deproteinized bovine bone mineral (SD:
129%; range: 9.9% - 54.3%) and 47% new soft tissue (SD:
11.1%; range: 34.1% - 71.7%) were seen.

Thereby, the found quantities and their variability, fol-
lowing grafting fresh human extraction sockets with
DMBB+C, are in principle in line with others for different
healing times and procedures of wound closure at the
soft tissue level (28-30, 32, 34-39). For example, after a
healing period of six months, Lindhe et al. (36) found,
within human fresh extraction sockets filled with DBB-
M+C and covered with CMX at the marginal hard tissue
wound, means of 39.9% mineralized bone (SD: 8.6%) and
1.6% osteoid (SD: 1.8%). In addition, means of 19.0%
residual deproteinized bovine bone mineral (SD: 6.5%),
32.4% fibrous tissue (SD: 9.2%), 1.8% bone marrow (SD:
2.5%), and 5.5% residual tissue (SD: 2.9%) were discrim-
inated. Likewise, Ramaglia et al. (39) investigated human
fresh extraction sockets filled with DBBM+C and covered
with CMX at the soft tissue level. After 16 weeks of heal-
ing a mean of 35.6% vital bone (SD: 15.6%) was found.
Besides, means of 34.2% residual deproteinized bovine
bone mineral (SD: 11.1%), and 30.2% connective tissue
(SD: 9.6%) were published.

Further, in the present investigation in none of the spec-
imen coronal bone bridging was seen. This observation
deviates from previous findings. In a comparable study,
Lindhe et al. (36) found in human extraction sockets
filled with DBBM+C and covered with CMX after about
six months of healing in five out of eleven sites a layer
of mineralized bone. The reason for the dissimilarity is
difficult to explain. Other clinical studies grafting fresh
extraction sockets with DMBB+C with different healing
times and procedures of wound closure at the soft tissue
level do neither address coronal bone bridging (28-30,
32, 34, 35, 37-39), nor is it observable in complete coro-
nal-apical sections presented in the publications (29, 30,
34, 37, 38). Further, the absence of coronal bone bridging
in the current investigation is in contrast to findings in
dog models (9, 10). The reason for this difference between
the present findings and the observations reported from
animal studies is difficult to understand, but may be re-
lated to species differences and/or the degree of socket
fill with DBBM+C at placement (36). However, also un-
assisted healing of human extraction sockets is not con-
sistently associated with coronal bone bridging (42, 43).
Lindhe et al. (42)) evaluated tissue composition of fully
healed human post-extraction sites in regions edentu-
lous for five months to some years. In several but not all
histological specimens, coronal bone bridging could be
identified. Further, Bertl et al. (43) assessed the timeframe
between tooth extraction and radiographically detecta-
ble socket cortication in humans. Completely corticat-
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ed sockets were observed in 20% of the cases after 3-6
months, 40% after 6-9 months, and 95% after more than
9 months after tooth loss. Thus, both studies indicate the
inter-individual timeframe variability for coronal bone
bridging in humans. Hence, next to different healing pe-
riods, inter-individual healing differences might help to
explain study dissimilarities. Nevertheless, newly formed
bone was consistently found in coronal parts - even di-
rectly below remnants of the collagen matrix - of the
core biopsies. A fact, that may point to the role of the
collagen matrix as bioactive barrier membrane for guided
bone regeneration (44).

In addition, in the present investigation newly formed
bone was found all the way through all specimens of all
core biopsies. This is in line with clinical investigations
with comparable design (i.e. DBBM+C plus CMX) and du-
ration (28, 36), with other clinical studies grafting fresh
extraction sockets with DMBB+C with different healing
times and procedures of wound closure at the soft tissue
level (29, 30, 34, 35, 37-39) as well as with findings in dog
models (9, 10). Moreover, in coronal parts of the current
histological sections new bone formation onto residual
deproteinized bovine bone particles was found. Addition-
ally, in one histological section newly formed bone was
observed within the connective tissue (i.e. without con-
tact to deproteinized bovine bone particles or old bone).
Also, in more central parts of the core biopsies ongoing
bone modelling was found. Seemingly, osteoid was pro-
duced by osteoblasts onto residual deproteinized bovine
bone mineral particles as well as onto newly formed wo-
ven bone already laid down on residual deproteinized bo-
vine bone mineral particles. Besides, osteons, indicating
remodelling of new woven bone into lamellar bone could
be identified. Within more apical parts of the section's
residual deproteinized bovine bone mineral particles were
embedded in newly formed bone. Thereby, woven bone
as well as osteons containing lamellar bone could be dis-
tinguished. Additionally, not on all residual deproteinized
bovine bone particles new bone was found, less new bone
was located in coronal as compared to apical sections and
obviously, new bone formation started from the apical
and lateral parts of the extraction sockets. These find-
ings are in harmony with that of others (28-30, 34-39)
and consistent with experimental findings on healing
dynamics after incorporation of DBBM+C in the beagle
dog-model (45).

Furthermore, in the current investigation means of 20.7%
new bone (SD: 10.1%; range: 1.4% - 38.9%) and 27.6%
residual deproteinized bovine bone mineral particles (SD:
12%; range: 9.9% - 54.3%) were found. As already indi-
cated above, this fits into the line with other comparable
studies (i.e. DBBM+C plus CMX) (28, 32, 36, 39) and stud-
ies with different healing times and procedures of wound
closure at the soft tissue level (i.e. DBBM+C) (29, 30, 34,
35, 37, 38). Additionally, this is comparable to investiga-
tions using DBBM. For example Norton et al. (46) pub-
lished after a mean healing time of 26 weeks (range: 15
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- 44 weeks), means of 26.9% (range: 0 -52.8%) new bone
and 25.6% of residual graft material. Above and beyond,
no signs of deproteinized bovine bone particle resorp-
tion were seen. This result might be another reference on
the validity of the hypothesis that deproteinized bovine
bone mineral particles may not resorb but remain more
or less unaltered at socket sites (36, 45). Interestingly, this
“resistance to resorption” (36) has also been shown in a
case report even after a period of 14 years (47). Further,
remnants of the collagen matrix were found in a few
histological sections. Also, this is in line with comparable
studies using CMX (28, 39).

However, one should bear in mind that this study includes
only a small number of patients and high interindividual
variability was found. That should be considered a limita-
tion and restricts generalisability.

CONCLUSION

With the limits of this prospective case series, it can be
concluded that, after alveolar ridge preservation with a
blend of granules of deproteinized bovine bone mineral
and porcine collagen fibres in combination with a colla-
gen matrix, at the time point of delayed (12 - 16 weeks)
or standard (> 16 weeks) implant placement, (1) the de
novo formed tissue has an osteogenic potential through-
out the entire grafted part of the former extraction site,
(2) coronal bone bridging might not be expected, (3) less
new bone might form in coronal as compared to apical
parts of the extraction sites, (4) healing of the extraction
sites should not be regarded as being completed, and (5)
the collagen matrix used might be regarded as barrier
membrane for guided bone regeneration.
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